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Decision letter and referee reports: first round
Date: 30th Oct 19

Dear Dr Asahi,

Thank you for submitting your manuscript, "Practical combinatorial chemistry boosted by materials
informatics for accelerated discovery of superionic conductors”, to Communications Materials. It
has now been seen by 2 referees, whose comments are appended below. You will see that while
they find your work of interest, they have raised concerns that must be addressed. In light of
these comments, we cannot accept the manuscript for publication, but would be interested in
considering a revised version that addresses these concerns.

In particular, you will see below that Referee 1 raises some issues with the methodology employed
in the computational part of your study, and asks for some additional analysis. Should further data
or analysis allow you to address these criticisms, we would be happy to look at a revised
manuscript. If the revision process takes significantly longer than three months, we will be happy
to reconsider your paper at a later date, as long as nothing similar has been accepted for
publication at Communications Materials or published elsewhere in the meantime.

We are committed to providing a fair and constructive peer-review process. Please don't hesitate
to contact us if you wish to discuss the revision in more detail.

When submitting your revised manuscript, please include the following:

-A rebuttal letter with a point-by-point response to each of the referee comments and a
description of changes made. Please include the complete referee report in the rebuttal letter.
Please note that the rebuttal letter must be separate to the cover letter to the editors.

-A marked-up version of the manuscript with all changes to the text in red colored font. Please do
not include tracked changes or comments. Please select the file type ‘Revised Manuscript - Marked
Up’ when uploading the manuscript file to our online system.

-A clean version of the manuscript. Please select the file type ‘Article File'.

-An updated <a href="https://www.nature.com/documents/nr-editorial-policy-
checklist.pdf">Editorial Policy</a> checklist, uploaded as a ‘Related Manuscript File’ type. This
checklist is to ensure your paper complies with all relevant editorial policies. If needed, please
revise your manuscript in response to these points. Please note that this form is a dynamic ‘smart
pdf’ and must therefore be downloaded and completed in Adobe Reader, instead of opening it in a
web browser.

Please use the following link to submit your revised manuscript files:

[link redacted]

** This url links to your confidential home page and associated information about manuscripts you
may have submitted or be reviewing for us. If you wish to forward this email to co-authors, please

delete the link to your homepage first **

Please do not hesitate to contact me if you have any questions or would like to discuss the
required revisions further. Thank you for the opportunity to review your work.

Best regards,
John Plummer, PhD

Chief Editor
orcid.org/0000-0003-4824-8497



Communications Materials

Reviewers' comments:
Reviewer #1 (Remarks to the Author):

The authors proposed a high-throughput scheme to screen functional materials by combining the
combinatorial chemistry and the materials informatics. Through this scheme, the oxide ion
conductors in the chemical space of Ca-(Nb,Ta)-Bi-O were identified. The study focuses on an
advanced research method in the materials science. The attempt of building new screening
strategy have been discussed. However, the manuscript cannot be considered to publish unless
the following questions can be clarified.

1. To solve the problem caused by limited number of supervised data, the authors adopted an
additional criteria, the similarity of local structures between the candidate and the supervised data.
In this work, the authors chose V7CuBi16042 as the reference. However, as shown in Fig. 2a,
most of the SOAP distances are larger than 0.6. If the authors chose another structure listed in
Table S1 as the reference, other candidates will be selected. If there are enough supervised data
chosen as references, most of the 48% structures of 13385 materials predicted by MI model will
be selected. Then the criteria of similarity becomes meaningless. It is suggested that besides the
similarity to V7CuBi16042, the authors also give the information about the similarity to other
supervised data. In this way, the readers can know the distribution of similarity in the whole data
space, and can evaluate the effectiveness of this additional criteria.

2. In Fig. 2b, the frequencies of elements found in candidate materials are illustrated. The data are
obtained from those with similar local structure to V7CuBi16042 (d<0.6) and with high predicted
conductivity (0>10-3 S/cm). How about the frequencies of elements found in other area, e.g.
d<0.6 and 0<10-3 S/cm? Will they show different distribution of elements? It will help the readers
to understand whether the element distribution relates with the conductivity or not.

