OPEN
CHEMISTRY

‘/\o




10/29/22, 7:08 PM Open Chemistry Volume 18 Issue 1

DE DE GRUYTER

G

3 Open Access Published by De Gruyter Open Access

Volume 18 Issue 1
January 2020

Issue of Open Chemistry

https://www.degruyter.com/journal/key/chem/18/1/html 1/2


https://www.degruyter.com/search?query=*&publisherFacet=De+Gruyter
https://www.degruyter.com/journal/key/chem/html

10/29/22, 7:08 PM Open Chemistry Volume 18 Issue 1

Downloaded on 29.10.2022 from
frontend.live.degruyter.dgbricks.com/journal/key/chem/18/1/html

https://www.degruyter.com/journal/key/chem/18/1/html 2/2



Special Issue on the International Conf on Science, Applied
Science, Teaching and Education 2019

Open Access April 20, 2020

Functionalization of Congo red dye as a light harvester on solar cell

Harsasi Setyawati, Handoko Darmokoesoemo, Irmina Kris Murwani, Ahmadi Jaya Permana,

Faidur Rochman

Page range: 287-294

More Cite thisDownload PDF
Open Access June 2, 2020

The effect of nitrite food preservatives added to se’i meat on the expression of
wild-type pS3 protein

Apris A. Adu, 1. Ketut Sudiana, Santi Martini
Page range: 559-564

More Cite thisDownload PDF

Open Access June 9, 2020

Biocompatibility and osteoconductivity of scaffold porous composite collagen—
hydroxyapatite based coral for bone regeneration

Siswanto Siswanto, Dyah Hikmawati, Umi Kulsum, Djony Izak Rudyardjo, Retna Apsari,

Aminatun Aminatun
Page range: 584-590
More Cite thisDownload PDF

Special Issue on the Joint Science Congress of Materials and
Polymers (ISCMP 2019)

Open Access July 2, 2020

Effect of natural boron mineral use on the essential oil ratio and components of
Musk Sage (Salvia sclarea L.)


Kokoh
Highlight

Kokoh
Highlight


Hasan Basri Karayel

Page range: 732-739

More Cite thisDownload PDF
Open Access August 7, 2020

A theoretical and experimental study of the adsorptive removal of hexavalent
chromium ions using graphene oxide as an adsorbent

Ardhmeri Alija, Drinisa Gashi, Rilinda Plakaj, Admir Omaj, Veprim Thagi, Arianit Reka, Sefer

Avdiaj, Avni Berisha
Page range: 936-942
More Cite thisDownload PDF
Open Access November 4, 2020

A study on the bacterial adhesion of Streptococcus mutans in various dental
ceramics: In vitro study

Fuat Bislimi, Jagoda Bajevska, Mrinmoy Garai, Arianit A. Reka
Page range: 1334-1338

More Cite thisDownload PDF

Open Access November 27, 2020

Corrosion study of copper in aqueous sulfuric acid solution in the presence of
(2E.5E)-2.5-dibenzylidenecyclopentanone and (2E.5E)-bis|[(4-
dimethylamino)benzylidene|cvclopentanone: Experimental and theoretical study

Veprim Thagi, Ramiz Hoti, Avni Berisha, Jane Bogdanov
Page range: 1412-1420
More Cite thisDownload PDF



_ Open Access Published since March 1, 2003

Open Chemistry

ISSN: 2391-5420
Impact Factor: 1.977

EDITORIAL

Editorial

Editorial

Editor-in-Chief
Snezana D. Zaric, University of Belgrade, Serbia

Managing Editor
Karolina Kurtyka, Poland

Editorial Advisory Board

Metin Hayri Acar, Istanbul Technical University, Turkey

Roland Boese, University of Essen, Germany

David C. Clary, University of Oxford, UK

Graham Cooks, Purdue University, USA

Elias J. Corey, Harvard University, USA

Rajat Subhra Das, Omega Therapeutics, USA

Carlos Fernandez , Robert Gordon University, UK

Boris Furtula, University of Kragujevac, Serbia

Jean-Frangois Gérard, SGM INSA Lyon, CNRS, ECNP, France

Raquel P. Herrera, Isqch (Csic-Uz) Instituto De Sintesis Quimica Y Catalisis Homogénea, Spain
Janusz Jurczak, Warsaw University and Institute of Organic Chemistry, Poland
Alexander M. Klibanov, Massachusetts Institute of Technology, USA

Jacek Klinowski, University of Cambridge, UK

Shu Kobayashi, University of Tokyo, Japan

Pavel Kratochvil, Academy of Sciences of the Czech Republic, Czech Republic
Janusz Lipkowski, Polish Academy of Sciences, Poland

Goverdhan Mehta, Indian Institute of Science, India

Achim Miiller, University of Bielefeld, Germany

Stanislaw Penczek, Centre of Molecular and Macromolecular Studies, Poland
Chintamani Nagesa Ramachandra Rao, Jawaharlal Nehru Centre for Advanced Scientific
Research, India

Thomas Rauchfuss, University of Illinois, USA

Vladimir Sklenar, Masaryk University, Czech Republic



Edward I. Solomon, Stanford University, USA

Barry Trost, Stanford University, USA

Donald G. Truhlar, University of Minnesota, USA

Fosong Wang, Chinese Academy of Sciences, China

George Whitesides, Harvard University, USA

Frank Wiirthner, Institut fiir Organische Chemie & Center for Nanosystems Chemistry, Germany
Jung Woon Yang, Sungkyunkwan University, South Korea

