SYNTHESIS OF CHITOSAN-SILVER NANOPARTICLES FOR
COLORIMETRIC DETECTION OF Hg?* AND Pb*" IONS IN
AQUEOUS MEDIUM

DIOLINA CHRISTINE CASTRO OLARTE

An Undergraduate Thesis Submitted to the Faculty of the Department of Chemistry,
College of Arts and Sciences, Central Luzon State University,
Science City of Mufioz, Nueva Ecija, Philippines
in Partial Fulfillment of the Requirements
for the degree of

BACHELOR OF SCIENCE IN CHEMISTRY
June 2017
CHE-02-17-005



APPROVAL AND ACCEPTANCE

_The undergraduate thesis entitled SYNTHESIS OF CHITOSAN-SILVER
NANOPARTICLES FOR COLORIMETRIC DETECTION OF Hg** AND Pb?**
IONS IN AQUEOUS MEDIUM prepared and submitted by DIOLINA CHRISTINE C.

OLARTE in partial fulfillment of the requirements for the degree of BACHELOR OF
SCIENCE IN CHEMISTRY is hereby

APPROVED:
13_%4' “
DANILA S.%;AS DIYA C. ROMANO
Adviser Critic
615 [miy . 6 [s/71
Date Date
SO0 (o —= ﬂ—%d ﬂ}iﬁé\_
REDEINGGUTIERREZ, Ph. D. DANILA 8. PA AS
Department Research Coordinator Department Chair
¢/ ¢y FAEIES
Date Date
AND ACCEPTED:
o / “A e g
ANNA MARIA LOURDES S. LATONIO, Ph. D. MYRNA R. UMAGAT, Ph. D.
College Research Coordinator Dean
L/ g /w0l L [9/2s)%

D ate Date

1



BIOGRAPHICAL SKETCH

PERSONAL INFORMATION
Name
Date of Birth

Place of Birth

DIOLINA CHRISTINE C. OLARTE
January 06, 1998

San Leonardo, Nueva Ecija

EDUCATIONAL BACKGROUND

Elementary

Secondary

Tertiary

SCHOLARSHIP AND AWARDS:
College Scholar

Dean’s List

SAN LEONARDO CENTRAL SCHOOL
San Bartolome, San Leonardo, Nueva Ecija
March 2009

JUAN R. LIWAG MEMORIAL
HIGH SCHOOL

Bayanihan, Gapan City

March 2013

CENTRAL LUZON STATE UNIVERSITY

Science City of Mufioz, Nueva Ecija
June 2017

1% Semester 2016-2017

1*t and 2% Semester 2013-2014;
1% and 2" Semester 2015-2016

EXTRA CURRICULAR ACTIVITIES

Secretary

Treasurer

Member

CLSU Chemical Society (A. Y. 2016-2017)
CLSU Chemical Society (A. Y. 2015-2016)

Philippine Association of Chemistry Students
(2014-Present)

i1



ACKNOWLEDGEMENT

I'will take this opportunity to thank all the people who supported me conduct and
finish this study.

First, to the Almighty God who bestowed knowledge, strength, and His amazing
grace upon me throughout my life. I thank Him for everything and for the upcoming
blessings he will give to my life.

[ also give my deepest gratitude to the following people who made this study a
possibility.

To my adwiser, Prof. Danila S. Paragas for the encouragements, guidance, and
expertise about chemistry, mostly in research. Thank you for your unending support
throughout my study and for training us to become a better and more responsible future
chemists.

To my critic, Assoc. Prof. Dina C. Romano for the support and for improving my
work through constructive and beneficial criticism.

To Dr. Redel L. Gutierrez, for the vast patience and very kind consideration you
gave to me. Also, thank you for mentoring us to improve as student leaders through your
guidance as the adviser of CLSU Chemical Society.

To Dr. Joel R. Salazar, as my professor for almost four years in my eight chemistry
subjects. Thank you for all the knowledge about chemistry, and for inspiring us during
difficulties in our studies to always give our best to become chemists of our country.

To Dr. Juvy J. Monserate for giving chitosan used as reducing agent in this study.

To the faculty members of the Department of Chemistry for teaching and training

us to become more competitive chemists in the future.

iv



To my classmates, Alison, Mary Ann, Mikka, Jenina, Ate Lei, Ate Eulynne,
Twinee, Erahem, Jay-Lord, Kevin, Leendel, and Alquin, thank you for the friendship, for
the encouragements to stay on track, and for all the laughter and shared moments that made
our life in this course unforgettable.

To my brods and sis in CLSU Chemical Society, my batchmates [Tc]43, Tatay Gil
for the tips and useful journals you gave to me, Nanay Alona, batch [Mo]a2, batch [Rulas,
batch [Rh}]ss, my ninang Ren, my inaanak Che, and to my EXDI family, thank you for
making my college years more exciting, meaningful, and amazing.

