ISSN 2410-3934

Journal of Chemical
and Physical Energy

Volume 9, Issue 26 — January — June — 2022




ECORFAN-Bolivia

Editor in Chief
ROSALES-BORBOR, Eleana. BsC

Executive Director
RAMOS-ESCAMILLA, Maria. PhD

Editorial Director
PERALTA-CASTRO, Enrique. MsC

Web Designer
ESCAMILLA-BOUCHAN, Imelda. PhD

Web Designer
LUNA-SOTO, Vladimir. PhD

Editorial Assistant
TREJO-RAMOS, Ivan. BsC

Philologist
RAMOS-ARANCIBIA, Alejandra. BsC

Journal of Chemical and Physical

Energy, Volume 9, Issue 26, January to June -
2022, is a journal published biannually by
ECORFAN-Bolivia. Loa 1179, Sucre City.
Chuquisaca, Bolivia. WEB: www.ecorfan.org,
revista@ecorfan.org.  Editor in  Chief:
ROSALES-BORBOR, Eleana. BsC. ISSN-
2410-3934. Responsible for the last update of
this issue of the Unidad de Informatica
ECORFAN. ESCAMILLA-BOUCHAN,
Imelda. PhD, LUNA-SOTO, Vladimir. PhD,
updated as of June 30, 2022.

The views expressed by the authors do not
necessarily reflect the views of the publisher.

The total or partial reproduction of the contents
and images of the publication without the
permission of the Instituto Nacional del Derecho
de Autor is strictly prohibited.



Journal of Chemical and Physical Energy
Definition of Journal
Scientific Objectives

Support the international scientific community in its written production Science, Technology and
Innovation in the Field of Biology and Chemistry, in Subdisciplines of analytical chemistry,
pharmaceutical chemistry, physical chemistry, inorganic chemistry, chemistry, macromolecular, nuclear
chemistry, fluid physics, physics, statistics, molecular physics, theoretical physics.

ECORFAN-Mexico S.C. is a Scientific and Technological Company in contribution to the Human
Resource training focused on the continuity in the critical analysis of International Research and is
attached to CONACYT-RENIECYT number 1702902, its commitment is to disseminate research and
contributions of the International Scientific Community, academic institutions, agencies and entities of
the public and private sectors and contribute to the linking of researchers who carry out scientific
activities, technological developments and training of specialized human resources with governments,
companies and social organizations.

Encourage the interlocution of the International Scientific Community with other Study Centers in
Mexico and abroad and promote a wide incorporation of academics, specialists and researchers to the
publication in Science Structures of Autonomous Universities - State Public Universities - Federal IES -
Polytechnic Universities - Technological Universities - Federal Technological Institutes - Normal
Schools - Decentralized Technological Institutes - Intercultural Universities - S & T Councils -
CONACYT Research Centers.

Scope, Coverage and Audience

Journal of Chemical and Physical Energy is a Journal edited by ECORFAN-Mexico S.C. in its Holding
with repository in Bolivia, is a scientific publication arbitrated and indexed with semester periods. It
supports a wide range of contents that are evaluated by academic peers by the Double-Blind method,
around subjects related to the theory and practice of analytical chemistry, pharmaceutical chemistry,
physical chemistry, inorganic chemistry, chemistry, macromolecular, nuclear chemistry, fluid physics,
physics, statistics, molecular physics, theoretical physics with diverse approaches and perspectives, that
contribute to the diffusion of the development of Science Technology and Innovation that allow the
arguments related to the decision making and influence in the formulation of international policies in the
Field of Biology and Chemistry. The editorial horizon of ECORFAN-Mexico® extends beyond the
academy and integrates other segments of research and analysis outside the scope, as long as they meet
the requirements of rigorous argumentative and scientific, as well as addressing issues of general and
current interest of the International Scientific Society.



Editorial Board

NUNEZ - SELLES, Alberto Julio. PhD
Instituto Central de Analisis de Alimentos Utrecht

NAVARRO - FROMETA, Amado Enrique. PhD
Instituto de Petréleo y Quimica Azerbaijan

CORNEJO - BRAVO, José Manuel. PhD
University of California

CRUZ - REYES, Juan. PhD
Instituto de Catalisis y Petroleoquimica

STILIANOVA - STOYTCHEVA, Margarita. PhD
Universidad de Tecnologia Quimica y Metalurgia de Sofia

JIMENEZ - MOLEON, Maria Del Carmen. PhD
Universidad Auténoma del Estado de México

CORDOVA - GUERRERO, lvan. PhD
Universidad de la Laguna

ESCAMILLA - GARCIA, Erandi. PhD
Université de Bourgogne

CHEW - HERNANDEZ, Mario Luis. PhD
University of Nottingham

CARVAJAL - MILLAN, Elizabeth. PhD
Ecole Nationale Supérieure Agronomique de Montpellier



Arbitration Committee

PALOS - PIZARRO, Isidro. PhD
Centro de Investigacion en Quimica Aplicada

VALDES - ORDONEZ, Alejandro. PhD
Centro de Investigacion y de Estudios Avanzados

HERRERA - PEREZ, Gabriel. PhD
Universidad Autonoma del Estado de Morelos

RIOS - DONATO, Nely. PhD
Universidad de Guanajuato

SALAZAR - HERNANDEZ, Ma. Mercedes. PhD
Universidad de Guanajuato

GARCIA - ORTEGA, Héctor. PhD
Universidad Nacional Auténoma de México

LOPEZ - URETA, Luz Cecilia. PhD
Universidad de Guadalajara

CERTUCHA - BARRAGAN, Maria Teresa. PhD
Universidad Autonoma de Baja California

DEL VALLE - GRANADOS, José Mario. PhD
Centro de Investigacion Cientifica y Educacion Superior de Ensenada

RAMIREZ - JIMENEZ, Sandra Ignacia. PhD
Universidad Autonoma del Estado de Morelos

GAMBOA - HERNANDEZ, Adriana. PhD
Instituto Tecnoldgico de Saltillo

GARCIA - BETANCOURT, Maria Luisa. PhD
Universidad Autonoma del Estado de Morelos

DUARTE, Victor. PhD
Tecnoldgico de Estudios Superiores del Oriente del Estado de México



Assignment of Rights

The sending of an Article to Journal of Chemical and Physical Energy emanates the commitment of the
author not to submit it simultaneously to the consideration of other series publications for it must
complement the Originality Format for its Article.

The authors sign the Authorization Format for their Article to be disseminated by means that ECORFAN-
Mexico, S.C. In its Holding Bolivia considers pertinent for disclosure and diffusion of its Article its
Rights of Work.

Declaration of Authorship

Indicate the Name of Author and Co-authors at most in the participation of the Article and indicate in
extensive the Institutional Affiliation indicating the Department.

Identify the Name of Author and Co-authors at most with the CVU Scholarship Number-PNPC or SNI-
CONACYT- Indicating the Researcher Level and their Google Scholar Profile to verify their Citation
Level and H index.

Identify the Name of Author and Co-authors at most in the Science and Technology Profiles widely
accepted by the International Scientific Community ORC ID - Researcher ID Thomson - arXiv Author
ID - PubMed Author ID - Open ID respectively.

Indicate the contact for correspondence to the Author (Mail and Telephone) and indicate the Researcher
who contributes as the first Author of the Article.

Plagiarism Detection

All Articles will be tested by plagiarism software PLAGSCAN if a plagiarism level is detected Positive
will not be sent to arbitration and will be rescinded of the reception of the Article notifying the Authors
responsible, claiming that academic plagiarism is criminalized in the Penal Code.

Arbitration Process

All Articles will be evaluated by academic peers by the Double Blind method, the Arbitration Approval
is a requirement for the Editorial Board to make a final decision that will be final in all cases. MARVID®
is a derivative brand of ECORFAN® specialized in providing the expert evaluators all of them with
Doctorate degree and distinction of International Researchers in the respective Councils of Science and
Technology the counterpart of CONACYT for the chapters of America-Europe-Asia- Africa and
Oceania. The identification of the authorship should only appear on a first removable page, in order to
ensure that the Arbitration process is anonymous and covers the following stages: Identification of the
Research Journal with its author occupation rate - Identification of Authors and Coauthors - Detection of
plagiarism PLAGSCAN - Review of Formats of Authorization and Originality-Allocation to the Editorial
Board- Allocation of the pair of Expert Arbitrators-Notification of Arbitration -Declaration of
observations to the Author-Verification of Article Modified for Editing-Publication.

Instructions for Scientific, Technological and Innovation Publication

Knowledge Area

The works must be unpublished and refer to topics of analytical chemistry, pharmaceutical chemistry,
physical chemistry, inorganic chemistry, chemistry, macromolecular, nuclear chemistry, fluid physics,

physics, statistics, molecular physics, theoretical physics and other topics related to Biology and
Chemistry.


http://www.ecorfan.org/pdf/Originality%20Format-Formato%20de%20Originalidad_2.pdf
http://www.ecorfan.org/pdf/Authorization%20Form-Formato%20de%20Autorizacion_2.pdf
http://www.marvid.org/

Presentation of Content

As first article we present, Microstrip and coplanar lines with graphene, by MORALES-CENTLA,
Nathaniel, TORREALBA-MELENDEZ, Richard, TAMARIZ-FLORES, Edna lliana and LOPEZ-
LOPEZ, Mario, with adscription in the Benemérita Universidad Auténoma de Puebla, as next article we
present, Preparation advances of hydroxyapatite/ZnO composite using egg-shell, by CONTRERAS-DE
LA CRUZ, M. A., GARCIA-GONZALEZ, N., ENRIQUEZ-PEREZ, Ma. Angeles and CASTREJON-
SANCHEZ, V. H., with adscripcion in Tecnoldgico de Estudios Superiores de Jocotitlan, as third article
we present, Organic packaging proposal of biopolymer base starch-exudate tree Capparis scabrida for
blueberry’s conservation, by LAGOS-LOPEZ, Lorena, CRUZ-GOMEZ, Marco Antonio, TEUTLI-
LEON, Maria Maura Margarita and LOPEZ-AGUILAR, Genaro Roberto, with adscripcion in
Benemérita Universidad Auténoma de Puebla, as fourth article we present, A spectrophotometric method
for the quantification of clotrimazole from polymeric nanoparticles to Candida albicans vaginal
infections treatment, by MARTINEZ-PEREZ, Beatriz,z MORALES-RODRIGUEZ, Miguel,
CISNEROS-TAMAYO, Ricardo and PINON-SEGUNDO, Elizabeth, with secondment at Universidad
Politécnica del Valle de México and Universidad Nacional Auténoma de México.