Editors

Mozhgan Afshari, Islamic Azad University, Shoushtar, Iran

Khuram Shahzad Ahmad, Fatima Jinnah Women University, Pakistan

Iskender Akkurt, Siileyman Demirel Univ. Physics Dep.Nuclear Physics Div. Isparta, Turkey
Diego Alonso, Alicante University, Spain

Chennaiah Ande, University of Georgia, USA

Biljana Arsic, Department of Chemistry, Faculty of Sciences and Mathematics, University of
Nis, Republic of Serbia

Aleksander Maria Astel, Pomeranian University in Stupsk, Poland

Maria Luisa Astolfi Sapienza University of Rome, Italy

Ebaa Adnan Azooz, The Gifted Students’ School in Najaf, Ministry of Education, Iraq
Sezgin Bakirdere, Yildiz Technical University, Turkey

Saikat Bala, Scientist II at Beam Therapeutics, Cambridge, Massachusetts, USA

Csaba Balazsi, Centre for Energy Research, Centre of Excellence of Hungarian Academy of
Sciences, Hungary

Roya Boodaghi Malidarre, Payame Noor University, Tehran, Iran

Arindam Bose, Harvard Medical School, USA

Anthony J. Burke, University of Evora, Portugal

Eugenijus Butkus, Vilnius University, Lithuania

Sergio Carrasco, IMDEA-Energy, Spain

Domenico Cautela, Stazione Sperimentale per le Industrie delle Essenze e dei Derivati Dagli
Agrumi (SSEA), Italy

Paolo Censi, University of Palermo, Italy

Christophoros Christophoridis, Aristotle University of Thessaloniki, Greece

Lukasz Cies$la, University of Alabama, USA

Dibyendu Dana, KemPharm Inc., USA

Costel C. Darie, Clarkson University, USA

Adi Darmawan, Faculty of Sciences and Mathematics, Diponegoro University, Indonesia
Joaquin R. Dominguez, Universidad de Extremadura, Spain

Biswanath Dutta, University of Illinois Urbana Champaign, USA

Chiara Fanali, Campu Bio-Medico University of Rome, Italy

Is Fatimah, Universitas Islam Indonesia, Indonesia

Huanhuan Feng, Harbin Institute of Technology (Shenzhen), China

Robert Fraczkiewicz, Simulations Plus Inc., USA

Iolanda Francolini, Sapienza University of Rome, Italy

Ramesh L. Gardas, Indian Institute of Technology Madras, India

Mazeyar Parvinzadeh Gashti, PRE Labs Inc, Canada

Soumadwip Ghosh, Illumina Inc, San Diego, USA

Jose Gonzalez-Rodriguez, University of Lincoln, UK



Sravanthi Devi Guggilapu, Nimble Therapeutics, USA

Juan Luis Garcia Guirao, Technical University of Cartagena, Spain

Oguz Giirsoy, Burdur Mehmet Akif Ersoy University, Turkey

Dariusz Guziejewski, University of Lodz, Poland

Ahmed A. Hussein, Cape Peninsula University of Technology, South Africa

Ahmed S. Ibrahim, Qatar University, Qatar

Saravana Kumar Jaganathan, Universiti Teknologi Malaysia, Malaysia

Pawel Jezowski, Poznan University of Technology, Poland

Ceren Karaman, Akdeniz University, Turkey

Fatemeh Karimi, Quchan University of Technology, Iran

Hassan Karimi-Maleh, University of Electronic Science and Technology of China, China
Wael Mortada, Mansoura University, Egypt

Yasar Nelliyot Kavil, King Abdulaziz University, Saudi Arabia

Przemystaw Kowalczewski, Poznan University of Life Sciences, Poland

Iryna Kravchenko, Odessa Polytechnic State University (Department of Organic and
Pharmaceutical Technology), Ukraine

Heri Septya Kusuma, Universitas Pembangunan Nasional “Veteran” Yogyakarta, Yogyakarta,
Indonesia

Jerzy Langer, Adam Mickiewicz University, Poland

Fei Li, Zhongnan University of Economics and Law, China

Wenhui Li, Applied Materials Inc., USA

Antonio Martin-Esteban, INIA-CSIC, Spain

Zoran Mazej, Jozef Stefan Institute, Slovenia

Mohsen Mhadhbi, National Institute of Research and Physical-chemical Analysis, Tunisia
Christiana Mitsopoulou, National and Kapodistrian University of Athens, Greece

Raj Mukherjee, Sanofi, USA

Selvakumar Murugesan, University of Bayreuth, Germany

Dmitry Murzin, Abo Akademi, Finland

Wagqas Nazeer, GC University Lahore, Pakistan

Awal Noor, King Faisal University, Saudi Arabia

Mozaniel Santana de Oliveira, Adolpho Ducke Laboratory, Botany Coordination, Museu
Paraense Emilio Goeldi, Brazil

