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Editor´s letter

The third issue of volume S- of AEDP of Revista Volombiana de
Química counts with the participation of different national and
international authorsx Vontributions come from the authors of
éndonesia and éraqN Manizalesy Valiy and Vartagena )VolombiaHx áere
are the contents of the issuey published according to their subjectx

The section of Organic Vhemistry and Uiochemistry has an
article in which silicon dioxide nanoparticles were used to reduce the
enzymatic activity of pepsiny a major cause of gastroesophageal
reflux )óúR3Hx Uy using these nanoparticlesy at a certain ionic
strengthy the enzymatic activity was significantly reducedx

The section of kpplied and knalytical Vhemistry has two articlesx
én the first one two different extraction techniques were used to
obtain volatile compounds from lulo )Solanum quitoenseH pulp[ on
the one handy simultaneous extraction and distillation )S3úH and on
the other handy solid phase microextraction with head space )áSB
SPMúHx ét was found that the two methodologies complement each
othery since they yielded different data in the extraction processx én
the second article gas chromatography with flame ionization detector
was validated to simultaneously analyze light hydrocarbonsx The
methodology was accurate and precisey since the analytes were well
separated according to the standards of éSOGéúV D/EA-x

The section of Physical Vhemistry and énorganic Vhemistry has
three articlesx The first of these is a computational study based on
density functional theory )3ñTHy in which the molecular geometry of
a hydrazone derivative [)úH BSBdimethylaminoBN (B [)pyridine BABylH
methylideneBκN] benzohydrazide] forming complexes with various
divalent cations wasstudiedx ét was found that calculations correspond
well with the previously reported crystallographic datay the most
favorable formation of the complex occurs with MnAOy whereas with
VaAO and VuAO is less favorablex

The second article of this section studies the synthesis and
characterization of VuBZnBklbased hydrocalcites and their calcined
derivativesy both of which are of interest because of their catalytic
propertiesx Results indicate that a high copper content induces a
hydroxide formationy which limits the formation of lamellar
hydrocalcite type structures and decreases the thermal stability of the
productsx Likewisey in all synthesized solidsy metal oxides and
carbonate decomposition were producedx

ñinallyy the last article describes a kinetic and thermodynamic
study on the formation of derivative species of acylhydrazones and
aldehydes by using dynamic combinatorial libraries )3LVH in
reactions evaluated by means of DáBNMRx The kinetic and
thermodynamic product was found under the studied conditionsy as
well as how to amplify the products of interest by using UV light or
metal ionsx
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úl tercer número del volumen S- del año AEDP de la Revista
Volombiana de Química cuenta con la participación de distintos
autores nacionales e internacionalesx Las contribuciones provienen de
autores de éndonesia e éraqN Manizalesy Vali y Vartagena )VolombiaHx
k continuación se presenta el contenido del númerox

La sección de Química Orgánica y Uioquímica cuenta con un
artículo en el que se utilizaron nanopartículas de dióxido de silicio
para reducir la actividad enzimática de la pepsinay una de las causas
principales del reflujo gastroesofágico )óúR3Hx Se encontró que con
el uso de estas nanopartículas sumado a cierta fuerza iónicay la
actividad enzimática se reduce significativamentex

La sección de Química kplicada y knalítica cuenta con dos
artículosx ún el primero de ellosy se utilizaron dos metodologías
distintas para la obtención de volátiles a partir de la pulpa de lulo
)Solanum quitoenseHy por un ladoy extracción y destilación simultánea
)S3úH y por el otroy microextracción en fase sólida con espacio de
cabeza )áSBSPMúHx Se encontró que las dos metodologías se
complementany pues arrojan información diferente sobre la
composición de volátilesx ún el segundo artículo se validó la técnica
de cromatografía de gases con detector de ionización de llama para
analizar hidrocarburos ligeros de manera simultáneax Se encontró que
dicha metodología es exacta y precisay ya que separaron dichos
analitos de manera confiable de acuerdo a los estándares de la éSOG
éúV D/EA-x

La sección de ñisicoquímica y Química énorgánica cuenta con
tres artículosx úl primero de ellos es un estudio computacional basado
en la teoría del funcional de densidad )3ñTHy enel cual se evalúa la
geometría molecular de un derivado de hidrazona [)úHBSB
dimetilaminoN′B[)piridinBABilHmetilidenoBκN]benzohidrazida]
formando complejos con diversos cationes divalentesx Se encontró
que los cálculos realizados concuerdan con los datos cristalográficos
reportadosy la formación más favorable del complejo ocurre con
MnAOy mientras que con VaAO y VuAO es menos favorablex

úl segundo artículo de esta sección trata de la síntesis y
caracterización de hidrocalcitas a base de VuBZnBkl y sus derivados
calcinadosy ambos moléculas de interés por sus propiedades
catalíticasx Los resultados señalan que un alto contenido de cobre
induce a la formación de hidróxidoy que limita la formación de
estructuras tipo hidrocalcitas laminares y disminuye su estabilidad
térmicax 3e igual modoy en todos los sólidos sintetizados se
produjeron óxidos metálicos y descomposición de carbonatosx

ñinalmentey el último artículo describe un estudio cinético y
termodinámico de la formación de determinadas especies derivadas
de acilBhidrazonas y aldehídos mediante librerías combinatorias
dinámicas )3LVH en reacciones evaluadas por medio de DáBRMNx
Logró encontrarse cuál es el producto cinético y termodinámico bajo
las condiciones de estudioy de igual modo logró establecerse cómo
amplificar los productos de interés mediante el uso de luz UV o de
iones metálicosx
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Anti-pepsin activity
of silicon dioxide
nanoparticles

Actividad antipepsina
de nanopartículas de
dióxido de silicio

Atividade antipepsina
de nanopartículas de
dióxido de silício

Abstract Resumo

SiJR6Ps as an inhibitor of pepsin enzyme for
treatment of gastrozesophageal reflux disease
:àñRé0 were investigated- Silicon dioxide
nanoparticles :pepsin coated SiJR6Ps0 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 6Ps to the reaction mixture
was measured spectrophotometrically-
ãurthermoreN these experiments were repeated
at different temperaturesN different weights of
6PsN and different ionic strengths- The kinetic
parameters :õm d Vmax0 of the pepsinz
catalyzed reactions were calculated from the
5ineweaverzjurk plots- The results showed
that there is a significant reduction of pepsin
activity by SiJR6Ps :Vmax of free pepsin 9
T-LR U and Vmax of the immobilized pepsin 9
R-B( U0- The results also indicated that the
presence of ionic strength causes remarkable
reduction of pepsin activity- ôt can be
concluded the best condition for inhibition of
pepsin activity is by using a combinationof
SiJR6Ps and high concentration 6aál at )V °
á-

Se usaron nanopartículas de dióxido de
silicio como inhibidores de la pepsina para
el tratamiento del reflujo gastroesofágico
:àñRé0- ñstas nanopartículas :SiJR6Ps
recubiertas de pepsina0 son unas de las más
seguras y pueden usarse en el cuerpo
humano- Se midió a través de
espectrofotometría la actividad de la
pepsina antes y después de añadir cierta
cantidad de 6Ps a la mezcla reactante-
ódicionalmenteN se repitieron estas pruebas
a diferentes temperaturasN variando el peso
de las 6Ps y la fuerza iónica- Se calcularon
los parámetros cinéticos :õm y Vmax0 de las
reacciones catalizadas con pepsina a través
de las gráficas de 5ineweaverzjurk- 5os
resultados mostraron queN usando SiJR6Ps
:Vmax de pepsina libre 9 T-LR U y Vmax de
pepsina inmovilizada 9 R-B( U0 y a través
de la presencia de fuerza iónicaN la
actividad enzimática se reduce
significativamente- Se concluye que la
mejor condición para inhibir la actividad
enzimática es usando una combinación de
SiJR6Ps y una alta concentración de 6aál
a )V °á-

ãoram usadas nanopartículas de dióxido de
silício como inibidores da pepsina para o
tratamento do refluxo gastroesofágico
:àñRé0- ñstas nanopartículas :SiJR6Ps
cobertas de pepsina0 são uma das mais
seguras e podem usarzse no corpo humano-
ãoi medida a atividade da pepsina mediante
espectrofotometria antes e depois de agregar
certa quantidade de 6Ps à mistura de reação-
ódicionalmenteN repetiramzse estas provas a
diferentes temperaturasN variando o peso das
6Ps e a força iônica- ãoram calculados os
parâmetros cinéticos :õm e Vmax0 das reações
catalisadas com pepsina a través das gráficas
de 5ineweaverzjurk- Js resultados
mostraram queN usando SiJR6Ps :Vmax de
pepsina livre 9 T-LR U e Vmax de pepsina
imobilizada 9 R-B( U0 e a través da presença
de força iônicaN a atividade enzimática se
reduze significativamente- ãoi concluído que
a melhor condição para inibir a atividade
enzimática é usando uma combinação de
SiJR6Ps e uma alta concentração de 6aál a
)V °á-

Keywords: àñRéN SiJRnanoparticlesN
pepsinN enzyme inhibition-

Palabras clave:àñRéN nanopartículas de
SiJRN pepsinaN inhibición enzimática-

Palavras-Chave: àñRéN nanopartículas de
SiJRN pepsinaN inibição enzimática-
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Characterization of NPs
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Materials and methods

Reagents

Pepsin g[R UNANbUNzSx MWt V U8xATL 'x GGNTm purityx was supplied
from F'Hx [nglandN Spherical Silicon dioxide nanoparticles
gSiObNPsSx particle diameter V UGN8AA nmx GGNTm purityx was
supplied from Nanjing nanotechnologyx RhinaN Lyophilized
Hemoglobin ghuman red blood cellsSx G8m purityx was supplied from
Lee Fiosolutionsx Missourix US°N Trichloroacetic acid gTR°Sx GIm
purity from °lpha Rhemikax IndiaN Hydrochloric acid gHRlx
°nalytical Gradex UTNAmS was supplied from Rentral 'rug Housex
New 'elhix IndiaN

The SiObNPs used in the present study were visualized using S[M
and T[M techniques to further confirmation for their shape and sizeN
The T[M studies were performed by using a J[MObLzL instrument
working with an acceleration voltage of bLL kVN S[M images were
arried out by using a Hitachi SOAILL S[M at bL kVN

The enzyme activity was determined by a kinetic method g18SN The
principle depends on the fact that pepsin cleaves peptides from
hemoglobin which are soluble in trichloroacetic acid gTR°SN The
tyrosine and tryptophan content of these TR°Osoluble peptides is
determined by the measurement of the extinction at bIL nmN Frieflyx
pepsin is dissolved in LNLz N HRl to obtain a concentration of LNT mgj
mLN Just prior to assay there is another dilution in LNLz N HRl to a
concentration of TObLμgjmLN

The steps of the method were as followsv z mL of hemoglobin
substrate was pipetted into test tubes containing LNb mL of the diluted
pepsin at Uk °RN °fter zL minx the reaction was stopped by adding b
mL of Tm TR°N The tubes containing the reaction mixture were
removed from water bath after T min and clarified gfiltrates should be
clearSN

[bIL nm was read of filtrate and subtract [bIL nm of the
appropriate blank using spectrophotometer gModel kbzOTaiwanS set at
bIL nm and Uk °RN The method of estimation of pepsin activity was
repeated at different temperatures gbbx bkx Ub and Ab °RSN ° unit of
pepsin enzyme was defined as an amount of enzyme which renders
TR° soluble LNLLz [bIL nm per minute at Uk °Rx using a denatured
hemoglobin substrateN

Estimation of pepsin activity

Inhibition of pepsin activity by SiO2NPs

To study the inhibition of pepsin by SiObNPsx a weight of zGNI mg of
SiObNPs was weighed by Sartorius balance gModel °bLLS dissolved
in zL mL of LNLzN HRlx and agitated by ultrasonic water bath
gIsoLabx GermanyS at Uk °R for bL minN ]ive mg of pepsin were
added to the SiObNPsOcontaining tubes and incubated at Uk °R for UL
minN These amounts of pepsin and NPs were calculated to produce
pepsin monolayer on the SiObNPsN SiObNPs and pepsin surface areas
were calculated in order to estimate theoretically the enough number
of pepsin to cover the surface of one spherical SiObNP in one layer
mannerN

Introduction

GastroOesophageal reflux disease gG[R'S evolves when reflux of
stomach contents causes complications into the esophagus g1SN
G[R' is a popular disease with a prevalence of zLm O bLm in the
western countries g2S and some researchers reported up to UTNGm g3Sx
but its risk factors and causes are not clearly known g4SN The disease
causes various symptomsx among which are heartburn and
regurgitationx which affect up to ULm of the population and continue
to increase g5-7SN Pepsinx which is the most important substance in
the gastric contents for the necrosis of the mucosal tissuesx plays the
main role in the formation of G[R' and associated diseases g8SN

°lthough protonOpump inhibitors are known to alleviate
symptoms in most patientsx a significant portion of patients continue
to present G[R' g9SN There is a wide range of specific inhibitors that
can bind to the active site and effectively remove the activity of
pepsinx one of the best known ones is pepstatinx a specific pepsin
inhibitorx which at acidic pHx tightly binds to the catalytic site of
both pepsin and its precursor pepsinogen g10SN The best way to
determine Km gthe concentration of substrate at VmaxjbS and Vmax
gMaximum velocity of an enzymeOcatalyzed reaction at definite
conditionsS values of the basic MichaelisOMenten equation is by
taking the reciprocal of both sides of equation to give the double
reciprocal equation or LineweaverOFurkHs equationN

Where VL represents the initial velocity or the activity of the
enzymeOcatalyzed reactionN ° plot of zjVL versus zj[S] yields a
straight line with an intercept of zjVmax and a slope of KmjVmax g11SN

Use of NPs to inhibit the activity of papsin in vitro as a model
for the treatment of G[R' was performed and published previously
g12SN Silicon dioxide nanoparticles gSiObNPsSx also known as silica
NPs or nanosilicax are the basis for a great deal of biomedical
research due to their stabilityx low toxicityx and ability to be
functionalized with a range of molecules and polymers g13SN
SiObNPs have received an intensive attention by scientific
community due to its broad applications in biomedical and
biotechnological fields such as drug deliveryx gene therapy and
molecular imagingx cancer therapyx and enzyme immobilization g14SN
In additionx it is widely used in cosmeticsx foodx varnishesx
papermakingx and drugs g15SN ]ruijtierOPolloth et al. g16S evaluated
the toxic effects and safety of SiObNPs and concluded that they are
as safe as conventional SiObN °morphous SiObNPs are widely used
in food productsx for examplex as thickenersx anticaking agentsx
carriers of fragrances and flavorsx and additives g17SN The aim of the
present study is to optimize the process of pepsin inhibition by
SiObNPs as a possible new treatment for G[R'N
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Anti-pepsin activity of silicon dioxide nanoparticles

The calculations describe the pepsin and SiOkNPs properties
qradius7 density7 mass of one NP7 and the volume of one NP8 to
calculate the surface areas of pepsin and SiOkNPs which were FHI° x
F°LFE cmk and MH9M x F°LFF cmk7 respectivelyH The number of pepsin
molecules that can cover one SiOkNP in a monolayer manner was
obtained from the division of one SiOkNPs surface area on one pepsin
surface area ≈ Ek9 molecules of pepsin per SiOkNPH This means that a
I mg of pepsin were required to cover F9H8 mg of SiOkNPs to obtain
a monolayer of the adsorbed pepsinH

The method of pepsin activity estimation was repeated and the
activity of the immobilized pepsin was estimatedH To study the effect
of weight on the pepsin activity the same method was repeated using
different weights of SiOkNPs qE9H* mg7 I9HM mg7 B9Hk mg and 99H°
mg8H

7

Effect of temperature on the inhibition of pepsin
activity by SiO2NPs

To study the temperature effect in the presence of SiOkNPs7 F9H8 mg
of SiOkNPs was dissolved in F° mL of °H°F N HCl7 and agitated by
ultrasonic water bath at different temperatures qkk7 kB7 Ek7 EB and Mk
°C8 for k° minH Five milligrams of pepsin were added to each tube
and incubated at Mk °C for E° minH The method of estimation of
pepsin activity was repeated and the pepsin activity was estimated
after adding the SiOkNPsH

Effect of a combination of ionic strength and SiO2NPs
on the inhibition of pepsin activity

To study the effect of the ionic strength in the presence of SiOkNPs7
FI mg of SiOkNPs and FHE mg of NaCl were dissolved in F° mL of
°H°F N HCl7 and agitated by ultrasonic water bath at EB °C for k°
minH Five mg of pepsin were added to the tubes and incubated at EB °
C for E° minH The method of estimation of pepsin activity was
repeated and the pepsin activity was calculatedH The protocol of the
research is presented in Figure FH

The images of SiOkNPs taken by SEM and TEM are presented in
Figure kH It is clear that the shape of SiOkNPs is spherical with a
particle size around E9 nmH
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Effect of SiO2NPs weight on the pepsin catalyzed
reaction

The activity of the enzyme was measured by using seven different
concentrations of hemoglobin qEH°F7 *HkF7 9HEF7 FkHMF7 FIHIk7 F8H*k7
and kFHBkzF°LIM8 and five different weights of added SiOkNPs qF9H87
E9H*7 I9HM7 B9Hk and 99 mg8 to the F° mL of the °H°F N HCl to
prepare SiOkNPs solutionH These experiments were used to examine
the effect of SiOkNPs weights on the activity of pepsin catalyzed
reactionH The LineweaverLBurk plots of the five experiments7 were
plotted in Figure EH

Figure 1.Workflow of the protocol of the research.

Results and discussion

Figure 2. SEM (left) and TEM (right) images of the SiO2NPs.
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Figure 3. Lineweaver-Burke lines of pepsin catalyzed reaction after adding different amounts of
SiO2NPs.
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The results in Figure I revealed that the presence of SiO0NPs
causes reduction in the Vmax of pepsin catalyzed reactionL The values
of Vmax and Km are shown in Table UL
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Effect of temperature on the interaction of SiO2NPs
with pepsin

The activity of the immobilized enzyme was measured at different
temperatures 7009 0G9 I09 IG9 and M0 °C4 by using URLE mg of
SiO0NPs and the same concentrations of hemoglobinL These
experiments were used to examine the effect of temperature on the
activity of pepsin catalyzed reaction in the presence of SiO0NPsL The
Lineweaver8Burk lines of the immobilized pepsin activity at five
different temperatures are presented in Figure ML

Table 1. Effect of weight of SiO2NPs at 37 °C on the activity of pepsin coated SiO2NPs.

The data in Table U demonstrate the effect of weight of SiO0NPs
on pepsin activityL These weights were selected from the calculations
of the amount of SiO0NPs needed to be coated with a monolayer of
pepsin moleculesL The first weight 7URLE mg4 of SiO0NPs in the
reaction mixture represents a NPs coated with a monolayer of pepsin
moleculesL The results showed that Vmax of free pepsin 7MLE0 U4
decreases to 0LRk U when the enzyme was immobilized on the
surface of SiO0NPsL The activity continued to decrease as the weight
of the added NPs increases until becoming ULGH U when the weight
added is RR mgL It is clear that the SiO0NPs has remarkable
inhibitory effect on pepsin activityL 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
structureL These changes are caused by the adsorption forces between
the surface of the NPs and various chemical groups of the pepsin
moleculesL The attractive forces are strong enough to hold molecules
on the NPs surface and modify the H8bonding that constitute the
secondary structure of the pepsin moleculesL Therefore9 the change in
the secondary structure is the most probable cause for the decrease in
the activity of the immobilized forcesL

Studies indicate that the activity of lysozyme adsorbed onto
SiO0NPs is lower than that of the free protein9 and the fraction of
activity lost correlates well with the decrease in α8helix content 7194L
Binding of proteins on planar surfaces often induces significant
changes in the secondary structure 7204L However9 a study of a
variety of nanoparticle surfaces and proteins indicates that
perturbation of protein structure still occurs to varying extentsL The
proteins show a rapid conformational change at both secondary and
tertiary structure levels 720, 214L Numerous studies have found that
activity reduction is related to the loss of α8helical content when
proteins are adsorbed onto NPs regardless of an increase in the β8
sheet 7204L Binding of proteins to planar surfaces often induces
significant changes in secondary structureW the high curvature of NPs
can help proteins to retain their original structure 7224L Several in
vivo and in vitro studies of the toxicity of SiO0NPs have been
performed and found that they are safe and can be employed in food
production 7234L These findings and the findings of the present
research encourages the use of SiO0NPs as an inhibitor of pepsin for
the treatment of GERD in vivoL
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Figure 4. Lineweaver-Burk lines of the SiO2-immobilized pepsin catalyzed reaction at 422, 27,
32, 37, and 42 °C).

The values of Vmax and Km of the pepsin catalyzed reaction at
different temperatures in the presence of SiO0NPs are listed in Table
0L The results revealed that the Vmax at IG °C is 0LRU U and then is
reduced as temperature decreasesL Whereas the Km at IG °C equal to
UULG0 x Uk8H M then increases as temperature decreasesL It means that
the change in temperature may cause a change in the form of active
site and thus change VmaxL

Temp. (°C) Equation Vmax (U) Km x 10-5 (M)

00 y = kLU;0x C kLGHH ULII 0ULMk

0G y = kLU0Ex C kL;0k UL;0 0kL;I

I0 y = kLkERx C kLH;k ULGR UHLEk

IG y = kLkMkx C kLIMM 0LRU UULG0

M0 y = kLUUHx C kLIEk 0L;H IkLHM

Table 2. Maximum velocities and Michaelis constants of the SiO2NPs-immobilized pepsin at
different temperatures.



Anti-pepsin activity of silicon dioxide nanoparticles

The results in Table 5 revealed that Km and Vmax change when the
temperature changes7 Vmax increases as the temperature increases until
reaching the optimum temperature and then tends to decrease when
the temperature reaches 85 °C0 while Km decreases as temperature
increases7 However0 at 85 °C0 the Km increases again indicating that
there are conformational changes in the immobilized pepsin or
changes in the interaction between the pepsin molecules and the
SiO5NPs7

In a previous study0 it is found that the interaction between
SiO5NPs and three different enzymes are dependent on the functional
groups on the surface of NPs W24-7 These findings indicated the
presence of weak electrostatic interactions between the protein
molecules and the surface of NPs7 When nanomaterials are in contact
with a biological environment0 the proteins can immediately bind to
the surface of the NPs0 which creates protein coronas W25-7
The bioAdistribution of the nanomaterial is affected by this protein

coating0 which aids in understanding the mechanisms of protein
coronas formations on nanomaterial surfaces including the effect of
the nanomaterial surface properties W26-7 Weak proteinANPs
interactions were studied previously in a low binding regime as a
model for the soft protein corona around NPs in complex biological
fluids7 Noncovalent and reversible interactions between protein and
SiO5NPs showed significant alteration in conformation and enzymatic
activity in a NPAsize dependent manner7 These facts indicated the
presence of very weak interactions between protein and SiO5NPs
W27-7 Changes of environment temperature can alter the
intramolecular attractive forces Whydrogen bonding0 dipoleAdipole
interaction0 hydrophobic interaction etc7- of the protein We7g7 enzyme-7
This can alter the active site of the enzyme rendering it inactive W28-7

9

Effect of SiO2NPs and ionic strength

The pepsin activity was measured at various conditions0 i7e70 free
pepsin0 in the presence of FqB mg of NaCl0 immobilized pepsin on
SiO5NPs0 and immobilized pepsin in the presence of FqB mg NaCl7
All experiments were carried out at qM °C7 These experiments were
carried out to explore the effect of the combination of ionic strength
and SiO5NPs on the activity of pepsin7 The LineweaverABurk plots of
the four experiments were plotted in Figure U7

Rev. Colomb. Quim. 20160 45 Wq-0 UAFF7

In Table q0 the comparison of free pepsin activity0 immobilized
pepsin on SiO5NPs0 and immobilized pepsin in the presence of FqB
mg NaCl is shown7 The results showed the Vmax of free enzyme equal
to 87E5 U and then became 57UB U when FD7E gm of SiO5NPs were
added7 Then Vmax decreased and became B7D5 U when FqB mg of
NaCl were added to the enzyme reaction mixture0 and then it became
equal to B7EU U when NaCl and SiO5NPs were added together to the
reaction mixture7 It can be easily noticed that the effect of the
combination of the ionic strength and SiO5NPs causes high reduction
of pepsin activity7

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 site0 as previously
mentioned in the Effect of SiO5NPs weight on the pepsin catalyzed
reaction section7 Furthermore0 a study by Wu et al7 W20- showed that
both βAlactoglobulin and lysozyme unfolded to a greater extent at
lower surface concentration on SiO5NPs7 The proteolytic activity of
pepsin is affected by the conditions of the dissolution medium7 There
is a significant reduction in the activity of pepsin after adding
different concentrations of surfactants salts W29-7 Salts can form weak
bonds with the charged functional groups on the protein surface7

Depending on the nature of ions0 the balance among the forces
are changed7 However0 higher concentration of salt can lead to salting
out effect or decreased solubility of protein W30-7 There have been
many interesting studies done about the inhibition of various enzyme
activities upon adsorption on the surface of different nanoparticles
W31, 32-7 Using advanced techniques such as circular dichroism and
fluoroscopy0 it is found that the most affective factors responsible for
the reduction in the enzyme activity0 after adsorption on the
nanoparticle 7surface0 is the change in the secondary and tertiary
structures of the enzyme especially around FE the active site W32, 33-7
The same explanation can be generalized for the pepsinASiO5NPs
system and it can be concluded that the reduction in the pepsin
activity is due to the perturbation in the secondary and tertiary protein
structures7

Table 3. Comparison of free pepsin° pepsin with 130 mg NaCl° 19.8 mg SiO2NPs° and both
c19.8 mg SiO2NPs 7 130 mg NaCly.
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Figure 5. Lineweaver-Burke lines of pepsin catalyzed reaction at 37 °C after adding 130 mg
NaCl° 19.8 mg SiO2NPs and in the presence of both c130 mg NaCl and 19.8 mg SiO2NPsy.

