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Your submission entitled "The Influence of Molybdenum Diselenide (MoSe2) Coated on Pt Film to DSSC
Performance with the Structure TiO2/Dye/LxMoSe2Pt (with x=0-5)" has been received by Materials Letters or its open
access mirror.

However, before we can proceed with the review process we ask you to address the following:

1. The Highlights do not meet the requirements. Please amend your Highlights so that they consist of 3 to 5 brief
bullet points which convey the core findings of your work.  Please ensure EACH bullet point does NOT exceed 85
characters (including spaces). Please see http://www.elsevier.com/wps/find/authorsview.authors/highlights for more
information.

2. Manuscripts must not exceed 2000 words plus three figures and one table (Including references, Captions, Title,
authors, affiliations, abstract, key words); The maximum number of figures is strictly limited to five. If the maximum of
5 figures is used, then the total number of words must be reduced to 1600; if 4 figures are included, then the total
number of words must be reduced to 1800.

Please log onto Elsevier Editorial System as an Author:

https://ees.elsevier.com/mlblue/

1. Go to the menu item "Submissions/Revisions Sent Back to Author".
2. Click "Edit Submission/Revision".
3. Click on the relevant submission step on the left-hand menu;
4. Provide or modify the item/information as requested.
5. Go to "Attach Files" and "Build PDF for my Approval".
6. View and Approve your new PDF file including the changed item(s), or if needed, Edit again.

* Please note that submissions not returned to us within two months will be removed without further warning!

Thank you for submitting your work to the journal, and if you have any questions, please don't hesitate to contact me.

PLEASE NOTE: Materials Letters or its open access mirror would like to enrich online articles by displaying
interactive figures that help the reader to visualize and explore your research results. For this purpose, we would like
to invite you to upload figures in the MATLAB .FIG file format as supplementary material to our online submission
system. Elsevier will generate interactive figures from these files and include them with the online article on
SciVerseScienceDirect. If you wish, you can submit .FIG files along with your revised submission.
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Dear Dr. Ali Umar,

Your submission entitled "The Influence of Molybdenum Diselenide (MoSe2) Coated on Pt Film to DSSC
Performance with the Structure TiO2/Dye/LxMoSe2Pt (with x=0-5)" has been received by Materials Letters or its open
access mirror.

However, before we can proceed with the review process we ask you to address the following:

The current number of words in your manuscript exceeds the maximum allowed by Materials Letters Guide for
Authors (GFA). Manuscripts must not exceed 2000 words plus 3 figures and 1 table (Including references, Captions,
Title, authors, affiliations, abstract, keywords). If 4 figures are included, then the total number of words must be
reduced to 1800. If the maximum of 5 figures is used, then the total number of words must be reduced to 1600. We
invite you to visit https://www.elsevier.com/journals/materials-letters/0167-577x/guide-for-authors for further
information.
Please, revise your manuscript according to the GFA.

Please log onto Elsevier Editorial System as an Author:

https://ees.elsevier.com/mlblue/

1. Go to the menu item "Submissions/Revisions Sent Back to Author".
2. Click "Edit Submission/Revision".
3. Click on the relevant submission step on the left-hand menu;
4. Provide or modify the item/information as requested.
5. Go to "Attach Files" and "Build PDF for my Approval".
6. View and Approve your new PDF file including the changed item(s), or if needed, Edit again.

* Please note that submissions not returned to us within two months will be removed without further warning!

Thank you for submitting your work to the journal, and if you have any questions, please don't hesitate to contact me.

PLEASE NOTE: Materials Letters or its open access mirror would like to enrich online articles by displaying
interactive figures that help the reader to visualize and explore your research results. For this purpose, we would like
to invite you to upload figures in the MATLAB .FIG file format as supplementary material to our online submission
system. Elsevier will generate interactive figures from these files and include them with the online article on
SciVerseScienceDirect. If you wish, you can submit .FIG files along with your revised submission.

Yours sincerely,

Materials Letters or its open access mirror
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Dear Marjoni Imamora Ali Umar,

The PDF for your submission, "The Influence of MoSe2 Coated onto Pt Film to DSSC Performance with the Structure
TiO2/Dye/LxMoSe2Pt (0≤x≤5)" has now been built and is ready for your approval. Please view the submission before
approving it, to be certain that it is free of any errors. If you have already approved the PDF of your submission, this
e-mail can be ignored.