Jorge A. M. Pereira, Madeira University, Portugal

Shagufta Perveen, King Saud University, Saudi Arabia

Christos Petrou, School of Sciences and Engineering, Cyprus

Daniela Piazzase, University of Palermo, Italy

Tanay Pramanik, University of Engineering and Management Kolkata, India

Maria Mar Quesada-Moreno, University of Granada, Spain

Fitria Rahmawati, Universitas Sebelas Maret, Indonesia

Ponnadurai Ramasami, University of Mauritius, Mauritius

Abdur Rauf, University of Swabi, Pakistan

Dominique Richon, MINES ParisTECH, France

Juan Garcia Rodriguez, Complutense University, Spain

Daily Rodriguez-Padron, Universidad de Cordoba, Spain

Agnieszka Saeid, Wroclaw University of Science and Technology, Poland

Suresh Sagadevan, FRSC, Nanotechnology & Catalysis Research Centre, University of Malaya,



Malaysia

Christian Schmitz, Hochschule Niederrhein, Germany

Catinca Secuianu, Politehnica University of Bucharest, Romania

Navpreet Kaur Sethi, Zhejiang University, China

Belgin Sever, Anadolu University, Faculty of Pharmacy, Turkey

Praveen Kumar Sharma, Lovely Professional University, India

Francesco Siano, National Research Council, Italy

Krishnamoorthy Sivakumar, SCSVMV University, India

Gawetl Sotowski, Institute of Fluid Machinary, Poland

Atul Srivastava, University of Chicago, USA

Arun Suneja, University of Nebraska-Lincoln, Lincoln, USA

Lakshmi Narayana Suvarapu, Yeungnam University, South Korea

Huseyin Ozan Tekin, University of Sharjah, Sharjah, United Arab Emirates (UAE)
Jose Luis Toca-Herrera, BOKU, Austria

Riaz Ullah, Department of Pharmacognosy, College of Pharmacy, King Saud University Riyadh
Saudi Arabia

Iveta Waczulikova, Comenius University, Fac of Math, Phys. and Inform., Slovakia
Chunpeng Wan, Jiangxi Agricultural University, China

Shin-ichi Yusa, Univ of Hyogo, Japan

Constantinos K. Zacharis, Aristotle University of Thessaloniki, Greece

Szczepan Zapotoczny, Jagiellonian University in Krakow, Poland

Snezana Zaric, University of Belgrade, Serbia

Zhien Zhang, Ohio State University, USA

Tingting Zheng, Peking University Shenzhen Hospital, Shenzhen PKU-HKUST Meidical
Center, Peking University, China

Grigoris Zoidis, National and Kapodistrian University of Athens, Greece

Publisher

DE GRUYTER Poland
Bogumita Zuga 32A Str.
01-811 Warsaw, Poland
T: +48 22 701 50 15

Editorial Contact
openchemistry@degruyter.com

Assistant Managing Editor
Deepan Selvaraj, Compuscript
AssistantManagingEditor@degruyter.com




BUKTI SCOPUS

Germany

PUBLICATION TYPE

Journals

@ SR

04

V=

0z

2004 2007 2010 2013 2016 2019

@ Extemal Cites per Doc @ Cites per Doc. N

2003 2006 2009 20012 2015 2008 2071

@ Cited documents @ Uncited documents

500

2003 2006 2000 2012 2015 2018 2021

Home Journal Rankings Country Rankings Viz Tools Help About Us
SUBJECT AREA AND CATEGORY PUBLISHER H-INDEX
Chemistry Walter de Gruyter GmbH
L Chemistry (miscellaneous)
Materials Science
L Materials Chemistry
ISSH COVERAGE INFORMATION
23915420 2003, 20152021 Homepage
How to publish in this journal
openchemistry@degruytercom
@ Total Documents M HB @ Totwal Cites @ Self-Cites Citations per document
1k
180 24
50 500
18
B —
o —
203 2006 2009 2012 2015 2018 2021 2003 2006 2003 2012 2015 2018 2021 12
@ s International Collaboration BN @ Citable documents @ Non-citable documems M} ¢ 06
500
0
0 - —
20 250
2003 2006 2009
0 o— Cites / Doc. (4 years)
o @ Cites / Doc (3 years)
2003 2006 2009 2012 2015 2018 2021 2003 2006 2008 2012 2015 2018 2021 @ Cites/ Doc. (2 years)
T + Show this widget in G sCimago Graphica

your own website

) Creristry
Q3 (mceloncous)

bk qisartiie

Just copy the code below
and paste within your him|

code:
s 2001

o5 A e

Dowered by SCIMBOOIr Com

Explore, visually
communicate and make
sense of data with our
new data visualization
tool.




BUKTI KORESPONDESI

fnic FKIP Nasional and Internasional Conference <

@stalundana.ac.id- & ApriB 2019, 1054 AM oy “
Dear Harsasi Setyawati,

1st ICoSASTE 2019 committee would like to thank you for submitting your abstract for presentation at “1st International Conference on Science, Applied Science, Teaching and
Education 2019” to be held in Kupang, Indonesia, May 14-15, 201%

Therublication committee would like to inform you the publication processes for your submission to 1st ICoSASTE 2019 as follows
Your paper entitled
Green light harvester by porphyrin derivatives: The influence of metals in photovoltaics (OCY-008
has been recommended ¥3y 1st ICoSASTE 2019 reviewers to be included for puﬁlicatian in Open Chemistry (indexed by SCOPUS) for paper with code OCY-008

2. The publication cost is not fully imposed to 1st ICoSASTE 2019. Therefore. it is possible that there will be additional fees that need to be paid by the authors.

