Web links to the author’s journal account have been redacted from the decision letters as indicated
to maintain confidentiality.

Decision letter and referee reports: first round

11th Aug 20

Dear Dr Kryven,
Thank you for submitting your manuscript, "The effect of monomer shape on the emergent physical
properties of the polymer is mediated by network topology", to Communications Materials. It has
now been seen by 3 referees, whose comments are appended below. You will see that while they
find your work of potential interest, they have raised substantial concerns that must be addressed.
In light of these comments, we cannot accept the manuscript for publication, but are interested in
considering a revised version that addresses these concerns.
We hope you will find the referees' comments useful as you decide how to proceed. Should further
data or analysis allow you to address these criticisms, we would be happy to look at a substantially
revised manuscript. However, please bear in mind that we will be reluctant to approach the referees
again in the absence of major revisions. 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 response letter with a point-by-point reply to each of the referee comments and a description of
changes made. Please include the complete referee report in the response letter. Please note that
the response 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 a different 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-policychecklist.zip">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. Clicking this link will download a zip
file containing the pdf.
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 **
We understand that due to the current global situation, the time required for revision may be longer
than usual. We would appreciate it if you could keep us informed about an estimated timescale for
resubmission, to facilitate our planning. Of course, if you are unable to estimate, we are happy to
accommodate necessary extensions nevertheless.
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):
please see the attached.

Reviewer #2 (Remarks to the Author):
The manuscript “The effect of monomer shape on the emergent physical properties of the polymer
is mediated by network topology” is devoted to the study of polymer networks of acrylic monomers.
As an example, the process of radical polymerization of diacrylic monomers with a variable length of
the bridge between the opening double bonds, as well as the presence of substituents next to it, was
chosen. The question of the structure and topology of polymer networks is indeed very important
and has not yet been sufficiently studied in the literature. As the authors correctly point out, it is the
network structure that is responsible for the final properties of the crosslinked polymer material. But
the network structure itself depends not only on the chosen monomer, but also on a large number
of reaction parameters. In this article, the method of computer modeling was used, it is just suitable
in order to assess the qualitative influence of various factors on the network topology and to
understand the essence of what is happening. Experimental methods can achieve this only indirectly
and not very reliably. On the whole, all the results obtained seem to be reliable and reproducible. At
the same time, there are only few new conclusions in this work, the methodology used is more or
less standard, and many of the results obtained fall into error bars. I believe such research is worth
publishing in a more specialized journal. Among the comments to this work, the following can be
noted:
1. The title is incomprehensible and confuses the reader.
2. On page 2 it is stated that the properties of the coarse-grained polymer matrix are independent of
the monomer structure. This is only partly true. In the presence of a sufficiently long bridge between
crosslinked ends in the monomer, it acquires its own flexibility and conformational entropy, and this

can be taken into account in standard theories of polymer networks of the Flory type.
3. The Methods section was probably initially at the beginning of the article and has now been
moved to the end without any change in the presentation and numbering of the supplementary. It is
not comfortable. Also, I did not understand from this section exactly how many initiators there were
and with what probability they were activated. This is the most important piece of information when
we study radical polymerization. It is also not indicated whether averaging was carried out over
realizations (independent runs) and how. Also, the methods do not say anything about boundary
conditions. It is rather strange to study crosslinkable systems without periodic boundary conditions the entire system will contract. The use of periodicity will also allow you to determine the
percolation threshold for the network - the most important parameter in the study of network
topology. It is unclear why the authors did not use it.
4. It is rightly stated in the title that the topology of a mesh has a strong influence on its properties.
However, the topology is greatly influenced not so much by the monomer structure as by additional
factors: the number of initiators, the rate of their activation and its ratio to the rate of subsequent
polymerization. Also, an important factor is the process of quadratic exchange - when two radicals
meet and annihilate. These factors are not mentioned or discussed at all. Moreover, ordinary radical
polymerization, not CRP, is a very fast process; often the very process of chain growth from initiation
to termination occurs even faster than the characteristic initialization time of a neighboring initiator.
5. It would be good to bring the conversion graph versus time (2a) in logarithmic time and bring the
conversion axis to at least 0.95.
6. When calculating Young's modulus, there are several serious objections:
a. The strain rate is not specified or varied. Young's modulus is a quasi-static characteristic, which
means that it must be proved that it does not change with decreasing strain rate.
b. The stress-strain curves have to go out of 0, why do they go out of there?
c. A nonzero Young's modulus can be found only in a crosslinked and percalating matrix, which
cannot be at a conversion of less than 0.3 (then the system is a viscous liquid).
d. In general, the Young's modulus results in Figure 2f look very similar for all cases and are
suspiciously linear in conversion. It can not be so. Taking into account all the above comments, I
would generally remove all mention of mechanical properties from the article.
7. In order to claim the presence of a phase transition (especially in conclusions and abstracts), it is
necessary to vary the size of the system and investigate this transition during finite-size scaling.