To approve the PDF please login to the Elsevier Editorial System as an Author:

https://ees.elsevier.com/mlblue/
Your username is: nurjoniimamora@yahoo.com

Then click on the folder 'Submissions Waiting for Author's Approval' to view and approve the PDF of your submission.
You may need to click on 'Action Links' to expand your Action Links menu.

You will also need to confirm that you have read and agree with the Elsevier Ethics in Publishing statement before the
submission process can be completed. Once all of the above steps are done, you will receive an e-mail confirming
receipt of your submission from the Editorial Office. For further information or if you have trouble completing these
steps please go to: http://help.elsevier.com/app/answers/detail/a_id/88/p/7923.

Please note that you are required to ensure everything appears appropriately in PDF and no change can be made
after approving a submission. If you have any trouble with the generated PDF or completing these steps please go to:
http://help.elsevier.com/app/answers/detail/a_id/88/p/7923.

Your submission will be given a reference number once an Editor has been assigned to handle it.

Thank you for your time and patience.
Kind regards,
Editorial Office
Materials Letters or its open access mirror

******************************************
For further assistance, please visit our customer support site at http://help.elsevier.com/app/answers/list/p/7923. Here
you can search for solutions on a range of topics, find answers to frequently asked questions and learn more about
EES via interactive tutorials. You will also find our 24/7 support contact details should you need any further assistance
from one of our customer support representatives.
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Dear Dr. Ali Umar,

The reviewer(s) and editor have evaluated your manuscript "The Influence of MoSe2 Coated onto Pt Film to DSSC
Performance with the Structure TiO2/Dye/LxMoSe2Pt (0≤x≤5)" (Dr. Marjoni Imamora Ali Umar). As you will see from
the comments below and on https://ees.elsevier.com/mlblue/, moderate revision has been requested. Given that the
requested revisions are moderate the new version is required within Jun 16, 2020.

To submit a revision, go to https://ees.elsevier.com/mlblue/ and log in as an Author.  You will find your submission
record under Submission(s) Needing Revision. Please note that resubmissions not received within Jun 16, 2020 may
be withdrawn, unless you contact me to extend the deadline.

With your resubmission, explain how and where each point of the reviewer's comments has been incorporated. For
this, use submission item "Revision 
Notes" when uploading your revision. Also, indicate the changes in an annotated version of the revised manuscript
(submission item "Revision, changes marked"). Should you disagree with any part of the reviews, please explain why.
To facilitate further review, add line numbers to the text of your manuscript.

Please present any figures, tables etc. as separate files. See the Artwork Guidelines on the home page right menu for
further file naming conventions, referencing and format issues. Please upload source files (e.g. Word or LaTeX) of the
text and figures. PDF files of the text cannot be handled by the typesetters.

Please strictly follow the formatting requirements as presented in the Guide for Authors at http://www.elsevier.com/
locate/mlblue. As regards the figures: The cost for colour printing should be met by the author. In order to reduce the
cost you may choose to redraw those figures where colour can be substituted by using different graphical shapes.

I hope that you will find these comments to be of use to you and am looking forward to receiving your revision.

Thank you for submitting your work to this journal.

PLEASE NOTE: Materials Letters or its open access mirror would like to enrich online articles by displaying
interactive figures that help the reader to visualize and explore your research results. For this purpose, we would like
to invite you to upload figures in the MATLAB .FIG file format as supplementary material to our online submission
system. Elsevier will generate interactive figures from these files and include them with the online article on
SciVerseScienceDirect. If you wish, you can submit .FIG files along with your revised submission.

Please note that this journal offers a new, free service called AudioSlides: brief, webcast-style presentations that are
shown next to published articles on ScienceDirect (see also http://www.elsevier.com/audioslides). If your paper is
accepted for publication, you will automatically receive an invitation to create an AudioSlides presentation.

Materials Letters or its open access mirror features the Interactive Plot Viewer, see: http://www.elsevier.com/
interactiveplots. Interactive Plots provide easy access to the data behind plots. To include one with your article,
please prepare a .csv file with your plot data and test it online at http://authortools.elsevier.com/interactiveplots/
verification before submission as supplementary material.
MethodsX file (optional)
We invite you to submit a method article alongside your research article. This is an opportunity to get full credit for the
time and money you have spent on developing research methods, and to increase the visibility and impact of your
work. If your research article is accepted, your method article will be automatically transferred over to the open
access journal, MethodsX, where it will be editorially reviewed and published as a separate method article upon
acceptance. Both articles will be linked on ScienceDirect. Please use the MethodsX template available here when
preparing your article: https://www.elsevier.com/MethodsX-template. Open access fees apply.