3. Ifyou agres to publish your paper in Open Chemistry (indexed by SCOPUS), we request that you can write a full paper and complete the related documents according
to the file attached in this email. Please send full papers and related documents to fnici@staf undana.ac.id by April 26, 2019 (not April 19, 2019 like the timeline that has been
published on the website or poster) with
Subject:
Code of Paper-Open Chemistry-Name of First Author
Mame of File:

a. Code of Paper-Full Paper-Full Name of First Author (for full paper)

b.  Code of Paper-Supplementary File-Full Name of First Author (for supplementary file, if any)

4. If you don't agree to publish your paper in Open Chemistry (indexed by SCOPUS), we request that you can immediately confirm to us no later than April 22, 2019 If
after April 22, 2019 we do not receive a confirmation from you, we assume that you agree to publish your paper in Open Chemistry (indexed by SCOPUS).

5. In general, the author needs fo write a full paper by following the rules, such as:
. Manuscripts must be typed in font size 15 {Times New Roman)

Double-spaced throughout, including the Reference section

All pages should be numbered (Page Numbers) starting from the title

Continual line numbering (Line Numbers) should be used throughout the manuscript

References should be written using Mendeley. This is recommended because it can facilitate the authors in citing and making references. In addition, it will also
acilitate 1st ICoSASTE 2019 committze to check the style of referances used by the authors.

panop

e

REVISED MANUSCRIPT OPEN CHEMISTRY o a o

Yantus Neolaka <yantusnaeciakaunc@gmail.coms & Wed, Oct23,2019, 97PM ¢ &

tome, Hajsasi »
¥, Indonesian » > English Transiate message Turn off for: Indonesian x

zelamat malam,
Berikut saya kirimkan komentar dari reviewer untuk paper bapakiibu yang akan dipublikasikan di Open Chemistry.

Berikut beberapa hal yang perlu diperhatikan dalam merevisi paper yang akan dipublikasikan di Open Chemisiry, antara lain:
1. Authors perfu merevisi paper dengan memberikan highlight warma kuning pada bagian yang direvisi dan memberikan respon atau tanggapan atas setiap komentar yang telah diberikan

oleh reviewer. Conioh paper yang telah direvisi dan respon atau tanggapan untuk setiap kementar yang felah diberikan oleh reviewer dapat dilinat pada file "Revised-Manuscript.pdf”
dan "Revised-Response to reviewer.pdl

2. Authors perfu mengisi file "Licence to Publish.pdf' dan mengirimkannya bersama dengan paper yang telah direvisi (diberikan highlight wama kuning pada bagian yang direvisi} dan
respon atau tanggapan atas setiap komentar yang telah diberikan oleh reviewer.

3 Deadline untuk mengirimkan paper yang telah direvisi (diberikan highlight wama kuning pada bagian yang direvisi}, respon atau tanggapan atas setiap komentar yang telah diberikan
oleh reviewer, dan file “Licence to Publish.pdf” yang telah diisi dan ditanda tangani adalah 4 November 2019

terima kasih

Yantus Neolaka
Sekretaris 15t ICOSASTE 2019


Kokoh
Highlight


OPENCHEM-D-19-00174R1 - Manuscript has been composed Kotal Masuk a @

Heri Septya Kusuma <heriseptyakusuma@gmail.cams & Jum, 3Apr2020114% +f &

kepada saya, harsasi-s

¥ Inggris > Indonesia ~  Terjemahkan pesan Monaktiflcan untuk: Inggris x
Article: OPENCHEM-D-19-00174R 1
Title: "Funclionalization of Congo red dye as a light harvester on solar cell’
Dear lbu Harsasi,

At the Editorial Manager system you may find your manuscript after technical edition for final proofreading.
Please send me back your comments to the manuscript by 2020/04/04.

Please do not make any major changes to the work at this stage. Please check the manuscript carefully. Once it is ready for publication there will be no possibility to make any correction.
Please return your proof in one working day. If we do not receive any corrections by that time, we will assume that no comections are necessary. Please acknowledge receipt of this email and
reply with confirmation even though there are no corrections needed in the proofs of your paper.

All the corrections you would like us to introduce into your manuscript should be prepared in the form of a list

Pagelline

Is:

Should be:

If & text format of the list is not convenient for you due to corrections in equations or exprassions, you may sent me a file of MS Waord or PDF format a5 an e-mail attachment

[Open Chemistry] Your article is published online (Bl nwox « X 8 @

Zaim Hakim, Yusuf <Yusuf ZaimHakim
oma -«

idegruyter.coms= Thu, Mar 31, 112 PM o “

Dear H. Setyawati

| am contacting you on behalf of an article you published in Open Chemistry — “Functionalization of Congo red dye as a light harvester on solar cell” (10.1515/chem-2020-0034). |
would like to remind you the paper is available in open access and you, as the author, retain the copyright, the right to its reproduction, and self-archiving. Therefore, | highly encourage
you to cife and share your great article on your wehsite and other senvices (such as Twitter, ResearchGate, Linkedin, Facebook, Reddit, Academia edu, Mendeley, etc.), which may give
your paper a wider readership. Increasing the visibility of this paper will be beneficial not only for the readers but most of all for your scientific achievemeants.

Thanlk you for choosing Open Chemistry.
If you hawe any additional questions or ideas, please do not hesitate to contact me or gpenchemistry(@degruyter com.