Reviewer #3 (Remarks to the Author):
Please see attached.

Reviewer #1 attachment: first round

Accept with minor revision

Comments : The manuscript submitted by the author suggested novel phase transition during
curing of acrylates. Data and figures were well-shown as a function of conversion to support idea
of phase transition that thermomechanical properties of polymer escape linear function as
conversion increases. Though the paper is well-written, there are a few questions from the
simulation.

1.

Are there any consideration for possibility of chain transfer and radical terminations
during the curing?

2.

In my knowledge, strain rates and cooling rates during tensile test and cooling down
simulation for glass transition temperature may affect their results. Therefore, simulation
conditions (strain rate and cooling down rate) may be suggested in the paper.

3.

While obtaining figures of Young`s modulus and glass transition temperature, how many
times of simulations were performed each cases?

Reviewer #3 attachment: first round

This manuscript describes a molecular simulation study of thermosetting diacrylate homopolymers of various molecular weights. The authors perform a fairly routine analysis of things like the glass transition
temperature and Young’s modulus as functions of overall conversion, and see reasonable dependencies
on monomer molecular weight. The demonstration that the growth of the network of chordless cycles
(“holes”) correlates to a more rapid increase in Tg with conversion is the most interesting observation in
this work.
However, the manuscript suffers from several deficiencies which, if addressed, could make it suitable for
publication.
1. It is unlikely that the data plotted in Fig. 2b is actually the coefficient of thermal expansion (CTE) in
units of K−1 . Typical polymers have CTE’s in the range of 10−6 to 10−5 K−1 , and it is very strange that
the CTE shown here linearly decreases with temperature. Both the magnitude of the values on the
y-axis and the behavior of the data lead me to believe they are actually plotting the density in g/cm3
rather than the CTE. The authors should address this.
2. The 2-D representations of the networks in Fig. 3a are quite nice and relatively easy to grasp. The
representations in Fig. 3b are a little more problematic. Are these also 2-D representations, and is each
point a monomer? Why not use the same software used in Fig. 3a to produce the representations in
3b, except let the holes be nodes. One could image a graph representation in which edges’ thicknesses
reflect the number of monomers in common between two holes.
3. How is percolation tested for, either for networks of connected monomers or networks of connected
holes?
4. The only result in the main document pertaining to the subsection entitled “Diffusion” is a plot of
bond conversion χ vs. time in Fig. 2a. Diffusivities are reported only in the supplement, and a
description of how they are computed is not given. It is very doubtful that reliable diffusivities can
be computed from MD simulations that last less than a nanosecond. Furhter, the ad-hoc nature of
the crosslinking algorithm prevents a clear delineation between diffusion vs. dilution; i.e., there are
fewer reactive sites per unit volume for the higher molecular weight systems than the lower molecular
weight systems, which a priori means reaction probabilities will be lower.
5. I do not understand why the authors chose the title they did. It appears monomer molecular weight
seems to affect properties in only minor ways, and the most sensitive property appears to be the
Young’s modulus, which is unsurprisingly higher for lower molecular weight monomers.
6. It is interesting that the network topology and the appearance of the hole-network is more or less universal within this set of monomers. The most interesting result is the correlation between a more rapid
increase of Tg with χ once the hole network sets in. But it remains far from established whether or not
this correlation implies underlying causation. The authors speculate that the chordless cycles restrict
flexibility of the network chains and thereby increase Tg ; this could be directly tested by observing
mean-squared displacements of sentinel atoms in the network.
7. I am not sure the term “phase transition” is ever used correctly in this manuscript. Is there some
order parameter for which the system displays two distinct stable values for one thermodynamic
state? What is really changing the underlying mechanism linking network architecture to Tg .
8. It is not clear why any of the ab initio simulations were done. What is a “quantum metastability
simulation”?
9. The authors should more carefully consider the structure of their manuscript and what precisely they
want to convey. As it stands now, the manuscript is fairly confusing and the delineation between
what belongs in the main manuscript and what belongs in a supplement is not well thought out. The
role of the ab initio simulations is not clear, and the figures, though visually appealing, are not as good
as they could be in conveying their findings.
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Author Responses: first round