Kind regards,

A.F.W. Willoughby
Editor
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Data in Brief (optional):

We invite you to convert your supplementary data (or a part of it) into an additional journal publication in Data in Brief,
a multi-disciplinary open access journal. Data in Brief articles are a fantastic way to describe supplementary data and
associated metadata, or full raw datasets deposited in an external repository, which are otherwise unnoticed. A Data
in Brief article (which will be reviewed, formatted, indexed, and given a DOI) will make your data easier to find,
reproduce, and cite. 

You can submit to Data in Brief via the Materials Letters or its open access mirror submission system when you
upload your revised Materials Letters or its open access mirror manuscript. To do so, complete the template and
follow the co-submission instructions found here: www.elsevier.com/dib-template. If your Materials Letters or its open
access mirror manuscript is accepted, your Data in Brief submission will automatically be transferred to Data in Brief
for editorial review and publication. 

Please note: an open access Article Publication Charge (APC) is payable by the author or research funder to cover
the costs associated with publication in Data in Brief and ensure your data article is immediately and permanently free
to access by all. For the current APC see: www.elsevier.com/journals/data-in-brief/2352-3409/open-access-journal

Please contact the Data in Brief editorial office at dib-me@elsevier.com or visit the Data in Brief homepage
(www.journals.elsevier.com/data-in-brief/) if you have questions or need further information.

Note: While submitting the revised manuscript, please double check the author names provided in the submission so
that authorship related changes are made in the revision stage. If your manuscript is accepted, any authorship
change will involve approval from co-authors and respective editor handling the submission and this may cause a
significant delay in publishing your manuscript.

..........................................................
Important note: If a reviewer has provided a review or other materials as attachments, those items will not be in this
letter.  Please ensure therefore that you log on to the journal site and check if any attachments have been provided.  

COMMENTS FROM EDITORS AND REVIEWERS

Reviewer #1: Umar et al. reported the influence of Molybdenum Diselenide (MoSe2) coating on platinum (Pt) for the
performance of dye-sensitized solar cells (DSSCs). The champion DSSC devices with  iO2/Dye/L2MoSe2Pt
structures led to a current-density of 11,204 mA/cm2, Voc of 0.660 mV, and solar cell efficiency of 2,967%,
respectively. The results are ok. The paper can be accepted for publication if the authors can fully address the
following comments.
There are grammar errors or typos in the manuscript. For example, 0.660 mV should be 0.66V for Voc. The write-up
of "…have resulted in current-density, Voc, and solar cell performance of 11,204 mA/cm2, 0.660 mV, and 2,967%,
respectively…" should be corrected to "…a current-density of 11,204 mA/cm2, Voc of 0.660 mV, and solar cell
efficiency of 2.967%,…". The device efficiency should be 2.967%, not 2,967%.... The authors should ask a native
English speaker to fully check the paper to correct all such errors.
The device efficiency of 2.967% is pretty low. A regular Pt counter electrode DSSC should be fabricated as reference
cell to find out the cause for low efficiencies.
Look like more data should be added to the manuscript.
There are many counter electrode literature papers that should be cited/discussed in the revised paper. These include
RSC advances 6 (14), 11481-11487, 2016; Nanoscale 5 (23), 11742-11747, 2013; Nano Energy 11, 550-556, 2015;
ChemSusChem 8 (5), 817-820, 2015; Thin Solid Films 562, 578-584, 2014; Nano Energy 4, 157-175, 2014;
Nanoscale 4 (15), 4726-4730, 2012; Journal of Materials Chemistry A 2 (29), 11448-11453, 2014; Nano Energy 22,
558-563, 2016; Nano Energy 5, 116-121, 2014; Chemistry-A European Journal 21 (43), 15153-15157, 2015; Journal
of Applied Physics 119 (13), 135501, 2016; Journal of Materials Chemistry A 3 (40), 20359-20365, 2015.
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Abstract: Research on the influence of Molybdenum Diselenide (MoSe2) 

coating on platinum (Pt) to performing dye-sensitized solar cell (DSSC) 

with the structure of TiO2/Dye/LxMoSe2Pt, (0≤x≤5) is reported. The 

hydrothermal method has successfully synthesized the TiO2 film with 

square and porous morphology on the indium titanium oxide (ITO) surface. 