3. Since the parameter SOAP is selected as the screening criteria, the correlation between the
SOAP and conductivity is suggested to be analyzed and presented in the manuscript.

4. In the part of combinatory synthesis and measurement, it is better to list all the conductivity
data for each composition. The Fig 3, S3 and S4 provide the clear trend about how the ionic
conductivities change along with the composition. But the specific data of the ionic conductivity (as
well as other information like lattice parameters etc.) also valuable for researchers those want to
study following this work.

In summary, more detailed information and sound data are needed to make the manuscript to be
published.

Reviewer #2 (Remarks to the Author):

The authors clearly present a materials informatics technique to define a chemical search space for
ionic conductors for use in SOFC’s. They then apply this via a high throughput synthesis and
characterization route to measure properties of identified samples. Importantly they follow this up
with bulk samples to verify their thin film results.

The informatics technique and the identified compounds are all novel. As appropriate for this
journal, The synthesis and characterization strategies are more completely detailed in their recent
paper given as ref 22. (ACS Comb. Sci. 2019, 21, 400-407)

The paper will be of interest to those researching ionic conductors as well as to those in the
general materials informatics field.



The claims are quite convincing as the informatics prediction is validated in thin film samples as
well as in bulk samples.

I recommend the paper is suited for publication.



Author rebuttal letter: first round

Detailed response to reviewers’ comments
[Manuscript ID: COMMSMAT-19-0029-T] "Practical combinatorial chemistry boosted by

materials informatics for accelerated discovery of superionic conductors"

First of all, we would like to express great appreciation to all reviewers for their
constructive comments. We have addressed each of their concerns as outlined below.

Reviewers' comments:
Reviewer #1 (Remarks to the Author):

The authors proposed a high-throughput scheme to screen functional materials by combining the
combinatorial chemistry and the materials informatics. Through this scheme, the oxide ion conductors
in the chemical space of Ca-(Nb,Ta)-Bi-O were identified. The study focuses on an advanced research
method in the materials science. The attempt of building new screening strategy have been discussed.
However, the manuscript cannot be considered to publish unless the following questions can be

clarified.

Answers for Review 1
We thank the reviewer 1 for the positive comments and the constructive questions which

certainly improve our manuscript through clarifying each point of discussions as described below:

1. To solve the problem caused by limited number of supervised data, the authors adopted an
additional criteria, the similarity of local structures between the candidate and the supervised data.
In this work, the authors chose V7CuBi16042 as the reference. However, as shown in Fig. 2a, most of
the SOAP distances are larger than 0.6. If the authors chose another structure listed in Table S1 as the
reference, other candidates will be selected. If there are enough supervised data chosen as references,
most of the 48% structures of 13385 materials predicted by M1 model will be selected. Then the criteria
of similarity becomes meaningless. It is suggested that besides the similarity to V7CuBi16042, the
authors also give the information about the similarity to other supervised data. In this way, the readers
can know the distribution of similarity in the whole data space, and can evaluate the effectiveness of

this additional criteria.

It is true that if we select other good material as a reference for the SOAP distance, we



could find other elements to be recommended for the following combinatorial experiments. To
illustrate this, we also selected Bii5Y 0503, LasBiM04O1g, and CepsSmo 2019 (0r CepsGdo201.9)
as reference materials for local structure similarity criterion, and examined which elements were
included in the high conductivity materials (¢ > 102 S/cm). The results are illustrated in Fig.
S7b-d in Supplementary Information. After eliminating toxic elements, noble metals, and 3d-
transition metals, as similar to the case for V;CuBisO42, we list the elements of candidates as
shown in Table S5. It can be seen that as the reference material differs, the selected elements
also vary. This is a consequence that good conductivity can result from not a unique structure
but some different local structures. In other words, taking a different reference, we have another
chance to discover good materials. We have added these discussions in the last paragraph on
page 4 in the revised manuscript, and in Sec. 4 in Supplementary Information.

2. In Fig. 2b, the frequencies of elements found in candidate materials are illustrated. The data are
obtained from those with similar local structure to V7CuBi1l6042 (d<0.6) and with high predicted
conductivity (6>10-3 S/cm). How about the frequencies of elements found in other area, e.g. d<0.6
and 0<10-3 S/cm? Will they show different distribution of elements? It will help the readers to

understand whether the element distribution relates with the conductivity or not.