Best regards and have a nice day,
Mr. Yusuf Hakim

Editorial Assistant

Open Chemistry

Open Chemistry

Facebook

Twitter

De Gruyier Poland Ltd. UL Bogumila Zuga 32a. 01-311 Warsaw. Poland
Domicile Warsaw, Peland. Legal Form: Limited Company

Manzaging Directors: Jacek Ciesielski

Mewsletter and Alerts: wwnw degruyter com/newsletier



DE GRUYTER

Open Chem., 2020; 18: 287-294

Research Article

Harsasi Setyawati*, Handoko Darmokoesoemo, Irmina Kris Murwani, Ahmadi Jaya Permana,

Faidur Rochman

Functionalization of Congo red dye as a light

harvester on solar cell

https://doi.org/10.1515/chem-2020-0034
received July 15, 2019; accepted January 12, 2020.

Abstract: The demands of ecofriendly technologies to
produce a reliable supply of renewable energy on a large
scale remains a challenge. A solar cell based on DSSC
(Dye-Sensitized Solar Cell) technology is environmentally
friendly and holds the promise of a high efficiency in
converting sunlight into electricity. This manuscript
describes the development of a light harvester system
as a main part of a DSSC. Congo red dye has been
functionalized with metals (Fe, Co, Ni), forming a series
of complexes that serve as a novel light harvester on
the solar cell. Metal-congo red complexes have been
characterized by UV-VIS and FTIR spectroscopy, and
elemental analyses. The performance of metal complexes
in capturing photons from sunlight has been investigated
in a solar cell device. The incorporation of metals to congo
red successfully improved of the congo red efficiency as
follows: Fe(II)-congo red, Co(II)-congo red and Ni(Il)-
congo red had efficiencies of 8.17%, 6.13% and 2.65%,
respectively. This research also discusses the effect of
metal ions on the ability of congo red to capture energy
from sunlight.

Keywords: Functionalization; congo red; metal; light-
harvester; ecofriendly.

*Corresponding author: Harsasi Setyawati, Department of
Chemistry, Faculty of Science and Technology, Airlangga University,
Surabaya 60119, Indonesia, E-mail: harsasi-s@fst.unair.ac.id
Handoko Darmokoesoemo, Ahmadi Jaya Permana, Faidur Rochman,
Department of Chemistry, Faculty of Science and Technology,
Airlangga University, Surabaya 60119, Indonesia

Irmina Kris Murwani, Department of Chemistry, Institut Teknologi
Sepuluh Nopember Surabaya 60111, Indonesia

1 Introduction

The increasing demand for renewable energy has
prompted many researchers to investigate new sources
to produce renewable energy. Sunlight is an abundant
energy source which can be converted into electricity. A
solar cell, in particular DSSC (Dye Sensitizer Solar Cell),
is one of the best technologies to obtain clean energy
from sunlight [1-8]. A dye sensitizer, commonly known
as a light harvester, is the main part of the DSSC device.
A light harvester has a significant role in capturing
energy from the sun, and the electron produced is used
in photochemical pathways on the solar cell [9]. Much
research has been focused on developing a light harvester
material to obtain a high-efficiency solar cell [1,2,4,5,7-11]

On the other hand, in Indonesia, the growth of the
economy has been driven by the development of the
garment/ textile industry, in particular, the Batik industry.
In order to keep down the industrial costs, many industries
tend to use synthetic dyes such as rhodamine B, congo
red, naphthol blue black and methyl orange for their
dyeing processes. Because of the lack of waste treatment
technology, many industries dispose of dye waste directly
into the environment. Hence, in this research, we focus
on how to reduce dye waste and convert them into a
component of solar cell technology.

In earlier work, waste dyes such as rhodamine B,
congo red, naphthol blue black and methyl orange were
successfully used as a light harvesters in solar cells [9]. In
that study, congo red proved to have the highest efficiency
of 1.01%. Therefore, in this study, congo red was chosen
as a candidate for a light harvester on the solar cell. A
promising way to improve the efficiency of solar cells in
via the addition of metal ions. In this context, congo red
is considered as a ligand. The metal-ligand interaction
in metal complexes produces new functional materials
that provide a wide application in many scientific fields
For example, the presence of iron on the rhodamine
B structure has been shown to improve the efficiency
of a solar cell from 0.0019% (rhodamine B) to 2.03%

3 Open Access. © 2020 Harsasi Setyawati et al., published by De Gruyter. This work is licensed under the Creative Commons

Attribution alone 4.0 License.
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(Fe-rhodamine B) [12,13]. The presence of iron (as a metal
complex)on an antibiotic structure has proven to enhance
the antibacterial activity [14]. Incorporation metal-igand
complexes yields excellent electronic properties in the
molecular electronics field [15,16].

In the current research, a series of complexes were
prepared by reacting congo red dye with Fe(II), Co(II) and
Ni(II) ions. All compounds were characterized by UV-Vis
and FTIR spectrophotometry, EDX (Energy-Dispersive
X-ray) elemental analysis, and conductometry. The
performance of all complexes as a light harvester on
a solar cell device was analyzed and compared to the
performance of congo red. In this study, the solar cell
device consisted of a thin layer of titanium dioxide (TiO,)
as a semiconductor, graphite as a counter electrode,
potassium tri-iodide (KI)) solution as an electrolyte
solution and FTO (Fluorine-doped tin oxide) glass as solar
cell body.