Response to Referee 1

Accept with minor revision
The manuscript submitted by the author suggested novel phase transition during
curing of acrylates. Data and figures were well-shown as a function of conversion
to support idea of phase transition that thermomechanical properties of polymer
escape linear function as conversion increases. Though the paper is well-written,
there are a few questions from the simulation.
We would like to thank Referee for their time and constructive feedback, as well as for
well-receiving our work.
1. Are there any consideration for possibility of chain transfer and radical terminations during the curing?
In principle, our rule based molecular dynamics protocol does allow to study multiple competing reactions, however, this would naturally require performing a much larger number
of simulations to scan through the parameter space. Given that simulating one trajectory
requires around one month of real time computations on a supercomputer, we think that
extending this study by adding termination and chain transfer reactions will become prohibitively expensive. That being said, mean field models are ubiquitously applied in the
polymer reaction engineering, including our previous works, to study more complete sets
of reaction mechanisms. The main purpose of this work, however, is to single out a subtle
effect of monomer conformation, that cannot be assessed with mean field models. We added
a summary of this clarification to introduction.
2. In my knowledge, strain rates and cooling rates during tensile test and cooling
down simulation for glass transition temperature may affect their results. Therefore, simulation conditions (strain rate and cooling down rate) may be suggested
in the paper.
Indeed both observations are correct as they are both kinetic phenomena. For the glass
transition values reported in Figure 2, we used a cooling rate of 5 × 10−9 Ks−1 . Although
slow enough for simulations, this is much faster than experimental conditions were cooling is
done over seconds. It has been reported [Ferry, Viscoelastic properties of polymers, Wiley,
1980] that an increase of about 3 K can be expected per order of magnitude increase in the
cooling rate. This suggests that in all cases we are overestimating the glass temperature by
about 30 K. However, we expect the trend to stay the same as this applies to all systems.
For the strain rate, the data reported in Figure 2 uses a rate of 1 × 109 s−1 . We have now also
added a section in the SI showing that varying the strain rate 100 times does not influence
the inferred value of Young’s modulus.
1

3. While obtaining figures of Young‘s modulus and glass transition temperature,
how many times of simulations were performed each cases?
These simulations were repeated four times. We added this information to the caption of
Figure 2.
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Response to the Referee 2