Four peaks of the Raman Scattering detected from the semiconductor 

confirm the formation of TiO2 film. The liquid-phase deposition (LPD) 

also successfully prepared the Pt film. Onto the prepared Pt, the MoSe2 

was coated to produce LxMoSe2Pt (0≤x≤5) and then use them as the counter 

electrode (CE). The best DSSC devices with TiO2/Dye/L2MoSe2Pt structures 

have resulted in current-density, Voc, and solar cell performance of 

11.204 mA/cm2, 0.66 V, and 2.967%, respectively. The Bode graph confirmed 

this device has the longest lifetime, proven by the highest peak rise in 

the lowest frequency. Besides, high-frequency also shows the device has 

low resistance, useful for accelerating the electrons flow and enhancing 

DSSC performance. 
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17 May 2020 

Dear Editor,   

SUBMISSION OF A REVISED MANUSCRIPT FOR EVALUATION   

Thank you for the opportunity to revise our manuscript. We would like to submit the revised 

version of our manuscript entitled "The Influence of MoSe2 Coated onto Pt Film to DSSC 

Performance with the Structure TiO2/Dye/LxMoSe2Pt (0≤x≤5)" (REF: # MLBLUE-D-20-01935) 

to the Materials Letters 

We have considered for almost of comment and suggestion of the reviewer and give a few 

arguments for certain comments and suggestions of the reviewer. We agreed with the comments 

and corrections of reviewer. We thank the Editor and the reviewer for their detailed and 

thoughtful critiques. Below we summarize our point-by-point responses to the reviewer’s 

comments. We believe that all of the comments have been addressed in a way that the reviewer 

would find satisfactory.     

Reviewer#1:   

1.  There are grammar errors or typos in the manuscript. For example, 0.660 mV should be 

0.66V for Voc. The write-up of "…have resulted in current-density, Voc, and solar cell 

performance of 11,204 mA/cm2, 0.660 mV, and 2,967%, respectively…" should be corrected 

to "…a current-density of 11,204 mA/cm2, Voc of 0.660 mV, and solar cell efficiency of 

2.967%,…". The device efficiency should be 2.967%, not 2,967%.... The authors should ask 
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Abstract 

 

Research on the influence of Molybdenum Diselenide (MoSe2) coating on platinum (Pt) to 

performing dye-sensitized solar cell (DSSC) with the structure of TiO2/Dye/LxMoSe2Pt, (0≤x≤5) 

is reported. The hydrothermal method has successfully synthesized the TiO2 film with square and 

porous morphology on the indium titanium oxide (ITO) surface. Four peaks of the Raman 

Scattering detected from the semiconductor confirm the formation of TiO2 film. The liquid-

phase deposition (LPD) also successfully prepared the Pt film. Onto the prepared Pt, the MoSe2 

was coated to produce LxMoSe2Pt (0≤x≤5) and then use them as the counter electrode (CE). The 

best DSSC devices with TiO2/Dye/L2MoSe2Pt structures have resulted in current-density, Voc, 

and solar cell performance of 11.204 mA/cm
2
, 0.66 V, and 2.967%, respectively. The Bode 

graph confirmed this device has the longest lifetime, proven by the highest peak rise in the 

lowest frequency. Besides, high-frequency also shows the device has low resistance, useful for 

accelerating the electrons flow and enhancing DSSC performance. 

 

Keywords: Counter-electrode, semiconductors, LxMoSe2Pt, MoSe2, DSSC-performance

 

Introduction 

  

 

 

DSSC is a solar device with semiconductor-based which determined by the effectiveness of 

the photo-physiochemical phenomenon on the semiconductor [1]. As a third-generation solar-

cell has several advantages, such as cheaper, simple-production, and high-efficiency [2]. We 

believe the efficiency might be enhanced by modifying the key components of the DSSC, such 

as semiconductor, CE, and electrolyte. Semiconductors which have wide band-gap energy such 

as TiO2 [3] with the sense of dye-sensitized material, and the CE with high electro-catalytic, 

good conductivity and stable [2] could further improve the DSSC performance. 

Pt is a popular CE in DSSC application due to it has high efficiency [4, 5] compared to 

Carbon and Graphene [6-18]. However, an effort to further enhance the Pt properties by adding 

or attach them to other materials has been reported . For instance, Graphene (G-Pt) and reduced 

graphene oxide/rGO (rGO-Pt), resulting in the efficiency increased around 0.8% and 0.9%, 

respectively [19]. Besides, Gong et al. added one-layer of Pt on Graphene (GNS) [6], resulting in 

the efficiency increased from 4.76% (Pt) to 6.09% (GNS/Pt). Besides, Cheng et al. also reported 

the MoS2 addition (Pt/MoS2) producing the device performance increase of 0.6% [20]. In this 

research, we report the use of MoSe2 as a coated layer on platinum and then used them as a CE 

mailto:nurjoniimamora@yahoo.com
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on the DSSC device. Since it has a very active electrocatalytic, good conductivity [21] and 

resistant to corrosion caused by electrolytes [22]. The best performance obtained is 2.967% with 

the VOC and fill-factor generated by 0.66 V and 40.11%, respectively.  