To my high school CoFs: my best friend Pau, Kuya Rvin, Aj, Lorcel, Eldred,
Gabby, Ia, Elaiza, Praise, Joanna, Karen, and to all my other friends, thank you for pushing
me and cheering for me to finish my thesis and degree.

To My, thank you for waiting for me in the lab when I’'m staying late during my
experiments, for listening to all my dramas about my studies, and for your love and support
for the last 5 years.

To my family, especially to my Dade, Mame, Kuya Deo and Ate Joan, thank you
for always believing in me, for allowing me to study away from home, for all the sacrifices
to support my needs, and for letting me pursue my passion in science. It helped me grow
and improve to become more independent and gratified individual. Thank you for all the
love and care.

DIOLINA CHRISTINE C. OLARTE



TABLE OF CONTENTS

TITLE PAGE
APPROVAL AND ACCEPTANCE
BIOGRAPHICAL SKETCH
ACKNOWLEDGEMENT
LIST OF TABLES
LIST OF FIGURES
LIST OF APPENDICES
LIST OF APPENDIX TABLES
LIST OF APPENDIX FIGURES
ABSTRACT
1 INTRODUCTION
1.1 Background of the Study
1.2 Significance of the Study
1.3 Objectives of the Study
1.4 Scope and Limitation of the Study
1.5 Time and Place of the Study
2 REVIEW OF RELATED LITERATURE
2.1 Silver
2.2 Silver nanoparticles
2.3 Chitosan
2.4 Chitosan-Silver Nanoparticles
2.5 Characterization of Chitosan-Silver Nanoparticles
2.5.1 UV-Visible Spectroscopy
2.5.2 Scanning Electron Microscopy
2.5.3 Fourier-Transform Infrared Spectroscopy

2.5.4 Energy-Dispersive X-ray Spectroscopy
2.6 Colorimetric Detection of Ions using Nanoparticles

Page

il

v

viil

X1
x11

Xiil

b

= W W P S



3 METHODOLOGY

3.1 Chemicals and Reagents
3.2 Chitosan-Silver Nanoparticles Synthesis

3.3 Characterization of Synthesized Chitosan-Silver nanoparticles

3.4 Colorimetric Detection of Hg?" and Pb?* Ions in Aqueous
Medium

3.4.1 UV-Visible Spectroscopy
3.4.2 Sensitivity for Jon Detection
3.4.3 Scanning Electron Microscopy

4 RESULTS AND DISCUSSION

4.1 Synthesis of Chitosan-Silver Nanoparticles
4.2 Characterization of Chitosan-Silver Nanoparticles
4.2.1 UV-Visible Spectroscopy
4.2.2 Scanning Electron Microscopy
4.2.3 Fourier-Transform Infrared Spectroscopy
4.2.4 Energy-Dispersive X-ray Spectroscopy
4.3 Colorimetric Detection of Hg”" and Pb?* Ions in Aqueous
Medium
4.3.1 UV-Visible Spectroscopic Analysis
4.3.2 Scanning Electron Microscopy

5 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
LITERATURE CITED

APPENDICES

19

19
19
19
20

20
20
20

21

21
23
24
25
26
27
28

28
33

34

36

40



LIST OF TABLES

Table No. Title Page
41 Peaks observed with corresponding functional group in 27
) the IR spectrum of CAgNPs.

viii



Figure No.
2.1

2.2

23

2.4

2.5

4.1

42

43

4.4

4.5

4.6

4.7

4.8

LIST OF FIGURES

Title

Structure of chitosan.

Absorption spectra of chitosan-silver nanoparticles
a. Freshly prepared and b. after four months aged
chitosan-silver nanoparticles.

A. FESEM image of chitosan. B. FESEM image of silver
nanoparticles C. FESEM image of chitosan-silver
nanocomposite D. FESEM image of synthesized
chitosan-silver ~ nanocomposite  exhibiting  high
dispersability and stability.

FTIR spectrum of silver nanoparticles (Ag), chitosan
(CS), and chitosan-Ag nanocomposite (CS-Ag).

Energy-dispersive spectroscopy spectrum of silver
nanoparticles prepared from 1.1mM AgNQOj; solution.

UV-Vis absorption spectrum of chitosan-silver
nanoparticles formed after the reaction of 0.1 M of
AgNOs with chitosan solution and NaOH solution.
SEM images of chitosan-silver nanoparticles.

Length distribution of chitosan-silver nanoparticles.

FTIR spectra of chitosan solution (blue), and chitosan-
silver nanoparticles (yellow).

EDX spectrum of chitosan-silver nanoparticles.

a.) UV-Vis absorption spectra of CAgNPs mixed with
increasing concentration of Hg. b.) Photographic
images of CAgNPs with 0mM Hg (left) and CAgNPs
with 40 mM Hg (right).