The manuscript “The effect of monomer shape on the emergent physical properties of the polymer is mediated by network topology” is devoted to the study
of polymer networks of acrylic monomers. As an example, the process of radical polymerization of diacrylic monomers with a variable length of the bridge
between the opening double bonds, as well as the presence of substituents next
to it, was chosen. The question of the structure and topology of polymer networks is indeed very important and has not yet been sufficiently studied in the
literature. As the authors correctly point out, it is the network structure that is
responsible for the final properties of the crosslinked polymer material. But the
network structure itself depends not only on the chosen monomer, but also on
a large number of reaction parameters. In this article, the method of computer
modeling was used, it is just suitable in order to assess the qualitative influence of
various factors on the network topology and to understand the essence of what is
happening. Experimental methods can achieve this only indirectly and not very
reliably. On the whole, all the results obtained seem to be reliable and reproducible. At the same time, there are only few new conclusions in this work, the
methodology used is more or less standard, and many of the results obtained fall
into error bars. I believe such research is worth publishing in a more specialized
journal. Among the comments to this work, the following can be noted:
We would like thank Referee for their time and constructive feedback. We hope that the
revised manuscript along with the point-by-point responses appearing bellow will convince
Referee to kindly reconsider their advice.
1. The title is incomprehensible and confuses the reader.
We have changed the title.
2. On page 2 it is stated that the properties of the coarse-grained polymer matrix
are independent of the monomer structure. This is only partly true. In the
presence of a sufficiently long bridge between crosslinked ends in the monomer,
it acquires its own flexibility and conformational entropy, and this can be taken
into account in standard theories of polymer networks of the Flory type.
We agree with the referee, however, our intention was to refer to the network properties,
which, in the working framework of Flory, are agnostic to monomer configuration. We
rephrased the sentence on page 2 to crystallise this message better.
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3. The Methods section was probably initially at the beginning of the article
and has now been moved to the end without any change in the presentation and
numbering of the supplementary. It is not comfortable. Also, I did not understand from this section exactly how many initiators there were and with what
probability they were activated. This is the most important piece of information
when we study radical polymerization. It is also not indicated whether averaging
was carried out over realizations (independent runs) and how. Also, the methods
do not say anything about boundary conditions. It is rather strange to study
crosslinkable systems without periodic boundary conditions - the entire system
will contract. The use of periodicity will also allow you to determine the percolation threshold for the network - the most important parameter in the study of
network topology. It is unclear why the authors did not use it.
We reorganised the text as requested.
Regarding the simulation details, the initial systems were set up by randomly packing 2000
molecules in a 3D periodic simulation cell (initial size 200x200 Å). The systems were then
equilibrated in the NVT ensemble at 600 K for 10 ps using a timestep of 0.1fs and further
equilibrated in the NPT ensemble at 600 K for 500 ps with a time step of 1 ps. This resulted
in 3D periodic simualation boxes of around 100×100 Å. From the 2000 monomers units, 5%
were considered active at the begining, as stated on page 3. In previous work [ref. 7] we
have studied the effect on the initial amount of radicals on the network formation. We now
also recap this information in the methods. We average over 4 simulations.
4. It is rightly stated in the title that the topology of a mesh has a strong influence
on its properties. However, the topology is greatly influenced not so much by the
monomer structure as by additional factors: the number of initiators, the rate of
their activation and its ratio to the rate of subsequent polymerization. Also, an
important factor is the process of quadratic exchange - when two radicals meet
and annihilate. These factors are not mentioned or discussed at all. Moreover,
ordinary radical polymerization, not CRP, is a very fast process; often the very
process of chain growth from initiation to termination occurs even faster than
the characteristic initialization time of a neighboring initiator.
We agree that these factors have, without doubts, a more significant influence on the network
structure. However, they have been already addressed in numerous studies, including several
of our previous works. Arguably, there is less reasons in setting up a high resolution molecular
dynamics study when studying kinetic effects. The main purpose of this work, is to single out
a subtle effect of monomer conformation, that cannot be assessed with mean field models.
We added a summary of this clarification to introduction.
5. It would be good to bring the conversion graph versus time (2a) in logarithmic
time and bring the conversion axis to at least 0.95.
We added inset showing the logarithmic scale. Note that conversion of 0.95 is not achievable
even in experimental settings at room temperature.
4