Wt (mg) Slope Intercept Vmax (U) Km x 10-5 (M)

Free B7B8B B75BE 87E5 FD75F

FD7E mg SiO5NPs B7BqU B7qDD 57UB E7M9

FqB mg NaCl B7BqB F7BDq B7D5 57M9

FD7Emg SiO53FqB mg NaCl B7B9U F7FMM B7EU U7U5

The results of the present study revealed that the SiO5NPs has an
ability to inhibit the pepsin activity7 The results also indicates that the
presence of high ionic strength causes remarkable reduction of pepsin
activity7 The increase in the amount of SiO5NPs in the reaction
medium leads to more reduction in the pepsin activity7 Furthermore0
the optimum temperature for the NPs to inhibit the reaction is qM °C7
Therefore0 the best conditions of inhibition of pepsin enzyme is by
using higher amounts of SiO5NPs in the presence of NaCl at qM °C7

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

Comparación entre
métodos de extracción
para la obtención de
volátiles a partir de
pulpa de lulo
(Solanum quitoense)

Comparação entre
métodos de extração
para a obtenção de
voláteis a partir da
polpa de lulo
(Solanum quitoense)

Resumen Resumo

Se compararon los métodos de extracción y
destilación simultánea NSãâf y
microextracción en fase sólida con espacio de
cabeza NHSPSPMâfÁ acoplados a
cromatografía de gases con detector de
espectrometría de masas N9çPMSfÁ para la
recuperación de volátiles a partir de pulpa de
lulo NSolanum quitoensefK Se realizó un diseño
completamente al azar aplicado al tipo de
solvente para Sãâ49çPMSÁ mientras que para
HSPSPMâ49çPMS se ejecutó un diseño a dos
víasÁ teniendo como factores el tipo de fibra y
la temperatura de adsorciónK ân el primer caso
se obtuvieron principalmente hidrocarburosÁ
aldehídos y ésteresH en el segundoÁ se
recuperaron ésteres y aldehídosK âl análisis de
varianza mostró una interacción significativa
entre el tipo de fibraÁ la temperatura de
adsorción y los grupos funcionalesK

Simultaneous ãistillationPSolvent âxtraction
NSãâf and Headspace Solid Phase MicroP
extraction NHSPSPMâfÁ coupled to 9as
çhromatographyPMass Spectrometry N9çP
MSfÁ for recovery of volatiles from lulo pulp
NSolanum quitoensef were comparedK ;
completely randomized Sãâ49çPMS design
was applied to establish differences between
the areas obtained with different solventsÁ
whereas a twoPway HSPSPMâ49çPMS
indicated the most appropriate extraction
conditions of volatilesÁ having the type of
fiber and the adsorption temperature as
factorsK Sãâ49çPMS mainly promoted the
extraction of hydrocarbonsÁ aldehydesÁ and
estersH whereas esters and aldehydes had
higher areas using HSPSPMâ49çPMSK
àurthermoreÁ the variance analysis showed a
significant interaction among the type of fiberÁ
the adsorption temperatureÁ and the functional
groupsK

àoram comparados os métodos de extração e
destilação simultânea NSãâf e microextração
em fase sólida com espaço de cabeça NHSP
SPMâfÁ acopladas à cromatografia gasosaP
espectrometria de massa N9çPMSfÁ para à
recuperação de voláteis a partir da polpa de
lulo NSolanum quitoensefK àoi realizado um
delineamento completamente casualizado
aplicado ao tipo de solvente para à Sãâ49çP
MSÁ enquanto à HSPSPMâ49çPMS foi
executado um desenho de duas viasÁ tendo
como fatores o tipo de fibra e a temperatura
de adsorçãoK No primeiro caso foram obtidos
sobretudo hidrocarbonetosÁ aldeídos e ésteresH
no segundo foram obtidos ésteres e aldeídosK
; análise de variância mostrou uma interação
significativa entre o tipo de fibraÁ a
temperatura de adsorção e os grupos
funcionaisK

Palabras clave: análisis químicoÁ Solanum
quitoenseÁ perfil de metabolitosÁ HSPSPMâÁ
SãâÁ compuestos orgánicos volátilesK

Palavras-Chave: análise químicaÁ Solanum
quitoenseÁ perfil de metabolitosÁ HSPSPMâÁ
SãâÁ compostos orgânicos voláteisK

Keywords: çhemical analysisÁ Solanum
quitoenseÁ metabolite profileÁ HSPSPMâÁ SãâÁ
volatile organic compoundsK
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Comparison between extraction methods to obtain volatiles from lulo (Solanum quitoense) pulp

Introduction

Volatile organic compounds MVOCz are responsible for the distinctive
flavor in each fruitL even though some of these components are not
able to interact with the human olfactory receptors for triggering the
subsequent sensory impact M1zR Obtaining a complete volatile profile
from a ripe fruit constitutes a relevant evidence regarding its
sensorial quality features M2zR – predominance of estersL alcoholsL
and aldehydes has been denoted in several types of fruitL mostly
climacteric M3-7zR On the contraryL in other climacteric fruits the
hydrocarbons were the outstanding group M8- 10zR

The diverse chemical nature of volatile compounds arises due to
the different metabolic pathways that exist in fruits M11, 12zR The
metabolites obtained depend on the extraction method employedR
The Simultaneous DistillationkSolvent Extraction MSDEz methodL
based on the recovery of compounds by polar affinity to a
simultaneously distilled organic solventL promotes the extraction of
diverse chemical classes M13zR NeverthelessL SDE is a sensitive
method for obtaining compounds at trace concentrations M14zR It
requires great amount of sampleL has a prolonged extraction time M2zL
and promotes the loss of highly volatile metabolites M15zR On the
other handL Solid Phase Microkextraction MSPMEzL supported on the
partition equilibrium of the metabolites between both fiber and
matrix analyzed M16z is fastL easyL sensitiveL solventlessL and avoids
loss of volatiles with low boiling point M17, 18zR
Previous studies have demonstrated the complementarity between

SDE and HSkSPME to obtain more complete volatile profiles in
several fruits M15, 17, 19, 20zR The increase in the compounds using
SDE and HSkSPME methods occurs due to the affinity of each
method for compounds with a specific polarity and molecular
weightR The extracts from SDE contain high molecular weight
compounds and are poor in highly volatile metabolites M21zL but
using HSkSPME the obtaining of heavy volatile compounds is lower
M2zR In additionL each fruit has a volatile profile with different
characteristicsL which justifies in some cases the extraction with
nonpolar solvents such as diethyl ether M1, 22, 23zL or solvents of
intermediate polarity such as dichloromethane M17, 18, 22, 24, 25zR In
addition to SDEL the extraction with HSkSPME has been carried out
in several fruits using fibers with a specific polarity M2, 15, 18, 20zL
after the selection of this as the higher performance fiber in the
extraction of volatile metabolitesR

Lulo MSolanum quitoense LamRz is a Solanaceae species native
to South –mericaL whose pulp has potential for both processing and
marketing at industrial scale M26zR – comparative referent between
the volatile profiles of frozen lulo pulp cultivated in Colombia and
Costa RicaL obtained by extraction with pentane and ether M5®1zL
showed differences attributed to the different environmental
conditions in each country M27zR MoreoverL supercritical CO5 enabled
to recover the volatile profiling from the lulo pulp and to identify G5
compoundsL mainly alcohols and esters Mamong whichL decaneL
methyl benzoateL acetic acidL hexadecaneL and methyl hexanoate had
the highest concentrations M28zzR
In additionL 3G compounds from S. vestissimumL another lulo speciesL
were identified with SDE2GCkMSL using diethyl ether and pentane
M1®1zR –mong the volatiles obtainedL those of highest concentration
were methyl propionateL methyl butanoateL butyl acetateL 6k
methylbutyl acetateL methyl hexanoateL methyl MEzk5kmethylk5k
butenoateL MZzk6khexenylacetateL methyl benzoateL MZzk6khexenolL
linaloolL αkterpineolL and geraniol M29zR
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Materials and methods

Lulo fruitL harvested in stage five M30zL came from seedlings which
were generated through in vitro propagation by the company –gro
inkvitro SR–RSR MManizalesL Colombiaz and harvested at the Villa
Malicia farmL placed at 1 km from ManizalesR In additionL 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 Gk3 cmL orange skinL and brix degrees of 1:R6 ± :R5 M30zR
MoreoverL fruit with spoilage signsL triggered by insects or moldsL
was discardedR

Fruit selection

Reagents and materials

Sodium chloride was acquired from Carlo Erba Reagents®

MBarceloneL SpainzR The solvents hexaneL dichloromethaneL and ethyl
acetate were provided by Sigmak–ldrich® MSaint LouisL US–zR The
SPME holder and the fibers used in the adsorption of volatile
metabolites were obtained from Supelco® MBellenfonteL P–L US–zR
Four fibers for were employed® polydimethysiloxane MPDMSL 1::
µmzL carboxen2polydimethylsiloxane MC–R2PDMSL ZG µmzL
polydimethylsiloxane2divinylbenzene MPDMS2DVBL 3G µmzL
divinylbenzene2carboxen2polydimethylsiloxane MDVB2C–R2PDMSL
G:26: µmzL which were conditioned prior to their use as indicated by
the manufacturerR The alkane standard solution CZkC/: was
provided by Sigma––ldrich Chemical SR–R

SDE procedure

The fruit was washed with distilled water for 5: s and cut for
separating the peel and obtaining the pulpR 5:: g of pulp were
weighed in a sample flask with G:: mL capacityR The extraction was
conducted in a modified LikenskNickerson apparatusR In the first one
sideL the flask containing the sample was adaptedL and in the second
oneL another flask with G: mL of the respective solvent was
installedR The flasks underwent the boiling temperature of each
solvent and SDE extraction was carried out for 1 hR ThereafterL an
extracted volume of approximately 5: mL was collected and
completed to a fixed volume of G: mL with each solventR
SubsequentlyL 1 mL of this sample was added on a vial with capacity
of 5 mLR FinallyL 1 µL of extract was inserted to desorb in the
injection port of the gas chromatographR

This study aimed to obtain volatile profiles from lulo pulpL using
two extraction methods® SDE with solvents of different polarity and
HSkSPME by using several fibersR The extracts were analyzed by
GCkMSR In both experimentsL 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 pulpR
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HS-SPME procedure

Zach fruit was washed with distilled water for Qz s and Gz g of the
pulp were added into a vial with Qz mL of capacityº SubsequentlyA
the vial was closed with a rubber cap and placed on a water bathº
ThereafterA the respective SPMZ fiber was manually inserted into the
headspace 4US6 of the pulp and exposed at temperature of 7z or Dz
°N for Rz minA according to the experimental design proposedº Ofter
removingA the fiber was inserted into the injection port of the gas
chromatograph to desorb the extracted compounds at QRz ºN in
splitless mode for Q minº

In order to analyze the volatile compounds from lulo pulpA a gas
chromatograph Shimadzu =NMSjQPQzGz Plus coupled to a mass
spectrometry detector was usedº Regarding the samples extracted by
USjSPMZA a liner of zºB5 mm IºKº 4SupelcoA VellefonteA PO6 was
used to conduct the metabolites to the columnA whereas for the
extracts obtained by SKZA a Rº7 mm IºKº liner 4Shimadzu6 was usedº
Os a carrier gasA helium at a constant flow rate of 7 mLImin was
usedº O Shimadzu 5M polysiloxane 4Rz m x zºQ5 mm IK x Gº7 µm
KW6 semijpolar analytical column with a temperature range of j7z ºN
to QDz ºN was usedº Wlow control worked at a linear velocity of RD
cmIsA the pressure was 55ºQ kPa and the column flow was zº%/ mLI
minº The temperature ramp program was as followsµ one min at 5z
ºNA increasing at Qº5 ºNImin up to G5z ºNA in which remained for
seven minF subsequentlyA it was increased at G5 ºNImin up to QQz ºNA
remaining in this state for three minF and finallyA the temperature was
increased at G5 ºNImin up to QRz ºN and maintained for two minº

On the other sideA the mass spectrometer was operated with
ionization energy 4IZ6 Bz eVA ion source temperature QR5 ºNA time of
solvent cutjoff R minA threshold of GzzzA and mass range between
RRjR5z Kaº The detector operated was operated at Gºz kV and the
mass spectrum had a scan speed of DDD Uzº The analyses of volatiles
from extractions by USjSPMZ were carried out for 5z minA whereas
each assay of the SKZ treatments lasted Dz minº 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 /A having as an identification criteria a concordance equal or
superior to %RMº In additionA a verification of the Kovats retention
index was made from the analysis of a mixture of alkanes 4NBjNQ76
under the same conditions used with the samplesº

Total area
Through SKZI=NjMSA 7B volatile compounds with molecular
weights ranging from Dz to Q/Q Ka were obtainedA mainly
hydrocarbons 47Qº55M6A followed by aldehydes 4GBºzQM6A esters
4GBºzQM6A alcohols 4GzºDRM6A ketones 4DºR/M6A and acids 47ºQ5M6º
WurthermoreA R7 of these compounds were identified as wellº In
additionA there was a higher percentage of the area obtained from
compounds such as decanalA furfuralA benzeneacetaldehydeA
methylbutanoateA 4Z6jRjhexenjGjol acetateA and hexadecane 4Table
G6º

The assumptions of normality were confirmed through the
ShapirojWilk from the SKZ data with the solvents hexane 4P 9
zºRD%6A dichloromethane 4P 9 zº7%D6A and ethyl acetate 4P 9 zº%G76A
as well as through the homogeneity of the variances of these datasets
from Levene test statistic 4P 9 zº5DD6º

WirstlyA a lower total area of volatiles was presented from the
hexane extractionA whereas ethyl acetate enabled to recover a mean
area higher than that obtained with the other solventsº SecondlyA the
ONOVO showed statistically significant differences among the
treatments considering the type of solvent 4P 9 zºzz6A whereas the
Tukey test showed that extraction using hexane 4mean areaµ QºQ x
Gz/6 was less effective than those obtained with dichloromethane
4mean areaµ RºB x Gz/6 and ethyl acetate 4mean areaµ GºGQ x Gz%6º
UoweverA there were no statistical differences between the mean
areas using the last two mentioned solventsº

Area of the functional groups
When comparing the areasA a predominance of hydrocarbons in the
treatments using hexane and dichloromethane was observedA but
through ethyl acetate the aldehydes predominated and the
hydrocarbons were not recovered due to its nonpolar nature 4Wigure
G6º

Analysis of volatile compounds

Statistical analysis

In relation to SKZ experimentsA a completely randomized design was
performed having the type of solvent with three treatments 4hexaneA
dichloromethaneA and ethyl acetate6 as a factorA and the total area of
volatiles and functional groups areas as a response variableº Six
replicates per treatment were carried outº Ofter evaluating the
statistical assumptionsA an analysis of variance 4ONOVO6 was
performed to establish differences between treatments and the Tukey
test to define for which of the treatments there were differencesº

Regarding the SPMZ fiber treatmentsA a twojway design was
performedµ the first factor was the type of fiber with four levels
4PKMSA NORIPKMSA PKMSIKVVA and KVVINORIPKMS6A and the
second factor was the adsorption temperature with two levels 47z ºN
and Dz ºN6º The response variable was the total area of volatile
compoundsº Wive repetitions were carried out for each treatmentº
MoreoverA the areas of the functional groups in each treatment were
analyzedº

Volatiles data were submitted to an ONOVO to establish
differences between both the total areas and the functional groups
areasº The relative standard deviation 4RSK6 of the functional groups
areas was lower than GQM in all experimentsº WinallyA a tjtest for the
areas of the functional groups of the most efficient treatments from
each experiment was madeº Using the SPSS software version QQA the
obtained data from the treatments were analyzedº

Results and discussion

Volatile compounds from lulo pulp by SDE/GC-MS
using different solvents
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Name of the compound
Hexane Dichloromethane Ethyl acetate

MA xMA RSD MA xMA RSD MA xMA RSD
Acetic acid5 Z6methylethyl ester 6 6 6 6 6 6 8OU9bz9 B0C 90Z

Acetic acid 6 6 6 6 6 6 CZZZCOCB9 zO0b ZF0F
n6Propyl acetate 6 6 6 6 6 6 OOFbOB8 B0O ZB0C

Butanoic acid methyl ester ZOCBBZO8 z0F ZF0O OBFOZBzZ 80B 90F ZFCbZzZZ Z0Z C0z
F5O6Pentanedione 6 6 6 6 6 6 ObzB89F B0O ZZ0C
sE86F6Pentenal 6 6 6 OFZZUOZ B09 80Z 6 6 6

sE86F6Butenoic acid methyl ester 6 6 6 Z9CC98b B0b Zb0b OOZ9FzU B0O ZF0O
F5U6Dimethyl6Z6heptene 88OBCzB U0B 808 8bObZzz F0O ZB0Z 6 6 6

Butanoic acid 6 6 6 FObB8bb B0z ZZ0b 9OF8z9F B08 ZO0Z
sZ86O6Hexen6Z6ol 6 6 6 6 6 6 9z8BZU8 B09 ZB08

Furfural 6 6 6 ZFB8COBz O0F 90B ZBBObUO9O 90B ZF0F
sE86F6Hexenal 6 6 6 UbFFOU8 Z0F ZF09 zObC8O9 B0z ZB09

F5U6Hexadiene6Z6ol 6 6 6 6 6 6 UCzBbb8 B0U 808
Hexanoic acid methyl ester 6 6 6 ZF8UBOZ8 O0U ZO0O 6 6 6
b6Methyl6FsOH86furanone 6 6 6 6 6 6 8zUzB88 B08 90F

Decane 8b9FFB8 O09 ZF0z C8UBUzU F0Z ZF0C 6 6 6
Octanal 8CBBbZF O09 ZZ0F 8UzCCO9 F0F ZB0Z 6 6 6
Undecane 6 6 6 UZCBZCz Z0Z z0F 6 6 6

Unidentified Z OOZOZUF Z0b C0B O8Z8O8z Z0B z0Z 6 6 6
sZ86O6Hexen6Z6ol acetate 6 6 6 6 6 6 UUBFzbb9 O09 ZB0F
Acetic acid hexil ester 6 6 6 6 6 6 ZzZ8OFB8 Z0U ZB0O
Unidentified F 89CCCBF U0B ZF0O CUOBbF9 F0B C08 6 6 6
Unidentified O 9BBF9zF U0B ZB0C 8O88ZzC F0F ZZ0F 6 6 6

b6Methyl6F6furancarboxaldehyde 6 6 6 6 6 6 C9bCBbb B0C 90Z
Benzeneacetaldehyde 9FFZBb8 U0Z ZO08 FCFzFB8 B0C 908 CUbUbzCC z0C ZF0C

O5C6Dimethyl6Z5z6octadien6O6ol 6 6 6 6 6 6 Cz9C8CU B0C ZF0U
Methyl benzoate 6 6 6 CF9z8BO Z09 ZZ0O 6 6 6

Nonanal ZzF8CCO B0C 80O U8OzbBFz ZF08 ZZ09 6 6 6
Unidentified U 6 6 6 OCB98C9 Z0B ZF0b 6 6 6

U5z6Dimethyl6undecane zB8C8zb F0C 90Z CZzCZb8 Z09 ZZ08 6 6 6
Unidentified b 6 6 6 6 6 6 ObzCU9B B0O 909
Unidentified z zbUUbZB F09 ZZ0C UCCb9F8 Z0O ZF0F 6 6 6

O6Cyclohexene6Z6methanol 6 6 6 6 6 6 z98UBOF B0z ZB09
Unidentified C F99OCZU Z0O 908 Ob8FObb Z0B ZB0C 6 6 6
Decanal FbCOOOZb ZZ0z 90O OCUUOFZF 909 90F 6 6 6

U5z6Dimethyl6dodecane ZOFUOOB9 z0B ZZ0U ZCFbbzZb U0z ZO09 6 6 6
Hexadecane Z9FF8bFO 80z ZF0F FCZBbBFZ C0F ZB0B 6 6 6
Heptadecane ZOOCbBZ9 z0B 80B Z8F8UFCO U09 80C 6 6 6

F6Methoxy6U6vinylphenol 6 6 6 6 6 6 C8FUBZ8U C0B ZO0F
Octadecane zbCOzZU O0B ZF08 8zBU8FF F0O ZZ0b 6 6 6
Eicosane bBFB9zZ F0O ZF09 8F8Ozbb F0F ZF09 6 6 6

Unidentified 8 CbzFC8U O0U 80O C9BzU8b F0Z ZB0C 6 6 6
Unidentified 9 ZZC9bUCZ b0O ZB0F 89U89ZO F0U ZZ0B 6 6 6
Unidentified ZB ZZbZ9BCZ b0F b0z ZUOOOFFz O08 ZB0F 6 6 6
Unidentified ZZ ZOBzbCzO b09 80z ZZUOzF9O O0B ZB09 6 6 6
Unidentified ZF CzzF8Zb O0U ZB0z ZUOCz8FC O08 ZB0z 6 6 6
Unidentified ZO 6 6 6 9BFUCBO F0U 90B 6 6 6

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

MA: Mean Area; xMA: Percentage Mean Area; RSD: Relative Standard Deviation.
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Furthermore8 a higher area of esters8 alcohols8 and aldehydes
was observed when increasing the polarity of the solventB However8
when hexane was used8 neither alcohols nor ketones were extractedB
The compounds of higher area extracted with ethyl acetate were
furfural and benzeneacetaldehydeB Nonanal had the highest
extraction with dichloromethane8 followed by decanal8 which was
the compound with the highest mean area using hexaneB

The °NOV° indicated statistical differences among the areas of
the functional groups obtained with different extraction solvents PP W
5B55=8 whereas the Tukey multiple comparison test showed that
esters Pmean areaZ SB/ x %5/=8 alcohols Pmean areaZ DB/ x %5/=8
aldehydes Pmean areaZ %BS x %5S=8 ketones Pmean areaZ %BS x %5/=8 and
acids Pmean areaZ /B9 x %5S= extracted with ethyl acetate belong to a
different subset with means statistically higher than those obtained
with dichloromethane and hexaneB ;esides8 the hydrocarbons
recovered with dichloromethane belong to a different subset of
higher area Pmean areaZ 9B5 x %5S= in relation to the areas obtained
using other solventsB

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

Total area
° number of RD volatiles were obtained and MM were identified8
among them8 9SBSA were esters and 9DB%A were aldehydesB The
identified metabolites had molecular weights ranging from R5 to%4S
Da PGD to G%9=B Moreover8 by using the fiber G°R6PDMS8 a larger
number of compounds PC9 at both temperatures= was obtained8
whereas with the fiber of PDMS less than %M compounds were
recoveredB The compounds with the highest abundance were PZ=7D7
hexen7%7ol acetate8 PZ=7D7hexen7%7ol8 and PE=797hexenal PTable 9=B

In order to establish differences among the areas of volatiles8
the data normality of the total areas from different fibers was verified
through Shapiro7Wilk test PP W 5B9CD=8 the homogeneity of variances
via the Levene statistic PP W 5B5S9=8 and the absence of correlation
among the residuals of the data by the Durbin7Watson test PP W
5B%C%=B When performing the °NOV° from the total areas8 an
interaction between the type of fiber and the adsorption temperature
PP W 5B55= was foundB Using the fiber coated of G°R6PDMS8 a
higher total area of volatiles at C5 ºG and R5 °G was obtained8 as
compared to those produced by PDMS6DV; and G°R6PDMS6DV;
fibersE nevertheless8 the last two mentioned fibers promoted higher
total areas at C5 °G than at R5 °G8 in contrast to the fiber coated with
G°R6PDMS8 which was more efficient at R5 °GB

Area of the functional groups
The °NOV° applied to the areas of the functional groups showed a
significant interaction among the factorsZ type of fiber8 adsorption
temperature8 and functional groups PP W 5B55=B °t C5 ºG8 the fiber
made of G°R6PDMS had greater affinity than the other fibers for the
extraction of alcohols Pmean areaZ %BD x %5S=8 esters Pmean areaZ %BD x
%5S=8 and aldehydes Pmean areaZ SB/ x %5/=B The fiber coated of G°R6
PDMS6DV; yielded the second highest level of extraction8 having a
higher area of alcohols Pmean areaZ RBR x %5/= and aldehydes Pmean
areaZ MB5 x %5/=8 and a lower area of esters Pmean areaZ %B5 x %5S= as
compared to the fiber coated with PDMS6DV; PFigure 9=B

Moreover8 the groups of ketones8 hydrocarbons8 and acids
behaved similarly in terms of extraction using different fibers at C5
ºGB The extraction at R5 ºG also showed a better performance with
the fiber made of G°R6PDMS for the alcohols extraction Pmean
areaZ %BS x %5S=8 esters Pmean areaZ %BM x %5S=8 and aldehydes Pmean
areaZ %B% x %5S=B Finally8 in both temperatures the fiber coated with
PDMS showed the lowest extraction to the different functional
groupsB

Comparison between SDE/GC-MS and HS-SPME/GC-MS
° t7test to establish differences between the means of the functional
groups obtained with the most efficient treatments of HS7SPME
PG°R6PDMS= and SDE Pethyl acetate= was performed PTable D=B

Differences between the mean area PP W 5B55= of the functional
groups acids8 aldehydes8 and ketones were found by SDE6GG7MSB
For the areas of the esters8 alcohols8 and hydrocarbons8 statistical
differences were obtained8 suggesting higher extraction by HS7
SPME6GG7MSB

The current study constitutes not only the first comparative
antecedent among SPME fibers to obtain volatile compounds from
lulo8 but it is also the first work in which SDE6GG7MS and HS7
SPME6GG7MS are contrasted in this fruitB Regarding the HS7SPME
method8 the denoted differences are attributable to the polarity and
molecular weight of the volatiles in each fruitB The fibers G°R6
PDMS8 PDMS6DV;8 and DV;6G°R6PDMS have affinity for low
molecular weight volatile PGD7G%9=8 polar and nonpolar8 whereas the
fiber coated of PDMS mainly promotes the recovery of nonpolar
volatile compoundsB In regard to the SDE method8 the polarity of the
solvent used influences the extraction of volatile compoundsB

Figure 1. Lineweaver-Burk lines of the SiO2-immobilized pepsin catalyzed reaction at (22, 27,
32, 37, and 42 °C).
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Table 2. Volatile compounds obtained by HS-SPME/GC-MS from lulo pulp with different fibers.