According to the reviewer’s suggestion, we investigated the frequencies of elements
found in the materials under following criteria; the SOAP distance for V;CuBi1s0a is less than
0.6 (d<0.6) and the predicted conductivity at 973K is less than 10 S/cm (6<107 S/cm). The
results are shown in the case 5 in Table S5 and Fig. S7e. The materials with lower conductivity
include distinguishably Mg and Al instead of Nb and alkaline earth metals as in the case 1.
Therefore, the discovery of m-BC phase (e.g., Bio.74Ca0.2601.37) and its stabilization with Nb and
Ta could not be achieved by the case 5. We also examined the frequencies of elements for the
materials 6<107 S/cm without any restriction of the SOAP distance as shown in the case 6 in
Table S5 and Fig. S7f. A large frequency of Si appears in this case and suggests the local structure
with respect to Si is not recommended by our approach. We have added these results in Sec. 4 in
Supplementary Information.

3. Since the parameter SOAP is selected as the screening criteria, the correlation between the SOAP

and conductivity is suggested to be analyzed and presented in the manuscript.

In this study, the SOAP distance is employed as a metric of the local structural similarity



to reduce a chemical space to be examined for the HT experiment. As we plot in Fig. 2a, this
metric itself is not strongly correlated with conductivity. Of course, we can formulate a metric
learning as a kernel regression model. In fact, we studied such a kernel regression model using
the SOAP kernel, and observed a better prediction by adding other descriptors. Since the study is
rather beyond the scope of the present work, we will present it in another publication in near
future.

4. In the part of combinatory synthesis and measurement, it is better to list all the conductivity data
for each composition. The Fig 3, S3 and S4 provide the clear trend about how the ionic conductivities
change along with the composition. But the specific data of the ionic conductivity (as well as other
information like lattice parameters etc.) also valuable for researchers those want to study following

this work.

In response of the reviewer’s suggestion, we added the list of the conductivity data for
each composition of the HT library in Table S3 and the bulk samples in Table S4. For the
compositions of the bulk samples, we also listed the lattice parameter of the main phase. The
existence of these data can be suggested in the main text as well (in the second paragraph of page
5 and in the captions for Figs. 3 and 4).

In related to this revision, we found a small mistake in Figure 4a in the main text. In the
previous version, we wrongly took the data for the library sample with z=0.6. We corrected the
plot in the revised manuscript. We should note that any descriptions and conclusions in the
manuscript are not changed with this revision (i.e., the chemical trend of the bulk samples was
similar to that observed in the HT libraries). But we apologize for this mistake.

In summary, more detailed information and sound data are needed to make the manuscript to be
published.

Reviewer #2 (Remarks to the Author):

Answers for Review 2
We thank the reviewer 2 for the positive comments and high evaluations to our work.

The authors clearly present a materials informatics technique to define a chemical search space for



ionic conductors for use in SOFC’s. They then apply this via a high throughput synthesis and
characterization route to measure properties of identified samples. Importantly they follow this up

with bulk samples to verify their thin film results.
The informatics technique and the identified compounds are all novel. As appropriate for this journal,
The synthesis and characterization strategies are more completely detailed in their recent paper given

as ref 22. (ACS Comb. Sci. 2019, 21, 400—407)

The paper will be of interest to those researching ionic conductors as well as to those in the general

materials informatics field.

The claims are quite convincing as the informatics prediction is validated in thin film samples as well

as in bulk samples.

I recommend the paper is suited for publication.



Decision letter and referee reports: second round
Date: 17th Nov 19

Dear Dr Asahi,

Your manuscript titled "Practical combinatorial chemistry boosted by materials informatics for
accelerated discovery of superionic conductors" has now been seen again by Reviewer 1, whose
comments appear below. In light of their advice I am delighted to say that we are happy, in
principle, to publish a suitably revised version in Communications Materials under the open access
CC BY license (Creative Commons Attribution v4.0 International License).