6a. The strain rate is not specified or varied. Young’s modulus is a quasi-static
characteristic, which means that it must be proved that it does not change with
decreasing strain rate.
We performed pulling tests at strain rates, ranging within 10−9 − 10−7 , the inferred Young’s
modulus appears to be independent of the rate, as shown in Supplementary Figure S16.
6b. The stress-strain curves have to go out of 0, why do they go out of there?
We renormalised the presentation of the data accordingly. Note that the measured results
are independent of the chosen frame of reference.
6c. A nonzero Young’s modulus can be found only in a crosslinked and percalating matrix, which cannot be at a conversion of less than 0.3 (then the system is
a viscous liquid).
We do no detect non-zero Young’s modulus before percolation phase transition. However,
when extended, the linear fit may reach out to lower conversions that 0.3. Note also that
the percolation phase transition is not exactly 0.3, but its location weakly depends on the
linker length.
6d. In general, the Young’s modulus results in Figure 2f look very similar for
all cases and are suspiciously linear in conversion. It can not be so. Taking
into account all the above comments, I would generally remove all mention of
mechanical properties from the article.
We are confident in our analysis and believe that readers will benefit from keeping our
findings on Young’s modulus in the paper. The linear-like behaviour of Young’s modulus
is independently supported by both tensile-stress test and Kirchhoff theory, as indicated by
the graph resistance calculations.
7. In order to claim the presence of a phase transition (especially in conclusions
and abstracts), it is necessary to vary the size of the system and investigate this
transition during finite-size scaling.
We have performed simulations for various systems sizes. For smaller systems it is evident
that the transition becomes less pronounced. Unfortunately we were not able to set up larger
simulations. Current results are presented for 32000 atoms (e.g. for HDDA), which requires
one month of computations on cluster. Doubling the box length would require more than a
year of calculations. We have rephrased the claim, suggesting a possible phase transition.
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Response to the Referee 3

This manuscript describes a molecular simulation study of thermosetting diacrylate homopolymers of various molecular weights. The authors perform a
fairly routine analysis of things like the glass transition temperature and Young’s
modulus as functions of overall conversion, and see reasonable dependencies on
monomer molecular weight. The demonstration that the growth of the network of
chordless cycles (“holes”) correlates to a more rapid increase in Tg with conversion is the most interesting observation in this work. However, the manuscript
suffers from several deficiencies which, if addressed, could make it suitable for
publication.
We would like thank Referee for their time and constructive feedback. The manuscript was
amended according to the recommendations.
1. It is unlikely that the data plotted in Fig. 2b is actually the coefficient of
thermal expansion (CTE) in units of K −1 Typical polymers have CTE’s in the
range of 10−6 to 10−5 in K −1 and it is very strange that the CTE shown here
linearly decreases with temperature Both the magnitude of the values on the
y-axis and the behavior of the data lead me to believe they are actually plotting
the density in g/cm3 rather than the CTE. The authors should address this
This indeed true, we apologies for not changing the units. The values are reported as the
inverse density with units (kg −1 m3 ). This has now been fixed in the paper. The glass
transition can be determine as the point in which there is a change of slope in such a graph.
2. The 2-D representations of the networks in Fig. 3a are quite nice and relatively
easy to grasp. The representations in Fig. 3b are a little more problematic. Are
these also 2-D representations, and is each point a monomer? Why not use the
same software used in Fig. 3a to produce the representations in 3b, except let
the holes be nodes. One could image a graph representation in which edges’
thicknesses reflect the number of monomers in common between two holes.
We have changed the figure accordingly.
3. How is percolation tested for, either for networks of connected monomers or
networks of connected holes?
In both cases, we record the size of the largest connected component, as shown in Figure
4f. In the case of the cell complex, to cells are connected if they share nodes. We thus
may compute the size of a cell component and the number of nodes in it. We added these
clarifications on page 7, at the end of Topology section.
6