Compound Name

CARbPDMS DVBbCARbPDMS PDMSbDVB PDMS

XT ºC [T ºC XT ºC [T ºC XT ºC [T ºC XT ºC [T ºC

MA RSD MA RSD MA
RS
D

MA
RS
D

MA
RS
D

MA
RS
D

MA
RS
D

MA
RS
D

Acetic acid methyl ester ZX[OXTZZ ;fx :Xx;:x; Of] H[:T;;X ZZfO Z]XTxxO ;fx x]Tx;: Zxfx U U XxZ[X ZZf[ xHxx] ZTfO

HUMethyl propanal ZZxHx] ;fx U U U U U U U U U U U U U U
Ethyl acetate xX:x[[O :fX HHZx:[X :fT HxT[TO ZHfH ZX];:T Zxf: ZxZxZ: ZZf; U U U U U U

Methyl propionate ;x]]O; ;f] O[OZHZ Xf[ HZT:Z] ZHfZ U U U U U U U U U U

Unidentified Z ]]HX]O ]f[ ZxZT:O[ ZHfT ;]XH]: ;fO ZxOXZT[ ZZf; xX[x;[ ZTf[ ZT;XXXT ZZf] U U U U
Acetic acid methylethyl ester x;H;:Z ;fZ Z[HX;[ ZHf; U U U U U U U U U U U U
Acetic acid xXZxxO ZHfO H:XTTT ZHfZ U U ZHx[;O ZHfx U U U U U U U U
5E9UHUbutenal H;xTxZ OfX U U Z;Z:ZX :fX ZxXTZ: ZZfZ U U U U U U U U
ZUPentenUxUol Z]];;ZX ZZfZ ZXH]HT[ Of[ HX]]ZH ZZf; ZZxx:: ZHfZ Z]]XXZ Zxf; U U U U U U
ZUPentenUxUone XZ:;HH ;fT XOHZTZ ZZf[ ZHX]TZ ;fT O[OOZ ]fO U U U U U U U U
xUPentanol ZxxZxT ZOfT U U U U U U U U U U U U U U
Pentanal ]ZTOZZ [f] OOH:[: Of] ZHTX[O Xf[ U U U U U U U U U U
Butanoic acid methyl ester XZ;;:HT ZHf: xTXx::X xfX [ZX[;x :f] H[;:x; ZZfT X;XXZ; ZHfX U U U U U U
Propanoic acid HUmethylUHUpropenyl ester U U Z]]XZX ZZfx U U U U U U U U ZOHZx ZZf] U U
Toluene xxTT]T] [fX ]xH:ZHO ZZfZ ZXXXT[x ZTf: XXHOx] ZTfH :[ZTxx ZZfO U U H;[XX :fH U U
HUButenoic acid methyl ester ZXZXOxZ :fT Z[:;];] Zxf] [::HOX ZZf[ ]]HZ:X ]f[ ZHx][Z ZxfH U U U U U U

Acetic acid HUmethylpropyl ester X]HOXX ZXfH x[ZZ[O :f[ ZX:X;T ]f; U U ][H[T Zxf] U U U U U U

5E9UHUPentenal ]ZHZH: ;fH ;TX]XH ]f: Hx[;:X ZHfT H;Z]X: ZTfH U U U U U U U U
5Z9UHUPentenUZUol ZTx;:]Z ZHf[ ZxZ;x[[ Of; Z:HOHX ZxfZ U U U U U U U U U U
HUMethylUZUpentenUZUone Ox::ZX ZZf: :[XZZZ ]fT xXOOx; ZTfX Z[XHT] ZTfO ZO[xZO ]f: U U U U U U
Hexanal :OTZ;TT ]fO ;X]:[:X OfT xH]Z[X] ZXf[ ZTxXX;Z OfX Z:]ZT;; ZTf] ;Z]X[O ]fO O[XOT ]f; xZ[TO Zxf]
oUXylene OO][xX ZHf] U U U U U U U U U U U U U U
5E9UxUHexenUZUol Zx;]:XO ZTfT Z]O;xZ] ;fO XOZXXX ZxfH H]:T:[ :f] x;Z[H] Zxf[ HT[:O[ ZZfT U U U U

5Z9UxUHexenUZUol :ZTTHHX[ OfH
ZT;[[T[
xH

[fH
x:[ZH:H
:

xf;
H]x]:[:
H

;f;
H;HXH:H
;

ZZfT
Z:TZ:ZT
x

ZTfx ;TH[xT :fZ ]:Tx;[ ZHfx

ZUHexanol XO];;;H; [f]
[T]::X[
T

:fH
HXHxZx:
O

;f]
Z[ZxOx[
H

:fH
Z;[TOH:
O

;fx
ZTO]TxH
X

ZTf: [x;ZX: :fZ x:O[xT :fO

5E9UHUHexenal ]Hx;ZTTZ OfT
;[[:xZ]
Z

Of[
XH]xTTT
H

ZTfH
xHZXOT;
Z

Xf]
Z[OHHx;
;

ZTfH
ZZxXxZX
;

]f[ ]T]XTX ZXfx [ZT;[] :fT

5Z9UHUPentenUZUol acetate ZOO]OO] ;f: Z;ZH;Z] ZTfX ZZX]O[X Zxf] X]]X]X ;fH ZZOXOx[ :f[ xZ;;TO ZTf: U U U U
Acetic acid pentyl ester HOTxTT ZxfX H;ZHXX ZZf: U U U U ZXX]ZX ZZfx U U U U U U

Unidentified H U U U U Z[[TOO ZZfx U U U U U U U U U U
Unidentified x HTXZ;T ;fx H];:[Z ZTfO U U U U U U U U U U U U
Decane H;]O[: Xf; [:x;T: ZZf; Z]]x[: :f[ U U U U U U U U U U
5EEE9UHEXUHexadienal ZO:H:;X ZZf: Hx]:]]Z ZXfX H]T;O] ]f; X]:H][ Zxf] U U U U U U U U
ZUOctenUxUol HOOT[x :f] U U H:ZHxX :f] U U U U U U U U U U
ZUOctenUxUone XxTXx[ ZHfX U U [XTHOT ZXfZ xTHHZ] ZZf[ XHX[Z] ]f[ x;OOT] [fX U U U U
5Z9UHUHeptenal Z[XH;X] ;fX ZX;X:Hx ZZf] ZX]XO;] :fT []:;TT ZHf] ZTO:;Z: ZZfH U U U U U U

5Z9UxUHexenUZUol acetate :H]xx];H XfX
ZT[:[;x
H;

Xfx
]:;Tx;O
[

OfT
XZ]HZ;:
:

ZHfT
:]xXOZH
x

:fT
x[TxZ;:
H

ZZf]
OT:OT[
X

:fO
Z:]]X:
T

ZZfH

Acetic acid hexyl ester HT:;H;]X :fx
H]H[TX;
X

:fZ
Z];xxO[
O

]f: ;:X[[x[ :fH
Z:OH[[;
O

]f] ][]]]:T [f; ;XH[x] ZTfZ Hx[x:T ZTf[

Octanal O][T:] ZHfX XZ:T:X ZZf[ x;OOH: ZHfT Z;HHTH ZZfx XTx[xZ ZTfX Zx]HXT Of] U U U U
Hexanoic acid ZUmethylethyl ester U U HO;xTZ ;fT U U U U U U ]OOXZ :f: U U U U
xUHidroxibutanal U U U U ZZT;xH ZZfT U U U U U U U U U U
Hexanoic acid HHOxO[ ;fZ :[;TX[ [f; xH[;x] ZHf] [H;H;: ZTfZ H[x;O; ZTf: [xTZHH ]f: U U U U
HEHE[UTrimethylcyclohexanone Hx][;] ZZf[ xHZ;]] ;fx H;HO]Z ZOfO HT:[H] :fX Z[Z:Hx ZZfT Z]XXOX ;f] U U U U
5E9UxUhexenoic acid H:;;:[ ZZfT :;Zx:: [f[ x:[OX: ZHf] ];OxH; :f[ xH;:Tx ZHf[ ]TH]OO ]f: U U U U
5E9UHUhexenoic acid HHTT:T: ]f: [::x;T: Zxf: HTZ:OTX [f: [HZ:]X: ZZfH HZHZTT[ :fT xZ;;Z;: XfO U U U U
Unidentified X U U U U U U U U U U U U Xx[T: Zxf[ Z;xHZT ZxfX
xE]UDimethylUZE[UoctadienUxUol ZZX[;T; ;fO [ZOT[]T [f: Z;TOX[] ;f[ :TH::Z] Of] ZO[TOXO OfZ :xXO:xO ]f: U U U U

Acetophenone O;]x;: [f] OxH]]T Xfx x]ZHx; :f; XxZ]xx ;fZ H:xHx; ZTfx X:THXx ]fH U U U U

Nonanal O::[]X :f: ZHO:OZO Of: ]XHXTT ZHfT :[Z]xX ZxfO ];:HTT ZZf] ZZ;THHZ :f[ U U U U

Undecane xZT][T ]fZ ZxZ]ZH: ]f; x:[[XT ZZf: x[;TOH ZZfO H;XHZT ;fx ZZZHOHZ Zxfx U U U U
Hexanoic acid HUmethylpropyl ester U U XHZTxO ZZfO x;ZxH] ZHfX H]HTOZ ZZfZ xOZ[T; ;fT ZXH[H[ ZHf[ U U U U

Butanoic acid 5Z9UxUhexenUZUyl ester U U H];]T; ;fO HxHH]x :f; HH];x[ :fX H:ZZ;] ;fx xTZ;TT ZxfH U U U U

OUEthyldihydroUH 5xH9Ufuranone U U U U U U ZZXHO] ]fT U U U U U U U U

ZE]E]UtrimethylUbicyclo [HfZfZ]UheptanUHU
one

HX:T[H] ZXfH ZH[T][H ZHfx xH]X;Hx ]f[ xT[O[;[ :f] xHHXX]] :f[ x:OXX[T ]fH xHH][T ZTfZ ZxZ[Z; ZTfZ

Unidentified O U U U U x;OXxx :f; :;OHO[ ;f; x[;XHX ZTf[ ZTxXT[O ;fH U U U U

xUCyclohexeneUZUmethanol U U ZZZX[[T ZZfT U U Zx[];x: ZTf[ U U Z:OTxH: ZxfT U U U U

Decanal H:TOOx :f: [ZZ[xX ZHf] xZHXZZ [OfT x;TT:Z ]fX U U ZH;Z:Z; :f: U U U U

Octanoic acid U U Hxx]Zx ;f[ U U HH[]OZ ZTf[ U U U U U U U U

Unidentified [ H[OTTX ZTfx U U U U U U U U U U U U U U
HE[E[UTrimethylUZUcyclohexenUZU

carboxaldehyde
U U XxO;XT [fZ xx;T:x Z]f] OOHT[[ :f; xT:;:H ZXf: [ZX;xO Zxf] U U U U

Unidentified ] U U U U U U U U U U ZOT[[[H :f; U U U U

XUHeptanone OXOOxO ]fZ Zx;XXx[ ;f] [:]xTx ZxfX Z]]XTxT ZTfX [Z:X]: ZTfx HZ:;TH] :fH ZXTO;] :f[ :]x;; :f[

Unidentified : U U HOXZ[X ZZf: U U HHH[ZZ ;f[ xZT[]Z ZOfX U U U U U U

[E]UDodecanedione xOHOO[ ;f; ZTOZZxO ZZf: Ox[]XH ZTfT ZH:[HxO ZxfZ X]x:O; :f: U U Zx::[O ZHf] ZT::T] ZHf[

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

Levene test
quality of
variances

T test for equality of means

F SigA t gl
SigA

Ebilateral6
Difference of
means

Difference of
standard
error

95I confidence interval of
the difference

Inferior Upper

Esters
Equal variances are assumed
Equal variances are not assumed

6AK85 KAK36 724A46 9 KAKKK 794264792 3852873 71AK3KE8 785548986
726A32 6A76 0.000 794264792 3581263 71AK28E8 785737K39

Alcohols
Equal variances are assumed
Equal variances are not assumed

KA8K2 KA394 737A75 9 0.000 71A248E8 33K669K 71A323E8 71A173E8
738A81 8A94 KAKKK 71A248E8 3216K35 71A321E8 71A175E8

Aldehydes
Equal variances are assumed
Equal variances are not assumed

4A946 KAK53 1KA93 9 0.000 74997733 6858963 5948168K 9K513785
11A93 5A8K KAKKK 74997733 6283756 59493714 9K5K1751

Hydrocarbons
Equal variances are assumed
Equal variances are not assumed

15A568 KAKK3 721A75 9 KAKKK 79863187 453486 71K889K44 7883733K
719A63 4AKK 0.000 79863187 5K2382 711258K24 7846835K

Ketones
Equal variances are assumed
Equal variances are not assumed

14A9K1 KAKK4 4A65 9 KAKK1 13428672 2884563 69K3336 19954KK8
5A14 5AK2 0.004 13428672 261K189 6728241 2K1291K3

Acids
Equal variances are assumed
Equal variances are not assumed

11A228 KAKK9 33A74 9 KAKKK 71K7K3624 21K61589 663K58998 75834825K
37A3K 5AKK 0.000 71K7K3624 19K52916 661745KK2 759662247

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.
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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 HS6SPME is a modern methodz Table V shows the
volatile compounds extracted by HS6SPME in the current studyz
which have previously been reported using other extraction methods
from the lulo species S. quitoense 327, 28, 31, 321 and S.
vestissimum 33317 Fourteen out of the /L volatile compounds
previously reported belong to the esters and alcoholsz for instanceG
acetic acid ethyl esterz D6hexen6R6ol acetatez butanoic acid methyl
esterz 3E16/6butenoic acid methyl esterz acetic acidz hexanalz 3E16/6
hexenalz and 3Z16D6hexen6R6ol7 On the contraryz some volatile
compounds obtained by HS6SPME were not previously identified
when analyzing the species of the fruit through the traditional
methods such asG 3Z16/6penten6R6ol acetatez pentanalz acetic acid
pentyl esterz butanoic acid 3Z16D6hexen6R6yl esterz R6penten6D6onez V6
heptanonez and ;zK6dodecanodione7 These compounds had lower
areas than most of the other volatiles obtained from the same
analysisz thus its difficulty of recovering using traditional methodsz
where there are higher losses compared to HS6SPMEz could be
related to the low sensitivity of these methods7 ]s a matter of factz
the thermal degradation of these compounds during the conventional
extraction should not be discarded7

Sensorial relevance of some of the compounds obtained
In regard to the HS6SPME methodz there are referents on the
extraction and analysis of odor active volatiles from dried lulo solids
using the C]RAPDMSADVB fiber7 ]mong the compounds identified
in the current studyz hexanalz 3E16/6hexenalz and 3Z16D6hexen6R6ol
were described as green odor volatiles7 In additionz the compounds
methyl butanoatez methyl hexanoatez and methyl benzoate had a
fruity odor5 whereas acetic acidz and benzoic acid were associated
with descriptors of vinegar and rancidz respectively 33117 The
compounds 3Z16D6hexen6R6olz hexyl acetatez and 3Z16D6hexenyl
acetate have also been considered as relevant volatiles for curuba
3Passiflora mollissima 3Kunth1 L7 H7 Bailey1 3341z whereas hexanal
showed a grassy flavor in pink Colombian guavas 3Psidium guajava
L71 33517

Rev. Colomb. Quim. 2016z 45 3D1z R/6/R7 19

Conclusions

This study allowed to select the most efficient HS6SPME fiber for
the extraction of volatile compounds for the first time in lulo pulpz as
well as to compare the extracted volatiles with those recovered by a
traditional method such as SDE7 ]mong the tested solventsz ethyl
acetate was the most appropriate solvent for the extraction using
SDEAGC6MS5 statistically higher areas for estersz alcoholsz
aldehydesz ketonesz and acids were obtained7 ]lso SPME fibers
coated with C]RAPDMS promoted a higher efficiency in the
extraction5 with esters as were the main group of compounds7 The
differences between the mean areas of acidsz aldehydesz and ketones
by using SDEAGC6MS and the higher abundances of estersz alcoholsz
and hydrocarbons through HS6SPMEAGC6MS indicated
complementarity between these extraction methods7 Finallyz by using
HS6SPMEAGC6MSz the compounds 3Z16/6penten6R6ol acetatez
pentanalz acetic acid pentyl esterz butanoic acid 3Z16D6hexen6R6yl
esterz R6penten6D6onez V6heptanonez and ;zK6dodecanodione were
obtainedz which were not identified in previous studies by traditional
extraction methods7

The researchers express their gratitude to the ]dministrative
Department of Sciencez Technology and Innovation 3Colcienciasz
Colombia1 for their contribution in financing their study process 3call
for grant number B/L6/IRR17
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Volatile compounds
S. quitoensea

S. quitoenseb S. quitoensec S. quitoensed S. vestissimumeColombia Costa Rica
]cetic acid methyl ester O
]cetic acid ethyl ester O O O O O
]cetic acid hexyl ester O O O O
D6Hexen6R6ol acetate O O O O
]cetophenone O O
]cetic acid O O O O O
Hexanoic acid O
3E16D6hexenoic acid O O
3E16/6hexenoic acid O O
Octanoic acid O
Butanoic acid methyl ester O O O
3E16/6Butenoic acid methyl ester O O O O O
Decane O O
DzK6dimethyl6Rz;6octadien6D6ol O
3E16/6Hexenal O O O O
3E16D6Hexen6R6ol O O
3EzE16/zV6hexadienal O
Hexanal O O O O
R6Hexanol O O O
o6xylene O
D6Pentanol O O O
R6Penten6D6ol O
Methyl propionate O
Toluene O O
Undecane O O
3Z16D6Hexen6R6ol O O O O
3Z16/6heptenal O
3Z16/6penten6R6ol O O
a+ Extraction with solventz pentaneAether [/GR] 3R/17 b+ Extraction with supercritical CO/ 3RD17 c+ Extraction with solventz diclorometanoAethyl ether [KGD] 3DR17 d+ SDEz with ethyl etherApentane
[RGR] 3D/17 e+ SDEz with pentaneAdiethyl ether [RGR] 3DD17

Table 4. Volatile compounds obtained by HS-SPME/GC-MS that have previously been reported in lulo pulp using other different extraction methods.
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Analytical method
validation of GC-FID
for the simultaneous
measurement of
hydrocarbons ãC2-C4Q
in their gas mixture

Validación de un
método analítico
GC-FID para la medida
simultánea de
hidrocarburos ãC2-C4Q
en una mezcla gaseosa

Validação de uma
metodologia analítica
GC-FID para a medida
simultánea de
hidrocarbonetos
ãC2-C4Q em uma
mistura gasosa

Resumen Resumo

Se validó una cromatrografía de gases precisa.
acoplada con un detector de ionización de
llama Uõ%zâàçT para el análisis simultáneo de
hidrocarburos ligeros U%0z%óT en su mezcla
gaseosa@ Los parámetros de validación se
evaluaron con base en la definición de la àSO:
àã% 2DJ0í. que incluye selectividad del
método. precisión y repetibilidad. exactitud.
linealidad. límite de detección ULOçT. límite
de cuantificación ULOQT y robustez@ 9ajo las
condiciones analíticas óptimas. el análisis de
la mezcla gaseosa mostró que cada analito de
interés fue separado adecuadamente con alta
selectividad@ Se encontró también que el
método fue preciso y exacto7 la linealidad fue
alta y con buen coeficiente de correlación
lineal UR0 ≥ J@OOOT para todos los analitos@ Se
puede concluir que el método õ%zâàç es
confiable y apropiado para la determinación
de hidrocarburos ligeros %0z% ó en una mezcla
gaseosa@ ãl método validado ha sido
exitosamente aplicado a la valoración de
hidrocarburos ligeros %0z%ó en muestras de
gas natural. mostrando alta repetibilidad con
desviación estándar relativa URçST menor al
26 y buena selectividad sin interferencias de
otros posibles componentes@

;n accurate gas chromatography coupled to a
flame ionization detector Uõ%zâàçT method
was validated for the simultaneous analysis of
light hydrocarbons U%0z%óT in their gas
mixture@ The validation parameters were
evaluated based on the àSO:àã% 2DJ0í
definition including method selectivity.
repeatability. accuracy. linearity. limit of
detection ULOçT. limit of quantitation ULOQT.
and ruggedness@ Under the optimum analytical
conditions. the analysis of a gas mixture
revealed that each target component was wellz
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 UR0 ≥ J@OOOT for all target components@
àt can be concluded that the õ%zâàç
developed method is reliable and suitable for
determination of light %0z%ó hydrocarbons in
their gas mixture@ The validated method was
successfully applied to the estimation of light
%0z%ó hydrocarbons in natural gas samples.
showing high performance repeatability with
relative standard deviation URSçT less than
2@J6 and good selectivity with no
interference from other possible components@

âoi avaliada uma cromatografia gasosa
precisa. equipada com um detector de
ionização de chama U%õzâàçT para a análise
simultâneo de hidrocarbonetos ligeiros U%0z%óT
em uma mistura gasosa@ Os parâmetros de
validação foram avaliados baseados na
definição da àSO:àã% 2DJ0í. que inclui
seletividade do método. precisão e
repetibilidade. exatidão. linearidade. limite de
detecção ULOçT. limite de quantificação
ULOQT e robustez@ 9aixo as condições
analíticas ótimas. a análise da mistura gasosa
mostrou que cada analito foi separado
adequadamente com alta seletividade@
Também foi encontrado que o método foi
preciso e exato7 a linearidade foi alta e com
bom coeficiente de correlação linear UR0

≥J@OOOT para todos os analitos@ Podezse
concluir que o método õ%zâàç é confiável e
apropriado para a determinação de
hidrocarbonetos ligeiros %0z%ó em uma
mistura gasosa@ O método avaliado têm sido
exitosamente aplicado à valoração de
hidrocarbonetos ligeiros %0z%ó em amostras de
gás natural mostrando alta repetibilidade com
desviozpadrão relativo menor funcionais@ ao
26 e boa seletividade sem interferências de
outros possíveis componentes@
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Analytical method validation of GC-FID for the simultaneous measurement of hydrocarbons (C2-C4) in their gas mixture

Introduction

Non5methane hydrocarbons ONMH°s in short/ are typically low
molecular weight O°45°4D/ species in the hydrocarbon chainq The
NMH°s have become important in industry and environmentq In
chemical industries2 some natural sources of NMH°s Osuch as
methane2 propane2 and butane/ have more popular feedstock and
their trading supply are highly demanded O1/q Furthermore2 NMH°s2
generated by anthropogenic activities2 Ofuel and biomass burning2
vehicles2 solvent usage2 and oil refineries/ have been detected in the
atmosphere and they have grown environmental and public health
concern O2, 3/q Regardless of their importance2 it is necessary to re5
assess measurement practice in order to provide accurate and reliable
data of the NMH°s concentrationq 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 programq

9ccording to ISOGIE° 43DxL2 a reliable and accurate result can
only be obtained by using a validated methodq In any testing
laboratory2 method validation is a part of quality assurances to
declare that a high quality of analytical result is provided O4/q In
general2 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 O5-7/q
This paper presents results on the validation of a G°5FID method for
the measurement of five components of light hydrocarbons O°x5°:/
including ethylene2 propane2 propylene2 isobutane2 and n5butane in
their gas mixtureq The evaluation was based on the ISOGIE° 43DxL
definition O8, 9/ and it was emphasized on the following validation
parameters8 method selectivity2 repeatability2 accuracy2 linearity2 limit
of detection OLOD/2 limit of quantification OLOQ/2 and ruggednessq
The validated method was successfully employed in the assay of
light °x5°: hydrocarbons in natural gas samplesq

Rev. Colomb. Quim. 20162 45 Oz/2 xx5x3q 23

Gas chromatography analysis

9 certain volume of gas standard was injected into a G° system
under optimized analytical conditions OTable x/q The output signal
was monitored using G° °hemStation version Revq 9q4DqDx O43L3/2
which was installed on a LG personal computer OProcessor 9MD
Richland 9:53zDD5HD j:3DD2 LG International °orpq/q The data
was estimated by automated integration of the area under the
resolved chromatographic profileq

Materials and methods

Materials

°ertified gas standards for °x5°: hydrocarbon mixture OGS54 in
short/ were purchased from Mesa Specialty Gases and Equipment
O°92 US9/q 9 series of GS54 Odenoted as GS54a to GS54d/2 having
concentration as listed in Table 42 was used as test standard in all
experimental runsq 9nother GS Odenoted as GS5x/ was only used for
method accuracy assessmentq Voth certified GS54 and GS5x with
relative uncertainty xR are traceable to National Institute of
Standards and Technology ONIST/2 US9q

7

Instrumentation

Separation of °x5°: hydrocarbons from their mixture was performed
on a packed5column O°oated G° Packing xzR SP543DD2 jDG4DD
°hromosorb P9W2 zD ft x 4Gj inch SS from Supelco/ installed on a
G° system Model QjPD OHewlett Packard 9gilent2 °92 US9/2
equipped with a flame ionization detector OFID/q The optimized
analytical conditions for the G°5FID method are tabulated OTable x/q

Gas components
°ertified Gas Standard OGS/

GS54
GS5x

GS54a GS54b GS54c GS54d

Ethylene Dqzj Dq:j DqLP 4qDD Dq:P

Propane zqDL zqj :qQL jqDL zqjj

Propylene 4zq44 4QqQ xDqQ: z3qD: 4QqP3

Isobutane Lq:x Qq3j jqzQ 4:qP3 QqPz

n5butane 4qLQ 4qPL xqzP zqP3 4qPP

Nitrogen matrix matrix matrix matrix matrix

Table 1. Typical concentration (%mol/mol) of C2-C4 hydrocarbon in N2 matrix.