 

Material and Methods 

 

Synthesis TiO2 and Pt + MoSe2 (LxMoSe2Pt, 0≤x≤5) 

 

We purchased all chemicals in this work from Sigma-Aldrich. We synthesized TiO2 

semiconductor on the ITO substrate by using a growth solution which consists of  5 mL 

Ammonium-Hexafluorotitanate and 5 mL boric acid with deionized (DI) water. The detail of the 

synthesis process has been well-explained in the previous report [3]. Pt films were synthesized 

using the LPD method on the ITO substrate. We started the Pt synthesis from seeding 3 times by 

using a solution of L-Ascorbic Acid and potassium tetrachloroplatinate (K2PtCl4) with a 

temperature of 50°C for 2 hours. After that, we continued to Pt growth, using a solution of 

K2PtCl4, L-Ascorbic Acid, Polyvinyl pyrrolidone, and natrium hydroxide with a temperature of 

50°C for 5 hours. Last, the prepared Pt was then annealed in an oven for 1 hour at 250°C. Next, 

the resultant Pt was coated by MoSe2, forming the LxMoSe2Pt (0≤x≤5) film using the LPD 

method. The Pt film was put into the growth-solution (0.5 M of Hexamethylenetetramine 0.5 M, 

0.05 M of Ammonium Tetrathromolybdate, 0.1 M of Sodium Borohydrate and 0.01 M of 

Selenium) and synthesized using water-bath at 90°C for 30 minutes. We repeated these steps to 

produce two until five layers of MoSe2. Last, the coated Pt was annealed by hydrogen flow at 

300˚C for 3 hours. During the synthesis process, the morphology of TiO2 and Platinum film was 

observed with a FESEM and Raman Scattering as well. 

 

Preparation of DSSC  Devices with the structured of TiO2/Dye/LxMoSe2Pt (0≤x≤5) 

 

We designed DSSC devices as Fig. 2B to see the influence of LxMoSe2Pt (0≤x≤5) film as a 

CE on the device performance. The TiO2 semiconductor as a photoanode is assembled (after 

immersed in dye solution (0.05 mM N719)  at room temperature for 15 hours) with a CE using a 

metal clamp. A para-film with a circle hole of 0.23 cm
2
 was sandwiched between the TiO2 and 

the LxMoSe2Pt and injected the electrolyte solution. Last, the current-voltage (J-V) curve of the 

DSSC was obtained using the Gamry instrument under illumination by simulated sunlight with 

an intensity of 100 mW cm
2
 to characterize the device performance. 

 

Results and Discussion 

 

FESEM image shows the synthesized TiO2 successfully covered the entire ITO surface (see Fig. 

1A). The TiO2 particles have a morphology that resembles a square shape (Fig. 1B, 1.C) with 

porous structures and varying particle sizes (see Fig.1C and 1D). The porous structure is believed 

caused by the use of high temperatures during the growth process. This condition is useful to 

absorb more dye and enhanced DSSC performance [3]. Fig. 1E shows the Raman Scattering 

spectrum consisting of 4 peaks of 141 cm
-1

, 393 cm
-1

, 513 cm
-1,

 and 636 cm
-1 

with one peak 

having high intensity between 100-800 cm
-1

. The resultant peaks are comparable with the 

research results of Tian et al. [23] and confirm the formation of TiO2.  
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Fig. 2A is the FESEM image of Pt with asymmetrical structures (particle size of 156 ± 16 nm) 

and covers the entire ITO surface. Next, the synthesized LxMoSe2Pt (0≤x≤5) was used as CE in 

DSSC devices with the structured TiO2/Dye/LxMoSe2Pt (see Fig 2B). The J-V curve of DSSC 

and the photovoltaic parameter are described in Fig. 2C and Table 1, respectively. From the 

Table 1 shows the DSSC performance start from 2.858%, and then decreased to 2.364% when 

using L1MoSe2Pt as CE. We believed, it occurred as an effect of the heating repetition during 

MoSe2 coating, and causing the Pt structure damaged and reduced film adhesion [24].  