4. The only result in the main document pertaining to the subsection entitled
“Diffusion” is a plot of bond conversion χ vs. time in Fig. 2a. Diffusivities are
reported only in the supplement, and a description of how they are computed is
not given. It is very doubtful that reliable diffusivities can be computed from MD
simulations that last less than a nanosecond. Furhter, the ad-hoc nature of the
crosslinking algorithm prevents a clear delineation between diffusion vs. dilution;
i.e., there are fewer reactive sites per unit volume for the higher molecular weight
systems than the lower molecular weight systems, which a priori means reaction
probabilities will be lower.
To study the diffusion, the polymer networks at different degrees of curing were used as
input for NVT simulations at 300 K. These simulations were ran for 500 ns. The diffusion
coefficient was calculated using the slope of the mean square displacement of the centre of
mass of the monomers versus time (and appropriate dimensionality) and corresponds only
to the monomers. Monomers are the most mobile component of the systems and therefore
can give a good idea of the general flexibility inside. See also ref [7].
5. I do not understand why the authors chose the title they did. It appears
monomer molecular weight seems to affect properties in only minor ways, and
the most sensitive property appears to be the Young’s modulus, which is unsurprisingly higher for lower molecular weight monomers.
Thank you we have changed the title. We were surprised to see that even though the degree
distributions are insensitive to monomer weight, the cycle structure is.
6. It is interesting that the network topology and the appearance of the holenetwork is more or less universal within this set of monomers. The most interesting result is the correlation between a more rapid increase of Tg with χ once
the hole network sets in. But it remains far from established whether or not
this correlation implies underlying causation. The authors speculate that the
chordless cycles restrict flexibility of the network chains and thereby increase Tg;
this could be directly tested by observing mean-squared displacements of sentinel
atoms in the network.
Thank you, it is a very interesting suggestion. We have performed the MSD analysis demonstrating that the network separates into fast and slow fluctuating atoms, which can also be
identified by analysing the cell complex structure. New Figure 5, illustrates this observation.
7. I am not sure the term “phase transition” is ever used correctly in this
manuscript. Is there some order parameter for which the system displays two
distinct stable values for one thermodynamic state? What is really changing the
underlying mechanism linking network architecture to Tg .
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We now refer to percolation transition when speak about the topological changes in the network, and glass transition when refer to thermomechanical expansion. Additional analysis,
as discussed in the preceding comment, does show separation of all atoms into two ’phases’
with respect to MSD around χ = 0.6.
8. It is not clear why any of the ab initio simulations were done. What is a
“quantum metastability simulation”?
The main aim of doing AIMD simulations was to validate the force field used in the study by
comparing some important quantities including dihedral angles and RDFs of the monomer
and its liquid state.
Since we discovered that monomer conformation has an influence on some properties of the
network structure at large-scale (hole distribution), we wanted to be certain that our force
field-based molecular dynamics predicts the same conformation behaviour as the ab-initio
simulations in small systems.
“Quantum metastability simulation” refers to ab inito study of one monomer, showing that a
monomer has preferred coiled and uncoiled states. In overall MD is satisfactory in predicting
these metastable transitions, as shown in the SI. We replaced “quantum” with ab initio, in
the revised version of the manuscript.
9.The authors should more carefully consider the structure of their manuscript
and what precisely they want to convey. As it stands now, the manuscript is fairly
confusing and the delineation between what belongs in the main manuscript and
what belongs in a supplement is not well thought out. The role of the ab initio
simulations is not clear, and the figures, though visually appealing, are not as
good as they could be in conveying their findings.
We thoroughly restructured the manuscript and hope that the current version of the manuscript
crystallises the message better. Ab initio simulations were used to validate the force field.
Validation was necessary because we draw conclusions from different tendencies to coil for
different monomers.
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Decision letter and referee reports: second round

31st Jan 21

Dear Dr Kryven,
Thank you for submitting your revised manuscript, "Effect of monomer precursors with identical
functionality on the properties of the physical network", to Communications Materials and please
accept our apologies again for the delay. Reviewer 1 and 2 were not available to look at the revised
paper, and we therefore contacted two new referees, Reviewer 4 and 5, who were shown the
previous reports. Based on their comments below, we remain interested in the possibility of
publishing your study in Communications Materials, but would like to consider your response to
these concerns in the form of a revised manuscript before we make a decision on publication,
followed by a further round of review.
You will see that Reviewer 4 believes that a number of the requests from the previous referees have
not been addressed satisfactorily, and further asks that more emphasis be placed on the key findings
of the paper to make them clearer, as well as more discussion of the results and methodology.
Reviewer 1 and 5 also request some corrections and modifications.
We therefore invite you to revise and resubmit your manuscript, taking into account the points
raised.
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 response letter with a point-by-point reply to each of the referee comments and a description of
changes made. Please include the complete referee report in the response letter. Please note that
the response 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 a different 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-policychecklist.zip">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. Clicking this link will download a zip
file containing the pdf.
In the event that your manuscript is accepted we will provide detailed guidance on our journal
policies and formatting. You may however wish to ensure that the manuscript complies with our
house style at this stage. See our style and formatting guide
(https://www.nature.com/documents/commsj-phys-style-formatting-guide-accept.pdf) and