Content

Article

Microstrip and coplanar lines with graphene

MORALES-CENTLA, Nathaniel, TORREALBA-MELENDEZ, Richard, TAMARIZ-
FLORES, Edna lliana and LOPEZ-LOPEZ, Mario

Benemérita Universidad Auténoma de Puebla

Preparation advances of hydroxyapatite/ZnO composite using egg-shell
CONTRERAS-DE LA CRUZ, M. A., GARCIA-GONZALEZ, N., ENRIQUEZ-PEREZ,
Ma. Angeles and CASTREJON-SANCHEZ, V. H.

Tecnoldgico de Estudios Superiores de Jocotitlan

Organic packaging proposal of biopolymer base starch-exudate tree Capparis
scabrida for blueberry’s conservation

LAGOS-LOPEZ, Lorena, CRUZ-GOMEZ, Marco Antonio, TEUTLI-LEON, Maria
Maura Margarita and LOPEZ-AGUILAR, Genaro Roberto

Benemérita Universidad Autonoma de Puebla

A spectrophotometric method for the quantification of clotrimazole from polymeric
nanoparticles to Candida albicans vaginal infections treatment
MARTINEZ-PEREZ, Beatriz,z MORALES-RODRIGUEZ, Miguel, CISNEROS-
TAMAYO, Ricardo and PINON-SEGUNDO, Elizabeth

Universidad Politécnica del Valle de México

Universidad Nacional Autbnoma de México

Page

1-7

8-16

17-29

30-37



Article

1

Journal of Chemical and Physical Energy

Microstrip and coplanar lines with graphene

June 2022, VVol.9 No.26 1-7

Lineas coplanares y de microcinta con grafeno

MORALES-CENTLA, Nathanielt’, TORREALBA-MELENDEZ, Richard*", TAMARIZ-FLORES,

Edna Iliana”” and LOPEZ-LOPEZ, Mario

"Benemérita Universidad Autonoma de Puebla, Faculty of Electronics Sciences, Mexico.
““Benemérita Universidad Autdnoma de Puebla, Faculty of Computer Science, Mexico.

ID 1% Author: Nathaniel, Morales-Centla / ORC ID: 0000-0001-8823-786X, CVU CONACYT ID: 1075434

ID 1% Co-author: Richard, Torrealba-Meléndez / ORC ID: 0000-0001-5138-3281, CVU CONACYT ID: 172841

ID 2% Co-author: Edna lliana, Tamariz-Flores / ORC ID: 0000-0002-0737-5177, CVU CONACYT ID: 172840

ID 3¢ Co-author: Mario Lépez-Ldpez / ORC ID: 0000-0003-0267-6947, CVU CONACYT ID: 67677

DOI: 10.35429/JCPE.2022.26.9.1.7

Received January 10, 2022; Accepted April 30, 2022

Abstract

This paper presents a study concerning the design of
transmission lines using graphene. This study aims to
obtain the thickness and conductivity values of graphene.
These values were obtained by performing simulations of
the skin effect and sheet resistance for different
conductivities and thicknesses of graphene. Finally, once
the values were obtained, simulations of microstrip and
coplanar lines were carried out to analyze the effect of the
graphene. In addition, a comparison between graphene
lines and copper lines was performed.

Graphene, Skin effect, Sheet resistance, Microwaves

Resumen

En este proyecto se presenta un estudio respecto al uso del
grafeno en el disefio de lineas de transmision con la
finalidad de obtener los valores de grosor y conductividad
del grafeno para que éste presente una baja resistividad de
hoja. Estos valores fueron obtenidos realizando
simulaciones del efecto piel y la resistencia de hoja para
diferentes conductividades y grosores del grafeno.
Finalmente, con los valores obtenidos se realizaron
simulaciones de lineas de microcinta y coplanares para
analizar el efecto que tiene el grafeno en estos dispositivos.
Ademas, se realiz6 una comparacion de los resultados con
lineas disefiadas con cobre.

Grafeno, Efecto piel, Resistencia de hoja, Microondas

Ci,tation: MORALES-CENTLA, Nathaniel, TORREALBA-MELENDEZ, Richard, TAMARIZ-FLORES, Edna lliana and
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Introduction

Today, wireless communications play an
essential role in daily life. Most wireless
communication systems are in the microwave
frequency range. Within these systems, passive
devices use different conductive materials,
seeking to have low electrical resistance and
high conductivity, deposited on rigid or flexible
substrates, such as glass, polymers, or fiberglass

[1]

One of the materials that have allowed
development in recent decades is graphene,
thanks to its electrical, mechanical, thermal, and
optical properties [2, 3]. Although this material,
due to its two-dimensional structure, is limited in
applications such as structural materials [2], this
characteristic, together with those mentioned
above, has allowed development in microwave
devices [3, 4], among which are transmission
lines, resonators and antennas [5, 6, 7, 10].

Microwaves devices

Microwave devices have different uses, ranging
from  telecommunications and  mobile
applications [7] to radar systems [8, 9].
Furthermore, the applications of microwave
devices have increased due to the rise of 14.0 and
the 10T. Therefore, the challenge of the design of
microwave devices is to offer responses that
satisfy the requirements of the new ways and
systems to communicate.

New methods for obtaining and applying
graphene have made this material a good option
for microwave devices design. One of the most
essential processes is graphene-based printing
[5, 10, 11, 12]. In this type of ink, it is possible
to be purely graphene or a metal/carbon-based
hybrid ink [13], but since in some environments
the hybrid ink can generate oxidation, and this
would impair conductivity, they have opted for
the purely carbon-based ink (graphene) [5, 11].
Another technique is laser-induced graphene
(LIG) [14], which is versatile for inducing
porous graphene from polymeric substrates.

ISSN: 2410-3934
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Making devices with graphene offers
several advantages, such as the low cost for its
mass implementation, its excellent mechanical
resistance [10, 11, 15], being able to use the
devices in varied environments without loss of
conductivity and being able to combine the
graphene with other elements to improve
properties [11]. Although graphene is not the
best conductor on the market, its advantages
over the most used manufacturing materials
counteract that part.

Skin effect

The skin effect (0) is a practical problem in all
conductors which consists in the fact that the
currents that are flowing on the conductor are
restricted to a small area, and the higher the
working frequency, the smaller the surface that
will be used currents [16], this is better
appreciated in

Figure 1.

Figure 1 Skin effect on the material

To obtain the value of the skin effect, we
use the equation:

2

6= 1)

wWHoo

For which it is necessary to know the
angular frequency (o), the conductivity of the
material (o), and permeability in free space (uo)
[16]. Table 1 shows the value of the skin effect
in some materials, varying the frequency.

Skin effect (8)

Material Conductivity(c), f=60Hz f=1KHz f=1MHz f=1GHz
S/m

Silver 62e6 8.25 2.02mm | 0.064 mm 2.02 um
mm

Copper 57e6 8.61 2.1mm 0.067 mm 2.11 um
mm

Gold 41e6 10.1 2.48 mm 0.79 mm 2.48 um
mm

Aluminum 38e6 10.5 2.58 mm 0.82 mm 2.58 um
mm

Steel 10e6 20.5 5.03 mm 0.159 mm 5.03 um
mm

Graphite Te4 246 mm 60 mm 1.90 mm 60.1 um

Silicone 2.3e3 1350 331 mm 10.5 mm 331.9 um
mm

Table 1 Materials and skin effect

MORALES-CENTLA, Nathaniel, TORREALBA-MELENDEZ,
Richard, TAMARIZ-FLORES, Edna lliana and LOPEZ-LOPEZ,
Mario. Microstrip and coplanar lines with graphene. Journal of
Chemical and Physical Energy. 2022
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According to Table 1, we can appreciate
the effect of the conductivity and the operation
frequency over the skin effect. Concerning
frequency, skin penetration decreases with
frequency increases. Similar behavior occurs
when the conductivity increase. For that reason,
in this work, we analyzed three graphene
conductivity values between 1.02 e4 S/m and
1.1e6 S/m; these are reported in other articles [5,
7,12, 17, 18, 19]. Figure 2 shows the skin effect
for the three graphene conductivity values
against the frequency.

3><10'4 ‘ ‘

—o =5.45e5 S/m

— =1.02¢4 S/m
o=1.1e6 S/m

2 2.5 3 85 4 45 5 8.5 6
w (rad/s) x10°

Figure 2 Relation between skin effect and angular
frequency

From figure 2, we observed that the skin
effect is inversely proportional to the frequency.
Besides, we analyzed skin effect versus
conductivity behavior for three frequencies in
the microwave range, varying the conductivity
value, considering the minimum and maximum
mentioned above.

1 x10™
—f =3e8 Hz
0.8 —f=2.45e9 Hz
f=10e9 Hz
—~06
E
04
0.2 ¥
0 = —
10° 10* 10° 108

o (S/m)

Figure 3 Relation between skin effect and conductivity

Figure 3 shows the behavior of the skin
effect concerning conductivity for three
frequency values. For the three frequency
values, the skin effect decreases with increasing
conductivity. The curve for 10GHz presents the
lowest values for the skin effect in a range of 0.2
to 0.01 mm.
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Correlation between conductivity and sheet
resistance

The sheet resistance is a property used
particularly in conductors and thin-film
semiconductors. This value does not depend on
the dimensions of the sheet, which makes a
comparison between samples easy [20].

Conductivity is the property of the
material for the propagation of heat or electric
current. The conductivity is denoted by the letter
o. Also, the inverse of the o is the electrical
resistance represented by p [21].

The sheet resistance is denoted by the
equation 2 in therm of the p.

Rsp = % (2)
Where:
Rsh = Sheet resistance (€2/sq)
p = Resistivity of material (QQ*m)
t = Thickness of material (um)
Although, in this article, we considered

the sheet resistance in terms of conductivity like
follow:

Rop = — 3)

In the analysis of sheet resistance of the
graphene, we use three reported values of
thickness of graphene [10, 14] and a
conductivity range between 1.02e3 S/m and 5e6
S/m[5, 7,12, 17, 18, 19]. Figure 4 shows the
variation of sheet resistance versus conductivity.

—t1=10 jim
—t2=80 pm
132150 um

100

B (2] [e ]
o o o
T

Rsh (©2/square)

N
(=]

o

10% 10° 108
o (S/m)

Figure 4 Response of sheet resistance with three thickness

MORALES-CENTLA, Nathaniel, TORREALBA-MELENDEZ,
Richard, TAMARIZ-FLORES, Edna lliana and LOPEZ-LOPEZ,
Mario. Microstrip and coplanar lines with graphene. Journal of
Chemical and Physical Energy. 2022
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From figure 4, we observe that the sheet
resistance decreases with the conductivity
increase. Moreover, the skin effect is raised
when the thickness of the material is reduced.
Therefore, to select a graphene material, we
must consider a trade-off between the thickness
and conductivity to ensure a low sheet resistance
for the graphene.