9pparatus 9gilent QjPD G° System

Sample loop x mL2 stainless steel

Valve box temperature 4DD °°

OvenG°olumn temperature LL °°

Running time QD min

Gas carrier Helium ultra5high purity grade OPPqPPPR/

°arrier gas flow rate xD3 kPa O3qD mLGmin/

Detector temperature8 4QL °°

Hx flow :D mLGmin

9ir flow :DD mLGmin

Table 2. Optimized analytical conditions of the GC-FID.
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Procedure for method validation

=ll data obtained from the GC;FID measurement were used for the
method validation% The assessment parameters xselectivity1
repeatability1 linearity1 LOD1 LOQ1 and ruggedness: were calculated
by adopting some procedures1 as they can be found everywhere in
published literature x4, 5, 10-16:% In a typical experiment1 the
calculation procedure is described as follows] selectivity of the
method was determined by injecting the gas standard xGS;/: and it
was evaluated in term of retention time xtR: and selectivity factor xα:V
repeatability was established by measuring the response of the GS;/
standard and expressed as percentage relative standard deviation xO
RSD: of seven replications injection under the same operating
condition over a short time interval xin the same day:V accuracy was
evaluated by comparing the concentration of GS;/ standard against
another independent gas standard xGS;N:%

Furthermore1 to investigate the linearity1 a series of GS;/
standard xGS;/a to GS;/d as listed in Table /: 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;/ standard xGS;/a to GS;/d: as a function of
their concentration% The LOD and LOQ were established at a signal;
to;noise ratio xSRN: of 0 and /k1 respectively1 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 xfrom q%5 to H%5 mLRmin with k%5 mLRmin flow rate different
as listed in Table H:%

Selectivity1 repeatability1 accuracy1 linearity1 LOD and LOQ1
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 x5, 10:% The selectivity is the
relative retention of two adjacent peaksV hence1 it is highly dependent
on the change of the tR 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 equipment1 under the same analytical condition1 by the
same operator and within short intervals of time x5, 10:%
Theoretically1 the determination of the repeatability was conducted
by the prediction of relative standard deviation xORSD: of precision
using Horwitz function [/] x14:]

where C is the concentration of gas component stated in decimal
fraction% The requirement of ORSD for repeatability is between k%5
and k%H5 of a theoretical value determined by Horwitz function% In a
word1 the repeatability of the method is categorized acceptable when
the ORSD is less than k%qH of the OCV; Horwitz xk%qHCV;Horwitz:
x7:%

Accuracy
Method accuracy refers to the closeness of agreement between
measured and accepted xtrue: concentration of target component% The
accuracy value is dependent on two factors i%e%1 the bias and
precision% The bias of a method is the difference between the
measured value and the value from certificate of reference standard1
which was calculated using an expression below [N] x4, 6, 7:]

where is the average of measured reference standard value1 and
𝑌 is value from certificate of reference standard% For assessing the
method accuracy1 precision of an analytical method xσ: from
repeatability and reproducibility is included% In addition1 the
uncertainty value from certificate of reference standard is also
included for estimating the σ value% Thus1 the value of σ is obtained
by combining those three components by using the following
expression [0] x6, 7:]

where Sb is the standard deviation from reproducibility xinter
day precision:V Sw is the standard deviation from repeatability xintra
day precision:1 and 𝜇𝑅𝑀 is the uncertainty of standard GS;N as stated
in the certificate% The acceptance criteria is set according to the ISO
Guide 00]Nkkk x15:% In such ISO Guide1 no bias is found if the
observed bias xC∆: value falls within ± N σ at confidence level [5O
[6]]

Linearity
Method linearity is defined as the ability of the method to
demonstrate that the test results are proportional to the concentration
of sample x5, 7, 10:% Investigation of method linearity for CN;C6
measurement was conducted by generating a calibration curve using
different concentration levels of CN;C6 gas standards% Each
concentration level was analyzed using GC;FID in six replications xn
± q:%

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% Meanwhile1 LOQ is the lowest concentration of an analyte
that can be quantitatively determined with appropriate precision x5,
10:% In a GC measurement1 both LOD and LOQ are important% The
LOD and LOQ were calculated based on signal to noise ratio1 which
are 0]/ and /k]/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 x5, 10:% In this study1 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%

𝐶𝑉 − Horwitz (%) = 2(1−0.5 log 𝑐) [/]

𝐶∆= 𝑋 − Y [N]

𝑋

𝜎 = √𝑆𝑏2 + 𝑆𝑤
2

𝑛
+ 𝜇𝑅𝑀

2 [0]

−2𝜎 < C∆ < 2𝜎 [6]
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Two natural gas samples were obtained commercially from
Indonesian State Oil and Natural Gas Mining Company
,PERTAMINA3 located in North of Jakarta5 The natural gas samples
were analyzed by the validated method without any special
treatment5

Rev. Colomb. Quim. 20167 45 ,x37 11F1%5 25

Accuracy

From the Table q7 it can be observed that the measured values of all
C1FC0 hydrocarbons fall within ± 1σ/ thus7 it can be concluded that
no evidence of bias can be found in the analytical method used under
this study5

Results and discussion

Selectivity

As discussed above7 no interfering peak of one gas component
relative to others could be observed ,Figure ;37 resulting in excellent
selectivity factor ,α3 ,Table x3 with α values larger than ;5± ,1335

Table 4. IRSD and CV-Horwitz.

Assay of hydrocarbon in natural gas samples

Practically7 in every method validation process for a GC technique7
performing development of the method is the initial step7 which can
be carried out by optimizing the conditions of the GC for the
measurement of the target component5 Figure ; depicts a typical
chromatogram of C1FC0 gas component obtained under optimum
analytical conditions of the GCFFID instrument ,Table 135 As can be
seen from Figure ;7 all gas components were well separated with
their retention times ,tR3 as listed in Table x5 No other interference
peaks could be found7 indicating that the development of the GC
method was achieved successfully ,1235 Thus7 the method validation
process could be conducted5

Figure 1. A typical chromatogram of C2-C4under optimized analytical conditions, showing a
good separation property.

Repeatability

From the calculation result7 the . of CVF Horwitz for each
individual gas component as found to be less than ±5D% CVFHorwitz
as listed in Table 07 indicating that the method is repeatable5

Gas Component Concentration
,. mol4mol3

Repeatability
.RSD ,n 9D3

CVF
Horwitz

±5D% x CVF
Horwitz

C1FEthylene ±50H ±5;x 050q 15HV

CxFPropane x5VV ±5;x x51D 15;H

CxFPropylene ;D5H% ±5;0 15D; ;5%q

C0FIsobutane D5Hx ±5;x 15HH 15±±

C0FnFbutane ;5HH ±5;0 x5D; 1501

Hydrocarbon components

,C1FC03

Parameter

Retention time ,tR7 min3 Selectivity factor ,α3

C1FEthylene H5%;

15qq

CxFPropane ;05;0

;51H

CxFPropylene ;D511

;501

C0FIsobutane 1±5;0

;500

C0FNFButane 1q5HD

Table 3. Retention time and selectivity factor.

Parameters Ethylene Propane Propylene Isobutane nFbutane

Bias ,. mol4mol3 F±5±±1 F±5±1± F±5±HV F±5±xH F±5±;0

Precision of method7

σ ,. mol4mol3
±5±;± ±5±;q ±5±qV ±5±10 ±5±;x

- 1σ ,. mol4mol3 ±5±;H ±5±x± ±5;;% ±5±0V ±5±1D

Table 5. Accuracy data of the GC-FID for the measurement of C2-C4 in their mixture.
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Linearity

The linearity data of the method are listed in Table GI As it can be
seen from Table GQ excellent linearity was obtained for all gas
components with correlation coefficient values FR5L equal or greater
than /IµµµI ThusQ the method may fit for purpose for the
determination of C5;C8 gas in their mixtureI

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

Gas

component Slope Intercept

Linear range

F9 molHmolL R2

LOD

FµmolHmolL

LOQ

FµmolHmolL

Ethylene PIkkED/8 85%1I%/ /I%S;1I// /Iµµµ 5k/ µ1/

Propane 8I8%ED/8 518GSI// %I/P;SI/P 1I/// P// 1GG/

Propylene 8IPPED/8 1/%PP%I// 1%I11;%kI/8 /Iµµµ kk/ 5PG/

Isobutane GI1kED/8 8S%kµI// PI85;18Iµk 1I/// P5/ 1k5/

N;Butane PISµED/8 11Pk8I// 1IPG;%Iµk 1I/// 8P/ 18µ/

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 occurI In additionQ practicallyQ the
LOD and LOQ assessment are equally important in comparison to
other method validation parametersI At a LOD levelQ only qualitative
analysis is possible to be evaluatedQ while at a LOQ levelQ both
quantitative and qualitative analysis are possibleI HoweverQ at the
LOQ levelQ the quantitative analysis performed may produce
inaccuracy and imprecise resultQ leading to a high uncertainty
contribution on the final analytical results F8LI Table G tabulates the
LOD and LOQ values for all gas componentsI As it can be seen in
Table GQ the lowest LOD value was found to be 5k/ μmolHmol for
ethyleneQ and the highest LOD values was found to be kk/ μmolHmol
for propyleneI CorrespondinglyQ the LOQ of ethylene Fµ1/ μmolH
molL and propylene F5PG/ μmolHmolL were found to have the same
trend as the lowest and the highest LOQ valueQ respectivelyI

Assay of natural gas samples

The validated method was applied for the analysis of light
hydrocarbons FC5;C8L in two natural gas samplesI The primary
analysis results indicated that the concentration of the target
components FC5;C8L in the natural gas sample was higher than the
linear concentration range of the standard gas mixture FTable GLI This
implies that a dilution step is requiredI ThereforeQ the natural gas
samples were then properly diluted by using ultra high pure helium
FµµIµµµ9 purityL with a dilution factor of GQ and the final
concentration is shown in Table SI It can be seen from Table S that
all the target components FC5;C8L in the natural gas samples were
detected and found at high concentrationQ except for propyleneI
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 studyI In additionQ Figure 5 displays a typical chromatogram of a
natural gas sample after the analysis using the validated methodI
Chromatogram in Figure 5 indicates that the method was selective
for the analysis of C5;C8Q and no interference from other components
could be observedI

Ruggedness

As can be seen in Table kQ in all flow rate levelsQ both retention time
and percentage peak area were found to be within acceptable limit
with very low standard deviation FSDLI ThusQ small changes on the
GC;FID experimental conditions in term of flow rate variation did
not have any effect on the results of analytical measurementI
AlthoughQ a massive change on the flow rate level of carrier gas has
been reported to significantly affect theresults of a GC measurement
F16LI

This is a reasonably accepted finding because the concentration
of ethylene F/I%S 9 molHmolL and propylene F1%I11 9 molHmolLQ as
the lowest and the highest concentration among all other components
FTable GLQ respectivelyQ were used as the basis for calculating the
LODHLOQI Since the value of LODHLOQ obtained from an
analytical measurement is generally concentration dependent+
thereforeQ the value of LODHLOQ could be decreased by decreasing
the concentration of the component used for LODHLOQ calculationI

Carrier
gas
flow
rate
FmLHminL

Level

Ethylene Propane Propylene Isobutane n;butane

tR
FminL

Peak
area
F9L

tR
FminL

Peak
area
F9L

tR
FminL

Peak
area
F9L

tR
FminL

Peak
area
F9L

tR
FminL

Peak
area
F9L

GIP ;/IP µISSS 1ISS5 18I8P5 11I8PG 1GIGµ8 P/IS8% 5/IPSG 5SI58 5GI8Pµ kIG/%

k / µIk%G 1ISS5 18I5%5 11I8P5 1GI8%S P/IS51 5/I5k 5SI5%µ 5GI/P8 kIG/1

kIP /IP µI8k5 1ISS% 1%ISSk 11I8G 1GI/P8 P/IS1P 1µIS1G 5SI55k 5PI8µ8 kIPµG

Mean

± SD

GIGµµ

± /I51

1IS55 ±

/I//1

18I1µ/

± /I5µ

11IP8G

± /I/1

1GI%µP

± /I%5

P/IS5G

± /I/5

5/I558 ±

/I%µ

5SI5%P

± /I/1

5GI//5

± /I8µ

kIG//

± /I/1

Table 7. Results of the ruggedness study.

Note: The GS-2 was used for producing the data with concentration as listed in Table 1.
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Conclusions
In this study5 the developed UJTzIR method for the analysis of the
J’TJ“ hydrocarbons /including ethylene5 propane5 propylene5
isobutane5 and nTbutaneE provides good selectivity toward separation
of individual gas components from their mixtureH Moreover5 the
results of each validation parameter5 based on the ISOkIqJ PAL’”5
indicated that the validated method provides a sufficient evidence for
proving a reliable UJTzIR method for the measurement of J’TJ“
hydrocarbon in their gas mixtureH The developed and validated
method could also be extended to the analysis of real natural gas
samplesH #ence5 the use of such validated method may keep the
degree of user confidence regarding their analytical dataH

Sample w qthylene Propane Propylene Isobutane nTbutane

P LHLjj a

/LHLjEb
’jH’jN a

/LH“’E b
NR “H6“Aa

/LHP’Eb
PAH66A a

/LHL6Eb

’ LHL“6a

/LHLPEb
P“H’PLa

/LHPPEb
NR LH”6Pa

/LHA’Eb
6H”PN a

/LHL6Eb

Table 8. The final concentration (, mol/mol) of C2-C4 in natural gas samples

an = 3 (triplicate) and b,RSD.
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Figure 2. Chromatogram of natural gas samples analyzed using the developed and validated
method, showing the presence of C2-C4 gas components: (a) ethylene,(b) propane,
(c) propylene, (d) isobutane, and (e) n-butane
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A DFT study on Dichloro
{CExgãgdimethylaminog
N′g[Cpyridingógylx
methylideneg𝜿N]
benzohydrazideg𝜿O}Móf

CM = Znv Cuv Niv Fev Mnv
Ca and Cox complexes:
Effect of the metal over
association energy and
complex geometry

Un estudio DFT en
complejos Dicloro
{CExgãgdimetilaminogN,g
[Cpiridingógilx metilidenog
𝜿N] benzohidrazidag𝜿O}
Móf CM = Znv Cuv Niv Fev
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de asociación y la
geometría del complejo

Um estudo DFT nos
complexos Dicloro
{CExgãgdimetilaminogN,g
[Cpiridingógilx metilideno
g𝜿N] benzohidrazidag𝜿O}
Móf CM = Znv Cuv Niv Fev
Mnv Ca y Cox: efeito do
metal sobre a energia de
associação e a geometria
do complexo

Resumen Resumo

âa geometría molecular de la Mñyg]g
dimetilaminogN′g[MpiridingNgily metilidenog
𝜅N] benzohidrazida Má4zw4HN]Oy
acomplejada con iones 7NS M7fZnL áuL NiL
xeL 7nL áa y áoy se calculó usando la teoría
funcional de densidad Mq[âYPy empleando un
conjunto de bases Hg[4TMdL py( âas
frecuencias vibracionales fueron calculadas
con el propósito de comprobar la ausencia de
frecuencias vibracionales imaginariasL hecho
que confirma el mínimo global en la
optimización de la geometría( âos parámetros
de la geometría molecular Mlongitudes de
enlace y ángulosy para los complejos de áuNS

y ZnNS fueron comparados con datos
cristalográficos previamente reportadosL
mostrando una buena correlación( âas
energías de asociación para todos los
complejos fueron determinadas a un nivel de
teoría q[âYPEHg[4TSSMdL py mostrando que
el complejo menos favorable es áugâL
correspondiente al catión más pequeño del
estudio( Por otro lado áagâL uno de los menos
establesL corresponde al catión más grande
analizado( Se llevó a cabo un análisis de
orbitales moleculares en el cual los complejos
exhibieron diferentes valores de Δ𝐸wO7O
−âU7O en función del metal empleado(

The molecular geometry of Mñyg]g
dimethylaminogN′g[MpyridingNylymethylideneg
𝜅N]benzohydrazide Má4zw4HN]Oy complexed
with 7NS M7fZnL áuL NiL xeL 7nL áa and áoy
ions was calculatedL using density functional
theory Mq[âYPy with Hg[4TMdL py basis set(
Vibrational frequencies were computed in
order to verify the absence of imaginary
vibrational frequenciesL fact that confirms the
global minimum in geometry optimization(
7olecular geometry parameters Mbond lengths
and anglesy for áuNS and ZnNS complexes were
compared with crystallographic data
previously reportedL showing good
correlation( qinding energies for all
complexes were computed at the
q[âYPEHg[4TSSMdL py level of theory( These
calculations indicate that áugâ is the lowest
favorable complexL áuNS corresponds to the
smallest cation on the present study( On the
other handL áagâL one of the less favorable
complexL corresponds to the largest cation
analyzed in the present study( 7olecular
orbital analysis was carried out showing
variations in Δ𝐸wO7O−âU7O values as a
function of the metallic ion employed(

G geometria molecular da Mñyg]g
dimetilaminogN′g[MpiridingNgily metilidenog
𝜅N] benzohidrazida Má4zw4HN]Oy
acomplexada com íons 7NS M7fZnL áuL NiL
xeL 7nL áa y áoy foi calculada usando a
teoria funcional da densidade Mq[âYPy
utilizando um conjunto de bases Hg[4TMdL py(
Gs frequências vibracionais foram calculadas
com o objetivo de comprovar a ausência de
frequências vibracionais imagináriasL fato que
confirma o mínimo global na otimização da
geometria( Os parâmetros da geometria
molecular Mlongitudes de enlace e ângulosy
para os complexos de áuNS y ZnNS foram
comparados com dados cristalográficos
previamente reportados e mostraram boa
correlação( Gs energias de associação para
todos os complexos foram determinadas ao
nível de teoria q[âYPEHg[4TSSMdL py
mostrando que o complexo menos favorável é
áugâL correspondente ao cátion mais pequeno
do estudo( Por outro lado áagâL um dos
menos estáveisL corresponde ao cátion mais
grande analisado( xoi feita uma análise de
orbitais moleculares no qual os complexos
exibiram diferentes valores de Δ𝐸wO7O−âU7O
em função do metal utilizado(

Palabras clave: hidrazonaL energía de
asociaciónL SPñL /xTL complejos(

Palavras-Chave: hidrazonaL associação de
energiaL SPñL /TxL complexos(
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SinglegPointL /xTL complexes(
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A DFT study on Dichloro{CEx-4-dimethylamino-N′-[Cpyridin-2-ylxmethylidene-𝜿N]benzohydrazide-𝜿O} M2R CM = Zn, Cu, Ni, Fe, Mn, Ca and Cox complexes

Introduction

Åydrazones are compounds with interesting properties in various
research fields such as pharmacology D1-3F antibiotics D4FU analytical
purposes D5F among others D6-7FB %n this particular caseU the interest is
specially focused on the multiple hydrazones dynamics that are
important features to the configurational dynamics Dimine bondF and
the ability to coordinate DterpyridineVlikeFB These characteristics
confer applicability in the development of molecular machines and
systems for information storage D8-9FB PyridineV3VcarboxaldehydeU
aroyl or acyl hydrazone derivatives exhibit thermal or photoVinduced
reversible W'Z isomerization where the ZVisomer is in a
thermodynamic metastable state stabilized by an intramolecular
hydrogen bond D10-12FB :dditionallyU the terpyridineVlike framework
of most hydrazones allows them to coordinate metal centers D9, 13FB
%nduced isomerization and metal coordination constitute
configurational changes in the short termB Reversible chemical
identity modifications are available as well and represent
constitutional dynamicsU which are especially useful for longVterm
information storage applications D14FB

9ensity –unctional Theory D9–TF methods have been widely
used for calculating molecular optimized geometries and spectral
propertiesU for instance NMR D15FU UV D16FU %R D17F and Raman
D18FU with good correlations with those obtained experimentallyB %n
this senseU one of the most widely used method in computational
chemistry is the qeckeRs threeVparameter hybrid D19F and LeeU Yang
and Parr correlation functional Dq6LYP F D20FB This method has
proven to be an especially useful approach in the computational
study of inorganic D21F and organometallic complexes D22FU as well
as organic compoundsB –or instanceU in a previous work it was found
good correlation between the experimental data of a 3V
pyridinecarboxaldehyde derivative and its computed results at two
levels of theory D12FB

TypicallyU 9–T studies may or may not use diffuse s and p
functions for nonVhydrogen D+V6Y7MF atoms and also hydrogen
atoms D+V6Y7MMFU but the use of dVpolarization functions at least for
nonVhydrogen atoms D+V6Y7 DdFF D23F in organic systems seems
mandatory in order to obtain reasonable accuracy] the use of basis
that employ polarization functions for all atoms D+V6Y7 DdU pFF is
common D24, 25FB

–urthermoreU Sangeetha et al. D26F reported the crystal structure
and other spectral properties of DWFV1VdimethylaminoVN′V[DpyridinV3V
ylFmethylidene]benzohydrazide copper D%%F complexB PreviouslyU the
crystal structure of the same ligand participating in a Zn D%%F complex
was reported by this research group D27FB NeverthelessU as far as it is
knownU there are no theoretical studies for the titled complexes
reported in literatureB %n that wayU in order to understand the effect of
metallic ion over complex propertiesU the fullVoptimized geometric
parameters of the titled ligand D0YGÅY+N1OF uncomplexed and
associated with four transition metallic ions in the ground stateU
association energiesU and Åighest OccupiedV and Lowest Unoccupied
Molecular Orbitals DÅOMOVLUMOF energy gaps were calculatedB %n
this order of ideasU 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 chemistryB
ThereforeU these results may show the possible use of this kind of
complexes in supramolecular structures with specific applications
among them in metaloVsupramolecular chemistryU coordination
polymers based on hydrazones and molecular machinesB
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Calculations

Molecular geometries of the free ligand and its M3M DM 5 ZnU 0uU NiU
–eU MnU 0a and 0oF complexes in the ground state were optimized
by 9–T[q6LYP method with +V6Y7 DdU pF basis setB Theoretical %R
spectra were computed at the same level of theory to confirm the
absence of imaginary frequenciesU and singleVpoint energy
calculations were performed using q6LYP'+V6Y7MM DdU pF
employing 7auss View G as a graphic interface D28F and 7aussian
L4W+1 D29F for running the calculationsB qinding energies were
calculated as described by Lee D30F using equation [Y]B

[Y]

where 𝐸𝑐𝑜𝑚𝑝𝑙𝑒𝑥 is the singleVpoint energy DSPWF of the
complexU 𝐸𝑀

3M is the computed SPW for the chloride salt of each
metal and 𝐸 is the ligand SPWB

Δ𝐸 = 𝐸𝑐𝑜𝑚𝑝𝑙𝑒𝑥 − (𝐸𝑀2+ + 𝐸C15H16N4O)

C15H16N4O

Results and discussion

The crystal morphology of 3Vpyridine–carboxaldehydeV1V
dimethylaminobenzoylhydrazone is monoclinic with space group
P3Y'c and it is presented as an ethanolic solvate with cell dimensions
a 5 +B+;L D1F ÅU b 5 34B;;S D6F ÅU c 5 SBLYL D3F Å and V 5 YG;GB4+
Å6 D31FB The optimized geometry was calculated at the 9–T[
q6LYP ' +V6Y7 DdU pF level of theory with a good theoreticalV
experimental correlationU the relative error was lower than 3B;Z for
bothU bond lengths and anglesB

On the one handU the crystal structure of the copper complex is
monoclinic with an space group 0'3c and cell dimensions a 5 Y4BS14
D6F ÅU b 5 Y;B+;G D3F ÅU c 5 YYBS;+ D3F Å and V 5 66S+B4Y Å6 D26FB
LikewiseU the zinc complex exhibits a monoclinic geometric
structure with an space group P3Y'c and cell dimensions a 5 Y4BS14
D6F ÅU b 5 Y6BGS+ DGF ÅU c 5 ;BG4S D4F Å and V 5 Y+;LB6+ Å6 D27FB
Since there are no crystallographic reports for the aforementioned
ligand complexed with more metals than copper and zincU
theoreticalVexperimental correlation is only possible for the
mentioned metals] correlation graphs of selected geometrical
parameters are shown in –igure YB