We therefore invite you to revise your paper one last time to address the remaining concerns of
our reviewers. At the same time we ask that you edit your manuscript to comply with our format
requirements and to maximise the accessibility and therefore the impact of your work.

EDITORIAL REQUESTS:

* Your manuscript should comply with our policies and format requirements, detailed in our
checklist for authors at:

<a href="https://www.nature.com/documents/commsmat-
checklist.pdf">https://www.nature.com/documents/commsmat-checklist.pdf</a>

* Please consider the following title and abstract which have been revised to meet our journal style
and for clarity. Please note also that abstracts should not contain references, and these will need
to be moved into the Introduction.

Title:
Identifying superionic conductors by materials informatics and high-throughput synthesis

Abstract:

Combinatorial chemistry has been proven effective in the search for novel functional materials,
especially in the field of organic chemistry, and is being used to identify functional inorganic
compounds. However, there is a growing need for approaches for predicting and experimentally
realizing new materials, beyond compositional optimization of known systems. Application of
combinatorial chemistry to materials discovery is typically hindered by a limited ability to search a
wide chemical composition space, and by our ability to experimentally screen promising
compounds. Here, a combinatorial scheme is proposed that combines a newly developed materials
informatics technique to define a chemical search space with high-throughput synthesis and
evaluation. We identify high-performance superionic conductors in the Ca-(Nb,Ta)-Bi-O system,
demonstrating the effectiveness of this approach for accelerated materials discovery.

Please note that the title of the Supplementary Information will need to be updated also.

* Your paper must include the following headings: Introduction, Results (which can contain sub-
headings), Discussion, Methods. A combined Results and Discussion section can be used, with sub-
headings.

* We suggest removing the ‘MI’ and ‘HT' abbreviations throughout the paper; typing them out in
full will be helpful to the reader.

* We are committed to ensuring clarity and avoiding ambiguity in the mathematics in our papers.
Consequently, please carefully check the mathematical terms throughout your manuscript and
Supplementary Information (including labels on figures and figure captions) to ensure that it
conforms strictly to the following guidelines. Equations should be supplied in editable format, and
not as images. In mathematical terms, scalar variables (e.g. x, V, x) should be typeset in italic,
whereas multi-letter variables should be formatted without italic. Constants (e.g. h, G, c) should
be typeset in italics (the only exceptions being e, i, n, which should be typeset without italic) and



vectors (such as r, the wavevector k, or the magnetic field vector B) should be typeset in bold
without italics. In contrast, subscripts and superscripts should only be italicized if they too are
variables or constants. Those that are labels (such as the 'c' in the critical temperature, T_c, the 'F'
in the Fermi energy, E_F, or the 'crit' in the critical current, I_crit) should be typeset in roman.
Please also ensure the same convention is followed in figure labels, axes, and such. Additionally, to
avoid doubt, unit dimensions should be expressed using negative integers (e.g. kg m~-1 s~-2 not
kg/ms~2) or the word 'per'.

* Please note that we do not reformat Supplementary Information files; they will be uploaded with
the published article as they are submitted with the final version of your manuscript. Please check
everything very carefully and remove any track changes from the file. Failure to adhere to our
style guidelines will result in delays in production. The only sections we permit in the
Supplementary Information file are Supplementary Figures, Supplementary Tables, Supplementary
Methods, Supplementary Notes, Supplementary Discussion, Supplementary References.

* In the Supplementary Information file, please ensure that supplementary items are labelled and
cited using only the following formats: Supplementary Figure 1, Supplementary Table 1,
Supplementary Methods, Supplementary Note 1, Supplementary Discussion, Supplementary
References. Please note the use of 'Supplementary' and that we do not use the 'S' prefix.

* Throughout the main manuscript text, please use the following formats to cite Supplementary
items: Supplementary Figure 1, Supplementary Table 1, Supplementary Methods, Supplementary
Note 1, Supplementary Discussion, Supplementary References, Supplementary Movie 1,
Supplementary Audio 1, Supplementary Data 1, Supplementary Software 1. Please note the use of
'Supplementary' and that we do not use the 'S' prefix.

* Please replace general citations to the Supplementary Information (e.g. 'see Supplementary
Information') with specific citations (e.g. 'See Supplementary Figure 1/Supplementary Table
1/Supplementary Methods/etc.").