Microstrip lines

Microstrip lines are composed of a line of
conductive material separated from the ground
plane by a dielectric, either rigid or flexible [8,
22].

The simulated microstrip line was
designed over the glass as substrate with a
dielectric permittivity of &= 5 with a thickness
of h=1.6mm [14]. The line has an electrical
length of 90° for 5GHz and a characteristic
impedance of Z0=50Q. The dimensions of the
line were calculated employing the following
equations.

<2 (4a)

%:%[3—1—1n(23—1)+5”1{1n(3—1)+0.39—@}];%> 2 (4b)

& &

Where:
A= Zy ’£r+1+£r—1 (0.23_{_0.11)
60 2 Ert+1 Er
__ 377m
T 2ZgVEr
1
g+l | -1 12h\ "2
Eeff =5 T3 (1+7)2 (5)

The length L of the microstrip lines is
calculated by

C

A T [ferr
4

= (6)

4

L =

The microstrip line was simulated in
Sonnet (USA), the thickness of the graphene was
set up at t=0.050mm and conductivity of 3700
S/cm. The layout of the microstrip line is
presented in Figure 5, and the microstrip
dimensions are in table 2.

ISSN: 2410-3934
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— C —4 B 4

Figure 5 Microstrip line measures

7.78 mm 5.54 mm 2.77mm

Table 2 Measures of Microstrip

To evaluate the behavior of the graphene
line, we compared the insertion losses (S21) and
return losses (S11) of the graphene against
copper lines coefficients. Figures 6 and 7 show
these comparisons.

-20
-301

-40

S11 (dB)

-50+ —Graphane|-

—Copper

1 2 3 4 5 6 7 8 9 10
Frequency (Ghz)

Figure 6 Reflection coefficient response

Figure 6 compares the return losses of
microstrip lines with graphene and copper. This
comparison was performed in a frequency range
of 1 to 10 GHz. The return losses (S11) for the
graphene microstrip line present similar
behavior and amplitude as the copper microstrip
line. In both cases, the S11 is under -20dB.

——Graphene
—Copper r

0

-0.02 -

-0.04

S21 (dB)

-0.06

-0.08
1 2 3 4 5 6 7 8 9 10

Frequency (Ghz)

Figure 7 Transmission coefficient response

MORALES-CENTLA, Nathaniel, TORREALBA-MELENDEZ,
Richard, TAMARIZ-FLORES, Edna lliana and LOPEZ-LOPEZ,
Mario. Microstrip and coplanar lines with graphene. Journal of
Chemical and Physical Energy. 2022
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Figure 6 compares the return losses of
microstrip lines with graphene and copper. This
comparison was performed in a frequency range
of 1 to 10 GHz. The return losses (S11) for the
graphene microstrip line present similar
behavior and amplitude as the copper microstrip
line. In both cases, the S11 is under -20dB.

Figure 7, concerning the insertion losses
(S21), the graphene microstrip line presents a
higher insertion loss than the copper microstrip
line, as shown in Figure 8. This change is due to
the difference in conductivity. Insertion loss of
the graphene line remains at -0.07 to -0.02dB,
while S21 of the copper line is at -0.04 to -
0.005dB.

Response of simulation
Copper

Freg Sl11 S21
1GHz | -55.4902 | -0.0038
2.45GHz | -37.5923 | -0.0069
5.6 GHz | -21.4119 | -0.0409
10 GHz | -30.5344 | -0.0160
Graphene

Freg S11 S21
1GHz | -47.7863 | -0.0150
2.45GHz | -42.4298 | -0.0241
5.6 GHz | -22.0879 | -0.0640
10 GHz | -30.8236 | -0.0524

Table 3 Values obtained from S11 and S21 of copper
and graphene

Table 3 summarizes transmission and
reflection coefficients in the frequencies 1GHz,
2.45GHz, 5.6GHz, and 10 GHz of the microstrip
line with graphene and copper

Coplanar lines

The coplanar waveguide (CPW) is composed of
a conductor and two ground planes located on
each side of the conductor with a separation,
mounted on a dielectric on the same plane [23].

We take the following values for the
simulation of a CPW: as dielectric, we use glass
with a dielectric constant of er=5 and a thickness
of h=1.6mm. The design frequency was 5 GHz.
Besides, the line was designed considering an
electrical length of 90°, a characteristic
impedance Zo=50Q, and a value of C=3mm.
Figure 8 shows the layout of the CPW line.

To obtain the effective dielectric constant
Keff, we use the equation 7 [23]

ISSN: 2410-3934
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Kepr =[5+ 1/, ©)

The length (A) of CPW was obtained
with the equation 6. To avoid resonances higher
than the proposal, the value of C+2D must be
less than A/2, and the size of the ground planes
(2B) must be at least five times the value of
C+2D [24]. Through a parametric analysis based
on the principal values, we reduced the weight of
the ground plans to 2B=4C. Table 2 presents the
calculated dimensions of the CPW line.

D fe—G—f e———8——1 _

Figure 8 Design of CPW

A B C D
9.4 mm 6 mm 3 mm 0.3 mm

Table 4 Measures of CPW

Two CPW lines were simulated with the
last dimension in the HFSS software program.
In addition, one line was simulated considering
the graphene conductivity of 3700 S/c. The
other line was simulated using the copper
conductivity of 57e6 S/m. The results of the
return losses are shown in

Figure 2, and the insertion losses are shown in

Figure 3.

—Copper
—Graphene)|

1 2 3 4 5 6 7 8 9 10
Frequency (GHz)

Figure 2 Reflection coefficient response

MORALES-CENTLA, Nathaniel, TORREALBA-MELENDEZ,
Richard, TAMARIZ-FLORES, Edna lliana and LOPEZ-LOPEZ,
Mario. Microstrip and coplanar lines with graphene. Journal of
Chemical and Physical Energy. 2022
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0

I ‘ —Cobper
—Graphene
-0.2- ]

S21 (dB)
¢ o
o~

Frequency (GHz)

Figure 3 Transmission coefficient response

From Figure 9, the return losses of both
lines are under -30dB. The return losses of the
CPW line with graphene present a higher level
in a range of -35 to -30 dB. However, the return
losses of the CPW with cooper are in the range
of -45 to -33dB.

However, as in the microstrip line, the
CPW line simulated with graphene presents
higher insertion losses than the CPW line with
cooper. The insertion losses of the CPW
graphene line oscillate between -0.7 to -0.15 dB
in the simulated frequency range. Table 4
summarizes the insertion and reflection losses
for four frequencies.

Response of simulation |
Copper

Freg S11 S21
1GHz | -46.5965 | -0.0197
2.45GHz | -42.9147 | -0.0569
5.6 GHz | -32.2544 | -0.19.17
10 GHz | -36.6859 | -0.2279
Graphene

Freg Sl11 S21
1GHz | -35.9347 | -0.01332
2.45GHz | -32.8684 | -0.02633
5.6 GHz | -30.4198 | -0.5428
10 GHz | -35.4867 | -0.7412

Table 5 Values obtained from S11 and S21 of copper
and graphene

Conclusions

In this article, we can see that graphene is an
element that, due to its particular characteristics,
can be used for the design of microwave devices
as a conductive material and, due to its
mechanical properties, it can be deposited on
flexible substrates.

Besides, in this paper, we found a trade-off
between the conductivity and the thickness of
the graphene to obtain low sheet resistance, whit
the objective to reduce the insertion losses (S21)
of the designed lines.
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Abstract

In the present work, synthesis and characterization of a
Hydroxyapatite  (HAp)/Zinc  Oxide  (ZnO)-based
composite in proposed. The Egg-shell (ES) is used as
Hydroxyapatite source. We pretend to take advantage of
photocatalytic activity of both materials. This composite
can be applied in mineralization of organic dyes in waste
water. The methodology followed for the preparation of
the composite was carry out a Sol-gel of precursor ZnO
synthesis, after, it was mixed with the previously
synthesized Hydroxyapatite and calcinated at 650 °C.
Later, all materials were characterized using of Raman
Spectroscopy and X-Ray Diffraction (XRD), to determine
the crystalline phases present; Scanning Electron
Microscopy (SEM) to obtain the morphology; Energy
Dispersive Spectroscopy (EDS) to determine elemental
composition. It was possible to synthesize a HAp/ZnO
composite, the characterization showed that it was
obtained a composite with carbonated hydroxyapatite
Type B. It is important to highlight that the method of
composite synthesis, it was not a homogeneous synthesis,
it is proposed to look for another impregnation method.

Synthesis, Characterization, Impregnation

Resumen

En el presente trabajo, se propone la sintesis y
caracterizacién de un composito de Hidroxiapatita (HAp)/
Oxido de Zinc (ZnO), la Hidroxiapatita se obtiene a partir
del Cascaron de Huevo (CH), el proposito de realizar este
compdésito es para aprovechar la capacidad fotocatalitica
de ambos materiales, este composito podra aplicarse en la
mineralizaciéon de colorantes en aguas residuales. La
metodologia que se siguié para la preparacion del
compdsito fue realizar una sintesis Sol-gel del precursor
de ZnO, mezclando la Hidroxiapatita previamente
sintetizada y calcinando a 650 °C; posteriormente se
realiz6 la caracterizacion por medio de Espectroscopia
Raman y Difraccion de Rayos X (DRX), para determinar
las fases cristalinas presentes; la Microscopia Electrénica
de Barrido (MEB), para conocer la morfologia; la
Espectroscopia de Energia Dispersiva (EED) para obtener
la composicion elemental. La caracterizacion permitié ver
que se obtuvo un composito con hidroxiapatita
carbonatada Tipo B, es importante destacar que el método
de sintesis del compdsito no fue una sintesis homogénea,
se propone buscar otro método de impregnacidn.

Sintesis, Caracterizacion, Impregnacion
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Introduction

Nowadays, researchers are searching to obtain
compound materials also known as composites.
They consist of two or more different class of
materials that make up areas larger enough to be
consider as continuous, and they are strongly
bonded at interface.

Some examples of composites are:
reinforced rubber, mortar and concrete, alloys,
porous and fissured media, lined and chopped
fiber composites, polycrystalline aggregates
(metals), heterogeneous catalyst, etc. (Hashin,
1983) (Campbell, 2010).