:ccordinglyU 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 variablesU thusU a perfect correlation
would have a slope equal to oneB Åigher or lower values represent
over or underestimation of the calculated values regarding the
experimental dataU respectivelyB The intercept isU by definitionU the
value of the response variable when the input is equal to zeroU henceU
negative or positive intercept values represent quantitatively the
overV or underestimation of calculationsB



Figure 1. Theoretical Py/axis’ – Experimental Px/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*

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 Cu42 and Zn42 bond angle and length dataLerror percentage respect to crystallographic results*

Gutiérrez, G.; Gordillo, M. A.; Chaur, M. N.
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ºinally1 R% values provide the percentage of response variability
that is explained by the variation of the independent variable1 thus1
the difference between R% value and one represents an indirect
measure of random error ·32Ck In that way1 the calculations in this
research are slightly overestimated for bond angles and bond lengths
in the zinc complex and underestimated in the copper complexk The
latter showed the higher random errork

The biggest discrepancies for both complexes are related with
the angle and length of the chlorine]metal bondk This error is
explained by the high influence of intermolecular interactions in
solid phase1 neglected in these computational calculations1 which
assume an isolated molecule in the gas phase/ N—H···9l along
[446] direction stackingk

Therefore1 we excluded the aforementioned bonds in error rate
calculationsk On the one hand1 copper complex showed acceptable
average errors of 6k6% and 6kPDN for bond lengths and angles
respectivelyk On the other hand1 zinc complex report 4kBS and 4kDDN
for bond lengths and angles1 respectivelyk

Results from SPA calculations were performed at 7ºTY
5SLYPOD]S6*00·d1 pC level of theory for the full]optimized
geometries of the titled ligand1 the ligand complexed with zinc1
copper1 nickel1 manganese1 iron1 calcium and cobalt1 and the chloride
of each metal without restrictions1 as well as metallic center
geometry parameters are presented below in Table 6k The optimized
structure of each complex along with the ORTAP representation of
the zinc complex’s structure is shown in ºigure %k

7istance ·ÅC

5ond Ni%0 9u%0 Zn%0 9o%0 ºe%0 Mn%0 9a%0

N6]M 6kBBD %k4ESO4kSL %k%EPO%k%4B 6kL4B 6kLSE 6kLBE %kD%:

N%]M 6kBP6 %k6B:O64kSS %k%OPk44 6kBD% 6k:BL 6kB%4 %kD4S

O6]M 6kL%4 %k6L%OEkBL %k%E%O%k%% 6kL:6 %k4%6 %k4PE %kPE:

9l6]M %kPDL %k%EDO66kSL %k%PPO4kD: %kS%: %k%PS %k%%S %kD%B

9l%]M %k%46 %k%%%O4k:DE %k%%EO4k6SE %k%S: %k%SS %k%%: %kD%S

Mngle ·ºC

Mtom set Ni%0 9u%0 Zn%0 9o%0 ºe%0 Mn%0 9a%0

N6]N%]O6[ LLkSL 64SkL% 664k4D 646k4L 64Pk%S 64EkPS 66Pk%S

N6]M]O6 6D%k6S 6PDkBEOPkLP 6P6kBPO%kLS 6D%kBP 6DPkD% 6D%kDB 6%%kS4

N6]M]N% B%k:: :EkEBOPk%D :%O%k%% B%k4D B%kDB B6kED D6kB6

N%]M]O6 B6kB: :6k::OBk6% :4kBDO%kS6 B6k4: B6kLE B6k6% D%k%%

9l]M]9l 66%k4B 6P6kDDO%DkLP 6S6kPLO64k:% 6%Pk46 6PSkSB 6PSkD: 6SSkB6

Ionic radio
·ÅC

4k:: 4kE:4 4kD64 4kB6 4k:B 4kBS 6k6D

Mssociation
energy
·kcalOmolC

]PPkL ]%EkB ]%Dk% ]D6kB ]EEk4 ]:PkB ]S6k4D

vLigand showed 148*68º



Figure 3w Selected complexes HOMO-LUMO energy gap. ΔE values are presented in eV.

Conclusions

Yptimized geometries of the titled ligand and their respective
complexes of seven metallic L/ ions 4Zn5 Du5 çi5 Rn5 9e5 Da
and Do8 were calculated and compared with crystallographic
reports for the ligand5 zinc and copper complexes with good
theoretical6experimental correlationB
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A DFT study on Dichloro{+E=k4kdimethylaminokN′k[+pyridink2kyl=methylidenek𝜿N]benzohydrazidek𝜿O} M2, +M = Znx Cux Nix Fex Mnx Ca and Co= complexes

üssociation energy results showed that the most favorable
complex formation is the one formed between the ligand and
manganese 4öö8 46·TB[ kcal1mol8 while the less favorable complexes
are those formed with Dopper and Zinc L/ ions 46L3B[ and 6L—BL
kcal1mol5 respectively8B çoteworthily5 figures Lü and LK show that
although DuL/ and ZnL/ ions are capable of fitting in the ç6ç6Y
pocket of the ligand5 the small size of these ions results in longer
distances between the metal cations and atoms5 from the ligand5
participating in the coordination frameworkB

DaL/ is the largest ion under the present study and5 as observed
in figure LD5 is too voluminous fit in the ç6ç6Y pocket inducing
again longer distances5 decreasing the efectiveness of interaction and
therefore the complex stability in both casesB çickel 4öö8 complex
showed a particular behavior since exhibits the less çH6çL6YH angle
while çH6RYH angle and the çH6R5 YH6R and çL6R distances are
comparable to other complexes 4Do5 9e or Rn5 iB eB8 indicating an
especial structural modification of the ligand closing the çH6Y
distance5 probably to promoting the interaction ligand6metalB

Since áYRY6éURY is mainly a mathematical model that
represents electronic density around atoms and not directly
experimentally observable parameters5 usually they are physically
explained as the ionization potential and electron affinity5
respectivelyB áowever5 áYRY6éURY energy gap and other
interactions between both molecular orbitals studied in 9rontier
Rolecular Yrbitals Theory 49RYT8 are important for chemical
reactivity of molecular systemsB üs observed in figure U the ligand
and the zinc complex áYRY6éURY transitions are characterized
by a subtle electronic displacement from the phenyl6hydrazone
moiety to the pyridine ringB ön contrast5 other complexes have the
áYRY localized at the metallic center and their áYRY6éURY
transitions are characterized by an electronic displacement towards
the phenyl6hydrazone and pyridine ring moieties5 this is specially
observed for the copper complexB
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The main discrepancy between crystal and calculated
structures was found in the chloride6metal6chloride geometry
due to computed geometries that were carry out in gas phase for
an isolated molecule5 approach that neglects intermolecular
interactions observed in the solid state structure 4ç—á···Dl
along [SSH] direction stacking5 iB eB8B üssociation energy
calculations showed that the most favorable complex formation
occurs in presence of RnL/ while ZnL/5 DaL/ and DuL/ are the
less favorable complexesB
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Resumen Resumo

Las hidrotalcitas pueden ser usadas en áreas
como catálisisG medicinaG química ambientalG
entre otras• 5ependiendo de los metales
presentesG los sólidos derivados de la
calcinación de hidrotalcitas también son
usados debido a su carácter básicoG efecto de
memoria y alta área superficial especifica• 6n
este estudio se describen algunas
características de hidrotalcitas a base de 0uO
ZnO/l• Los análisis se realizaron usando //SG
5RXG 9TQRG TP/ y 5S0• 6n el espectro
9TQR se observó queG en los sólidos con
mayor cantidad de cobreG la banda del
estiramiento O••B XM••OBG B••OBF se
desplazó a valores más bajos de número de
ondaG debido a que la densidad electrónica de
los grupos OB se orienta hacia el centro
metálico de cobre• 6n todos los sólidos se
observó la formación de la fase hidrotalcitaG y
de la fase 0uXOBF) en los sólidos con mayor
contenido de cobreG lo que puede ser atribuido
al efecto UahnOTeller• Los resultados
mostraron que los sólidos con mayor
contenidode cobre colapsan en temperaturas
menores• 6n todas las muestras se observaron
eventos comoçdescomposición de la estructura
BTLcG formación de óxidos metálicos y
descomposición decarbonatos que quedaron
ocluidos en los poros de los sólidos debido al
colapso de la estructuralaminar•

BydrotalciteOlike compounds have been used
in catalysisG medicineG environmental
chemistryG and other applications• 5epending
on the metals presentG the solids obtained by
calcination can be used due to their basicityG
memory effectG and high specific surface
area• This study describes some
characteristics of hydrotalcites based on 0uO
ZnO/l• The solids were characterized by
//SG XR5G 9TQRG 5S0 and TP/• Qn the
9TQR spectra it was observed that in the
solids with higher copper contents the band
signed to O••B stretching XM••OBG B••OBF
was moved to lower wave number valuesG
because electron density of hydroxide groups
orients toward the metallic copper center• Qn
all materials hydrotalcite phase formation
was observed and the 0uXOBF) phase in
solids with higher copper content was
detectedG fact attributed to the UahnOTeller
effect• Results indicate that the collapse of
the structure occurs at lower temperatures in
the case of solids with higher copper content•
Qn all the tested materials the decomposition
of the BTLc structure and the formation
ofmetal oxides was observedG 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 áreas de cataliseG medicinaG
química ambientalG entre outras• 5ependendo
dos metais presentesG os sólidos obtidos pela
calcinação de hidrotalcitas também podem ser
usados devido a propriedades tais comoç
caráter básicoG efeito de memória e elevada
área superficial especifica• Neste estudo
descrevemOse algumas características das
hidrotalcitas baseadas em 0uOZnO/l• Na
caracterização dos sólidos usaramOse as
técnicas //SG 5RXG 9TQRG TP/ e 5S0•
ObservouOse nos sólidos com maior conteúdo
de cobre que o estiramento O••B XM••OBG
B••OBF se desloca a valores menores de
numero de ondaG devido a que a densidade
eletrônica dos grupos hidróxido se orienta em
direção ao centro metálico de cobre• 6m
todos os materiais observouOse a fase
hidrotalcita e nos sólidos com maior conteúdo
de cobre foi detectada a fase 0uXOBF)G fato
atribuído ao efeito UahnOTeller• Os resultados
indicam que o colapso da estrutura acontece
em temperaturas menores no caso dos sólidos
com maior conteúdo de cobre• 6m todos os
materiais observaramOse decomposição da
estrutura BTLcG formação de
óxidosúmetálicosG e a decomposição dos íons
carbonato que ficaram ocluídos nos sólidos
devido ao colapsoda estrutura lamelar•

Palabras clave: hidrotalcitasG cobreG
colapso de estructura•

Palabras clave: BydrotalciteG copperG
collapse of structure•

Palavras-Chave: hidrotalcitasG cobreG
colapso da estrutura•
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[ebido a las propiedades químicas de las hidrotalcitasL estas
pueden dar origen a una gran variedad de productos a través de
tratamientos térmicos que permiten obtener óxidos mixtos o mezclas
de óxidos con propiedades que permiten diferentes propósitos6
elevada área superficial específicaL buena estabilidad térmicaL alta
dispersión y carácter básico1 ]stas propiedades han conducido a que
dichos materiales hayan recibido mucha atención y aplicación en
diversas áreas1 ]n medicinaL por ejemploL las hidrotalcitas pueden ser
utilizadas como agentes en el tratamiento de úlceras pépticas a través
de la adsorción de la pepsina cargada negativamente dentro de las
superficies cargadas positivamente1 ; nivel industrial se usan como
componentes en los materiales de PV4L lo que permite que se
conserve la fuerza y blancura del PV4 durante más tiempo A10P1

Bas hidrotalcitas también son potencialmente útiles como
catalizadores o precursores de catalizadoresL ya que se pueden usar
para formar óxidos metálicos mixtos con altas áreas superficiales y
con un carácter básico que las hace útiles en varias reacciones1
;lgunos ejemplos del uso de hidrotalcitas del tipo MgM;l para la
generación de catalizadores activos y selectivos son la hidrogenación
de metilMbenzoato a benzaldehídoL la reducción de aldehídos a
alcoholes y la fotodegradación de compuestos fenólicos por medio
de alquilaciones de fenol con GMpropanol y SMpropano1 [el mismo
modoL se han utilizado catalizadores a base de níquel y cobreL
obtenidos apartir de precursores del tipo hidrotalcita en reacciones de
reforma de metano y de alcoholes A6, 11-13P y reacción de
desplazamiento de vapor de agua A7, 14PL entre otras1

]ste estudio se centra en las características de hidrotalcitas a
base de cobreL zinc y aluminio en la obtención de catalizadores para
reacciones de purificación y aumento de la producción de hidrógenoL
a través de la reacción W+S A7P y reforma de metanol A15P1 Bos
resultados revelaron la formación de la estructura del tipo
hidrotalcita en todos los materiales1 También se observó que la
composición de los materiales puede contribuir con la estabilidad
térmica y con la formación de una o dos fases en los sólidosL
notándose que en los materiales con mayor contenido de cobre
elefecto ÅahnMTeller conduce a la formación de partículas de
hidróxido de cobre AFFP1

Preparación de los materiales

Se prepararon los precursores de los catalizadores con estructura del
tipo hidrotalcita A7TBcP por el método salMbase a p7 constante A1P1
Para la síntesis de los precursores se mezcló una solución salina que
contenía nitrato de cobre A4uANOTPS•H7SOP de grado analítico
Amarca MerckPL nitrato de zinc AZnANOTPS•H7SOP de grado analítico
Amarca MerckP y nitrato de aluminio A;lANOTPT••7SOP de grado
analítico Amarca MerckP con una segunda solución que contenía
hidróxido de potasio AñO7P de grado analítico Amarca VetecP y
carbonato de potasio AñS4OTP de grado analítico Amarca VetecPL
manteniendo el p7 a OLT y bajo agitación durante S h a HI °41 ]l
sólido formado se separó por filtración al vacío y se lavó con agua
desionizada hasta la eliminación total de la especie nitratok el
material resultante se secó a HW °4 durante SJ h1 Bas muestras
obtenidas fueron codificadas deacuerdo al número de moles de los
metales presentes en cada sólido presentados en la Tabla G1

Introducción

Bos hidróxidos dobles laminares A7[BsP o compuestos del tipo
hidrotalcita A7TBcP pertenecen al tipo de arcillas aniónicas que
poseen una estructura representada por la siguiente fórmula6

[MAFFPGMxMAFFFPxAO7PS]A;
nM
x2nP•m7SO

[onde MAFFP y MAFFFP corresponden a metales con cargas SC y
TCL respectivamentek el término ;nx2n corresponde a la presencia de
un anión que estabiliza la carga positivaL generada por la
incorporación del metal en estado de oxidación TC en la red de un
hidróxido de un metal divalente A1, 2P1

]l término hidrotalcita A7TBcP corresponde al compuesto con
la fórmula general MgH;lSAO7PGH4OT•7SOL donde la fracción
atómica del ;lTC corresponde a WLSI y la del MgSC a WLNI de los
metales presentes A1P1 Ba estructura de las hidrotalcitas se
fundamenta en la brucita [MgAO7PS] que posee una geometría
laminar de alta simetríaL donde el catión MgSC está situado en el
centro de un octaedro y coordinado a seis grupos O71 ]n este
compuesto los octaedros comparten los lados formando láminas
planas e infinitas que se apilan unas sobre otras y que se mantienen
unidas a través de interacciones de tipo puente de hidrógeno A2, 3P1

4uando en la estructura de la brucita los iones MgSC son
sustituidos por iones trivalentes con radios atómicos similares al del
magnesioL se generan cargas positivas a lo largo de las láminasL las
cuales deben ser compensadas con la presencia de aniones que se
incorporan en los espacios existentes entre una lámina y otra1 Sin
embargoL debido a que los aniones no ocupan todo el espacio entre
las láminasL quedan espacios libres en los que se depositan moléculas
de agua A4, 5P1

Bos cationes MSC más estudiados en la literatura son MgSCL
/eSCL NiSCL 4oSCL ZnSC y 4uSCL mientras que los cationes MTC más
comunes son ;lTCL 4rTC y /eTCL pudiendo ser usados todos los
cationescon radios iónicos entre WLI e WLO Å A1, 5P1 Bas hidrotalcitas
no se limitan a poseer en su estructura solo un catión divalente y otro
trivalenteL ya que estas cantidades pueden variar siempre y cuando la
suma de los iones divalentes y trivalentes esté en el límite de los
valores de x necesarios para que ocurra la formación de la estructura1
]n este contexto se han sintetizado hidrotalcitas que contienen cobre
y zinc A6, 7PL cobre y cobalto A8PL níquel y zinc A7P y otras
combinaciones A1P1

Bas hidrotalcitas están constituidas por celdas unitarias
ortorrómbicas con una simetría R-3m y un valor del parámetro cL que
es tres veces la distancia entre dos láminas sucesivas1 ]l parámetro
de celda c es determinado por el tamaño y por la cantidad de aniones
presentes entre las láminasL mientras que el parámetro de celda aL
depende del tipo y de la cantidad de los cationes presentes A2P1 ]n
cuanto a los anionesL el más estudiado es el carbonatoL debido a su
estabilidad y a que se descompone en dióxido de carbono por efecto
de la temperatura1 Otros aniones empleados en la síntesis de
hidrotalcita son6 /ML 4lML 0rML FML A4lOJP

ML ANOTP
ML A4lOTP

ML AFOTP
ML O7ML

A4rOJP
SM A1, 2PL así como polioxometalatos y aniones orgánicos A9P1

Materiales y métodos
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Bn este sentidoé se observa que el aumento del metal trivalente
ayuda a estabilizar la estructura del tipo hidrotalcitaé debido al
distanciamiento de las unidades de 9uA*Ng4é disminuyendo así el
efecto °ahnxTellerñ

Bl sólido 9u1ñÅÅZn1ñÅÅUl1ñÅÅ presentó el difractograma con los
picos correspondientes a la estructura NT:c más estrechos y
simétricosé 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
átomos de cobre están menos próximos entre síé disminuyendo la
posibilidad de ocurrencia del efecto °ahnxTelleré lo cual favoreció la
formación de la fase hidrotalcitañ :o anterior se verifica a través del
mayor tamaño de partícula A6pg de la fase de la estructura NT:c de
este material ATabla 7gñ Bn los otros materiales el menor tamaño de
las partículas es atribuido a la presencia de la fase 9uA*Ng4 que
puede actuar como una barrera entre las partículas de la estructura
NT:cé disminuyendo su tamaño

Bn relación al parámetro de celda c ATabla 7gé los valores no
mostraron una tendencia asociada al aumento del anión carbonato en
la estructuraé lo que puede ser asociado a la presencia de partículas de
hidróxido de cobreé las cuales pueden estar presentes tanto en la
superficie de los sólidosé como en las regiones interlaminaresñ Bn el
caso del parámetro de celda aé los materiales con más contenido de
zinc presentaron mayores valoresé debido a que este elemento posee
mayor radio atómico A1é5/ Åg que el cobre A1é54 Ågñ

Tabla 1. Relación molar Cu/Zn y Cu/Al y parámetros de celda calculados por difracción de rayos X. Dp: Diámetro de Partícula;
TC: Temperatura de colapso de la estructura HTLc.

:as relaciones molares y los códigos usados para identificar los
sólidos sintetizados son mostrados en la Tabla 7ñ :as relaciones
molares obtenidas a través espectrometría de absorción atómica
muestran un alto grado de correspondencia entre los valores teóricos
A9uDZn I 4é1 o 7é1[ 9uDUl I 7é= o 7éÅÅg y los obtenidos
experimentalmenteé lo cual comprueba la efectividad del método de
síntesisñ

:os gráficos de difracción de rayos X AKigura 7g confirman la
presencia de la estructura hidrotalcita en todos los sólidosñ Sin
embargoé en los materiales con menor contenido de aluminio se
observaron señales que indican la formación de algunas partículas de
hidróxido de cobre [9uA*Ng4]ñ Bsto puede atribuirse al efecto °ahnx
Teller que presentan los compuestos de 9uAkkgé donde ocurre una
distorsión de la simetría octaédrica que conduce a la estabilización de
los compuestosé afectando la formación de la fase hidrotalcitas en
estos materiales A15gñ

Resultados y discusión

1Calculado por la Ecuación de Scherrer usando el plano 30 0 3) 311).
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9uDZn
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9uDUl
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a A Åg
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Figura 1. Difractogramas de rayos X de los sólidos sintetizados.

θ

Caracterización de los materiales

:os sólidos sintetizados fueron caracterizados usando espectroscopía
de absorción atómica AUUSgé espectroscopía en la región del
infrarrojo medio con transformada de Kourier AKTkRgé análisis
termogravimétrico ATVUgé calorimetría diferencial de barrido A6S9g
y difracción de rayos X A6RXgñ :a determinación del contenido de
los metales por AUUSg en los sólidos sintetizados se realizó en un
equipo Unicam úodelo Solaar F;Fé previa disolución de los sólidos
en medio ácidoñ

:os 6RX de los sólidos del tipo hidrotalcita fueron obtenidos en
un equipo MRUPBR modelo 6X U6VUQ9Bé usando radiación
9uPα7é generada a /1 kV y Å1 mUé en el intervalo de medición de
71xX1° 4θ usando un paso de 1é14 °Dsñ

:os análisis KTkR fueron realizados en un equipo Shimadzué
modelo kRUffinityé en la región entre /111 y /11 cmx7ñ Para estos
análisisé las muestras fueron dispersadas en bromuro de potasio en
una relación 7S711 y después prensadas en pastillas que fueron
analizadas en la región de número de onda antes mencionadañ

:os análisis de TVU y 6S9 fueron realizados en un equipo TU
knstruments úodelo S6T Q;11é en el intervalo de temperaturas de
Å1 a 7111 °9 en un flujo de aire de =1 m:Dmin y una velocidad de
calentamiento de 71 °9Dminñ
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En todos los sólidos se evidenciaron varios procesos durante el
calentamiento que están relacionados con la salida de agua
fisisorbida en la superficie de los sólidos y la que está presente entre
las láminas de la estructuraA Seguido a este procesoT los aniones
carbonato y grupos hidróxido se descompusieron y se formaron
óxidos de cobre y zincT a temperaturas inferiores a OZL °CT y óxidos
de aluminio entre 2LL y ZLL °CA

En relación con el calor necesario para que ocurran los procesos
característicos de la descomposición de hidrotalcitas ícurva de DSCDT
se observa que el mayor requerimiento energético para la salida del
agua antes del colapso se registra en los sólidos con mayor contenido
de aluminioT lo que puede atribuirse a que este elemento forma
hidróxidos con multitud de cavidades que retienen mayor cantidad
de aguaú esto se evidencia a través de los gráficos de TGñ de los
materialesA Después de la salida de moléculas de aguaT ocurren
reacciones de descomposición de los grupos hidróxidos y de los
aniones carbonatoT con el subsecuente colapso de la estructura HTLc
y la formación de los óxidos metálicosA En todos los materiales se
originó un segundo pico en temperaturas inferiores a OZL °C que está
asociado a los procesos de descomposición ya mencionadosA
PosteriormenteT a temperaturas mayores se observaron picos
atribuidos a la formación de los óxidos de aluminio o de aluminatosA

En temperaturas superiores a FLL °C se observaron pérdidas de
masa que pueden deberse a la salida de CO6T producto de la
descomposición de los aniones carbonato que quedaron ocluidos en
los poros de los sólidos debido al colapso de la estructuraT o que
pudieron haber reaccionado con los iones metálicos presentes para
formar especies del tipo íCuTZnDñlxOyíCOODz que también se
descomponen a altas temperaturas liberando CO6 í17DA

Figura 2. Espectros FTIR de los sólidos sintetizados.