* Please ensure that all of the Supplementary information is referred to from the main paper, so
that it is clear to the reader when the file should be referred to.

* Communications Materials uses a transparent peer review system, where by we are publishing
the reviewer comments to the authors, author rebuttal letters and journal decision letters of our
research articles online as a supplementary peer review file. Please let us know in the cover letter
when submitting the final version of your manuscript if you wish to opt in or opt out of transparent
peer review. If you are concerned about the release of confidential data, we do permit redactions
in the interest of confidentiality. If you would like to remove such information from these files,
then please let us know specifically what information you would like to have removed. Please note
that we cannot incorporate redactions for other reasons. Reviewer names will be published in the
peer review files if the reviewer comments to the authors are signed by the reviewer, or if
reviewers explicitly agree to release their name.

Transparent peer review only applies for reports and associated author’s response received by
Communications Materials directly. Any reports that are transferred from another Nature Research
journal as part of our transfer service will not be published, but for clarity, we will declare that the
paper has been reviewed elsewhere.

* Data availability statements and data citations policy: All Communications Materials manuscripts
must include a section titled "Data Availability" at the end of the Methods section or main text (if
no Methods). More information on this policy, and a list of examples, is available at <a
href="http://www.nature.com/authors/policies/data/data-availability-statements-data-
citations.pdf">http://www.nature.com/authors/policies/data/data-availability-statements-data-
citations.pdf</a>.

In particular, the Data availability statement should include:
- Accession codes for deposited data
- Other unique identifiers (such as DOIs and hyperlinks for any other datasets)



- At a minimum, a statement confirming that all relevant data are available from the authors

- If applicable, a statement regarding data available with restrictions

- If a dataset has a Digital Object Identifier (DOI) as its unique identifier, we strongly encourage
including this in the Reference list and citing the dataset in the Data Availability Statement.

DATA SOURCES: We strongly encourage authors to deposit all new data associated with the paper
in a persistent repository where they can be freely and enduringly accessed. We recommend
submitting the data to discipline-specific, community-recognized repositories, where possible and a
list of recommended repositories is provided at <a
href="http://www.nature.com/sdata/policies/repositories">http://www.nature.com/sdata/policies/
repositories</a>.

If a community resource is unavailable, data can be submitted to generalist repositories such as
<a href="https://figshare.com/">figshare</a> or <a href="http://datadryad.org/">Dryad Digital
Repository</a>. Please provide a unique identifier for the data (for example a DOI or a permanent
URL) in the data availability statement, if possible. If the repository does not provide identifiers,
we encourage authors to supply the search terms that will return the data. For data that have
been obtained from publically available sources, please provide a URL and the specific data product
name in the data availability statement. Data with a DOI should be further cited in the methods
reference section.

Please refer to our data policies at <a
href="http://www.nature.com/authors/policies/availability.htmI">http://www.nature.com/authors/
policies/availability.html</a>.

* Please check whether your manuscript contains third-party images, such as figures from the
literature, stock photos, clip art or commercial satellite and map data. We strongly discourage the
use or adaptation of previously published images, but if this is unavoidable, please request the
necessary rights documentation to re-use such material from the relevant copyright holders and
return this to us when you submit your revised manuscript.

* Your paper will be accompanied by a two-sentence editor's summary, of between 250-300
characters, when it is published on our homepage. Could you please approve the draft summary
below or provide us with a suitably edited version.

"High-throughput prediction and synthesis are vital for obtaining new materials that deviate from
existing compositions. Here, machine learning is combined with high-throughput synthesis to
identify superionic conductors based on Ca-(Nb,Ta)-Bi-0."

OPEN ACCESS:

Communications Materials is a fully open access journal. Articles are made freely accessible on
publication under a <a href="http://creativecommons.org/licenses/by/4.0" target="_blank"> CC
BY license</a> (Creative Commons Attribution 4.0 International License). This license allows
maximum dissemination and re-use of open access materials and is preferred by many research
funding bodies.