2 Experimental

2.1 Material

All chemicals were purchased from commercial sources
(Sigma Aldrich) and used without further purification.
Materials for synthesis of complexes were Mohr salt
[(NH,),Fe(SO,),.6H,0], cobalt chloride (CoCl,.6H,0), nickel
sulphate (NiSO,.7H,0), congo red (C,H,NNa0,S) and
ethanol (CH,CH,0H). Material for preparation of the DSSC
cell were conductive glass plates i.e. FTO (Fluorine doped
Tin Oxide) glass from Latech scientific supply Pte. Ltd
Singapore (10 Q, 25 x 25 x 3.2 mm), counter electrode i.e.,
graphite, titanium dioxide anatase, iodine (IZ), potassium
iodide (KI), acetic acid (CH,COOH), hydrochloric acid
(HCI), ethanol (CH,CH,0H), aquabidest and ether.

2.2 Congo red complexes characterization

The absorption spectra of complexes (as solutions) were
measured using a UV-Vis spectrophotometer (Shimadzu
1800). Infrared spectra were recorded with a FTIR
spectrophotometer (Jasco FTIR 5300). Elemental analyses
of complexes were performed using a EDX Carl Zeiss
EVO MA 10. Electrical conductivity was analyzed with a
EUTECH Conductometer. The structure of thin layer TiO,
was characterized by X’pert PRO Diffractometer.

DE GRUYTER

2.3 Determination of ratio mole metal to
ligand

The number of ligands which is bind to the metal was
calculated by determining the mole ratio of metal
and ligand using mole ratio methods,[17], as follows:
Stoichiometry of metal complexes is determined by the
mole ratio method, using the wavelength of maximum
absorbance of the congo red ligand A solution of the
appropriate metal ion was made with a constant number
of moles, while solutions of congo red were made with a
variation of the number of moles. Eight volumetric flasks
(10 mL) were prepared. A solution of the appropriate metal
ion (5 x 10° M) in a fixed mole (1 mL) was transferred to
the flask and congo red 5 x 10° M with a variation mole (1
mL; 2mL;3mL; 4 mL; 5mL: 6 mL; 7 mL; 8 mL) was added.
Furthermore, the solution is diluted with aquabidest.
Hereafter, the mole ratio of metal to ligand was determined
by intersection between the straight line equation of curve
between a mole ratio of metals to ligand and absorbance
of ligand.

2.4 Preparation of the complexes

A series of complexes were synthesized by reacting a
metal ion and congo red ligand. The appropriate metal
salt and ligand were weighed, based on the mole ratio
determination; one mole of metal and three mole of
ligand congo red. Then, each compound was dissolved
in ethanol. The solutions were mixtured and heated at
100°C under reflux system. After one third of the solution
remained, the solution was left for two weeks at room
temperature until complexes crystallised. Subsequently,
the complexes were washed with hot ethanol (40°C), then
dried [12,13]. The ionic character of complex compound
was determined by conductance analysis.

2.5 Preparation of DSSC cell

Photo anode or working electrode were prepared by
superimposing a thin layer of TiO, sol on FTO glasses
following the procedure described in our previous work
[12]. For a working-electrode, a glass plate with a size of
2.5 cm x 2.5 cm with 1 mm of thickness was sanded to
obtain a rough-surface. Then, the glass plate was soaked
with ethanol for 24 hours. Furthermore, the glass plate
was coated by sol-gel titanium dioxide to obtain a thin
layer of titanium dioxide. A sol-gel solution of TiO, was
dropped on the glass plate surface and flattened using
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Figure 1: The diagram of DSSC cells, together with the structure of congo red and the three metal ions used to make complexes.

a stirring rod until a homogenous coating was obtained.
Then, a coated glass plate was calcined at a temperature
of 450 °C for 30 minutes. The obtained titanium dioxide
was characterized by X-ray diffraction. Subsequently, the
adsorption of dyes from congo red complexes onto FTO
glasses-TiO, were done by immersing the electrodes in the
complexes of congo red solution (0.1 mmol.L") for 24 hours
at room temperature and then dried. Three complexes of
congo red, and a solution of congo red were immersed
with TiO, glasses, respectively.

Counter electrodes were prepared by coating
carbon on the conducting side using a graphite pencil
until evenly distributed. Furthermore, FTO glass slides
were heated at 450°C for 30 min and then washed with
ethanol and dried. Electrolyte solution was prepared by
dissolving iodine (I,) in potassium iodide (KI) solution
until KI, solution was obtained. The light harvester solar
cells were assembled by sandwiched TiO_-dye as working
electrode and graphite as counter electrodes as described
in Figure 1. An electrolyte solution of KI, was dropped
between the two electrodes. Then, the two electrodes
were clamped with clips and connected to a multimeter
and potentiometer 100 kQ. The solar cell circuit was
connected to a multimeter cable where the positive pole
was connected to the counter electrode and the negative
pole was connected to the working electrode. Then, the
solar cell device was irradiated for 2 weeks by direct
sunlight and every day the maximum current and voltage
were measured. The intensity of the sunlight was also
measured using a lux meter.

Ethical approval: The conducted research is not
related to either human or animal use.

3 Results and discussion

In this research, functionalization of congo red was
achieved by the formation of Fe(II), Co(Il) and Ni(II)
complexes. The result of the mole ratio of metal to ligand
determination is shown in Figure 2. Through this step, the
formation of complexes can be formed effectively [12].