Plot of relative absorbance (mean of three trials) vs. Hg
concentration (mM) at 419.5 nm.

a.) UV-Vis absorption spectra of CAgNPs mixed with

increasing concentration of Pb. b.) Photographic images

Page

12

13

14

15

24

26

26

28

29

30

31



4.9

410

of CAgNPs with 0 mM Pb (left) and CAgNPs with 0.80
mM Pb (right).

Plot of relative absorbance (mean of three trials) vs. Pb
concentration (mM) at 419.5 nm.

Proposed scheme of detection of metal ions (Ravindran
etal.,2012).

SEM images of CAgNPs after the addition of 40 mM
Hg.

SEM images of CAgNPs after the addition of 0.8 mM
Pb.

31

32

33

33



Appendix
No.

LIST OF APPENDICES

Title

Schematic Diagram of the Study

Statistical Analysis

Data for the Synthesis of CAgNPs

Documentation

xi

Page

41
42
43

49



Table No.

2.1

2.2

LIST OF APPENDIX TABLES

Title

Calculated values of absorbance for three replicates at
419.5 nm for the detection of Hg?" ions

Calculated values of absorbance for three replicates at
419.5 nm for the detection of Pb** ions

Page

42

42



Figure No.

3.1

3.2

33

3.4

% Yo

3.6

=

3.8

3.9

3.10

3.1}

4.1

4.2

LIST OF APPENDIX FIGURES

Title
Schematic Diagram of the Study

UV-Vis absorption spectra of CAgNPs at 30°C for
30 min at different pH values

UV-Vis absorption spectra of CAgNPs at 40°C for
30 min at different pH values

UV-Vis absorption spectra of CAgNPs at 50°C for
30 min at different pH values

UV-Vis absorption spectra of CAgNPs at 30°C for
60 min at different pH values

UV-Vis absorption spectra of CAgNPs at 40°C for
60 min at different plI values

UV-Vis absorption spectra of CAgNPs at 50°C for
60 min at different pH values

UV-Vis absorption spectra of CAgNPs at 30°C for
90 min at different pH values

UV-Vis absorption spectra of CAgNPs at 40°C for
90 min at different pH values

UV-Vis absorption spectra of CAgNPs at 50°C for
90 min at different pH values

UV-Vis absorption spectra of CAgNPs at constant
temperature, constant pH and at different reaction time

UV-Vis absorption spectra of CAgNPs and CAgNPs
after a month

Synthesis of chitosan-silver nanoparticles at 30°C with
constant stirring

Photographic image of mixed solution of CAgNPs with
10, 20, 30, and 40 mM Hg*"* ions

Xiii

Page
41

43

43

45

45

46

46

47

47

48

49

49



4.3 Photographic image of mixed solution of CAgNPs with 50
0.2, 0.4, 0.6, and 0.8 mM Pb*" ions

Xiv



SYNTHESIS OF CHITOSAN-SILVER NANOPARTICLES FOR
COLORIMETRIC DETECTION OF Hg?* AND Pb?* IONS IN
AQUEQUS MEDIUM !

DIOLINA CHRISTINE C. OLARTE

ABSTRACT

Background: In recent years, silver nanoparticles has been synthesized
using plant extracts and polysaccharides and used for colorimetric
detection of different metal ions. In this study, chitosan was used to
synthesize and stabilize silver nanoparticles and were applied for the
colorimetric detection of Hg** and Pb** ions. Methods: Chitosan-silver
nanoparticles (CAgNPs) were synthesized by mixing chitosan solution,
sodium hydroxide solution, and silver nitrate. The nanoparticles were
characterized by UV-Visible Spectroscopy, Fourier-Transform Infrared
Spectroscopy, Scanning Electron Microscopy (SEM), and Energy
Dispersive X-ray Spectroscopy. Synthesized CAgNPs were used to
detect Hg”* and Pb®* ions. Changes in absorbance and morphology of
CAgNPs after the addition of metal ions were evaluated. Results:
Chitosan-silver nanoparticles were synthesized after mixing 48 mL of
chitosan solution with 150 mL of sodium hydroxide solution and 2 mL
of silver nitrate solution at 30°C and pH 12.83 for 90 min. Formation of
CAgNPs was confirmed using UV-Vis, FTIR and EDX Spectroscopy,
and SEM. Based on the analyses, CAgNPs have average diameter size
of 52.03 + 6.72 nm. FTIR analyses of the CAgNPs showed decrease in
intensity for N-H vibrations because of the attachment of silver.
CAgNPs were found to be more sensitive to Pb** ions than Hg?" ions.
SEM images showed that CAgNPs agglomerated afier the addition of
metal ions. Conclusion: Synthesized chitosan-silver nanoparticles can
be used for colorimetric detection of Hg?" and Pb*" ions in aqueous
medium.

Keywords: chitosan, silver nanoparticles, synthesis, colorimetric
detection
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