Interestingly, the DSSC performance increase when using the L2MoSe2Pt as CE to 2.967%. In 

this stage the MoSe2 coating rather thick, and covering the Pt structure from directly exposed to 

high temperature, improving the surface area and their conductivity [6]. Besides, the increasing 

of the surface area providing sensitization of dye materials, speed-up the electrolyte redox 

reaction [25], and producing higher performance [26]. Then, the DSSC performance decrease 

again with the number of MoSe2 coating layer increased (L3MoSe2Pt, L4MoSe2Pt, and 

L5MoSe2Pt). Besides the previous reason, since the addition of each layer of MoSe2 does not 

followed by the annealed process, causing the bond between them still fragile and easily 

damaged also causing this phenomenon. The best DSSC performance shows 0.11% higher than 

the first devices and confirming the coated of MoSe2 are successfully catalyst the Pt film [2, 27]. 

Since the TiO2, dye-materials [16, 18], and electrolyte-selection are far from being optimized, 

applying the Pt in optimized device will enhanced the DSSC performance.These results also 

support by  Bode graphs (see Fig. 3) which shows that this device produces the highest peak on 

the lowest frequency. Its means, high-frequency peaks show the device has small resistance and 

highest lifetime compared to other [28]. Besides, the small resistance leading to speed-up the 

flow of electrons [25], and producing the DSSC devices with the higher performance [29].  

 

 Conclusion 
 

The influence of MoSe2 coated onto Pt film to produce LxMoSe2Pt (0≤x≤5) as CE on the DSSC 

performance has been carried out. The best DSSC devices with the structure of 

TiO2/Dye/L2MoSe2Pt have resulted in current density, Voc, and solar cell performance of 11.204 

mA/cm
2
, 0.66 V, and 2.967%, respectively. Bode graph confirming the device structure has the 

highest lifetime because of the highest peak is detected on the lowest frequency. Besides, the 

high-frequency peaks also show small device resistance, leading to accelerating the electrons 

flow and enhanced DSSC performance. 
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Figure Captions 

 

Fig. 1. A-D) are the FESEM image of a TiO2 semiconductor film, and E) The Raman Scatering 

Spectra of TiO2 
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Fig. 2. A). The FESEM image of Pt film (magnification of 50,000 times), B). DSSC array with 

the MoSe2 coating. C). The J-V curve of DSSC devices with the structure 

TiO2/Dye/LxMoSe2Pt (0≤x≤5). 

 

Table 1 The photovoltaic parameters of DSSC device with the structure TiO2/Dye/LxMoSe2Pt 

(0≤x≤5) 

 

Fig. 3 Bode graphics of 6 DSSC devices with structure TiO2/Dye/LxMoSe2Pt (0≤x≤5) 
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Highlights 
 

 The LPD has been successfully synthesized the asymmetrical Pt onto ITO substrate 

 The DSSC performance increase with the number of MoSe2 coated to Pt film increased 

 The DSSC with TiO2/Dye/L2MoSe2Pt have resulted in the best performance of 2.967%  

 The MoSe2 coated are successful catalyst to the Pt film  

 The Bode graph shows the TiO2/Dye/L2MoSe2Pt show small device resistance  

*Highlights (for review)
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Abstract 

 

Research on the influence of Molybdenum Diselenide (MoSe2) coating on platinum (Pt) to 

performing dye-sensitized solar cell (DSSC) with the structure of TiO2/Dye/LxMoSe2Pt, (0≤x≤5) 

is reported. The hydrothermal method has successfully synthesized the TiO2 film with square and 

porous morphology on the indium titanium oxide (ITO) surface. Four peaks of the Raman 

Scattering detected from the semiconductor confirm the formation of TiO2 film. The liquid-

phase deposition (LPD) also successfully prepared the Pt film. Onto the prepared Pt, the MoSe2 

was coated to produce LxMoSe2Pt (0≤x≤5) and then use them as the counter electrode (CE). The 

best DSSC devices with TiO2/Dye/L2MoSe2Pt structures have resulted in current-density, Voc, 

and solar cell performance of 11.204 mA/cm
2
, 0.66 V, and 2.967%, respectively. The Bode 

graph confirmed this device has the longest lifetime, proven by the highest peak rise in the 

lowest frequency. Besides, high-frequency also shows the device has low resistance, useful for 

accelerating the electrons flow and enhancing DSSC performance. 