Figure 2 shows the mole ratio metal to the ligand of
all congo red complexes are 0.27. All complexes show
that the mole ratio almost 0.3. This result means that all
of the complexes stable synthesized on mole ratio metal
to ligand 1:3. One metal could bind 3 ligands and form
an octahedral structure which has a six coordination
numbers. This suggests that congo red is a bidentate
ligand which can donate two pairs of electrons to the
metal ions [18].

After synthesis, all complexes were characterized
by UV-Vis spectrophotometry, with selected data shown
in Table 1. It is apparent that all complexes show d-d
transition band on wavelength close to 498 nm. These
results show that the d-d transitions of metal complexes
is highly influenced by the very intense color of the
ligand. The electronic absorption spectra of complexes
give different characteristic bands such as intra-ligand
transition, charge transfer (MLCT or LMCT), and d-d
transition. All synthesized congo-red complexes indicate
the octahedral structure. Based on orbital selection rule
and Laporte forbidden rule, the complex compound with
an inversion center like octahedral structure will have a
weak d-d transition that caused the low in intensity. If the
complex has a ligand with a very intense color such as
congo red, it will be hard to determine the d-d transition
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Figure 2: The determination of mole ratio of metal to ligand for the congo red complexes.

of a complex compound because of the color of ligand and
LMCT phenomenon masking its d-d transition [19,20]. In
this research, all complexes show charge transfer (CT)
bands. It is beneficial to implement the metal complexes
as a light harvester on solar cells because charge transfer
phenomenon highly support generating electron transfer
on solar cell device [9,13,18].

All synthesized metal complexes in this research were
non-hygroscopic, non-deliquescent and stable at room
temperature. In order to characterize their elemental
composition, all complexes were analyzed by Energy
Dispersive X-Ray (EDX). EDX is a chemical microanalysis
technique which can be used for qualitative (the type
of elements) as well as quantitative (the percentage of
f each element of the sample) studies. This analysis
detects the x-rays emitted from the sample following the
bombardment of the sample with an electron beam to

Table 1: Characteristic bands of the complexes in deionized water in
UV-Vis spectra[A__, in nm].

Compound IL? bands and CT® bands d-d bands
Congo red 238 345.5 498-
Fe-congo red 239 339 508
Co-congo red 213 502
Ni-congo red 239 339.5 498.5

a = intra-ligand band; b= charge transfer band

characterize the elemental composition. The data that is
generated by EDX analysis consists of spectra with peaks
corresponding to all the different elements that are present
in the sample. An advantage of the EDX technique is that
it is a non-destructive characterization technique, which
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Table 2: The result of elemental analysis of congo red complexes.
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Compound Element
C N 0 S Metal
Fe(ll)-congo red Wt found/ Wt calc. (%) 43.01/42.65 8.75/8.74 36.89/3689 8.62/9.22 2.73/2.50
At found/ At calc. (%) 52.44/59.50 9.15/13.02 33.77/14.88 3.94/9.92 0.71/2.68
Co(ll)-congo red Wt found/ Wt calc. (%) 44.47[44.53 9.27/8.89 33.88/33.57 8.47/9.08 3.91/3.93
At found/ At calc. (%) 59.44/54.58 13.00/9.36 14.86/30.91 9.91/4.71 2.79/0.98
Ni(ll)-congo red Wt found/ Wt calc. (%) 51.28/51.39 5.79/5.93 33.73/33.89 6.43/6.02 2.77/2.76
At found/ At calc. (%) 60.62/59.38 5.89/12.99 29.97/14.85 2.85/9.89 0.67/2.89

Table 3: Conductance analysis of complex compounds.

Compound Conductance (pmho)
Water (H,0) 1.93

Fe(ll)-congo red in water 67.23

Co(ll)-congo red in water 87.60

Ni(ll)-congo red in water 75.57

requires little or no sample preparation [21]. EDX has also
been used to determine elemental composition [22-25].

In this research, EDX characterization was used
in qualitative purposed such as proving the presence
of metal in the complex compound. The result of the
elemental determination of complexes is shown in Table
2. Table 2 shows that each synthesized complex contains
an expected metal.

As a dye sensitizer, a complex compound must have
character ionic in order to facilitate redox reaction in
a DSSC cells. In order to ensure the ionic character on
complex compounds, the conductance of each solution of
congo red complex was determined by conductometry. The
molar conductivities of the synthesized complexes were
measured in water. Based on Table 3, the conductance
of metal complexes is in a range 67.23 pmho - 87.60
pmho. This result revealed that all complexes were ionic
with being 1:1 electrolyte, whereas the water showed
conductance 1.93 umho that correlate with nonelectrolytic
[19,26]

The incorporation of metal in the complex compound
leads to a change of ligand characteristics. When a metal
coordinates with the ligand, some changes will occur in
stretching frequencies of the ligand. Based on Tabe 4, the
azo (N=N) bands in each complex compound shifted from
1612.49 cm? to 1604.77 and 1512.19 cm?, which indicates
the coordination of N on azo group to the metal center
[21]. The result of FTIR characterization of complexes is

Ni-congo red

Co-congo red

Fe-congo red

congo red

— C-N

N=N

R-SO3

NH,

r T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm_l)

Figure 3: The determination of functional groups of congo red
complexes using FTIR.

shown in Figure 3, Figure 4 and Table 4. In general, the
characteristic of FTIR spectra of complexes was similar to
theligand (congo red). This suggests that most a functional
groups of complexes are broadly similar to those of the free
ligand. However, based on Figure 4, there were significant
differences spectra in the far-infrared area (under 500
cm?). This peak indicates the coordination of ligand to
metal has been formed. Coordination Fe-N appears at
362.62 cm?; coordination Co-N appears at 34719 cm? and
coordination Ni-N appears at 354.9 cm™.[12,13,27].