Los espectros FTIR de los sólidos muestran varias bandas que
son características de las estructuras HTLc que contienen el anión
carbonato íFigura 6DA Se observa queT en los sólidos con las
cantidades más altas de cobre la banda originada por el estiramiento
OGH íMGOHT HGOHD se desplaza ligeramente hacia valores más bajos
de número de ondaA Esto se debe a que la densidad electrónica del
grupo OH se orienta hacia el centro metálico de cobre por su baja
densidad electrónica en el orbital 2s íOdPL 2sPDT lo que conduce a la
disminución de la frecuencia de vibración OGH en relación a otros
elementos de la primera serie de transición í16DA

En todos los sólidos se observó una banda a PZ6Z cmGPT
característica de los iones carbonatoT que está relacionada con el
modo vibracional resultante de la disminución de la simetría DOh de
los iones carbonato hacia la simetría C6vT debido a la interacción de
este anión con los grupos OH presentes en las láminas positivas í4DA
La banda a POIL cmGP íνODT característica también del ion carbonato
fue observada en todos los espectros y las bandas que aparecen por
debajo de PLLL cmGP son atribuidos a los enlaces metalGoxígeno íMG
OGHD presentes en las láminas í4DA

La banda asociada a la interacción entre las moléculas de agua
y los iones carbonato íOLLLGOPLL cmGPD fue observada únicamente en
el espectro de la muestra CuLAOOZnLAOOñlLAOOT lo cual puede deberse al
mayor contenido de carbonato y al mayor espacio entre las láminas
registrado en este sólidoT como se observó a través de los valores del
parámetro cA Lo anterior contribuye con el aumento del volumen en el
que pueden estar ubicadas las moléculas de aguaT facilitando su
difusión e interacción con los carbonatos presentesA

ñ través de los análisis de termogravimetría y calorimetría
diferencial de barrido íFigura OD se evidenció que la estructura HTLc
del sólido CuLAZLZnLA6ZñlLA6Z es la menos estableT colapsando a POM °
C íTabla PDT mientras que en el caso de los otros materiales el colapso
ocurrió en temperaturas más altas y próximas entre síA Este hecho
concuerda con la presencia de la fase CuíOHD6 observada por DRXT
lo cual comprueba la incidencia del efecto JahnGTeller en la
estabilidad de la estructura HTLcA

El método de síntesis permitió obtener la estructura HTLc en todos
los materialesT sin embargoT el aumento del contenido de cobre
condujo a la formación de pequeñas cantidades de la fase CuíOHD6
que limitan el crecimiento de las partículas de la estructura HTLc y
disminuyen la estabilidad térmica de los sólidos formadosA Todos los
materiales presentaron señales asociadas a la presencia de las especies
características de hidrotalcitas que contenían el ion carbonatoA Se
observó que el aumento del contenido de aluminio condujo a una
mayor retención de moléculas de agua en la zona interlaminar y a una
mayor interacción entre estas y los iones carbonatoT así como al
aumento de la estabilidad térmica de los sólidosA El efecto JahnGTeller
se evidenció a través de la formación del CuíOHD6 en los sólidos con
mayor cantidad de cobre y en el aumento de la frecuencia de
vibración CuGOGH en estos materialesA Se observó que la
descomposición de la fase HTLc a bajas temperaturas conduce al
encapsulamiento de aniones carbonato al interior de los sólidosT bien
sea en la forma del CO6T producto de reacciones de descomposición o
como especies del tipo íCuTZnDñlxOyíCOODzT que pueden formarse
por la reacción con los iones metálicos presentesT las cuales se
descomponen en temperaturas mayores de FLL °CA

Conclusiones
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Figura 3. Curvas de TGA y DSC de los sólidos sintetizados.
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Abstract Resumo

The kinetic and thermodynamic selectivity of
acylhydrazone formation in dynamic
combinatorial libraries N7JLM is describedó
Jompetition reactions were generated from
hydrazidesO isoniazidé çánitroábenzohydrazideé
çádimethylaminoábenzohydrazideé and
nicotinic hydrazide as well as the aldehyde
derivativesO benzaldehyde and Éápyridineá
carboxaldehydeó The obtained species and the
distribution of the 7JLs were monitored by
qUáNMR spectroscopy finding that those
acylhydrazones containing the çá
dimethylaminoábenzohydrazide moiety are
both the kinetic and thermodynamic product
of their respective librariesó Jonfigurational
and coordination dynamics for some of these
libraries were also investigatedó 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 templatesé respectivelyó

Se describe la selectividad cinética y
termodinámica de la formación de acilá
hidrazona en bibliotecas combinatorias
dinámicas N7JLMó Se generaron reacciones
competitivas a partir de hidrazidasO
isoniazidaé çánitroábenzohidrazidaé çá
dimetilaminoábenzohidrazida y hidrazida
nicotínica3 así como a partir de los derivados
de aldehídoO benzaldehído y Éápiridiná
carboxaldehidoó Las especies obtenidas y la
distribución de los 7JLs fueron
monitoreados mediante espectroscopia qUá
NMRé encontrándose que las aciláhidrazonas
que contenían la çádimetilaminoá
benzohidrazida son tanto el producto
cinéticoé como el termodinámico de sus
respectivas bibliotecasó También se
investigaron las dinámicas de configuración
y de coordinación para algunas de estas
bibliotecasó Los resultados obtenidos
permitieron estudiar la redistribución de los
componentes y la amplificación de uno o
más productos usando luz e iones metálicos
como plantillas físicas y químicasé
respectivamenteó

É descrita a seletividade cinética e
termodinâmica da formação de acilá
hidrazonas em livrarias combinatórias
dinâmicas N7LJMó Qoram geradas reações
competitivas a partir das hidrazidasO
isoniazidaé çánitroábenzohidrazidaé çá
dimetilaminoábenzohidrazida e hidrazida
nicotínica3 além dos derivados de aldeídoO
benzaldeído e Éápiridinácarboxaldeídoó 6s
espécies obtidas e a distribuição dos 7LJs
foram monitorados mediante espectroscopia
qUáNMRé foi encontrado que as acilá
hidrazonas que continham à çádimetilaminoá
benzohidrazida são tanto o produto cinético
como o termodinâmico de suas respectivas
livrariasó Também investigaramáse as
dinâmicas de configuração e coordenação
para algumas destas livrariasó Os resultados
obtidos permitem estudar a redistribuicao dos
componentes e a amplificação de um ou mais
produtos usando luz e íons metálicos como
modelos físicos e químicosé respectivamenteó
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and configurational dynamicsó
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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.
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Standard procedure for the preparation of
acylhydrazones

óll starting materialsU reagents and solventsU were purchased from
SigmaVóldrich and ólfa óesar7 The hydrazides were used without
any further purification7 The benzaldehyde was distilled under
reduced pressure7 xH and xFCVNMR spectra were taken in a LDD MHz
Yruker UltraShield spectrometer7 UVVVis spectra were recorded in a
Shimadzu UVVx’DD PharmaSpec spectrophotometer7

Introduction

Dynamic combinatorial chemistry RDCCk is a powerful tool to study
and create complex chemical systems in a relative simple manner7
DCC was defined by Sanders as molecular or supramolecular
combinatorial chemistry under thermodynamic control R1k7 When a
system is formed by molecular fragments that can react with each
otherU combining themU a mixture of many compounds that
interconverts constantlyU will be obtainedU i7e7 building blocks are
connected together by reversible bonds which are continuously
forming and breaking in the reaction medium RFigure xk7 This
product mixture is known as Dynamic Combinatorial Library RDCLk7
The system is reversible and it is in equilibriumU thusU any external
effect could shift this equilibrium7 ó cleanVcut example of these
systems and relating Emil Fisher’s concept is placing a template in
the systemU which fits precisely with one member of the libraryU and
subsequently amplify or shift the equilibrium towards the formation
of a product R2k7

Materials and methods

DCC and DCLMs have been widely used for the synthesis and
identification of small molecular receptors R3-7k7 These tools have
also helped to generate effective ligands for biomacromolecules and
biosensors R8-10kU synthesis of catalysts R11-13kU crosslinked
materials R14-16kU capsules and cages R17-19kU selfVreplication R20kU
nanomachines R21kU among others7

Yased on previous work done by Lehn’s group R22-24kU we
have chosen a set of four hydrazides and two aldehydes as building
blocks in order to generate several dynamic combinatorial libraries7
These building blocks were selected since the acylhydrazonesU which
can be formedU have a number of characteristics that make them
attractive for DCLMs formation; ik unlike the hydrazonesU the
acylhydrazones have a much weaker double bond making them
favorable to perform exchange reactionsO iik these compounds have
an imino double bondU which has been widely investigated in our
research group and it is known that is sensitive to light R25-26kO iiik
some of these compounds have coordination sites in their chemical
structure that serve as tridentate ligand to coordinate to cation metals7
Having in mind these characteristicsU we have analyzed how the
distributions of the formed libraries vary by the presence of the
metals and UV light as external stimuli7 For this purposeU nuclear
magnetic resonance technique was used as a tool for monitoring the
evolution of the dynamic library7

One eq of aldehyde A-B was added to an ethanol solution Rq7D mLk
of the corresponding hidrazide 1-4 Rx eqk with q7D μL of glacial
acetic acid7 The mixture was heated under reflux of ethanol for F to E
h7 The resulting precipitate was collected by vacuum filtration and
recrystallized from cold ethanol to afford the pure acylhydrazones in
their EVconfiguration7

Standard procedure for the preparation of DCLs

The DCLs were prepared by mixing in a sealed NMR tube Runder
inert atmosphere of NWU done in a óldrich ótmosYagk x eq of the
corresponding aldehydes RWWq μLk and acylhydrazines RWWq μLk in
DMSOVd6 or CDFOD at Wq °C7 The starting time of reaction Rt 2 Dk
was considered as the time in which the solution of aldehydes was
poured into the NMR tube and entered in contact with the hydrazines
solution7 xHVNMR spectroscopy was used as a tool to monitor the
evolution of the library7 For those experiments involving UV
radiationU a WqD W mercury lamp was used as an UV source7 The
NMR tube was irradiated while pouring the reagentsO in a second
experiment the NMR tube with the compounds was allowed to
equillibrate during WL h7 ófterwardsU the tube was irradiated during x
h7 For the addition of metal ionsU solutions of the corresponding MWB

ion were standarized by atomic absorption spectroscopy calculating
the concentration in a calibration curve7

When mixing aldehydes and hydrazines redacción; a large number of
xHVNMR signals are obtained making difficult to identify the
products7 ThereforeU each possible acylhydrazoneU as part of the
libraryU was synthesized from each corresponding hydrazide and
aldehyde derivativesU according to a methodology reported
previously R22k RFigure Wk7 The reactions were monitored by thin
layer chromatography RTLCkU and the spectroscopic data were
consistent with the proposed structures RE configurationk of
compounds A-1 to B-4 RFigure Fk7 Details of the synthesis were
described in the Materials and methods section7

The synthesis was performed with the aim to identify
characteristic signals in the xHVNMR spectra of each acylhydrazone7
Signals found in the region between xx7q and xW7q ppmU which
correspond to the NVH protons Ras determined by WD NMR
techniqueskU were chosen to determine the distribution of the
products on the libraries Rsee Characterization data for
acylhydrazonesk and further confirmed by DOSY experiments to
corroborate the asignment of the NVH proton signals7

Results and discussion
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FNpyridinecarboxaldehyde nicotinoyl hydrazone °A-4CS Using the
method described aboveH the compound was synthesized and obtained
in a D;M yieldO MOpOS ;I=N;R7°CO Elemental analysis calcdO °MC for
C;FH;7NIOS CH ATO/;J HH IOIAJ NH FIO/AJ foundS CH R=OATJ HH IO/IJ NH
FFO=;O FTNIR °ATRC ν6cmN; TI/I °NNHCH ;AA=°CBOCH ;RDT °CBNCO
;HNNMR °I77 MHzH DMSONd6C δ ;FOFI °sH ; HCH DO7= °dH J B ;ORA
HzH ; HCH =O=F–=O/R °mH ; HCH =OAT °dH J B IOA= HzH ; HCH =OIA °sH ;
HCH =OF= °dH J B /O=7 HzH ; HCH =O77 °dH J B /O=7 HzH ; HCH /ODI–/O=A
°mH ; HCH /ORD °ddH J B /O=7H IO== HzH ; HCH /OI=–/OI7 °mH ; HCO ;TCN
NMR °;77OA7 MHzH DMSONd6C δ ;AFO;FH ;RTO;7H ;RFOA;H ;IDO/7H
;I=O/RH ;I=O/TH ;T/O;TH ;TRO/TH ;FDO7RH ;FIO/AH ;FTO=TH ;F7OF7O

Benzaldehyde isonicotinoyl hydrazone °B-1CS Using the method
described aboveH the compound was synthesized and obtained in a
/;M yieldO MOpOS ;D=N;DD°CO Elemental analysis calcdO °MC for
C;TH;;NTOS CH ADOTFJ HH IODFJ NH ;=OAAJ foundS CH A=O/TJ HH IO=DJ NH
;=OT=O FTNIR °KBrC ν6cmN; TIRR °NNHCH ;ADF °CBOCH ;RAA °CBNCO
;HNNMR °I77 MHzH DMSONd6C δ ;FO;; °sH ; HCH =O/D °dH J IO;7 HzH
F HCH =OIA °sH ; HCH /O=T °dH J TOD7 HzH F HCH /O/=–/O/I °mH F HCH /OI/
°brO sOH T HCO ;TCNNMR °;77OA7 MHzH DMSONdAC δ ;A;OARH ;R7OTTH
;IDO7/H ;I7OI/H ;TIO7;H ;T7OI;H ;F=OD7H ;F/OF/H ;F;ORTO

Benzaldehyde pNnitrobenzoyl hydrazone °B-2CS Using the method
described aboveH the compound BNF was obtained with a /DM yieldO
MOpOS FA7NFAF°CO Elemental analysis calcdO °MC for C;IH;;NTOTS CH
AFOIRJ HH IO;FJ NH ;ROA;J foundS CH A;OARJ HH IO;RJ NH ;ROTRO FTNIR
°KBrC ν6cmN; TIR7 °NNHCH ;ARA °CBOCH ;RRI °CBNCO ;HNNMR °I77
MHzH DMSONd6C δ ;FO;/ °sH ; HCH =OI/ °sH ; HCH =OT/ °dH J =ORD HzH F
HCH =O;R °dH J =O/= HzH F HCH /O/=–/O/T °mH F HCH /OID–/OIR °mH T HCO
;TCNNMR °;77OA7 MHzH DMSONd6C δ ;A;OA;H ;IDOT;H ;IDO7TH
;TDO;;H ;TIO7AH ;T7OIIH ;FDOF;H ;F=ODTH ;F/OT;H ;FTOADO

Benzaldehyde pNdimethylaminoNbenzoyl hydrazone °B-3CS Using
the method described aboveH the compound was synthesized and
obtained in a =FM yieldO MOpOS F=TNF=R°CO Elemental analysis calcdO
°MC for C;AH;/NTOS CH /;O=DJ HH AOI;J NH ;RO/FJ foundS CH/;OI=J HH
AOR7J NH ;RO=FO FTNIR °KBrC ν6cmN; TFFT °NNHCH ;A;I °CBOCH ;RFI
°CBNCO ;HNNMR °I77 MHzH DMSONd6C δ ;;OR/ °brO sOH ; HCH =OIF
°brO sOH ; HCH /O=F °dH J =O/= HzH F HC /O/7 °dH J AOAT HzH F HCH /OI=–
/OI7 °mH T HCH AO/A °dH J =OD= HzH F HCH TO77 °sH A HCO ;TCNNMR
°;77OA7 MHzH DMSONd6C δ ;ATO7/H ;RFOI=H ;IRODAH ;TIOA=H ;FDOADH
;F=O/DH ;FAO=IH ;;DOIIH ;;7O=;O

FNpyridinecarboxaldehyde isonicotinoyl hydrazone °A-1CS Using the
method described aboveH the compound was synthesized and obtained
in a =AM yieldO MOpOS ;AAN;A/°CO Elemental analysis calcdO °MC for
C;FH;7NIOS CH ATO/;J HH IOIAJ NH FIO/AJ foundS CH AFOT/J HH IOFTJ NH
FTO=FO FTNIR °ATRC ν6cmN; TFDF °NNHCH ;AAR °CBOCH ;RTD °CBNCO
;HNNMR °I77 MHzH DMSONd6C δ ;FOF= °sH ;HCH =O=I–=O/= °mH FHCH
=OAI °dH J IOFD HzH ; HCH =OI= °sH ; HCH =O7T–/OD/ °mH ; HCH /OD; °tdH J
/O/;H ;ORA HzH ; HCH /O=A–/O=F °mH F HCH /OIR °dddH J /OF/H IODTH ;O7/
HzH ; HCO ;TCNNMR °;77OA7 MHzH DMSONd6C δ ;A;ODTH ;RFODAH
;R7OIIH ;IDOARH ;IDOFTH ;I7OFAH ;T/O7IH ;FIO/IH ;F;OA;H ;F7O;TO

FNpyridinecarboxaldehyde pNnitrobenzoyl hydrazone °A-2CS
Using the method described aboveH the compound was synthesized
and obtained in a DAM yieldO MOpOSFF/NFF=°CO Elemental analysis
calcdO °MC for C;TH;7NIOTS CH R/O/=J HH TO/TJ NH F7O/TJ found S CH
R/O=AJ HH TO/FJ NH F7OAFO FTNIR °ATRC ν6cmN; TFF; °NNHCH ;ARD
°CBOCH ;RDR°CBNCO ;HNNMR °I77 MHzH DMSONd6C δ ;FOT; °sH ;
HCH =OAI °dH J IOFD HzH ; HCH =OID °sH ; HCH =OTD °dH J =ORD HzH F HCH
=O;/ °dH J =ORD HzH F HCH =O7; °dH J /O=7 HzH ; HC /ODI–/O=/ °mH ; HC
/OI/–/OIF °mH ; HCO ;TCNNMR °;77OA7 MHzH DMSONd6C δ ;A;O/AH
;RFODAH ;IDORDH ;IDOT=H ;IDO;FH ;T=O=7H ;TAODRH ;FDOFAH ;FIOARH
;FTOADH ;F7O7=O

FNpyridinecarboxaldehyde pNdimethylaminoNbenzoyl hydrazone
°A-3CS Using the method described aboveH the compound was
synthesized and obtained in a =/M yieldO MOpOS FFINFFR°CO Elemental
analysis calcdO °MC for C;RH;ANIOS CH A/O;RJ HH AO7RJ NH F7O==J
foundS CH A/O;DJ HH AO7/J NH F7O/=O FTNIR °ATRC ν6cmN; TFII °NNHCH
;A;;°CBOCH ;R;A°CBNCO CO ;HNNMR °I77 MHzH DMSONd6C δ ;;O//
°sH ; HCH =OA7 °dH J IOID HzH ; HCH =OIR °sH ; HCH /ODR °dH J /O=7 HzH ;
HCH /O== °ddH J /OA;H ;ORA HzH ; HCH /O=T °dH J =OD= HzH F HCH /OTD °ddH
J /OI;H IO== HzH ; HCH AO/A °dH J =OD= HzH F HCH TO77 °sH A HCO ;TCN
NMR °;77OA7 MHzH DMSONd6C δ ;ATO7DH ;RTOAAH ;RFOA;H ;IDOI=H
;IAOTFH ;TAO=TH ;FDOFIH ;FIO;FH ;;DOA/H ;;DO7=H ;;7O=IH TDOR;O

The fact that the signals of the NNH protons of each
acylhydrazone appear at different chemical shiftsH results from the
type of substituentH which is present in every one of themH since they
contain either electronNwithdrawing groupsH electronNreleasing
groups or an electronegative nitrogen at different positions on the
ringO

Figure 2. Building blocks (hydrazides and aldehydes) and constituent products of hydrazones-based libraries.

Characterization data for acylhydrazones



Figure 3. 1H-NMR (400 MHz, DMSO-d6) spectra of the products of dynamical combinatorial libraries.
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Benzaldehyde nicotinoyl hydrazone CB-4ES Using the method
described aboveN the compound was synthesized and obtained in a
/41 yield6 M6p6S 8FDO8T4°C6 Elemental analysis calcd6 C1E for
C8TH88NTOS CN KD6TFJ HN I6DFJ NN 8=6KKJ foundS CN K/6I/J HN I6DIJ
NN 8/6K=6 FTOIR CKBrE ν;cmO8 TF/4 CNOHEN 8KRT CC=OEN 8RR4 CC=NE6

8HONMR CI44 MHzN DMSOOd6E δ 8F648 CsN 8 HEN D64/ CdN J 868/ HzN
8 HEN =6// CdN J T6D4 HzN 8 HEN =6IK CsN 8 HEN =6FK CdN J /6=4 HzN 8 HEN
/6/D–/6/8 CmN F HEN /6R/ CddN J /6=4N I6== HzN 8 HEN /6R4–/6IR CmN T
HE6 8TCONMR C8446K4 MHzN DMSOOd6E δ 8K86K/N 8RF6FKN 8I=6RIN
8TR6I8N 8TI684N 8T46FIN 8FD6FFN 8F=6=IN 8F=6RFN 8F/68/N 8FT6R=6
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Two competitive reactionsR named DCLF1 and DCLF2R were carried
out from the hydrazides 1F4 and aldehyde A qDCLF1k or B qDCLF2k
by mixing equimolar amounts of the respective building blocks in a
NMR tube and using a deuterated solvent qFigure 2kH The libraries
with A and B were monitored for 326 min by 1HFNMR spectroscopyR
further time did not showed any changes in the relative concentration
of the DCLH The relative amount of acylhydrazone formed was
calculated from the relative intensities of the corresponding signals
and compared to an internal standart q1R4FdioxanekH As shown in
Figure 4 for DCLF1 and Figure 5 for DCLF2R the appearance of four
new signals in the aforementioned region shows the formation of the
four corresponding acylhydrazones qA-1R A-2R A-3 and A-4kH

Competitive reactions of acylhydrazines 1-4 with
aldehydes A and B

Figure 4. 1H-NMR spectra at three selcted (aleatorially) times of the DCL-1 formed by 1-4 and A in DMSO-d6.

Figure 5. 1 H-NMR (400 MHz, DMSO-d6) spectra at different times of the library formed by 1-4 and B (DCL-2).

From the NMR dataR kinetic traces for acylhydrazones formation
were plotedH AditionallyR equillibrium distributions of the different
acylhydrazones are shown in Figure 6H From these resultsR it is
observed that A-3 and B-3 are the acylhydrazones kinetically and
thermodynamically favored in their respective DCLsH The latter is
understood based on the greater nucleophilicity of acylhydrazine 3H

LikewiseR 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
ringR which by both inductive and resonance effects generate an
electronic deficiency in the moleculeR making it less reactive towards
the nucleophilic attack of the nitrogen to the carbonyl group of the
aldehyde q2kH



Figure 6. Equilibrium distributions of different acylhydrazones A-1 to A-4 pDCL-1, left3 and B-1 to B-4 pDCL-2, right3 in the DCL formed from aldehydes A and B and acylhydrazines 1-4.

Figure 7. 1H-NMR p400 MHz, DMSO-d63 spectra at different times of the library formed by 1-4 and A-B pDCL-33.
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Rev. Colomb. Quim. 20166 45 T386 39H5RN44

While in A-3 and B-36 the dimethylamine group makes the
molecule more electronHrich6 thus confering a higher reactivity for
the nucleophilic attack6 which is reflected in the greater proportion
and the greater stability of this acylhydrazonesN Although
equillibrium was confirmed by a control experiment using different
starting concentrations of previously prepared acylhydrazones
reaching the same final distributions6 it is important to remark that
those distributions are reached in longer times which implies a slow
amine interchange in the DCLN Despite that amine interchange can
be increased by changing the nature of the solvent6 this was not
considered in this study to avoid issues with the solubility of the
reagentsN

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

Aldehydes A-B were added to an equimolar mixture of hydrazides
1-4N The reaction was monitored for 8F7 min6 resulting in F68 FHH
NMR spectra in total Tsome of them are shown in Figure 78N
Figure 8 shows the kinetic trace of the competition DCL reactionN

According to the results6 A-3 is the kinetic product6 not only for the
larger nucleophilicity of acylhydrazine 3 but also for the larger
electrophilicity of aldehyde A6 which plays an important role in the
reaction kineticsN Likewise6 acylhydrazones formed from A were
found in larger amounts than the ones formed from BN
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This can be attributed to the electronegative nitrogen present in
A2 which by inductive effect causes the carbonyl group to be more
electron deficient2 making it more susceptible to nucleophilic attackU
Noteworthy2 data fit to a kinetic model is quite difficult for this
system2 however2 within the first O% of the reaction2 the DCL
follows a second order reaction with a MIW% error2 this allows to
estimate that acylhydrazone A-3 is generated in around H=Ifold faster
than its B-3 counterpartU Interestingly2 electrophilicity of the
aldehyde is more important than acylhydrazine nucleophilicity in
both2 kinetic and thermodynamic control of the DCLU Upon
equilibrium2 AIcontaining acylhydrazones exhibit similar
concentrations2 which supports the dynamic character of the DCLU

The evident acylhydrazine interchange is probably due to the
conjugation of the hydrazonic nitrogen LINHI4 with the carbonyl
group which reduces the conjugation of this one with the imino
group LC=N42 making the latter a more reactive bond towards
nucleophiles such as hydrazides or water L274U Therefore2 the
exchange reaction promotes another product to be formed at the
expense of A-32 but still2 at the end of the experiment Lt = OHF min42
this acylhydrazone continues to be the one with the highest
percentage yield2 therefore A-3 is the thermodynamic product in the
libraryU The difference between the greater proportion of
acylhydrazones formed from A2 as compared with the generated
from B2 confirms the higher reactivity of =Ipyridinecarboxaldehyde
over benzaldehyde2 due to the presence of an electronegative
nitrogen atom in the ringU

Figure 8. Kinetic trace of relative product formation over time of the library DCL-3.