Heterogeneous photocatalysis is a very
used method for waste water treatment, because
it employs unexpensive reactants and they are
efficient in pollutants remotion. In particular,
ZnO is a material that can be used for
homogeneous photocatalysis, low cost and easy
to obtain (Lee, 2016) (Janotti, A. & Walle, C. V.,
2009) (Abdessemed, A., Rasalingam, S,
Abdessemed, S., Djebbar, K. E., & Koodali, R.,
2019).

Some researchers mentioned that metal
oxide-based semiconductor photocatalysts are
the most used, and between them, ZnO an TiOx.
(Palanive, C., N. P., & Selvakumar, G., 2019)
(Saravanakkumar, D., Oualid, H. A., Brahmic,
Y., Ayeshamariam, A., Karunanaithy, A.,
Mohamed Saleeme, A., Kaviyarasu, K.,
Sivaranjanih, S., Jayachandran, M., 2019)
(Macwan, D., Dave, P., & Chaturvedi, S., 2011).

Zinc oxide is a n-type semiconductor
material, 3.3 eV bandgap, exciton binding
energy of 60 mV. ZnO bandgap allows to use
UV light to activate it in order to degrade organic
pollutants (Abed, C., Bouzidi, C., Elhouichet,
H., Gelloz, B., & Ferid, M., 2015.) (Daneshvar,
N., Salari, D., & Khataee, A., 2004).

Pure stoichiometric hydroxyapatite (HAp)
is made up by calcium, phosphor and hydrogen
atoms (Rivera, R., Riafio, H., Echavarria, A,
Monsalve, P., Alzate, G., Restrepo, L., &
Jaramillo, C., 2004.), according to next formula:
Cai0(PO4)s(OH)2. HAp belongs to a larger group
of compounds known as apatites, which are
different kind of compound with several
composition according to general formula

ISSN: 2410-3934
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X3Y2(TO4)Z (1)
Where:

X o0 Y= Ca. Sr, Ba, Re, Pb, U, Mn and
sometimes Na.

T=P,As,V,Si, Sy C (as COs3).

Z=F,Cl, OH y O (Corefio, J., Mjica, C.,
& Hernéndez, C., 2010).

Ochoa et al. mentioned that stoichiometric
Hap [Ca1o(POa4)s(OH)2] must have a Ca/P ratio
of 1.67. Carbonated HAp can be classified into
A-type (when COs% occupies OH" positions), B-
type (COs® replacing PO4* ions) and AB-type
(when A and B substitution are present
simultaneously) (Ochoa I., Lépez E., Copete H.,
2021).

All those combinations, becomes HAp
into an attractive material for medical
application, catalysis, fertilizer, pharmaceutical
and for wastewater treatment (Gomes, D.,
Santos, A., Neves, G., & Menezes, R., 2019).

An important factor between different Hap
is its atomic ratio Ca/P, due to its influence over
their properties (Dai, H., Tan, X., Zhu, H., Sun,
T., & Wang, X., 2018), values below 1.67
reports a Hap with a lack of Ca, in contrast,
higher values possess a huge quantity of
carbonates. (Londofio, M., Echavarria, A., & De
La Calle, F., 2006). The Ca/P ratios is related
with:

- Synthesis type: in general, it could be
chemical methods such as hydrotermal,
precipitation ang sol-gel.

- Raw materials: synthetic or natural sources
(fish scale, porcine and bovine, eggshells)
(Jin, X., Chen, X., Cheng, Y., Wang, L., &
Hu, B., 2015).

CONTRERAS-DE LA CRUZ, M. A., GARCIA-GONZALEZ,
N., ENRIQUEZ-PEREZ, Ma. Angeles and CASTREJON-
SANCHEZ, V. H. Preparation advances of hydroxyapatite/ZnO
composite using egg-shell. Journal of Chemical and Physical
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México ranks 4™ place in the Word in egg
production; it is calculated that 45000 million of
eggs are processed annually. Annual per capital
consumption ascends to 345 eggs, which
represents legg daily (Garcia S., 2019). Using
natural sources such as eggshells represents two
advantages: economical savings and disposal.
Due to this, green synthesis is a good method to
obtain HAp using eggshells (Reyes, 2002), only
it is necessary change some process parameters
such as: temperature, pH and reactants purity;
which are key factor to ensure a high quality and
stoichiometric Hap, also minimizing cost and
processing time. (Akram, M., Ahmed, R.
Shakir, 1., Ibrahim, W., & Hussain, R., 2014).

In present work, a composite material
synthesis is reported using HAp and ZnQO; they
were obtained reusing eggshells and by sol-gel
method, respectively. Later, both components
are coupled. Composite material is tended to be
used in organic dyes degradation.

Methodology
Reactants

Hydrogen peroxide (90%, Sigma Aldrich),
phosphoric acid (85%, Sigma Aldrich), distilled
water, anhydrous ethanol, Zinc Acetate and
oxalic acid.

Hydroxyapatite Synthesis (HAp)

For Hap synthesis, methodology proposed by
Enriquez et al. (Enriquez-Pérez, Ma. Angeles,
Castrejon-Sanchez, Victor Hugo, Rosales-
Davalos, Jaime Y Diaz-Camacho Francisco
Javier A., 2020), was followed. HAp was
prepared using eggshell impregnated with
H3PO4 and subsequently calcined for 2 h at 800
°C.

Sol-gel synthesis of Zinc Oxide

Initially, two solutions were prepared, both
solutions contain ethanol; solution A, was heated
at 60 °C and solution B; both of them with slow
stirring. Once temperature was reached, zinc
acetate and oxalic acid was poured into solution
A and solution B, respectively. Both solutions
were magnetically stirred until they were
completely homogeneous. Later, solution A is
poured into solution B under continuous
magnetic stirring. The solution is aged for 24 h.
Later, it is calcined at 650 °C for 30 min.

ISSN: 2410-3934
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Hydroxyapatite (HAp) / Zinc oxide (ZnO)
composite by sol-gel method

Composite was prepared mixing HAp powders
with Zinc under magnetic stirring for 2 h and it
was annealed at 650 °C for 30 min.

Material characterization

Material characterization was carried out using
Raman  Spectroscopy, X-Ray Diffraction
(XRD), Scanning Electron Microscopy (SEM)
and Energy Dispersive Spectroscopy (EED).

Composite’s Crystalline phase
identification was done using a Jobin Yvon
Horiba model XploraPlus microRaman system.
A solid-state laser (A=532 nm), 25 mW of
nominal power, a 50X objective was used to
focus and to recollect scattered light. Power on
surface’s sample is 10% of nominal power. 1200
I/mm grating is used, 100 acquisitions were
averaged with exposure time of 1 s each one. A
1200 lines per milimeter was used, 100
acquisition were average with an exposire time
of 1 s each, ranging from 70 to 2000 cm™.

Determination crystalline planes were
determined using a Bruker Model Discover D8
(Cu, A=1.54 A) system, 26 mode was used from
28 a 80°, 0.02 ° per step, 1 s for step, 40 kV and
40 mA.

Morphology was studied by means of Jeol
SEM model 1T-100 coupled to Bruker model
Nano D-12489) using 20KV of accelerating
voltage, High Vacuum and secondary electron
signal.

An elemental analysis was carried out to
obtain information concerning to HAp
composition as Ca, P and Zn content; because of
Ca/P ratio importance. Additionally, Elemental
mapping was performed to determine
homogeneity of the sample.

CONTRERAS-DE LA CRUZ, M. A., GARCIA-GONZALEZ,
N., ENRIQUEZ-PEREZ, Ma. Angeles and CASTREJON-
SANCHEZ, V. H. Preparation advances of hydroxyapatite/ZnO
composite using egg-shell. Journal of Chemical and Physical
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Results and discussion
Raman spectroscopy

Figure 1, shows Raman spectra for composite
and for individual components. Figure 1b
presents signals located at 99, 328, 380, 436 and
a band at ~1140 cm™. Being most intense
signals, those located at 99 y 436 cm™, which
belongs to E21 y Ezn vibrational modes of
hexagonal wursite phase of ZnO, respectively.
Signal positioned at 328 cm™ is attributed with
acoustic phonons and it corresponds to Ezn-E2L
vibrational modes (Xiong, Pal, & Garcia
Serrano, 2007). (Abed, C., Bouzidi, C.,
Elhouichet, H., Gelloz, B., & Ferid, M., 2015.).

A shoulder is present at 380 cm™ and it is
directly related with A1 (TO) vibrational mode.
A signal weak appears at ~570 cm™, due to A;
(LO) vibrational mode and it can be associated
to oxygen deficiencies in ZnO lattices. There is
a band approximately at 1140 cm™ assigned to a
1LO second overtone (Xiong, Pal, & Garcia
Serrano, 2007) (Giri, Bhattacharyya, Singh,
Kesavamoorthy, Panigrahi, & Nair, 2007).

Raman spectra for HAp can be observed in
figure 1c. Signals were found at 150, 203, 279,
356, 701, 961 and 1080 cm™. It has been
reported that group P03 rises signals between
428-450 cm™, 581-608 cm™ as a product of voy
vi, respectively. There is a very intense peak at
961 cm™ is caused by v; vibration type and some
minor signals at 1029 a 1076 cm™ corresponding
to a vz vibrational mode. In our measurements,
only a weak signal attributed to PO;~ group
were found at 961 cm™ (Fig. 1c) (de Grauw, C.
J.; de Bruijn, J. D.; Otto, C.; and Greve, J. , 1996)
(Markovic, Fowler, & Tung, 2004).

An intense peak is located at 1075 cm?
caused by vi vibrational mode belonging to
CO5~ substitutional B-Type group with a small
contribution of v vibrational mode from P03~
group positioned at 1076 cm. Other C02~
minor signals can be located at 153, 278 y 711
cm (Timchenko, Timchenko, Frolov, Volova,
& Pisareva, 2018) (Harris, Mey, Hajir,
Mondeshki, & Wolf, 2015).
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In case of signal located at 203 cm?, it is
caused by vibration between Ca — PO,; this
group also has a signal positioned at 141 cm™
that is too close to a signal at 153 cm™, which
belongs to the same group. (Yilmaz & Elvis,
2014).

Because of the intensity of signal located
at 107 6 cm™ originated by C0Z%group, all
seems to indicate the presence of type-B
(Markovic, Fowler, & Tung, 2004).

Finally, figure 1c corresponds to
composite that has been prepared coupling Hap
and ZnO. Dash lines are used as visual guide to
identify how every signal corresponding to
individual component, also appear for
composite. It is important to note that signal
lying at 436 cm™ from ZnO, is losing intensity.
This may be due changes in formation
temperature of hexagonal ZnO, as a result of
coupling Hap/ZnO.