In investigating the performance of complexes as light
harvesters, the photovoltaic performance of each complex
was analyzed on a solar cell device. Each complex was
dispersed on semiconductor titanium dioxide (TiO,)
that formed a working electrode. The interaction of
metal complexes with TiO, was characterized by FTIR
spectrophotometry and the results are shown in Figure 5.
This shows that bonding between Ti and metal complexes
is indicated by the appearance of peaks in the range of
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Table 4: The functional group and metal ligand bonding of congo red complexes.

Functional Groups Congo red Fe-congo red Co-congo red Ni-congo red
Metal-NH, 362.62 347.19 354.9

C-N 1049.28 1049.28 1049.28 1172

R-SO; 1180.44 1118.71 1180.44 1180.44
N=N 1612.49 1604.77 1604.77 1512.19

NH 3448.72 3464.15 3456.44 3448.72

2

References : [27][28][18]
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Figure 4: The determination of metal-ligand bonding of congo red
complexes using FTIR.
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Figure 5: The determination of TiO, bonding with congo red
complexes using FTIR spectrophotometry.

400-500 cm™. This peak indicates the bonding of Ti and
O from the sulfonate group of ligand congo red. The
incorporation of Ti and dye through bonding highly
support the electron flow that occurred on the solar cell
device. This condition is beneficial in increasing the
electron flow [29-31].

The photovoltaic performance of each metal complex
has been investigated and compared with the ligand
congo red. The results (Table 5) show the terms of short-
circuit current (J_), open-circuit voltage (V ), maximum
current density (J__), maximum voltage (V__), fill factor
(FF) and energy conversion efficiency (n) for the four solar
cell systems investigated.

Table 5 shows that the efficiency of metal complexes
is higher than the ligand itself (congo red). It means that
the functionalization of congo red using metal ions is
proven to increase their performance as a light harvester
[12,13]. The highest photovoltaic performance was reached
by Fe(Il)-congo red complex (8.17%) and the lowest
photovoltaic performance was reached by the Ni(II)-congo
red complex (2.65%). The Fe(II) complex has the highest
efficiency because the electron configuration of Fe(II) has
more electrons than Co(II) and Ni(Il) in their d orbitals.
This means that iron(II) (d°) has more energy levels (Term
Symbol : °D, 'S, 'D, 'G, P, °F, P, °D, °F, °G, °H, 'S, 'D, 'F, 'G,
'I) which can absorb photon energy [20]. The more energy
levels available, the higher electron flow can be generated
by light harvester, and the greater amount of electricity
that can be obtained [30,32]. The Fe(II) complex obtained
the highest Open Circuit Voltage (Voc) comparing with the
Co(II) and Ni(II) complex which are 0.872V (Fe(II)), 0.268
V (Co(ID)) and 0.445 V (Ni(II)).

Based on Table 5 and Table 6 we can see that there is
a correlation between the efficiency of the metal complex
and the metal atomic number. The higher of metal atomic
number, the decrease in efficiency of solar cells. It can
be explained that the higher metal atomic number cause
the higher of effective nuclear charge of the metal. This
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Dye Js. v, (V) Jmax Vi V) FF n (%)
(mAcm?) (mAcm?)

Congo red 14 0.176 3 0.167 0.203 1.90

Fe-congo red 3 0.872 2.5 0.860 0.822 8.17

Co-congo red 12.5 0.268 8 0.202 0.481 6.13

Ni-congo red 2.5 0.445 1.6 0.435 0.626 2.65

Sunlight Intensity: 26.307 mWcm?; Area: 4 cm?

Table 6: The effective nuclear charge (Zeff) of metal complexes [20].

Metal ion Shielding Constant (S)* Atomic Number (2) Effective Nuclear Charge (Z )**
Fe2* 19.75 26 6.25

Co* 20.10 27 6.90

Niz* 20.45 28 7.55

* Shielding Constant (S) was calculated by Slater’s rule
** Effective Nuclear Charge (Z ) was calculated by Z minus S

condition will cause the electron density of the ligand
to become more attracted to the metal. As a result, the
electrons transferred by the dye to the semiconductor are
reduced partially. This causes the electron cycle in the solar
cell to decrease so that the electricity produced decreases.

4 Conclusions

The use of three metal ions to the synthetic dye, congo
red, to improve its photovoltaic performance (through
the formation of complexes) has been investigated. This
research successfully proves that the addition of metals
ion to congo red structure can improve efficiency of the
solar cell. The addition of Fe(II) to congo red structure
obtained the highest efficiency i.e. 8.17%. The larger an
atomic number metal ion, the greater the effective nuclear
charge of the metal so that the electron density of the
ligand that will be donated to the photovoltaic process
will be reduced because it is attracted to the metal. This
condition causes a decrease in solar cell efficiency.
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