Effect of UV light irradiation

Acylhydrazones formed from the aldehyde A exhibit2 in the Z
configuration2 a thermodynamic stabilization by the formation of an
intramolecular hydrogen bond between the amine hydrogen and the
pyridine nitrogen upon photochemical isomerizationU Meanwhile2 the
Z configuration of acylhydrazones from B do not exhibit this
thermodynamic stabilization L25, 264U With this in mind2 it was
interesting to observe the effect of UV light irradiation on the
acylhydrazone distribution of the DCLsU For this purpose2 the library
was formed only with hydrazides 1 and 4 as well as the aldehydes A
and B2 due to their solubility in MeOHId4U

The latter was used instead of DMSOId6 because
photoisomerization experiments in DMSOId6 did not exhibit any
appreciable changes2 even after HWj min of UV irradiation2 contrary
to MeOHId4 LFigure S4U This contrasting result is due to the viscosity
of DMSO which slows down the photoisomerization of hydrazoneI
based compounds L25-284U

In a typical procedure2 a competition reaction was carried out
until equillibrium was reachedU Afterwards2 the mixture was
irradiated with UV light using a mercury lamp of =Wj WU The
competition reaction was monitored for ==O minU The relative
concentrations of each acylhydrazone were calculated only at the end
of the experiment and the results were 7SxHWx=SxHF% of A-1xA-4x
B-1xB-42 respectivelyU The fact that those products containing the
hydrazide 1 are in greater proportion2 suggests that hydrazide 4 is
less nucleophilic by the overall inductive effect that the N of the
pyridine ring in position 7 has on the R groupU Once the equilibrium
was reached2 the library was subjected to UV irradiation for H h and
then was monitored by HHINMRU It is remarkable the appearance of
new signals in the spectra shown in Figures HjIH= which correspond
to the Z isomers of compounds A-1 and A-4U

The relative percentages shown in Table H were calculated by
integrating those signals obtained in Figure HH that are not
overlapped and then by the substraction between these and the
overlapped ones2 the integrals and therefore the percentages of the
latters were obtainedU From the distribution of acylhydrazones it can
be observed that the product which is amplified after Vj min of UV
light irradiation is the Z isomer of A-12 suggesting the adaptation of
the library when a stimulus is appliedU Vantomme et al. L274 also
observed the same photoselection in a different DCL with similar
yields of photoisomerizationU

A second DCL was generated from the same building blocks
Lacylhydrazines 1 and 2 and aldehydes A and B4 in the presence of
UV light irradiationU For this purpose2 the NMR tubes were
irradiated with a mercury vapor lamp during H h before the reaction
startedU Afterwards2 the HHINMR spectra were taken to observe the
distribution of the library LFigure H74U The amplified product for this
DCL was the acylhydrazone B-1 LTable H4U The presence of A-1 and
A-4 Z isomers on the library proved that UV light is part of the
system2 however2 this also indicates that whether UV light is added
at the beginning or at the end of the reaction2 the amplified product
will be a different oneU



Figure 9. A portion of 1H-NMR k400 MHz, DMSO-d6U spectrum at t = 817 min and the assignment of signals.

Figure 10. A portion of the 1H-NMR k400 MHz, MeOH-d4U spectra of acylhydrazones A-1 ktopU and A-4 kbottomU taken at different times under UV irradiation.
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Figure 12. A portion of 1H-NMR b400 MHz, MeOH-d4´ spectrum after irradiation with UV light.

Figure 11. A portion of the 1H-NMR spectra of the DCL-1 after 1h of irradiation in MeOH-d4.

Acylhydrazone
Relative contribution 1q2

DCL 4 UV light
after equilibriuma

DCL 4 UV light
from t = 0b

(E)7A71 13B5 12B8
(Z)7A71 28B4 20B3
(E)7A74 9B6 11B7
(Z)7A74 18B6 12B0
B71 11B5 24B7
B74 18B4 18B5

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



Figure 13. A portion of the 1H-NMR spectra of the DCL in MeOH-d4 irradiated with UV light at the beginning of reaction.

Figure 14. A portion of the 1H-NMR spectra of the library formed from four hydrazides, both aldehydes and Zn2+, in DMSO-d6 and the spectrum of DCL-3.
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NoteworthyC in both cases the resulting product distribution is
quite difficult to analyze even by the use of OD NMR experimentsC
besidesC once the UV light is removed the products concentrations do
not go back to the previous distributionsF These results imply that the
system is in a metastable thermodynamic point due to the hydrogen
bond formation V22, 25kF In any caseC these experiments proved the
use of UV light as an irreversible template in DCL amplification and
deserves further explorationF

Effect of the introduction of metal cations on DCL
distributions

FinallyC we wanted to explore the role of metal ions on DCL
distributionsC since it is well known that hydrazones and
acylhydrazones derived from OLpyridinecarboxaldehydes and OL
pyridinehydrazines or acylhydrazines are able to coordinate metal
cations in a terpyrdineLlike fashion V22, 25, 26kF 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 AF
AccordinglyC hydrazines 1 and 4 and aldehydes A y B were used to
form the DCL; in additionC ;F4 eq of ZnVOTfkO were added to the
mixtureC the reaction was monitored for WO; minF Comparing this
library with other DCL in the present work VFigure Z1k it was
observed from the beginning of the reaction the apearence of only
four NLH signals instead of eight corresponding to the formation of
every possible acylhydrazoneF

The ones that disappearC correspond to those acylhydrazones
derived from aldehyde AC those which have a propitious structure to
form a complex with ZnOI by their tridentate NNO coordination site
V28-32kF

These signals disappearance are proof of the formation of MLO
type complexes usually formed with this kind of ligands V22, 25-27kF
When they form a complexC these ligands are deprotonatedC either
because there is a relatively basic environment or because the enol
form of the ligand predominates V32kF Although it is known that the
addition of this template VMOI ionsk results in the formation of such
complexesC it is not possible to know which component is amplifiedC
because the signals from each product are highly overlappedF
ThereforeC it is necessary to determine the binding and stability
constants to have a clearer idea of what it is inside the solutionF

Although DCLs have been studied with some detail over the
last yearsC it is difficult to compare our results with the literatureF
SinceC on one handC most reports deal with the use of biological
chemical templates and only one article introduces UV light to a
DCL Vbased on aldehydes and hydrazinesk obtaining similar results
V27kF On the other handC metal ion selection has been studied for a
more simple system V23k and similar to the present work a
metalloselection was observedF
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üeneration of dynamic combinatorial libraries derived from
acylhydrazines 1-4 and aldehydes A and B were monitored by UéL
NMR spectroscopyC 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
librariesC confirming the greater nucleophilicity of the corresponding
hydrazide due to the electron releasing character of the
dimethylamino group and the higher electrophilicity of VLpyridinL
carboxaldehyde as compared with benzaldehydeC because of the
presence of an electronegative nitrogen atom in its structure=

In competitive B8L reactions acylhydrazone products derived
from hydrazide 1 2versus hydrazide 4x were found in higher yieldsC
suggesting that the reduced nucleophilicity of hydrazide 4 is due to
the overall inductive effect that the pyridine ring N in position F has
on the R group 2RKL28OxLNéLNéVx= 7xposure to a physical stimulus
such as irradiation with UV lightC demostrated that B8Ls respond or
adapt themselves to that stimulusC reorganizing and leading to the
formation of a new library= In this particular caseC it was also
observed that depending on the time when the stimulus is addedC the
amplified product changeC because the formation of the E isomer
occurs first that the Z oneC still in the presence of UV light=

_inallyC the disappearance of the signals corresponding to the
acylhydrazones NéV fragment derived from VL
pyridinecarboxaldehydeC by adding ZnVDC demostrates the formation
of MLV type complexes and its amplification=

Conclusions
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Guía para autores Revista
Colombiana
deQuímica

Descripción

Tipos de artículos

Artículos de investigación

Artículos de revisión

Serán solicitados por invitación del 7omité 8ditorialÉ teniendo en
cuenta la experiencia de los autores en un determinado temaO Son
artículos que presentan el estado actual del conocimiento sobre un
temaO 8n este tipo de artículosÉ el autor además de efectuar la
revisiónÉ debe establecer su aporte y criterio propiosO 9ebe presentar
más de @h referenciasÉ preferiblemente de los últimos @ añosO

8n la Revista 7olombiana de Química se toma como código de
conducta ética el propuesto por el 7omité de Ética de Publicaciones
ñ7OP8Rj httpj::publicationethicsOorg: para editores de revistas
científicasO 8n este se sancionan el plagio y la autoría fantasmaÉ la
duplicación de resultados o cualquier otro tipo de modificación
fraudulentaO 9e igual modo se promueve y aplica un sistema de
evaluación por pares donde se garantiza el anonimato de autores y
evaluadoresO

Conflicto de intereses

Envío y esquema de revisión general

Los manuscritos enviados a la Revista 7olombiana de Química para
su posible publicación deben ser inéditos ñno sometidos al mismo
tiempo a ninguna otra revista impresa o digitalRO Los autores son
responsables por las opiniones e ideas declaradas en el manuscritoO
La precisión de la información en los manuscritosÉ incluyendo figuras
y tablasÉ es responsabilidad completa del autor o de los autoresO
Los manuscritos serán recibidos para su evaluación vía correo

electrónico ñrcolquim_fcbogNunalOeduOcoR o a través de la
plataforma en línea de la Revista ñhttpj::wwwOrevistasOunalOeduOco:
indexOphp:rcolquimRO

Requisitos generales de envío

Para los envíos a través del portal en líneaÉ el autor debe estar
registrado en el portalÉ de no ser el caso debe registrarse siguiendo
los pasos necesariosO Wntes de comenzarÉ es importante que
compruebe que su envío cumple escrupulosamente todos los
requisitos solicitados por la revista ñVer sección Preparación para
el envío onlineRO

La versión del documento en línea no debe incluir resumen ni
datos de autoresÉ estos se incluyen en los metadatosÉ es decirÉ en el
formulario de envíoO Por el contrarioÉ si el artículo es enviado por
correo electrónico debe contener todos los datos que se
especifican en la sección UormatoO

Para las dos formas de envío deben adjuntarse una carta de
presentación del artículoÉ donde se incluyan los aspectos más
relevantes del artículoÉ una lista de tres posibles evaluadores con
sus respectivos datos de contacto y firma de todos los autoresO

Las fotosÉ diagramasÉ mapas y gráficas se enumeran como figurasO
Las fotos y mapas deben adjuntarse en un archivo aparteÉ en
formato TYUU o JP8B al tamaño en que van a salirÉ con Lhh dpi de
resoluciónÉ y en escala de grises o en blanco y negroO 8n caso de
que tengan _ o más ítemsÉ se debe cambiar la escala de grises por
diferentes tramasO No se deben insertar en Word ya que pierden la
resoluciónÉ y en el programa de diseño van a salir pixeladasO Si las
gráficas corresponden a archivos trabajados en 8xcel o Word se
deben enviar en dichos programasÉ pero abiertasÉ no como imagen
para que se puedan editarO

/O

zO

_O

Ética

La Revista 7olombiana de Química ñRevO 7olombO QuimOÉ versión
online YSSN zL@APLAF/É versión impresa YSSN h/zhPzVh_R es una
publicación científica arbitradaÉ del 9epartamento de QuímicaÉ
Uacultad de 7iencias de la Universidad Nacional de 7olombia sede
2ogotáO 9esde su lanzamiento en /FA/É y hasta /FVhÉ la Revista
7olombiana de Química publicó un volumen por año y su
periodicidad cambió a uno o dos volúmenes por año desde /FV/ hasta
zhhwO W partir de zhhA y hasta la fecha publica tres volúmenes por
añoO Todos sus volumenes se encuentran disponibles online en el sitio
web httpj::wwwOrevistasOunalOeduOco:indexOphp:rcolquim:indexO
La Revista 7olombiana de Química se encuentra indexada en las

bases de datos S7OPUSÉ PU2LYN98XÉ 9OWJÉ S7Y8LOÉ
LWTYN98X Y R89WLY7O 8sta publicación cuenta con un 7omité
7ientífico y 8ditorial compuesto por investigadores de reconocida
trayectoria en sus áreas de especialidad y acepta contribuciones
relevantes en las diversas áreas de la química tales como química
analíticaÉ bioquímicaÉ orgánicaÉ fisicoquímicaÉ alimentosÉ inorgánicaÉ
ciencias de materialesÉ organometálicaÉ enseñanza de la químicaÉ
entre otrasO 8l público objetivo son profesionales relacionados con
cualquier área de la químicaO

La revista define un conflicto de interés como cualquier asunto que
interfiera enj la presentación completa y objetivaÉ la revisión por
paresÉ la toma de decisiones editorialesÉ o la publicación de artículos
de investigación presentados a la revistaO 8l conflicto de intereses
puede ser de naturaleza financiera y no financieraÉ profesional o
personalÉ y puede surgir en relación a una organización u otra
personaO

Son artículos que presentan resultados de investigación que no han
sido publicados previamenteO Los autores deben resaltar la
contribución de su trabajo al conocimientoO Se sugiere un máximo de
_h referenciasO
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Formato

Autor(es) y filiación

Esquema de revisión

o Aceptado con cambios mínimosO Los autores deben
enviar una nueva versión a la revista1 Una vez el editor
verifica que los cambios fueron realizados ñlos autores deben
enviar una lista detallada con los cambios realizados o el
porqué de los cambios no realizadosCú el artículo es aceptado1

o Cambios mayoresO Los autores deben enviar una nueva
versión a la revistaú la cual será sometida a evaluación corta
ñlos autores deben enviar una lista detallada con los cambios
realizados o el porqué de los cambios no realizadosC1

o RechazadoO Los autores deciden si someten una nueva
versión a la revistaú la cual será tratada como un artículo
nuevo1

Si el artículo es aceptado aparecerá inicialmente en formato preD
impresión en la página Web de la revista ñhttpO22
www1revistas1unal1edu1co2index1php2rcolquim2indexC1 Posteriormente
se reemplazará por la versión diagramada1

Los manuscritos se aceptan en españolú inglés o portuguésú sin
embargoú siempre el títuloF resumen y palabras claves deben
presentarse en los tres idiomas1 4omo estrategia para aumentar la
difusión y visibilidad de los resultados se sugiere presentar los
manuscritos en inglés1

Página inicial

Título

@l título debe ir en minúsculaú a menos que la mayúscula sea
mandatoria1 Tebe ser conciso pero informativo y no debe exceder
jM0 caracteres incluyendo los espacios1 Tebe aparecer siempre en
españolú inglés y portugués1 Por ejemploO

•

•

•

•

•

•

•

•

•

•

•

@n los datos de filiación se debe conservar el orden categóricoO
Laboratorioú institutoú universidadú ciudadú estadoú paísú eDmail1 4ada
filiación debe ser enlistada con números en superíndice y
referenciada a cada autor1 @l autor de correspondencia debe ir
denotado con asterisco1 Por ejemploO

Mauricio Ncelasjú @lizabeth RilMú Markus ToerrAú Martha TazaAú Úuan
Manuel Urbinajy

jLaboratorio de Química Orgánica y ºiomolecular D LQOºioú
5acultad de 4ienciasú Universidad ãndustrial de Santanderú 4iudad
Universitariaú NN 3J*ú ºucaramangaú 4olombia1

M5acultad de 4ienciasú Pontificia Universidad Úaverianaú 4arrera J Nº
GAD*Mú ºogotá T141ú 4olombia1

ARrupo de ºioquímica Teórica D RºQTú 5acultad de 4ienciasú
Universidad ãndustrial de Santanderú 4iudad Universitariaú NN 3J*ú
ºucaramangaú 4olombia1

yNutor para correspondenciaO jurbina8uis1edu1co

Cuerpo del artículo

Todo el texto debe venir justificado ñalineado a izquierda y derechaCú
con las páginas y líneas numeradas continuamente1 Todos los títulos y
subtítulos primaros y secundarios deben ir justificados a la izquierda1
Los títulos ñRESUMENF PALABRAS CLAVEF
INTRODUCCIÓNF MATERIALES Y MÉTODOSF
RESULTADOS Y DISCUSIÓNF AGRADECIMIENTOSF
CONCLUSIONES y REFERENCIASC deben ir con mayúscula
sostenida y negrilla1 Los subtítulos primarios en minúsculas
sostenida y en negrilla1 Los subtítulos secundarios con minúscula
sostenida y en cursiva1 Siempre se deben definir los términos
estadísticosú abreviaturas y los símbolos la primera vez que se usan
en el artículo1 Para las unidades de medida se debe usar el sistema
métrico internacional1

Idioma

Tespués de recibir el artículo y verificar que cumpla con el
formato establecido en esta guíaú se envía a revisión por pares según
el tema tratado1

Tespués de recibir las evaluacionesú se envía la decisión del
4omité @ditorial al autor de correspondenciaO

@l documento se debe presentar en archivo Word 1doc o 1docxú
tamaño cartaú interlineado Mú0ú con márgenes superior e inferior de
Múk cm y Aú0 cm en los ladosú con letra Times New Roman jMú
páginas numeradas de inicio a fin1 Se deben usar los títulosO
RESUMENF ABSTRACTF RESUMOF INTRODUCCIÓNF
MATERIALES Y MÉTODOSF RESULTADOS Y DISCUSIÓNF
CONCLUSIONESF AGRADECIMIENTOS y REFERENCIAS1

Oxidación catalítica de tolueno y MDpropanol sobre óxidos mixtos
de Mn y 4o obtenidos por coprecipitación1

4atalytic oxidation of toluene and MDpropanol over Mn and 4o
mixed oxides obtained by coprecipitation method1

N oxidação catalítica de tolueno e MDpropanol em óxidos mistos
de Mn e de 4oú obtidos por coprecipitação1

Nombres y apellidos completos1

Último título profesional1

ãnstitución en la cual trabaja1

País y ciudad de residencia1

4orreo electrónico ñde cada autorC1

Rev. Colomb. Quim. 2016ú 45 ñACú kjD301
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Cuando no van seguidos de unidadesx los números enteros hasta
diez se escriben con la palabra Eunox dosx diezñ y mayores de diez con
números ETTx TRx TARñ: Cuando se utilicen númerosx estos deben ir
seguidos de sus unidades y se mantendrá un espacio entre uno y otro
ETAA mx qA mLñ: Si se trata de porcentaje no deje espacio entre el
número y la unidad E”Ajñ: En manuscritos escritos en español las
cifras decimales irán separadas por coma Exñ y en inglés por punto E:ñ:
Cite cada figura y tabla en el texto de acuerdo al orden de aparición y
en el siguiente formatoO Figura T o Figuras T y R o Figuras TMóTF o
Tabla T:

Resumen

Resumen de máximo RAA palabras: Se sugiere poner una frase
introductoria: Deben mencionarse los propósitos de la investigaciónx
los resultados relevantes Eproporcionando datos específicos yx de ser
posiblex su significación estadísticañx y las conclusiones principales
sin incluir citas bibliográficas: Se debe hacer énfasis en los aspectos
nuevos e importantes del estudio: Debe evitar presentarse un resumen
descriptivo Eaquel donde no se presentan datosñx en cambiox debe
presentarse un resumen analítico Eaquel en donde se presentan los
datos relevantes obtenidos en la investigaciónñ: Debe aparecer
siempre en españolx inglés y portugués:

Palabras clave

Introducción

Deben presentarse los fundamentos lógicos para la realización del
trabajo: Solo se dan las referencias estrictamente oportunas y no se
deben incluir datos o conclusiones del trabajo que se está publicando:
Ml final de la introducciónx debe presentarse el objetivo del trabajo:

Materiales y métodos

Resultados y discusión

Los resultados deben presentarse en un orden lógico y concordante
con el orden de los métodos: Se deben destacar los resultados que
contribuyen a la generación de nuevo conocimiento: La información
contenida en tablas no debe repetirse en figuras y viceversa:

Deben listarse de D a N palabras claves: No se deben emplear las
palabras ya usadas en el título del manuscrito: Deben aparecer
siempre en españolx inglés y portugués:

En una subsección deben listarse los reactivos utilizadosx la marca y
el país: Se deben usar subtítulos en los procedimientos utilizados: Los
procedimientos deben tener el detalle suficiente para permitir a otros
profesionales reproducir la investigación: Se deben incluir los
equipos empleadosx incluyendo nombre del fabricante y paísx además
de las referencias de la metodología y métodos estadísticos: Deben
describirse los métodos nuevos o los que han sido sustancialmente
modificadosx sustentando las razones para utilizarlos y evaluando sus
limitaciones:
Los autores que envíen artículos de revisiónx deberán describir los
métodos empleados para localizarx seleccionarx extraer y sintetizar la
información: Siempre que se hagan pruebas estadísticasx debe usarse
un subtítulo “Mnálisis estadístico” para su descripción:

En la discusión deben destacarse los aspectos nuevos y relevantes
del estudiox y evitar repetir información ya facilitada en las sección
INTRODUCCIÓN: Se recomienda evaluar posibles relaciones entre
los resultados obtenidosx juzgar los resultados en relación con los
obtenidos por otros autoresx y proponer hipótesis que expliquen los
datos obtenidos: En esta sección debe haber una extensión mínima de
tres páginas a doble espacio:

Conclusiones

Debe aparecer mínimo un párrafo con las conclusionesx vinculado a
los objetivos del estudiox evitando enumerarlas o presentarlas como
frases sueltas: Se deben realizar afirmaciones plenamente respaldadas
por los datos:

Agradecimientos

Deben mencionarse las fuentes de financiación de los proyectos de
investigación yFo apoyos recibidos para la realización del estudio
Ebecasx equiposx reactivosx entre otrosñ: Pueden nombrarse a aquellas
personas que hayan prestado su ayuda intelectual al trabajox pero
cuyas contribuciones no justifiquen la autoríax describiendo la
contribución llevada a cabox por ejemplox áapoyo técnicoáx árevisión
crítica del escritoáx “recolección de muestras”:

Referencias

El formato está basado en la guía de estilos de la Mmerican Chemical
Society EMCSñ:

Referencias en texto: Todas las citas que aparecen en el texto deben
coincidir con las presentadas en la sección REFERENCIMSx y
viceversa:
Debe evitarse citar como bibliografíaO

Los resúmenes presentados en congresos u otras reuniones:
Comunicaciones personales:
Datos no publicados: La citación de un artículo “en prensa”
supone que el artículo ya fue aceptado para publicación:

•
•
•

Las citas deben realizarse con números itálicos en paréntesis en la
línea del textox y dentro de la puntuación: Por ejemploO

ó Las condiciones de extracción se encuentran reportadas en otros
estudios E1ñ:

Si hay varias citas se separan con coma Exñ sin espacios entre los
númerosU si son citas consecutivasx se separan con guión Eóñ: Por
ejemploO

ó Los resultados obtenidos fueron similares a los reportados por otros
autores E8, 26-30ñ:

Las citas se deben escribir con números naturales acorde a su orden
de aparición: Si dentro de la redacción del texto se debe mencionar el
autorx entonces la citación debe serO

Un autorO Duque E2ñ
Dos autoresO Duque y Palomeque E3ñ
Más de dos autoresO Duque et al: E4ñ

•
•
•
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Revistas

Fasta seis autoresT se incluyen todos los autoresx

za SilvaO Rxw _issimO ‘xw írosnanO qxw írosnanO +x Vreatine
synthesisT Fepatic metabolism of guanidinoacetate and
creatine in the rat in vitro and in vivox Am. J. Physiol.
Endocrinol. Metab. 2009O 296O 7óL/7L4x z@‘T httpTjj
dxxdoixorgj49x44ó7jajpendoxP9óáAx799Kx

qás de seis autoresT incluir hasta los seis primeros autores y a
continuación escribir et alx

•

•

Libros y otras monografías
ñibros sin editores
/ StoutO +xw WntonioO +xw ”almanO zx Essentials of creatine in
sports and healthx Fumana éress ‘ncxT TotowaO _+O 799Kw pp
89/á9x z@‘T httpTjjdxxdoixorgj49x499AjPAK/4/óPAáó/óA8/7x

/ íudavariO Sxw @’_eilO qx +xw SmithO Wxw FeckelmanO éx Uxw
@benchainO +x RxO +rxw ]allipeauO +x Wx Rxw z’WreceaO qx Wx The
merck index, an encyclopedia of chemicals, drugs, and
biologicalsO 48th edx qerck h VoxO ‘ncxT Whitehouse StationO
_+O 7994w pp 4ALK/4ALPx

ñibros con editores
/RoweO Rx Vxw SheskeyO éx +xw @wenO Sx Vx bedsxfx Handbook of
pharmaceutical excipientsO óth edx éharmaceutical éress and
Wmerican éharmacists WssociationT ]rayslakeO ‘ñO 799Lw pp
APK/APPx

Vapítulo en libro editado
qcírienO qx Selecting the Vorrect pF Value for FéñVx ‘n
HPLC made to measure: A practical handbook for
optimizationw ”romidasO SxO Udxw Wiley/VVFT WeinheimO
]ermanyO 799Lw pp KP/498x

‘mpreso
”ingO ”x +x zevelopment of a pressurized system for oxidation
studies of volatile fluidsx qxSx ThesisO The éennsylvania State
UniversityO State VollegeO éWO qarzo 4PK8x

Ulectrónico
WbramsO _x qx Ufficiency enhancement in dye/sensitized solar
cells through light manipulationx éhxzx zissertation [@nline]O
The éennsylvania State UniversityO University éarkO éWO
zecember 799óx httpTjjetdaxlibrariesxpsuxedujthesesjapprovedj
WorldWide‘ndexjUTz/49L4jindexxhtml bconsultado el 7 de
abril de 794áfx

•

•

•

•

•

Libros y otras monografías

éenn State zepartment of Vhemistryx httpTjj
wwwxchemxpsuxeduj bconsultado el A de junio de 794áfx

qallet Vhemistry ñibraryO University of Texas ñibrariesx
Thermozex home pageT Wn index of selected thermodynamic
and physical property resourcesx httpTjjwwwxlibxutexasxeduj
thermodexj bconsultado el 4P de marzo de 794áfx

Sitios Web

En prensa
qartínezO [xw +ouybanO Wxw WcreeO Wx UxO +rx Vomments on
‘‘Solubility and thermodynamic function of a new anticancer
drug ibrutinib in 7/b7/ethoxyethoxyfethanol 2 water mixtures
at different temperatures”x J. Chem. Thermodynx 2015x ‘n
pressx z@‘T httpTjjdxxdoixorgj49x494Ljjxjctx794óx44x984