 

Keywords: Counter-electrode, semiconductors, LxMoSe2Pt, MoSe2, DSSC-performance

 

Introduction 

  

 

 

DSSC is a solar device with semiconductor-based which determined by the effectiveness of 

the photo-physiochemical phenomenon on the semiconductor [1]. As a third-generation solar-

cell has several advantages, such as cheaper, simple-production, and high-efficiency [2]. We 

believe the efficiency might be enhanced by modifying the key components of the DSSC, such 

as semiconductor, CE, and electrolyte. Semiconductors which have wide band-gap energy such 

as TiO2 [3] with the sense of dye-sensitized material, and the CE with high electro-catalytic, 

good conductivity and stable [2] could further improve the DSSC performance. 

Pt is a popular CE in DSSC application due to it has high efficiency [4, 5] compared to 

Carbon and Graphene [6-18]. However, an effort to further enhance the Pt properties by adding 

or attach them to other materials has been reported . For instance, Graphene (G-Pt) and reduced 

graphene oxide/rGO (rGO-Pt), resulting in the efficiency increased around 0.8% and 0.9%, 

respectively [19]. Besides, Gong et al. added one-layer of Pt on Graphene (GNS) [6], resulting in 

the efficiency increased from 4.76% (Pt) to 6.09% (GNS/Pt). Besides, Cheng et al. also reported 

the MoS2 addition (Pt/MoS2) producing the device performance increase of 0.6% [20]. In this 

*Manuscript
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research, we report the use of MoSe2 as a coated layer on platinum and then used them as a CE 

on the DSSC device. Since it has a very active electrocatalytic, good conductivity [21] and 

resistant to corrosion caused by electrolytes [22]. The best performance obtained is 2.967% with 

the VOC and fill-factor generated by 0.66 V and 40.11%, respectively.  

 

Material and Methods 

 

Synthesis TiO2 and Pt + MoSe2 (LxMoSe2Pt, 0≤x≤5) 

 

We purchased all chemicals in this work from Sigma-Aldrich. We synthesized TiO2 

semiconductor on the ITO substrate by using a growth solution which consists of  5 mL 

Ammonium-Hexafluorotitanate and 5 mL boric acid with deionized (DI) water. The detail of the 

synthesis process has been well-explained in the previous report [3]. Pt films were synthesized 

using the LPD method on the ITO substrate. We started the Pt synthesis from seeding 3 times by 

using a solution of L-Ascorbic Acid and potassium tetrachloroplatinate (K2PtCl4) with a 

temperature of 50°C for 2 hours. After that, we continued to Pt growth, using a solution of 

K2PtCl4, L-Ascorbic Acid, Polyvinyl pyrrolidone, and natrium hydroxide with a temperature of 

50°C for 5 hours. Last, the prepared Pt was then annealed in an oven for 1 hour at 250°C. Next, 

the resultant Pt was coated by MoSe2, forming the LxMoSe2Pt (0≤x≤5) film using the LPD 

method. The Pt film was put into the growth-solution (0.5 M of Hexamethylenetetramine 0.5 M, 

0.05 M of Ammonium Tetrathromolybdate, 0.1 M of Sodium Borohydrate and 0.01 M of 

Selenium) and synthesized using water-bath at 90°C for 30 minutes. We repeated these steps to 

produce two until five layers of MoSe2. Last, the coated Pt was annealed by hydrogen flow at 

300˚C for 3 hours. During the synthesis process, the morphology of TiO2 and Platinum film was 

observed with a FESEM and Raman Scattering as well. 

 

Preparation of DSSC  Devices with the structured of TiO2/Dye/LxMoSe2Pt (0≤x≤5) 

 

We designed DSSC devices as Fig. 2B to see the influence of LxMoSe2Pt (0≤x≤5) film as a 

CE on the device performance. The TiO2 semiconductor as a photoanode is assembled (after 

immersed in dye solution (0.05 mM N719)  at room temperature for 15 hours) with a CE using a 

metal clamp. A para-film with a circle hole of 0.23 cm
2
 was sandwiched between the TiO2 and 

the LxMoSe2Pt and injected the electrolyte solution. Last, the current-voltage (J-V) curve of the 

DSSC was obtained using the Gamry instrument under illumination by simulated sunlight with 

an intensity of 100 mW cm
2
 to characterize the device performance. 

 

Results and Discussion 

 

FESEM image shows the synthesized TiO2 successfully covered the entire ITO surface (see Fig. 