200 400 600 800 1000 1200 1400 1600 1800 2000
N SLE BENL N B R

T T T T T T T T T T
P — Composite HAp/ZnO (a)

Intensity (au)

:u : I‘ i. ‘ Ii " 1 ; 1 " iI . 1 " 1 " 1 " 1 "
200 400 600 800 1000 1200 1400 1600 1800 2000

Raman Shift (cm™)

Figure 1 Raman spectra of the composite (a), ZnO (b) and
Hydroxyapatite (c) synthesized
Source: Own elaboration

X-Ray Diffraction (XRD)

Figure 2 shows analysis results for XRD
measurements for composite, HAp, ZnO and
ZnO precursor.

CONTRERAS-DE LA CRUZ, M. A., GARCIA-GONZALEZ,
N., ENRIQUEZ-PEREZ, Ma. Angeles and CASTREJON-
SANCHEZ, V. H. Preparation advances of hydroxyapatite/ZnO
composite using egg-shell. Journal of Chemical and Physical
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ZnO (figure 2b) possesses peaks at values
for 26 at 31.7°, 34.4°, 36.3°, 47.5° 56.6° and
62.8°, they belong to diffraction planes (100),
(001), (101), (102), (110) and (103),
respectively; they are characteristic for
hexagonal wurzite ZnO and agreed well with
previous reports (Alami, Salem, Gaidi, &
Elkham, 2015) (Baneto, Enesca, Lare, Jondo,
Napo, & Duta, 2014).

Figure 2d displays spectra for HAp, peaks
are present for 26 angles at 31.7°, 37.3°, 53.84°,
representative for apatites, previously reported
(El Hadad, A. A.; Barranco, V.; Jiménez M., A.;
Peon, E.; Galvan, J|. C., 2010).

Because we have carbonated HAp, it is
possible that Zn ions occupies sites
corresponding to CO4~ ions. When HAp and
ZnO are coupled, the signals become broad and
intensity diminishes (see figure 2a), both
material signals ovelap. Additionally, there is a
signal from oxide precursor at 26= 30.1°%
because al raw material is not reacting; as
suggested by Raman Spectroscopy. To achieve a
better composite homogeneity and crystallinity,
it is recommended to improve impregnation
technique between materials.

Scanning Electron Microscopy (SEM) and
Energy Dispersive Spectroscopy (EDS)

Energy Dispersive Spectroscopy (EDS) allows
to obtain elemental composition of composite
and individual components (Table 1); when
atomic percentages are compared, changes in the
materials cab be observed. Based on atomic ratio
Ca/P, a value of 201 and 38.44 are calculated for
HAp and for composite, respectively; a several
drop of Ca/P ratio that HAp is hydroxylating and
carbonating, (Markovic, Fowler, & Tung, 2004).

Also, Ca/Zn ratio was calculated and a
value of 1.61 was obtained; it indicates there is
one Ca atom for each two Zn atoms and it is
associated to composite formation. Finally, C/P
ratios as calculates for HAp and composite, a
43% decrease was observed for composite;
which confirms there is a interaction between
HAp an ZnO (Ochoa I.,Lopez E., Copete H.,
2021). Elemental analysis for Zinc oxide
presents a stoichiometry closed to theorical
value (Zn 50 %At. and O 50 %At.).
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Figure 2 Diffractograms of the composite (a), ZnO (b)
ZnO Precursor (c), and synthesized Hydroxyapatite (d)
Source: own elaboration

Atoms | ZnO (%At) | HAp (%At.) | Composite (%At.)

C - 22.59 34.28
) 57.26 53.13 45.47
Zn 42.74 - 7.63
P - 0.12 0.32
Ca 24.16 12.3
CalP 201 38.44
C/P 188 107
Cal/Zn - 1.61

Table 1 Elemental analysis results for ZnO, HAp and
Composite
Source: Own elaboration

An elemental mapping was performed to
composite; Zinc and Calcium were our principal
interest in order to know distribution of ZnO and
HAp. Purple color is associated with Ca
presence and yellow color with Zn. Elemental
mapping indicates that ZnO is on HAp surface
(Figure 3). Scanning Electron Microscopy
(SEM) was used to determine composite (Fig.
4), ZnO (Fig.5) and HAp (Fig.6) morphology.
Micrographies clearly demonstrate that Zinc
oxide is growing up on HAp surface. However,
some areas of HAp did not contain ZnO, as can
be observed by predominance of purple zone in
figure 3. ZnO is having an agglomerate growth
with several shapes. For HAp, it was observed a
reef-like morphology with pore size smaller than
5 um, as can be seen on figure 6.

CONTRERAS-DE LA CRUZ, M. A., GARCIA-GONZALEZ,
N., ENRIQUEZ-PEREZ, Ma. Angeles and CASTREJON-
SANCHEZ, V. H. Preparation advances of hydroxyapatite/ZnO
composite using egg-shell. Journal of Chemical and Physical
Energy. 2022



13

Article Journal of Chemical and Physical Energy
June 2022, Vol.9 No.26 8-16

Bl

COMPOSITO
Ch1 MAG: 2500x HV:20kV WD: 12.1 mm

SED 20.0kVWD12mmP.C.40 HV  x5,000 5pm
Fase3

Figure 3 Mapping for Zn (yellow) and Ca (purple) Figure 6 SEM Image of Hydroxyapatite
Source: Own elaboration Source: Own elaboration
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Composito

Figure 4 SEM image of composite Conclusions
Source: own elaboration

It was possible to synthesized HAp/ZnO-based
composite through mixing HAp and ZnO
precursor with a later thermal treatment. HAp
was obtained from eggshell recycling and ZnO
by sol-gel method. Raman spectroscopy shows
that pure HAp and HAp in composite were type-
B HAp. For ZnO, the unique phase present was
hexagonal wursite, which is widely used in
photocatalysis.

XRD confirms presence of HAp and ZnO

X " in composite. Using SEM allows to determine
SED 2000y wor2mme, D vl 080 s ix o) morphological characteristics of composite.
o B " Elemental mapping exhibited that ZnO is on the
Figure 5 SEM Image of ZnO HAp surface. Unfortunately, the composite is
Source: own elaboration not homogeneous, due to ZnO was not deposited

on all HAp surface.

Elemental composition and Raman
spectroscopy confirm that type-B carbonated
HAp with ZnO was obtained with the proposed
methodology. This material was synthesized
aiming to be applied in degradation of dyes
present in waste water.
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Abstract

The current need to reduce environmental degradation and
seek environmentally friendly packaging alternatives has
encouraged research into new products based on biological
resources such as biopolymers (polysaccharides), such as the
starch in potatoes. The objective of this research was to
identify the properties of potato peel joined with a natural
plasticizer obtained from tree exudate Capparis scabrida as a
blueberry packaging alternative, which presents sensitivity to
deterioration, a suitable packaging with an abundance of
starch can delay this phenomenon, on the other hand,
synthetic polymer packaging deteriorates the product. A
mixed analysis was performed, applying the quantification
and estimation of the biopolymer for the packaging’s
development according to the control variables such as
biodegradability, functionality, breathing rate, and weight
loss of the fruit. The technical data obtained from the
biopolymer were the basis of the decision-making process for
the implementation of packaging as a replacement for
existing synthetic polymers. The characterization will be the
reason for future works for its optimization.

Biopolymers, Packaging, Blueberries

Resumen

La necesidad actual de reducir el deterioro ambiental y buscar
alternativas de embalaje amigables con el medio ambiente ha
fomentado investigar nuevos productos basados en recursos
bioldgicos como los biopolimeros (polisacaridos) por
ejemplo, el almidon contenido en las papas. El objetivo de
esta investigacion fue identificar propiedades de la cascara de
papa junto con un plastificante natural obtenido del exudado
de arbol Capparis scabrida como alternativa de embalaje de
blueberries, el cual presenta sensibilidad al deterioro, un
embalaje adecuado con abundancia de almidon puede
retardar este fendmeno, por otro lado, los embalajes de
polimeros sintéticos deterioran el producto. Se realiz6 un
andlisis mixto donde se aplicd la cuantificacion y estimacion
del biopolimero para el desarrollo del embalaje en funcion de
las variables de control como la biodegradabilidad,
funcionalidad, tasa de respiracion y pérdida de peso de la
fruta. Los datos técnicos obtenidos del biopolimero fueron la
base de la toma de decisiones para llevar a cabo la
implementacion de un embalaje como sustituciéon del
existente  constituido de polimeros sintéticos. La
caracterizacion serd motivo de trabajos futuros para su
optimizacion.

Biopolimeros, Embalaje, Blueberries
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Introduction

Polymers are monomers with an abundance of
interconnected atoms (carbon, sulfur, nitrogen,
or oxygen) that form long chains (the backbone
of the polymer). (Wagner et al., 2014). Those
that are biologically based, biodegradable, or
both (derived from biological resources or fossil
fuels), are known as biopolymers. They can be
naturally derived from renewable or synthetic
resources from fossil fuels. (Niaounakis, 2015,
2019). Polysaccharides are a classification
within natural or biological biopolymers that
have a high molecular weight and can be of
animal, microbial, algae, and plant origin.
Among the most common polysaccharides is
starch. (BeMiller, 2019; Maji, 2019; Niaounakis,
2015). It is composed of amylose (crystalline
linear polymer) and amylopectin (branched and
amorphous polymer). One of the main sources
from which it is extracted is the potato.
(BeMiller, 2019; Vroman & Tighzert, 2009).

This tuber represents the fourth most
produced crop worldwide, below corn, wheat,
and rice. From it, the peel is obtained as essential
organic matter because it is nourished with
antioxidants and microbial compounds, also is
convenient to use in the field of food processing
and storage. (Gebrechristos y Chen, 2018;
Thakur et al., 2021). However, in its natural
form, it has high fragility, sensitivity to water
and is devoid of mechanical properties. To solve
this problem, mixtures of starch with synthetic
polymers are made. (Vroman, & Tighzert,
2009). And natural plasticizers (resins,
trementines, gums, and rubbers) based on tree
exudates (Gonzaga et al., 2019).