checklist (https://www.nature.com/documents/commsj-phys-style-formatting-checklist-article.pdf)
for reference.
Please use the following link to submit your documents:
[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 receive your revised paper within three months; please let us know if you aren’t able to
submit it within this time so that we can discuss how best to proceed. If we don’t hear from you, and
the revision process takes significantly longer, we will close your file. In this event, we will still 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 understand that due to the current global situation, the time required for revision may be longer
than usual. We would appreciate it if you could keep us informed about an estimated timescale for
resubmission, to facilitate our planning. Of course, if you are unable to estimate, we are happy to
accommodate necessary extensions nevertheless.
Please do not hesitate to contact me if you have any questions or would like to discuss these
revisions further. We look forward to seeing the revised manuscript and 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 #3 (Remarks to the Author):
The authors have done an adequate job meeting my criticisms, with one important exception. I still
have doubts about Fig. 2b, which now claims to show *inverse* density vs temperature for a
representative system in order to demonstrate how Tg is found. The data in this plot is very puzzling,
since it implies that density *increases* with temperature (since inverse density is decreasing with
temperature). For these relatively simple amorphous thermosets, such behavior is unheard of. Are
the authors 100% completely sure that Fig. 2b is a plot of *inverse* density vs temperature, and not
(as I suspect) a plot of density vs temperature? If the authors can definitively lay this concern to rest
either by correction or an explanation behind such apparently bizarre thermophysical behavior, I'd
be in favor of acceptance.

Reviewer #4 (Remarks to the Author):
Summaries by Reviewers 1 and 2 are truncated, numbered comments are reproduced in full.
Reviewer 1: “Accept with minor revision.”
1. “Are there any consideration for possibility of chain transfer and radical terminations during the
curing?”
The authors respond by citing the requirement for more simulations to sample parameter space and
limited computing resources. The suggestion of expanded parameter space is unclear since the
authors did not explore this parameter space in the present work for the existing reactive protocol.
In their previous work this phase space is explored for one of the 8 monomers. The same protocol is
used here for all monomers without further refinement. This choice seems reasonable.
This reviewer does not believe that Reviewer 1 was interested in revising/changing simulation
protocols, instead that Reviewer 1 was prompting the authors to discuss the possible effects of
excluding vs. including chain transfer and radical terminations in the simulations. I agree that this
sort of commentary would be a valuable addition to the discussion of method.
2. “In my knowledge, strain rates and cooling rates during tensile test and cooling down simulation
for glass transition temperature may affect their results. Therefore, simulation conditions (strain rate
and cooling down rate) may be suggested in the paper.”
The presentation of these rates should be made clearer. A rate value for the Tg runs and a range of
rates for E is included. A significant related error is discussed later in this review.** The authors
should clearly state the [labeling as engineering/true] strain rate of the data reported in the main
text, as well as the range of the linear region used to estimate E (illustrated in a Figure). Further, as
suggested by Reviewer 1, these mechanical properties are known to be functions of rate. This
reviewer believes that Figure S16 does not support the authors’ claims that E is independent of rate.
E appears to decrease with rate for the majority of the data points.
**Additional, related comments in Reviewer 2, 6a.
3. “While obtaining figures of Young‘s modulus and glass transition temperature, how many times of
simulations were performed each cases?”
Similar to (2), this information should clear and presented in the main text.
Reviewer 2: “…there are only few new conclusions in this work, the methodology used is more or
less standard, and many of the results obtained fall into error bars. I believe such research is worth
publishing in a more specialized journal.”
I agree with Reviewer 2’s assessment, the manuscript in its current form serves an appendix or
addendum to reference 7, which the authors cite often. However, I do believe that a careful revision
that brings the main findings to the forefront and deemphasizes the less interesting results (i.e. the
“many of the results obtained fall into error bars” referred to by Reviewer 2) could be of interest.