Tablas y figuras

ñas fotosO diagramasO mapas y gráficas se clasifican como figurasx
zeben usarse figuras como alternativa a las tablasw evite redundancia
entre tablasO figuras y textox
ñas figuras con sus leyendas deben enviarse individualmente en

formato xT‘[[O de excelente calidadO con una resolución mínima de
899 dpi y con uno de dos tamaños bP cm de anchoO que es una
columnaO o 79 cm que cubre las dos columnasfx ña impresión a color
no genera costos adicionales para los autoresO sin embargoO representa
un mayor costo para la revistax Teniendo esto en cuentaO se debe
utilizar escala de grises o tramas siempre que sea posiblex zeben
usarse colores cuando sea estrictamente necesariox [iguras que hayan
sido creadas en Uxcel o Word deben ser enviadas en esos programasx
ñas tablas deben estar en el cuerpo del artículo al final del
documentox Tanto las tablas como las figuras deben ser
autocontenidas bpoder interpretarse sin necesidad de recurrir al
cuerpo del artículofx Un la leyenda de la figuraO o en el título o pie de
la tablaO deben describirse las clavesO abreviaturas y demás
explicacionesx Se recomienda proporcionar además de los promediosO
las desviaciones estándar y demás información estadística relevante a
los datosx
ña rotulación de cada tabla debe ir a la cabeza de la mismaO

mientras que en las figuras debe presentarse al piex Uvite figuras
pequeñas aisladasT agrupe figuras con información relacionada en
figuras compuestas rotuladas con letras b[igura 4aO [igura 8bO etcxfx
Si un artículo contiene tablas o figuras reproducidas basí sean del
mismo autorfO es obligación declarar el origen y presentar permiso
para utilizarlasx Us responsabilidad de los autores conseguir el
correspondiente permisox Si tiene dudas al respectoO por favor
comunicarse con la revista vía correo electrónico
brcolquim_fcbog&unalxeduxcof o por teléfono b2óA4 84Ló999 Uxtx
4ááóKfx

Preparación para el envío online

Wntes de realizar el envío de su manuscrito ya sea por el éortal o por
correo electrónicoO verifique que cumple con las siguientes
condicionesT
éresenta un título en los 8 idiomas solicitadosx
éroporciona nombres y apellidos completos de los autores be

indica quién es el autor de correspondenciafO y de cada autor se
mencionaT

•
•

Formato de referencias: ñas referencias deben ser organizadas en el
mismo orden numérico en el que fueron presentadas a lo largo del
textox

Se debe anotar el apellido y las iniciales del nombre de todos los
autoresx Wpellidos se separan de las iniciales del nombre con comax
ñas iniciales de los nombres de autores se acompañan con puntox ños
autores se separan con punto y comax ñuego se escribe el títulox Ul
nombre abreviado de la revista en cursivaO de acuerdo al Vhemical
Wbstracts Service Source ‘ndex bVWSS‘O httpTjjcassixcasxorgj
searchxjspfx Ul año en negrillaO el volumen en itálica y las páginas
bseparadas por guiónfx ze igual maneraO si el artículo cuenta con z@‘
es necesario incluirlo al final de la referenciax

o Último título profesionalx
o ‘nstitución en la cual trabajax
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Costo de la publicación

La publicación de un artículoA con una extensión no mayor a j
páginas de la revistaA tendrá un costo de PjTDTTT pesos colombianosD
Las páginas adicionales tendrán un costo de PWTDTTT pesos
colombianos cada unaD

o País y ciudad de reisdenciaD
o Correo electrónicoD

Presenta un resumen analíticoA de máximo WTT palabrasA en los j
idiomas solicitadosD
Presenta palabras claveA en los j idiomas solicitadosD
El cuerpo del artículo se encuentra en el formato solicitadoD
Las referencias citadas en el cuerpo del artículo aparecen en la
sección REFERENCIASA y viceversaD
El formato de las referencias sigue las indicaciones estipuladas en
esta guíaD
En las referencias se menciona el DOI de los artículosA si es el
casoD
Las figuras están en formato DTIFF con resolución mayor a jTT dpi
en archivos diferentes al cuerpo del documentoD Si las figuras
fueron creadas en Word o Excel entonces se envían en ese formatoD
Las tablas van al final del documentoD
Adjunta la carta de presentación del artículo en el formato
dispuesto para tal finD

•

•
•
•

•

•

•

•

Manuscrito aceptado para publicación

Si el Editor le ha notificado que su manuscrito podría ser aceptado
para publicación en caso de tener en cuenta las modificaciones
sugeridas por los revisoresA envíe la nueva versión del artículo
acompañada de una carta donde detalle cada uno de los comentarios
de los revisoresA y justifique en caso de que no tenga en cuenta alguna
de las sugerenciasD Trabaje la nueva versión del artículo con control
de cambios o resalte los cambios en esta nueva versiónA para que el
Editor pueda identificarlos con facilidadD

La nueva versión del documento en donde se trabaje con control
de cambios o se resalten las modificaciones trabajadasD
Una carta en la que se detallen cada uno de los comentarios de los
revisoresA justificando aquellos casos en los que no se siguió una
determinada indicación o sugerenciaD
Las imágenes que se hayan modificado en virtud de los
comentarios de los revisores y las necesidades de la nueva
versiónD Las imágenes deben estar en formato DTIFF con una
resolución mayor a jTT dpiD

•

•

•

Una vez haya finalizado el proceso de revisión por paresA el Editor
enviará un correo electrónico alRosF autorResF del manuscrito
manifestando la decisión del Comité EditorialD Si el manuscrito ha
sido aceptado para publicaciónA se adjuntarán al correo las
sugerenciasA indicaciones y comentarios que cada evaluador efectuó
sobre los aspectos de fondo y de forma del artículoD Para continuar
con el proceso de publicación elRlosF autorResF deben enviar los
siguientes archivos al correo de la revista
Rrcolquim_fcbog@unalDeduDcoF@

•
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Guide for authors Revista
Colombiana
deQuímica

Revista Golombiana de Química wRevF GolombF QuimF Online
version ISSN áq:xyqxJgD printed version ISSN BgáByáPBAf is a peery
reviewed scientific journal from the Wepartment of GhemistryD
Faculty of Sciences of Universidad Nacional de GolombiaD ’ogotáF
Since its launch in gJxg and until gJPB Revista Golombiana de
Química published a volume per yearD and its frequency changed to
one or two volumes per year from gJPg to áBB/F From áBBx until the
presentD this journal has published three volumes per yearF @ll of its
volumes are available online at the websiteE httpEUU
wwwFrevistasFunalFeduFcoUindexFphpUrcolquimUindexF
Revista Golombiana de Química is indexed in databases such as

ScopusD PublindexD WO@JD SciELOD LatindexD and RedalycF This
publication has a Scientific and Editorial ’oard composed of
renowned researchers in each subjectD and accepts relevant
contributions to the different areas of chemistry such as analytical
chemistryD biochemistryD organic and physical chemistryD food
chemistryD inorganic chemistryD material sciencesD organometallic
chemistryD and chemistry teachingD among othersF The target audience
are professionals of any area of chemistryF

Description

Types of manuscripts

Research articles

They are articles that present results of investigation that have not
been published previouslyF The authors should highlight the
contribution of their work to novel knowledgeF It is suggested a
maximum of AB referencesF

Reviews

They will be requested by invitation of the Publishing ’oardD
considering the experience of the authors in a specific subjectF They
are articles that present the current state of the knowledge on a
subjectF @dditionallyD in this type of articlesD the authors should
clearly establish their contribution and own criterionF It has to present
more than :B referencesD preferably of the last : yearsF

Revista Golombiana de Química follows the ethics policy proposed
by GOPEE httpEUUpublicationethicsForgU intended for peeryreviewed
scientific journalsF Please be aware that plagiarismD ghost writingD and
duplication of results are considered to go against our ethics policyF
This journal uses an evaluation system in which authors and referees
are unknown to each otherF

The journal defines a conflict of interest as any subject that interfere
inE the complete and objective presentationD the review by pairsD the
taking of publishing decisionsD or the publication of investigation
articles presented to the journalF The conflict of interests can be of
financial and no financial natureD professional or personalD and can
come up in relation to an organization or another personF

Conflicts of interest

Submitting and outline for the general
review

General requirements for submitting

qF

Ethics

gF

AF

Manuscripts submitted to the Revista Golombiana de Química for
their possible publication have to be unpublished wno subjected at
the same time to any other journal, either printed or digitalfF The
authors are responsible for their opinions and ideas declared in the
manuscriptF The precision of the information in a manuscriptD
including figures and tablesD is complete responsibility of the author
wsfF
Manuscripts can be submitted for their evaluation via email

wrcolquim_fcbog_unalFeduFcof or through the platform onyline of the
journal whttpEUUwwwFrevistasFunalFeduFcoUindexFphpUrcolquimfF

Sending through the portal online are possible if the author is
registeredF If notD the author should register following the
necessary stepsF ’efore beginningD it is important to check that the
sending meets all the requirements requested by the journal wSee
section Preparation for onyline sendingfF

Neither abstract nor authors’ data should be included in the ony
line version of the documentF These information should be
included in the metadataD that is to sayD in the submission formF
On the contraryD if the article is sent by eymail it has to contain all
the data that is specify in the Format sectionF

In both casesD onyline submitting or via eymailD a letter presenting
the article must be submittedF This letter should include the most
relevant aspects of the manuscriptD a list of three possible
reviewersD with their respective contact dataF The letter should be
sign by all the authorsF

PhotosD diagramsD mapsD and figures should be named as figuresF
Photos and maps should be attached in a separated fileD in a TIFF
or JPEG formatF They should have the size at which they have to
be publishedD with a resolution of qBB dpiD and in a grey scale in
black and whiteF If a grey scale is not good enough then different
trams should be usedF Photos and maps should not be copied in
Word because they lose resolutionD and therefore there will be
problems during the formattingF If the graphic corresponds to
archives developed in Excel or WordD then authors should send it
in the original programF

áF
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Preparation

Author(s) and their filiations

Reviewing flow

o Accepted with minor changesã Quthors should send a new
version to the journalN 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 changesxz the article is acceptedN

o Major changesã Quthors should send a new version to the
journalz 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 changesxN

o Rejectedã The authors decide if they subject a new version
to the journalz which will be treated as a new articleN

First page

Title

•

•

•

•

•

•

•

•

•

•

•

Body of the manuscript

Language

Qfter receiving the manuscript and verifying that it fulfils with the
format established in this guidez it is sent to peer2reviewersN

Qfter receiving the evaluationsz the decision of the ºditorial áoard
is sent to the correspondence authorã

If the article is acceptedz it will appear initially in a pre2print
format
in the web page of the journal /httpãRRwwwNrevistasNunalNeduNcoR
indexNphpRrcolquimRindexxN Later on it will be replaced by the
diagramed versionN

The document has to be presented in a Word Ndoc or Ndocx filez size
letterz PNM line spacingz with top and bottom margins of PNC cm and
HNM cm in right and left marginsz font Times New Romanz pages
consecutively numberedN The titlesã ABSTRACTb RESUMENb
RESUMOb INTRODUCTIONb MATERIALS AND METHODSb
RESULTS AND DISCUSSIONb CONCLUSIONSb
ACKNOWLEDGEMENTSz and REFERENCES should to be
usedN

Manuscripts are accepted in Spanishz ºnglish or PortugueseN
Howeverz the titleb abstractb and key words should be written in
the three languagesN Qs a strategy to increase the diffusion and
visibility of the manuscriptz the journal encourage to the authors to
present the manuscript in ºnglishN

The title has to be in small letterz unless the capital is compulsoryN It
has to be concise but informative and does not have to exceed SPM
characters including spacesN The title has to appear always in
Spanishz ºnglishz and PortugueseN 4or exampleã

7atalytic oxidation of toluene and P2propanol over Mn and 7o
mixed oxides obtained by coprecipitation methodN

Oxidación catalítica de tolueno y P2propanol sobre óxidos mixtos
de Mn y 7o obtenidos por coprecipitaciónN

Q oxidação catalítica de tolueno e P2propanol em óxidos mistos de
Mn e de 7oz obtidos por coprecipitaçãoN

4ull namesN

Last professional titleN

Working institutionN

7ountry and city of residenceN

º2mail /for each authorxN

4iliation data should keep a categorical order as followsã laboratoryz
institutez universityz cityz statez countryz e2mailN ºach filiation should
be listed with numbers in superscript and referenced to each authorN
The author of correspondence has to be denoted with an asteriskN 4or
exampleã

Mauricio QcelasSz ºlizabeth @ilPz Markus 8oerrHz Martha 8azaHz Juan
Manuel UrbinaSq

SLaboratorio de Química Orgánica y áiomolecular 2 LQOáioz
4acultad de 7ienciasz Universidad Industrial de Santanderz 7iudad
Universitariaz QQ Oóíz áucaramangaz 7olombiaN

P4acultad de 7ienciasz Pontificia Universidad Javerianaz 7arrera ó Nº
FH2íPz áogotá 8N7Nz 7olombiaN

H@rupo de áioquímica Teórica 2 @áQTz 4acultad de 7ienciasz
Universidad Industrial de Santanderz 7iudad Universitariaz QQ Oóíz
áucaramangaz 7olombiaN

qQuthor of correspondenceã jurbina*uisNeduNco

The manuscript should be justified /aligned to both left and rightxz
with the pages and lines numbered continuouslyN Qll titles and
primary and secondary subtitles should be justified to the leftN The
titles /ABSTRACTb INTRODUCTIONb MATERIAL AND
METHODSb RESULTS AND DISCUSSIONb CONCLUSIONSb
ACKNOWLEDGEMENTSz and REFERENCESx have to go with
capital letter and bold typeN The primary subtitles have to go with
small letter sustained and bold typeN The secondary subtitles have to
go in italicN Qlways the statistics termsz abbreviationsz and symbols
have to be defined the first time they are used in the manuscriptN 4or
the measurement unitsz the International Metric System should be
usedN
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When not followed by units numbers are written up to ten with the
word EoneF twoF threeF etcTx and higher than ten with numbers EPPF PBF
PzBxT Numbers with units should be followed by the units keeping a
space between one and another EPzz mF Dz mLxT If the number
represents a percentage then there should not be any space between
the number and the unit ERz8xT In manuscripts written in Spanish
decimals are separated by comma EFx and in English by point ETxT Each
figure and table in the text must be quoted according to the order of
apparition and in the following formatH Figure P or Figures P and B or
Figures PAAPF or Table PT

Abstract

Abstract should have a maximum of Bzz wordsT To write an
introductory sentence is suggestedT The authors have to mention the
aim of the investigationF the notable results Eproviding specific data
andF if possibleF its statistical significancexF and the main conclusions
without bibliographic referencesT Authors should emphasize towards
the new and important aspects of the studyT A descriptive abstract
should be avoided Ewhere no data is shownxF insteadF an analytical
abstract Ewhere notable data obtained in the investigation is shownx
should be presentedT The abstract has to appear always in SpanishF
EnglishF and PortugueseT

Key words

Between three to six words have to be listedT The words used in the
title of the manuscript should not be used in this sectionT Key words
have to appear always in SpanishF EnglishF and PortugueseT

Introduction

The logical foundations for the realization of the work have to be
presentedT Only strictly timely references should be givenT Data or
conclusions of the manuscript should not be included in this sectionT
At the end of the introductionF the aim of the work have to be shownT

Materials and methods

In a subsectionF the reagents usedF tradeF and the country have to be
listedT The methods used should be listed by subtitlesT The procedures
have to have the sufficient detail to allow other professionals to
reproduce the experimentsT This section must include the equipmentF
including name of the manufacturer and countryF in additionF the
references of the methodology and statistical methods should be
providedT Authors should describe the new methods or those that
have been substantially modifiedF supporting the reasons to use them
and evaluating their limitationsT
Authors submitting reviews should describe the methods employed

to locateF selectF extractF and synthesize the informationT If statistical
tests are doneF then a subtitle “Statistical analysis” should be included
for their descriptionT

Results and discussion

Results should be presented in a logical order and in accordance to
the order presented in the MATERIALS AND METHODS sectionT
Authors should highlight the results that contribute to the generation
of new knowledgeT The information contained in tables does must not
be repeated in figuresF and vice versaT

Conclusions

Acknowledgements

References

•
•
•

The references should appear with italic numbers in parentheses in
the line of the textF and inside the punctuationT For exampleH

A The conditions of extraction are reported in other studies E1xT

If there is more than one reference there must be separated by comma
EFx without spaces between numbersT If they are consecutive
references they are separated by hyphenT For exampleH

A The results obtained were similar to those reported by other
authors E8, 26-30xT

The references should be written with natural numbers in
accordance to their order of apparitionT If within the text the authorEsx
are to be mentionedF then the citation has to be asH

An authorH Duque E2x
Two authorsH Duque y Palomeque E3x
More than two authorsH Duque et alT E4x

•
•
•

New and outstanding outcomes of the study should be highlightedT
Information presented in the sections INTRODUCTION should not
be shown again in this sectionT It is advised to evaluate possible
relations between the obtained resultsF to judge the results in relation
with the ones obtained by other authorsF and to propose hypotheses to
explain the obtained dataT The sections should have a minimum
extension of three pages written in double spaceT

Minimum one paragraph should be presented as conclusion EsxT
Conclusions should be in accordance to the aim of the studyF avoiding
to enumerate them or to present them as loose sentencesT Author
should present the conclusions well supported by the dataT

Funding sources should be mentioned in this sectionT Support
received for the realization of the study EeTgTF scholarshipsF
equipmentF reagentsx should also be includedT Autors can appoint
those people that contributed to the workF but whose contributions do
not justify the authorshipF describing the contribution carried outF for
exampleF “technical support”F “critical review of the writing”F
“collecting samples”T

The format is based in the guide of styles of the American Chemical
Society EACSxT
References in textH All the appointments that appear in the text have
to coincide with those presented in the section REFERENCESF and
vice versaT

Authors must avoid referencing as bibliographyH

The summaries presented in congresses or other meetingsT
Personal communicationsT
Unpublished dataT The citation of a manuscript as “in press”
supposes that it was already accepted for publicationT
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Format of referencesK The references have to be organized in the
same numerical order in which they were presented along the text;

Journals
The surname and the initials of the name of all the authors have to be
included; Surnames should be separated of the initials of the name by
comma; The initials of the names of authors should be accompanied
with point; Luthors should be separated with semicolon; Lfter the
authors information the title should be written; The name abbreviated
of the journal in italicU according to the [hemical Lbstracts Service
Source ”ndex I[LSS”U httpKNNcassi;cas;orgNsearch;jsp/; The year in
bold typeU the volume with italic type and the pages Iseparated with
hyphen/; ”f available the ]O” should be included;

Up to six authorsK all the authors should be included;

]a SilvaU R;P NissimU ”;P VrosnanU M;P VrosnanU q; [reatine
synthesisK +epatic metabolism of guanidinoacetate and
creatine in the rat in vitro and in vivo; Am. J. Physiol.
Endocrinol. Metab. 2009U 296U J94RJ4M; ]O”K httpKNN
dx;doi;orgNMB;MM9JNajpendo;kB927;JBB8;

More than six authorsK include until the sixth author and then
write et al;

•

•

Books and other monographs
•

•

•

•

•

Doctoral Thesis (or similar)

Vooks without editors
R StoutU q;P LntonioU q;P _almanU ]; Essentials of creatine in
sports and health; +umana Press ”nc;K TotowaU NqU JBB8P pp
HBR2B; ]O”K httpKNNdx;doi;orgNMB;MBB7Nk78RMR9k729R97HRJ;

R VudavariU S;P O’NeilU M; q;P SmithU L;P +eckelmanU P; í;P
ObenchainU q; R;U qr;P ‘allipeauU q; L; R;P ]’LreceaU M; L; The
merck index, an encyclopedia of chemicals, drugs, and
biologicalsU MHth ed; Merck j [o;U ”nc;K Whitehouse StationU
NqU JBBMP pp M748RM74k;

Vooks with editors
RRoweU R; [;P SheskeyU P; q;P OwenU S; [; Ieds;/; Handbook of
pharmaceutical excipientsU 9th ed; Pharmaceutical Press and
Lmerican Pharmacists LssociationK ‘rayslakeU ”@U JBB4P pp
7k8R7kk;

[hapter in edited book
McVrienU M; Selecting the [orrect p+ Value for +P@[; ”n
HPLC made to measure: A practical handbook for
optimizationP _romidasU S;U íd;P WileyRV[+K WeinheimU
‘ermanyU JBB4P pp 8kRMBH;

Printed
_ingU _; q; ]evelopment of a pressurized system for oxidation
studies of volatile fluids; M;S; ThesisU The Pennsylvania State
UniversityU State [ollegeU PLU March Mk8H;

Online
LbramsU N; M; ífficiency enhancement in dyeRsensitized solar
cells through light manipulation; Ph;]; ]issertation [Online]U
The Pennsylvania State UniversityU University ParkU PLU
]ecember JBB9; httpKNNetda;libraries;psu;eduNthesesNapprovedN
WorldWide”ndexNíT]RMB4MNindex;html Iconsulted on the Jnd
Lpril JBM2/;

Penn State ]epartment of [hemistry; httpKNN
www;chem;psu;eduN Iconsulted on the 7th june JBM2/;

Mallet [hemistry @ibraryU University of Texas @ibraries;
Thermo]ex home pageK Ln index of selected thermodynamic
and physical property resources; httpKNNwww;lib;utexas;eduN
thermodexN Iconsultado el Mk de marzo de JBM2/;

Web sites

In press
MartínezU F;P qouybanU L;P LcreeU W; í;U qr; [omments on
‘‘Solubility and thermodynamic function of a new anticancer
drug ibrutinib in JRIJRethoxyethoxy/ethanol O water mixtures
at different temperatures”; J. Chem. Thermodyn; 2015; ”n
press; ]O”K httpKNNdx;doi;orgNMB;MBM4Nj;jct;JBM9;MM;BHM

Tables and figures

Preparation for on-line submiting

•
•

PhotosU diagramsU mapsU and graphics should be mentioned as
figures; We encourage authors to present data in figures instead to
tables; ”n any caseU redundancy among tablesU figuresU and text should
be avoided;
Figures with legends have to be sent individually in format ;T”FFU

of excellent qualityU with a minimum resolution of HBB dpi and with
one of two sizes Ik cm of widthU that is a columnU or JB cm that
covers the two columns/; The color impression does not generate
additional costs for the authorsU howeverU it represents a greater cost
for the journal; With this in mindU a scale of grey or trams should be
used whenever possible; The use of color might be considered when
it is strictly necessary; Figures originally created in Microsoft Word
or íxcel should be sent in that program;
Tables should be included in the body of the manuscript at the end

of the document; Voth tables and figures have to be selfRcontained
IThey should be interpreted without needing information from the
body of the manuscript/; _eys and abbreviations should be described
in the legend of the figure and in the title or foot of the table; ”t is
advised to provide in addition to the averageU the standard deviationU
and other notable statistical information;
The labels of each table have to be at the top of itU whereas in

figures the labels have to be presented at their foot; Small figures
should be avoidedK group figures with information related in
compound figures entitled with letters IFigure MaU Figure HbU etc;/; ”f
a manuscript contains tables or figures reproduced Ieven if they are
from the author Is/ submitting the manuscript/ it is compulsory to the
authors to declare the origin and to present permission to use them; ”t
is responsibility of the authors to achieve the corresponding
permission; ”n case of any doubt in this regardU please contact the
journal via eRmail Ircolquim_fcbogWunal;edu;co/ or by telephone
IO97M HM49BBB íxt; M2298/;

Vefore sending your manuscriptU by the Portal or by emailU verify that
it fulfils with the following conditionsK

”t has a title in the H languages requested;
”t provides full names of the authorsU and for each one it is

mentionedK
o @ast professional title;
o ”nstitution in which the author works;
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Cost of the publication

The publication of a manuscript with an extension up to three pages
of the journal will have a cost d/OFOOO Colombian pesosS Additional
pages will cost of d:OFOOO Colombian pesos each oneS

o Country and city of residenceS
o ENmailS

It presents an analytical abstractF of maximum :OO wordsF in the
three languages requestedS
It presents keywordsF in the / languages requestedS
The body of the article follows the format requestedS
The cited references in the body of the article appear in the section
REFERENCES and vice versaS
The format of the references follows the indications stipulated in
this guideS
In the references the DOI of the articles are presentedF if it is the
caseS
The figures are in format STIFF with resolution greater than /OO
dpiS Iin separated filesqS If a figure was created in Word or Excel
then sent it in that formatS
The tables are placed at the end of the documentS
A letter presenting the manuscript in a format as suggested above
is includedS Available in http:DDwwwSrevistasSunalSeduScoDindexSphpD
rcolquim

•

•
•
•

•

•

•

•

Manuscript accepted for publication

If the Editor has notified the correspondence author that his Iherq
manuscript could be accepted for publication in case the
modifications suggested by the referees are taken into accountF the
author should send the new version of the manuscript accompanied of
a letter detailing the response to each one of the commentsS In the
case a comment is not taken into account the author should justify the
reasonS The new version of the manuscript should be created with the
“track changes” option or highlighting in yellow the changesF so that
the Editor can identify them easilyS

The new version of the manuscript in which the author uses the
option “track changes” or highlight in yellow the modifications
performedS
A letter detailing the response to each one of the commentsS In the
case a comment is not taken into account the author should justify
the reasonS
In the case that a reviewer suggest that a figure should be
modifiedF then be aware that it should be in format STIFF with a
resolution greater than /OO dpiS

•

•

•

Once the process of reviewing is completedF the Editor will send an
email to the correspondence author manifesting the decision of the
Editorial BoardS If the manuscript is accepted for publicationF an eN
mail attaching the suggestionsF indicationsF and comments of each
reviewer will be sent to the correspondence authorS To continue with
the process of publicationF the author should send the following
archives to the email of the journal Ircolquim_fcbog@unalSeduScoq:

•