This research aimed to identify the
properties of potato peel joined with a natural
plasticizer obtained from tree exudate Capparis
scabrida as a blueberry packaging alternative
that is sensitive to deterioration, a suitable
packaging with an abundance of starch may
delay this phenomenon, however, synthetic
polymer packaging deteriorates the product. On
the other hand, the use of low-cost waste that is
created and converted into high-value products
generates a positive impact on the environment.
(Thakur et al., 2021).
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Methodology

This research had a mixed approach due to the
use of quantitative and  qualitative
methodologies based on biopolymers books,
journals, and research articles. The current need
to reduce environmental degradation and seek
environmentally friendly packaging alternatives
has encouraged research into new products
based on biological resources such as
biopolymers (polysaccharides), like the starch in
potatoes. Due to previous studies, it was
identified that quantitative variables were
relevant to obtaining data on water sensitivity,
barrier properties, respiration rate, and weight
loss of Dblueberry packaging through
experimentation and laboratory tests. On the
other hand, in the development of the theoretical
perspective concerning qualitative variables
were estimated, the point of view of the authors
where marketing costs and product life. This
research aimed to identify the properties of
potato peel joined with a natural plasticizer
obtained from tree exudate Capparis scabrida as
an alternative to blueberry packaging, which is
sensitive to deterioration, suitable packaging
with an abundance of starch can slow this
phenomenon, on the other hand, synthetic
polymer packaging deteriorates the product.
However, the results of the relationship between
guantitative and qualitative data in an analysis of
the mixed parameters determine that a packaging
made with biopolymer represents a product with
better storage conditions for natural products,
which is appreciated throughout society based
on previous studies. Therefore, it is proposed to
carry out packaging for blueberries with a higher
degree of biodegradability than those existing in
the market by adding a natural plasticizer
(Sampieri et al., 2010).

Biopolymers: polysaccharides

Polymers are monomers with an abundance of
interconnected atoms (usually carbon, sulfur,
nitrogen, or oxygen) that form long chains (the
polymer’s backbone). The combination of atoms
in each of them has a unique configuration.
(Wagner et al., 2014). Polymers that are
biologically based, biodegradable, or both
(derived from biological resources or fossil
fuels), are known as biopolymers. They can be
natural from renewable or synthetic resources
from fossil fuels. (Niaounakis, 2015, 2019).

LAGOS-LOPEZ, Lorena, CRUZ-GOMEZ, Marco Antonio,
TEUTLI-LEON, Maria Maura Margarita and LOPEZ-AGUILAR,
Genaro Roberto. Organic packaging proposal of biopolymer base
starch-exudate tree Capparis scabrida for blueberry’s conservation.
Journal of Chemical and Physical Energy. 2022
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Polysaccharides are a classification within
natural or biological biopolymers that have high
molecular weight. The term saccharide is
derived from sucrose, which is an ancient
concept for cane sugar. They are bound with
glycosides in amounts greater than 20 to 60,000.
They are abundant in nature and their main
sources of origin are the animal, microbial,
algae, and vegetable. Among the most common
polysaccharides is starch. (BeMiller, 2019; Maji,
2019; Niaounakis, 2015).

b) o HO OH
HO o
HO
HO 0
0
HO OH H
H o H (o]
H%\:
H i}
(,)\)\
0
+

Figure 1 The chemical structure of (a) amylose showing
only the most common type of linkages, (1,4)-a-D
linkages and (b) amylopectin consisting of both (1,4)-a-D
linkages (highlighted in red) and (1,6)-a-D linkages
(highlighted in blue). Source Lauer & Smith (2020)

e

Starch and packaging

The present society seeks to reconsider its
decisions at buying, taking as a priority the
environmental factor. (Romojaro et al., 2021).
Reducing the use of raw materials and non-
renewable energy will 1mprove people’s
lifequality. (Pardave, 2007). The starch is
biodegradable, environmentally friendly, and
has low cost due to its high availability. It is
produced in the form of hydrophilic granules
(affinity to water) by agricultural plants. It is
composed of amylose (crystalline linear
polymer) and amylopectin (branched and
amorphous polymer). The amounts of these
depend on the type of starch. However, it cannot
have many uses in its natural form as it is devoid
of mechanical properties, has high fragility and
sensitivity to water. (Bolivar, 2020; Vroman, &
Tighzert, 2009).
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Plastic starch films are used for food
packaging because of their low permeability.
They protect from exposure to the environment
and seal the contained products. These films
have great advantages, as they are: good optical
and mechanical properties. Moreover, they have
sensitivity to moisture and deficiency in water
barrier properties. To solve it, mixtures with
different polymers are made. (Niaounakis, 2015;
Vroman & Tighzert, 2009).

Improvement of mechanical properties

The improvement of mechanical properties can
be obtained by the acetylation process (a
common modification technique with acetic
anhydride) joined with a mixture of pyridine
(liquid used for the synthesis of compounds) and
acetic acid (polar solvent capable of creating
hydrogen bonds). In this process, starch acetate
is generated with high amounts of linear
amylose, which has higher hydrophilia
(decreased sensitivity to water). (Bolivar, 2018,
2020; Mehboob et al., 2020; Vroman, &
Tighzert, 2009).

To increase the molding capacity of starch
(by injection or extrusion), thermoplastic
polymers are added. These can be fossil,
renewable, biodegradable, or non-
biodegradable. (Niaounakis, 2015). One of the
viable mixtures to use is that of starch-poly
alcohol: At mixing thermoplastic starch with
polyvinyl  presents improvement in its
elongation, tensile strength, and processability
since both materials are compatible. (Vroman &
Tighzert, 2009).

Another way to improve the properties of
starch is to mix it with different polymers. The
advantage of this technique is that the properties
to be obtained are adjusted according to the
needs of the desired product, and developing it
has a lower cost than generating new synthetic
materials. However, the most important
problems are the compatibility of the
components and achieving complete
biodegradation. (Niaounakis, 2015)
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Biodegradation

The function of disintegrating polymers under
the action of microorganisms at a specific time
in the environment is called biodegradation. It is
conducted under the action of enzymes (proteins
that catalyze chemical reactions) and/or
chemical wear related to living organisms. For
this to occur, polymers are first fragmented by
abiotic reactions to lower molecular mass
species. These fragments are then bio
assimilated by microorganisms and their
mineralization. It is important to note that the
biodegradability of the polymer depends not
only on the source factor but also on its chemical
structure  and  favorable  environmental
conditions. (Niaounakis, 2015; Vroman &
Tighzert, 2009; Zhu et al., 2019).

Potato starch

Starch is the highest carbohydrate in potatoes.
(Dupuis & Liu, 2019). Potato is the fourth most
produced crop worldwide, below corn, wheat,
and rice. From the potato, the peel is obtained as
essential organic matter, because it is nourished
with antioxidants and microbial compounds,
also contains polyphenols, phenolic acids, lipids,
and fatty, therefore is convenient to use it in the
field of food processing and storage. There are
different methods for obtaining potato peel.
Currently the most used are steam and abrasion.
The method of abrasive peeling works with a
specialized drum for peeling that has protrusions
on the inner surface (rotating removes peel),
This has a water spray unit where potatoes are
washed. On the other hand, in the steam method
it is fed directly to the drum (at a lower pressure),
the product is heated continuously for a certain
time and most of the removed peel is cleaned
with an industrial process of abrasive rollers and
then removed with water any residue.
(Gebrechristos & Chen, 2018; Pathak et al.,
2017; Thakur et al., 2021).

Parameters " Dry weight% |
Moisture 85.06
Total de carbohydrate 68.70
Total soluble sugar 1.00
Reducing sugar 0.61
Starch 52.14
Nitrogen 1.30
Protein 8.00
Fat 2.60
Ash 6.34

Table 1 Potato peel content
Source: Pathak et al., (2018)
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Potato Lipid content

Total polyphenols

variety (% ondry (% on of freeze-
weight) dried extracts)

Kennebec 0.21 224
(brown)
Russet 0.20 15.8
Burbank
(brown)
Norchip 0.17 19.2
(brown)
Red 0.21 24.5
Norland
(Red)
Red Pontiac 0.19 275
(Red)
Viking 0.18 32.2
(Red)

Table 2 Total lipid and polyphenol contents of different
varieties of potato peel. Source: Pathak et al., (2018)

Extraction of starch

In the study conducted by Thakur al., (2021) to
extract starch from potatoes, they were first
peeled and washed manually. Then they ground
the peel with a grinder to filter it. To this peel
were added 100 ml of water to squeeze it in
muslin (type of fabric) to recover the grains of
starch that are filtered. Once this process was
carried out, they added sodium hydroxide to the
granules, thus dividing the proteins and lipids
that are obtained from the starch. This whole
sample was washed a certain number of times
until it was completely filtered. Finally, to
achieve the drying of the starch, they placed it in
an oven at 40°C for 24 hours.

Blueberries packaging

Once the starch has been obtained, it can be used
as packaging. In the packaging industry, care for
the environment and the need to reduce the
environmental impact of irresponsible human
activity is one of its main interests. They seek to
reduce their negative impact on the planet by
generating ecological packaging. (Naranjo,
2020; Zamora, 2012). In the research of Bof et
al., (2021).
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They analyzed the packaging of
blueberries in corn starch and chitosan films
(with the addition of grapefruit seed extract).
These plastic and biodegradable films were
suitable for proper conservation for 37 days
(under transport and marketing conditions) due
to the barrier properties  developed.
Biodegradable packaging reduced antioxidant
capacity during storage. They also managed to
control the breathing rate of the fruit and its
weight loss (compared to PET). To evaluate this
loss, the following control variables were
considered: the respiratory rate of the fruit and
the water vapor permeability of plastic films.

Sustainable development seeks to meet the
needs of today’s population without affecting
future generations. (Alcalde, 2008). In another
study developed by Janik et al., (2021) they
generated a film based on three biopolymers:
chitosan, furcellaran, and a hydrolyzed skin jelly
from carp fish (Cyprinus carpio) for the
conservation of blueberries. This film showed
good results in the protection of food since the
advantage of this packaging is that the fruit did
not lose weight and there was no presence of
mold in a test of 10 days, compared to synthetic
packaging.

a) b) \\
’\\-/ 'll-- /

Figure 2 Design of the containers used for packaging
blueberries: (a) biodegradable non-vented container and
(b) commercial petroleum-based vented clamshell
container

Source Almenar et al., (2008)

In the study by Giuggioli et al., (2017) they
showed the use of starch-based plastic films for
storage in a modified atmosphere (packaging of
food that changes the gaseous atmosphere of the
product for preservation) for the stage following
the harvest of blueberries. This type of
packaging managed to regulate the Physico-
chemical properties at this stage of blueberry
production, as well as the nutritional and
antioxidant values, which did not vary after
being monitored for 15 days, even when
temperature changes occurred.
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Plasticizers

The synthetic plasticizers that are normally used
(polyols: sorbitol and glycerol) bind to the
polymer chains preventing the bond with
hydrogen (divides the chains). This process
increases the flexibility and permeability of
water vapor in its different phases. In the case of
starch, the plasticizer used is glycerol because it
is compatible with amylose and manages to
dissolve in starch solutions. (Ballesteros-
Martinez et al., 2020; Syaubari et al., 2022).