For further information about article processing charges, open access funding, and advice and
support from Nature Research, please visit <a
href="https://www.nature.com/commsmat/about/open-
access">https://www.nature.com/commsmat/about/open-access</a>

SUBMISSION INFORMATION:

In order to accept your paper, we require the following:

* A cover letter describing your response to our editorial requests.

* The final version of your text as a Word or TeX/LaTeX file, with any tables prepared using the



Table menu in Word or the table environment in TeX/LaTeX and using the 'track changes' feature
in Word.

* Production-quality versions of all figures, supplied as separate files. To ensure the swift
processing of your paper please provide the highest quality, vector format, versions of your
images (.ai, .eps, .psd) where available. Text and labelling should be in a separate layer to enable
editing during the production process. If vector files are not available then please supply the
figures in which ever format they were compiled in and not saved as flat .jpeg or .TIFF files. Any
chemical structures or schemes contained within figures should additionally be supplied as
separate ChemDraw (.cdx) files. If your artwork contains any photographic images, please ensure
these are at least 300 dpi.

* The final version of any Supplementary Information (figures, tables, notes etc) in one PDF file.
Please submit movies, audio files and data sets as separate files. See <a
href="https://www.nature.com/commsmat/submit/submission-guidelines#supplementary-
info">https://www.nature.com/commsmat/submit/submission-guidelines#supplementary-
info</a> for acceptable file formats/sizes.

** Please note that Supplementary Information cannot be changed after the paper has been
accepted **

* An updated <a href="https://www.nature.com/documents/nr-editorial-policy-
checklist.pdf">Editorial Policy</a> checklist, uploaded as a ‘Related Manuscript File’ type. This
checklist is to ensure your paper complies with all relevant editorial policies. Please note that this
form is a dynamic ‘smart pdf’ and must therefore be downloaded and completed in Adobe Reader,
instead of opening it in a web browser.

* If you wish, an interesting image (but not an illustration or schematic) for consideration as the
banner image on our homepage. The file should be 1400x400 pixels in RGB format and should be
uploaded as 'Related Manuscript File'. In addition to our home page, we may also use this image
(with credit) in other journal-specific promotional material.

At acceptance, the corresponding author will be required to complete an Open Access Licence to
Publish on behalf of all authors, declare that all required third party permissions have been
obtained and provide billing information in order to pay the article-processing charge (APC) via
credit card or invoice.

Please note that your paper cannot be sent for typesetting to our production team until we have
received these pieces of information; therefore, please ensure that you have this information
ready when submitting the final version of your manuscript.

Please use the following link to submit the above items:
[link redacted]

** This url links to your confidential home page and associated information about manuscripts you
may have submitted or be reviewing for us. If you wish to forward this email to co-authors, please
delete the link to your homepage first **

We hope to hear from you within two weeks; please let us know if the process may take longer.
Best regards,

John Plummer, PhD

Chief Editor

orcid.org/0000-0003-4824-8497
Communications Materials

P.S. To help the scientific community achieve unambiguous attribution of all scholarly
contributions, Communications Materials encourages all authors to create and link an ORCID



identifier to their account. Please ensure that all co-authors are aware that they can add their
ORCIDs to their accounts, so that it will display on this paper. If they so wish, they must do so
before the paper is formally accepted. It will not be possible to add ORCIDs post-acceptance, e.g.
at proof. To add an ORCID please follow these instructions:

1. From the home page of the <a href="https://mts-commsmat.nature.com/cgi-
bin/main.plex">MTS</a> click on ‘Modify my Springer Nature account’ under ‘General tasks’.

2. In the ‘Personal profile’ tab, click on *ORCID Create/link an Open Researcher Contributor ID
(ORCID)’. This will re-direct you to the ORCID website.

3a. If you already have an ORCID account, enter your ORCID email and password and click on
‘Authorize’ to link your ORCID with your account on the MTS.

3b. If you don’t yet have an ORCID account, you can easily create one by providing the required
information and then clicking on ‘Authorize’. This will link your newly created ORCID with your
account on the MTS.

REVIEWERS' COMMENTS:

Reviewer #1 (Remarks to the Author):

The authors provided more detailed data and made further analysis. The paper is more valuable
for the researchers in correlated fields. Thus, I suggest to accept the manuscript.