1A). The TiO2 particles have a morphology that resembles a square shape (Fig. 1B, 1.C) with 

porous structures and varying particle sizes (see Fig.1C and 1D). The porous structure is believed 

caused by the use of high temperatures during the growth process. This condition is useful to 

absorb more dye and enhanced DSSC performance [3]. Fig. 1E shows the Raman Scattering 

spectrum consisting of 4 peaks of 141 cm
-1

, 393 cm
-1

, 513 cm
-1,

 and 636 cm
-1 

with one peak 

having high intensity between 100-800 cm
-1

. The resultant peaks are comparable with the 

research results of Tian et al. [23] and confirm the formation of TiO2.  
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Fig. 2A is the FESEM image of Pt with asymmetrical structures (particle size of 156 ± 16 nm) 

and covers the entire ITO surface. Next, the synthesized LxMoSe2Pt (0≤x≤5) was used as CE in 

DSSC devices with the structured TiO2/Dye/LxMoSe2Pt (see Fig 2B). The J-V curve of DSSC 

and the photovoltaic parameter are described in Fig. 2C and Table 1, respectively. From the 

Table 1 shows the DSSC performance start from 2.858%, and then decreased to 2.364% when 

using L1MoSe2Pt as CE. We believed, it occurred as an effect of the heating repetition during 

MoSe2 coating, and causing the Pt structure damaged and reduced film adhesion [24].  

Interestingly, the DSSC performance increase when using the L2MoSe2Pt as CE to 2.967%. In 

this stage the MoSe2 coating rather thick, and covering the Pt structure from directly exposed to 

high temperature, improving the surface area and their conductivity [6]. Besides, the increasing 

of the surface area providing sensitization of dye materials, speed-up the electrolyte redox 

reaction [25], and producing higher performance [26]. Then, the DSSC performance decrease 

again with the number of MoSe2 coating layer increased (L3MoSe2Pt, L4MoSe2Pt, and 

L5MoSe2Pt). Besides the previous reason, since the addition of each layer of MoSe2 does not 

followed by the annealed process, causing the bond between them still fragile and easily 

damaged also causing this phenomenon. The best DSSC performance shows 0.11% higher than 

the first devices and confirming the coated of MoSe2 are successfully catalyst the Pt film [2, 27]. 

Since the TiO2, dye-materials [16, 18], and electrolyte-selection are far from being optimized, 

applying the Pt in optimized device will enhanced the DSSC performance.These results also 

support by  Bode graphs (see Fig. 3) which shows that this device produces the highest peak on 

the lowest frequency. Its means, high-frequency peaks show the device has small resistance and 

highest lifetime compared to other [28]. Besides, the small resistance leading to speed-up the 

flow of electrons [25], and producing the DSSC devices with the higher performance [29].  

 

 Conclusion 
 

The influence of MoSe2 coated onto Pt film to produce LxMoSe2Pt (0≤x≤5) as CE on the DSSC 

performance has been carried out. The best DSSC devices with the structure of 

TiO2/Dye/L2MoSe2Pt have resulted in current density, Voc, and solar cell performance of 11.204 

mA/cm
2
, 0.66 V, and 2.967%, respectively. Bode graph confirming the device structure has the 

highest lifetime because of the highest peak is detected on the lowest frequency. Besides, the 

high-frequency peaks also show small device resistance, leading to accelerating the electrons 

flow and enhanced DSSC performance. 
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Figure Captions 

 

Fig. 1. A-D) are the FESEM image of a TiO2 semiconductor film, and E) The Raman Scatering 

Spectra of TiO2 

 

Fig. 2. A). The FESEM image of Pt film (magnification of 50,000 times), B). DSSC array with 

the MoSe2 coating. C). The J-V curve of DSSC devices with the structure 

TiO2/Dye/LxMoSe2Pt (0≤x≤5). 

 

Table 1 The photovoltaic parameters of DSSC device with the structure TiO2/Dye/LxMoSe2Pt 

(0≤x≤5) 

 

Fig. 3 Bode graphics of 6 DSSC devices with structure TiO2/Dye/LxMoSe2Pt (0≤x≤5) 
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Tabel 1 

CE Voc (V) 
Jsc 

(mA/cm
2
) 

FF(%) Eff (%) 

L0MoSe2Pt 0.67 13.635 31.26 2.858 

L1MoSe2Pt 0.65 10.861 33.47 2.364 

L2MoSe2Pt 0.66 11.204 40.11 2.967 

L3MoSe2Pt 0.66 13.426 32.92 2.921 

L4MoSe2Pt 0.66 6.600 37.67 1.644 

L5MoSe2Pt 0.63 5.078 42.13 1.350 
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