The study by Gonzaga et al., (2019)
analyzed natural plasticizers (from tree
exudates) and polyvinyl alcohol to determine
their impact on chitosan films (belonging to
polysaccharides). Films obtained from Capparis
scabrida tree exudate had higher levels of
biodegradability than those of polyvinyl alcohol.
Operating with chitosan, (belonging to the same
classification of starch) and having similar
characteristics, could be a viable option as a
plasticizer with a higher percentage of
biodegradability for starch films compared to
those on the market.

\QSL.5

d=1552

c=1548
b=1548

a=1543

Transmittance (arbitrary units)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™1)

Graphic 1 FTIR analyses of the film with Capparis
scabrida tree. Source Gonzaga et al., (2019)

Results

This research agrees with the view of Vroman et
al., (2009) which indicates that the packaging of
starch-based biopolymers has become relevant
in the search for ecological alternatives due to
their origin and abundance. Adding this
information, the study by Bof et al., (2021)
focused on blueberries can be the beginning of
the development of improved technologies for
packaging. The scope will depend on mixtures
and modifications in its chemical structure to
achieve its optimization.
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Conclusions

This potato-exudate base biopolymer packaging
proved to have adequate characteristics of
biodegradability, fruit respiration rate, and
minimal weight loss, in addition to the estimate
of cost improvement concerning existing
packaging on the market. Although biopolymer
packages derived from different materials of
natural origin already exist, using starch from
potato peel and adding a different plasticizer
obtained from Capparis scabrida tree exudate,
increases the biodegradability of the packaging.
This contributes positively to the market focused
on the packaging because it presents innovation.
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Abstract

In this study, a spectrophotometric method was developed
in order to quantify CLT from polymeric nanoparticles of
poly(lactic-glycolic acid) (PLGA) modified on the surface
with chitosan (CTS) for vaginal administration in the
treatment of vaginitis. The parameters of specificity,
linearity, repeatability, quantification and detection limits
were evaluated. The proposed dissolution medium was
Simulated Vaginal Fluid solution pH= 4.2 with Sodium
Lauryl Sulfate 0.5% (p/v). The wavelength used for CLT
quantification was 265 nm. The results obtained meet the
acceptance criteria specified in the Analytical Method
Validation Guide (Garcia et al., 2002). In addition, the
spectrophotometric method developed allowed us to
determine that the percentage of CLT encapsulated in the
nanoparticles was 85.64% (w/w). Finally, it is concluded
that the analytical method developed is reliable, low cost
and easy to perform to quantify CLT from polymeric
nanoparticles of PLGA and CTS.

Analytic  validation, polymeric  nanoparticles,
clotrimazole

Resumen

En el presente estudio se desarroll6 un método
espectrofotométrico para cuantificar clotrimazol (CLT) a
partir de nanoparticulas poliméricas de acido poli(lactico-
glicolico) (PLGA) modificadas en la superficie con
quitosan (CTS) para el tratamiento de vaginitis
candididsica. Se evaluaron los pardmetros de
especificidad, linealidad, repetibilidad, limites de
cuantificacién y deteccion. El medio de disolucién
propuesto fue Fluido Vaginal Simulado pH= 4.2 con
Lauril Sulfato de Sodio 0.5% (p/v). La longitud de onda
utilizada para la cuantificacion de CLT fue de 265 nm. Los
resultados obtenidos cumplen con los criterios de
aceptacion especificados en la Guia de Validacion de
Métodos Analiticos (Garcia y col., 2002). Ademas, el
método espectrofotométrico desarrollado nos permitié
determinar que el porcentaje de CLT encapsulado en las
nanoparticulas fue de 85.64 % (p/p). Finalmente, se
concluye que el método analitico desarrollado es
confiable, de bajo costo y facil ejecucidn para cuantificar
CLT a partir de nanoparticulas poliméricas de PLGA y
CTS.

Validacion analitica, nanoparticulas poliméricas,
clotrimazol
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Introduction

Vaginal candidiasis is one of the most frequently
diagnosed vaginal infections (Roby, 2019). In
Mexico, infections originating from Candida
spp. account for 15-19% of reported vaginal
infections. The species identified in cases of
candidiasis vaginitis are: C. albicans (39.0%), C.
glabrata (35.9%) and C. tropicalis (16.2%)
(Rivera-Sanchez et al., 2006). Recurrent
vaginitis caused by C. albicans is characterized
by occurrence at least 4 times a year.

The most common conventional treatment
for vaginal candidiasis involves the use of drugs
of the azole family (clotrimazole, fluconazole,
butoconazole, miconazole, ticonazole,
itraconazole, ketoconazole), as well as nystatin
and amphotericin B (Carbone, 2019). However,
many of the pharmaceutical forms of vaginal
administration can cause leakage and generate
discomfort during use. This can lead to early
discontinuation of treatment and failure to
achieve therapeutic efficacy, in addition to
promoting resistance of microorganisms.

Clotrimazole shows 85% efficacy against
C. albicans with doses higher than 100 mg per
day (Cararach Tur et al., 2013). However, its use
for long periods of time can cause vaginal
irritation and/or pain (Young and Jewell, 2001).
The mechanism of action of clotrimazole is to
inhibit the microsomal cytochrome P450
(CYP450)-dependent demethylation of 14-a-
lanosterol; this causes an alteration of membrane
permeability and fluidity, resulting in a decrease
in the activity of membrane-bound enzymes and
cell wall synthesis and, finally, in the leakage of
cellular contents (Hitchcock et al., 1990).

Unconventional formulations with
antimicrobial agents have gained interest as an
alternative to overcome drug resistance
developed by microorganisms, such as C.
albicans. In particular, nanocarriers have
demonstrated efficacy in treating infectious
diseases, including antibiotic-resistant ones
(Huh and Kwon, 2011).
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Nanotransporters have advantages such as
1) they can be designed to be activated by stimuli
and targeted at a specific site in the body, 2) by
decreasing the dose of drugs in nanotransporter
formulations, the presence of side effects can be
avoided, 3) drug delivery via nanotransporters
can achieve controlled release by improving
their pharmacokinetics, 4) better solubility of
poorly soluble drugs can be achieved by also
increasing their permeability (Pelgrift and
Friedman, 2013). According to das Neves et al.
(2015), the use of drug nanocarriers for vaginal
delivery may allow adhesion to cervical mucus
or achieve mucosal layer penetration and/or
achieve intracellular delivery.

Given the growing interest in the
development of new pharmaceutical dosage
forms involving nanocarriers, the development
of analytical methods for the quantification of
drugs encapsulated in these nanosystems
becomes a major area of interest.

The wvalidation of analytical methods
guarantees the quality of a product, because,
through the standardization of the methodology
it is experimentally demonstrated that a process
is reliable to reproduce the result under the
established conditions (Cardoso-San Jorge et al.,
2022).

Nowadays, there is a low publication of
research works reporting the development of
spectrophotometric analytical methods for the
quantification of substances included in
nanocarriers. Therefore, in the present
investigation, we report the development of a
clotrimazole quantification method to determine
the percentage of this drug encapsulated in
polymeric nanoparticles of PLGA and CTS.

Materials and Methods
Materials

Poly(lactic-coglycolic acid) (PLGA) 50:50
(P.M. 30,000-60,000) and chitosan (CTS)
(50,000-190,000) were purchased from Sigma
Aldrich Quimica, S. de RL. de CV (Mexico).
Polyvinyl alcohol (PVAL) (Mowiol® 40-88,
P.M. 205,000, was purchased from Glomarza
(Mexico). Clotrimazole (CLT) (99% purity) was
donated by Globe Chemicals, S.A. de C.V.
(Mexico). Ethyl acetate was purchased from
Fermont® (Mexico).
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Equipment The specific method is considered if the

The  following  were used: UV-Vis
spectrophotometer (Thermo Scientific, Genesys
10uv Scanning, USA), IKA T 25 digital
ULTRA-TURRAX homogenizer, Nanosizer®
Coulter N4 plus (Beckman 3200, USA), Atomic
Force Microscope (Bruker Instruments, USA).

Experimental Methods

Preparation of PLGA and CLT nanoparticles,
surface functionalized with CTS (PLGA-CLT-
CTS-NPs).

PLGA-CLT-CTS-NPs, were prepared by the
emulsification-diffusion method (Martinez-
Perez etal., 2018). Briefly, an organic phase was
prepared by dissolving 100 mg of PLGA and 20
mg of CLT in 20 ml of ethyl acetate saturated
with water. Then, under stirring at 6000 rpm, the
organic phase was added to 40 ml of aqueous
phase (0.5% w/v PVAL dissolved in water
saturated with ethyl acetate), the system was
kept under the same stirring conditions for 10
minutes. Subsequently, 160 ml of deionized
water was added to the system. The organic
solvent was evaporated under reduced pressure.
The system was centrifuged at 20000 rpm for 20
minutes, the process was performed twice to
remove excess PVAL. The nanoparticles were
redispersed with 40 ml of an acetic solution of
CTS with concentration 0.5 mg/ml. The system
was kept under magnetic stirring for 24 hours
and then centrifuged and lyophilized.

Analytical Method Development

The development of the analytical method was
carried out considering the acceptance criteria of
the Guide for the Validation of Analytical
Methods of the National College of
Pharmaceutical Chemists and Biologists of
Mexico, A. C. (Garcia et al., 2002).

Specificity

Solutions of CLT (0.173 mg/ml), PLGA (1
mg/ml), CTS (0.5 mg/ml) and PVAL (0.5
mg/ml) were prepared in Simulated Vaginal
Fluid (SVF) pH=4.2 (Owen and Katz, 1999) and
sodium lauryl sulfate (LSS) at 0.5% wi/v).
Specificity was evaluated by comparing UV-Vis
spectrograms of drug solutions and each of the
chemical components of the analytical system
individually and as a physical mixture.
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response obtained (absorbance) is attributed
only to the analyte (CLT).

Linearity

A stock solution of concentration 0.5 mg/ml of
CLT was prepared. From the above solution,
1:10, 3:10, 5:10, 7:10, and 9:10 systems were
prepared in triplicate and taken to the volumetric
titration with SVF in 0.5% w/v LSS.
Subsequently, their absorbance was determined
at a Amax of 265 nm. Linearity was evaluated
by obtaining the r2 parameter of the calibration
curve described above. The method is
considered linear if the r2 value is > 0.98, the
intercept equal to 0 and coefficient of variation
(%C.V.) <3 %.

Accuracy of the method

A stock solution of concentration 0.65 mg/ml of
CLT was prepared. 1:10, 3:10, 5:10, 7:10 and
9:10 systems from this solution were prepared in
triplicate and brought to the volumetric titer
using SVF with 0.5% wi/v LSS. The absorbance
of each system was determined at A=265 nm.
Accuracy was determined with 6 replicates of
three CLT concentration levels. It was evaluated
whether the percent recovery values were in the
range: 98 % <x>102 % and % C.V. <3 %.

Repeatability of the method

A stock solution of 0.65 mg/ml concentration of
CLT was prepared. Systems 3:10, 4:10 and 5:10
were prepared in triplicate and taken to the
volumetric titration with SVF in 0.5% w/v LSS.
The procedure was performed on three days by
the same analyst. It was analyzed if the % C.V.
<3%.

Limits of quantification and detection of the
method

From a 0.10 mg/ml stock solution of CLT, 1:10,
3:10, 5:10, 7:10, 9:10 systems were prepared in
triplicate. It was analyzed if r2 is > 0.98, the
intercept is equal to 0 and the coefficient of
variation (% C.V.) is <3 %.
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Sample preparation to determine the % CLT
loaded on PLGA-CLT-CTS-NPs

Three samples of 5-10 mg of nanoparticles were
hydrolyzed with 3 ml of 1.3 M HCI for 48 hours.
Samples were neutralized with 2.5 M NaOH,
brought to 10 ml SVF with 0.5% w/v LSS and
kept on shaking for 4 hours. The systems were
filtered with a 0.22 pm membrane. The
absorbance of the systems was determined at a
A=265 nm. The amount of drug loaded was
obtained from Formula 1.

C.F.NPs
C.F.I

%F.C.= %100 (1)

Where F.C., is the amount of drug loaded
on the nanoparticles; C.F.NPs, is the amount of
drug loaded on the nanoparticles; C.F.1., is the
amount of initial drug.

Results and discussion

Preparation of PLGA and CLT nanoparticles
functionalized on the surface with CTS (PLGA-
CLT-CTS-NPs)

The emulsification-diffusion method, allowed
the formation of PLGA-CLT-CTS-NPs with
polydispersity indices of 0.07-0.17. The average
particle size of the nanoparticles was 424.0 +
4.90 nm. The average surface charge was +12.89
+ 4.09 mV. The particle size and surface charge
parameters are factors that determine their
transport through the cervical mucus (das Neves
and Sarmento, 2015). The positive surface
charge of PLGA-CLT-CTS-NPs enhances their
interaction with cervical mucus mucins
(negative charge at acidic pH), improving their
bioadhesive properties (da Silva et al., 2016).
The spherical shape of the nanoparticles is
evident in the images taken by Atomic Force
Microscopy (Figure 1).

Development of the analytical method.
Specificity

Specificity is defined as the capacity of an
analytical method to obtain a response due only

to the analyte of interest and not to other
components of the sample (Garcia et al., 2002).
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In this study, the specificity of the method
to quantify CLT was determined by comparing
the absorption spectra of CLT, PLGA and PVAL
(main components of the NPs-PLGA-CLT-CTS
system) in simulated vaginal fluid pH= 4.2 in a
wavelength range from 200 to 400 nm.

As can be seen in Graph 1, at a wavelength
of 265 nm, CLT can be quantified without
interference from any of the other components of
the system (PLGA, CTS and PVAL), which
shows that the method is specific for CLT.

0.0 1: Height 10.0um’

Figure 1 Atomic Force Micrographs. A) PLGA-CLT-NPs
y B) PLGA-CLT-CTS-NPs
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Graphic 1 CLT specificity evaluated in SVF pH=4.2 and
LSS 0.5% (w/v)

Linearity

The linearity of an analytical method indicates
its ability to ensure that its results are directly
proportional to the concentration of the analyte
(Garcia et al.,, 2002). In the present study,
linearity was evaluated through the calibration
curve with a concentration range of 50 to 500 pg
CLT (Graphic 2). According to the Analytical
Methods Validation Guide, a method is linear
when the coefficient of determination is greater
than 0.98; in this case, the value of the
coefficient of determination (r?) obtained was
0.99, a value that confirms the relationship of
absorbance as a function of CLT concentration.

According to the Analysis of Variance
study of the linear regression (Table 1), it is
observed that, Fcal >Fcrit, for a probability of
95%; it is demonstrated that, the regression
analysis does provide a good fit to the data.
Table 1 shows that the confidence interval (CI)
of the intercept (b0) is 0, and the confidence
interval of the slope (Clb1l) is not 0.
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Graphic 2 Calibration curve for linearity evaluation of the
spectrophotometric method UV-vis for the quantification
of CLT at a wavelength of maximum absorption (1) of 265
nm in SVF pH=4.2 with LSS at 0.5% (w/v)

Regression 1 2.26 2.26 12.22E4 9.37E-31

Residual 15 2.0E-4 1.85E-5
Total 16 2.26
Coeff. S. Error. t Stat P-value Low. 95% Upp. 95%
Intercept (bo) 3.6E-3 2.1E-3 1.6599 0.12 -1E-3 8.1E-3
Slope X1 (by) 2.34 6.7E-3 349.69 9.37E-31 2.32 2.35

Note: dl degrees of freedom; S.S., Sum of Squares; M.S., Mean Squares; Sig. F., Significance
F; Coeff., Coefficients; S. Error, Standard Error; Low., Lower; Upp., Upper

Table 1 Analysis of Variance (p=0.05) to assess the
linearity of the CLT quantification method

Method accuracy

The accuracy of a method indicates the degree of
agreement between a value obtained using the
method and the reference value (Garcia et al.,
2002). Table 2 shows the experimental results
obtained to evaluate the accuracy. The range of
ICu values of the experimental data is from
98.99 to 99.39 (p=0.05). The recovery
percentages shown in table 3 are within the
specified limits (97-103%), therefore, it can be
stated that the method is accurate.

Concentration (mg/ml) % Recovery

0.19 99.32
99.99
99.32
99.77
99.99
98.87
0.25 98.78
99.28
99.12
99.45
99.12
98.78
0.31 98.99
98.73
98.86
98.99
99.13
98.99
Average 99.19
Standard Deviation 0.39
% C.V. 0.34

Table 2 Experimental values to evaluate the accuracy of
the spectrophotometric method to quantify CLT in SVF
pH=4.2 and LSS 0.5% (w/v)
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Method repeatability

The repeatability of a method demonstrates the
precision of an analytical method expressed as
the agreement obtained between determinations
performed by a single analyst using the same
method (Garcia et al., 2002). In this case,
repeatability was evaluated with a single analyst
with the values of % recovery evaluated at three
concentration levels obtained on three different
days (Table 3). The ICu of the experimental data
is from 100.15 to 101.08, therefore, it can be
mentioned that the method is repeatable.

On the other hand, the values of the limits
of quantification and detection obtained by the
method are 5.42 pg /ml and 1.79 pg/ml,
respectively. The Analysis of Variance study
(Table 4) of the regression analysis to determine
the limit of quantification (Graph 3), indicates
that, Fcal >Fcrit, with a probability of 95%, it is
pointed out that the regression analysis does
provide a good fit to the data. In addition, the
confidence interval (Cl) of the intercept (b0) has
values close to 0 and the values of the confidence
interval of the slope (ICb1) are different from O.

Day | Concentration (mg/ml) | % Recoery |

1 0.1887 99.32
0.1887 99.99

0.1887 99.77

0.2516 98.78

0.2516 99.12

0.2516 99.45

0.3145 98.73

0.3145 98.99

0.3145 99.13

2 0.1866 101.65
0.1866 101.89

0.1866 102.37

0.2488 101.26

0.2488 100.21

0.2488 100.35

0.3110 100.61

0.3110 100.19

0.3110 99.91

3 0.1881 102.46
0.1881 101.99

0.1881 101.52

0.2508 101.72

0.2508 101.54

0.2508 101.54

0.3135 101.14

0.3135 101.14

0.3135 101.69

Average 100.61
Standard Deviation 1.18

% C.V. 1.17

Table 3 Experimental values to evaluate the repeatability
of the spectrophotometric method to quantify CLT in SVF
pH=4.2 with LSS at 0.5% (w/v)
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Graphic 3 Calibration curve for evaluation of the CLT
quantification limit by spectrophotometric method UV-
vis, at a wavelength of maximum absorption (1) of 265 nm
in SVF pH=4.2 and LSS at 0.5% (w/v)

Regression 1 7.3E-2 7.3E-2 19.29E4 1.67E-2

Residual 13 4.93E-6 3.8E-07
Total 14 7.3E-2

Coeff. S. Error. t Stat P-value Low. Upp. 95%
95%

Intercept (bo) 1.3E-3 3.0E-3 4.2305 9.82E-3 7.0E-4 2.1E-3
Slope X1 (by) 2.52 5.8E-3 439.23 1.67E-28 2.51 2.53
Note: dI degrees of freedom; S.S., Sum of Squares; M.S., Mean Squares; Sig. F., Significance F; Coeff,,
Coefficients; S. Error, Standard Error; Low., Lower; Upp., Upper

Table 4 Analysis of Variance (p=0.05) to evaluate the
CLT quantification limit

Sample preparation to determine the % of CLT
loaded in PLGA-CLT-CTS-NPs

From the development of the analytical method,
the amount of CLT loaded on the polymeric
nanoparticles was determined. In PLGA-CLT-
NPs, the percentage of loaded CLT was 72.48%
and in PLGA-CLT-CTS-NPs it was 85.64%.
When comparing the percentages of loaded CLT
in nanoparticles with CTS and without CTS, a
higher amount of CLT was observed in
nanoparticles with CTS, this could be explained
because the CTS adsorbed on the surface of
PLGA nanoparticles, prevents the CLT from
leaving the nanoparticles during the
centrifugation process.

Conclusions

A method for quantification of CLT contained in
PLGA polymeric nanoparticles functionalized
with CTS was developed, meeting the
acceptance criteria specified by the Guide for
Validation of Analytical Methods proposed by
the National College of Pharmaceutical
Chemists and Biologists of Mexico. In addition,
the development of the quantification method
allowed us to reliably quantify the amount of
CLT loaded in the polymeric nanoparticles
(PLGA-CLT-NPs and PLGA-CLT-CTS-NPs)
with percentages of 72.48% and 85.64%,
respectively.
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Finally, the method being
spectrophotometric is easy to reproduce and low
cost compared to other analytical methods such
as chromatographic methods.
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