1. “The title is incomprehensible and confuses the reader.”
The revised title ‘Effect of monomer precursors with identical functionality on the properties of the
physical network’ should be reworked. In this manuscript, the authors vary the length of the alkane
chain between two acrylate or methacrylate groups and study the resulting crosslinked polymer
networks, both topologically (e.g. Figure 4) and thermo-mechanically (Figure 2). A clear title would
benefit this work. The current title only explicitly mentions a variable that is not studied
(functionality).
2. “On page 2 it is stated that the properties of the coarse-grained polymer matrix are independent
of the monomer structure. This is only partly true. In the presence of a sufficiently long bridge
between crosslinked ends in the monomer, it acquires its own flexibility and conformational
entropy, and this can be taken into account in standard theories of polymer networks of the Flory
type.”
Clarifying what this reviewer believes to be the intention of Reviewer 2’s comment: A key
assumption in F-S theory is the lack of intramolecular reactions. In the present work we may assume
that most of the network topology differences observed for different networks at a given conversion
result from varying numbers of intramolecular reactions, ‘self loops’ (page 5) being an example of
these.
3. “The Methods section was probably initially at the beginning of the article and has now been
moved to the end without any change in the presentation and numbering of the supplementary. It is
not comfortable. Also, I did not understand from this section exactly how many initiators there were
and with what probability they were activated. This is the most important piece of information when
we study radical polymerization. It is also not indicated whether averaging was carried out over
realizations (independent runs) and how. Also, the methods do not say anything about boundary
conditions. It is rather strange to study crosslinkable systems without periodic boundary conditions the entire system will contract. The use of periodicity will also allow you to determine the
percolation threshold for the network - the most important parameter in the study of network
topology. It is unclear why the authors did not use it.”
The authors have not adequately addressed Reviewer 2’s first point. This manuscript requires
significant revision with respect to readability. This includes the order of presentation, numbering of
SI figures, sentence structure, and removal of syntax and typographical errors. To restate Reviewer
2, this manuscript reads as if it were prepared for submission elsewhere and later rearranged
without regard to narrative/readability.
The remining comments that pertain to starting configurations and simulation settings have been
adequately addressed in the revision.
4. “It is rightly stated in the title that the topology of a mesh has a strong influence on its properties.
However, the topology is greatly influenced not so much by the monomer structure as by additional
factors: the number of initiators, the rate of their activation and its ratio to the rate of subsequent
polymerization. Also, an important factor is the process of quadratic exchange - when two radicals
meet and annihilate. These factors are not mentioned or discussed at all. Moreover, ordinary radical
polymerization, not CRP, is a very fast process; often the very process of chain growth from initiation

to termination occurs even faster than the characteristic initialization time of a neighboring
initiator.”
This comment is similar to Reviewer 1’s first comment. The authors’ reply notes that the concepts
cited have been studied by others (by other methods) and reads as a dismissal. Again, I believe that
Reviewer 2’s comment would be more adequately addressed by the addition of thorough
commentary on the shortcomings and limitations of this simulation method, focusing on those
highlighted by Reviewer 1 and 2.
5. “It would be good to bring the conversion graph versus time (2a) in logarithmic time and bring the
conversion axis to at least 0.95.”
The authors addressed the first point, but the authors misunderstood Reviewer 2’s second request.
This reviewer has the same request.
To clarify, please extend the y-axis of Figure 2a to at least 0.95. Most of the curves in Figure 2a
extend beyond chi=0.8, the current maximum, and are truncated.
6.
a. “The strain rate is not specified or varied. Young’s modulus is a quasi-static characteristic, which
means that it must be proved that it does not change with decreasing strain rate.”
The authors reply, “We performed pulling tests at strain rates, ranging within 10−9 − 10−7, the
inferred Young’s modulus appears to be independent of the rate, as shown in Supplementary Figure
S16.” The strain rates in the rebuttal letter do not match those reported in the revised manuscript
(10-10 – 10-8) or the reported strain rate values in the arXiv version of this manuscript (10-7 – 10-5
s-1). This is obviously problematic.
Further, as noted in responses to Reviewer 1’s comments, Figure S16 does not appear to support the
authors’ claims that E is independent of rate. E appears to decrease with rate for the majority of the
data points.
b. “The stress-strain curves have to go out of 0, why do they go out of there?
Authors reply, “We renormalised the presentation of the data accordingly. Note that the measured
results are independent of the chosen frame of reference.” Since the authors note that results
[slope] are independent of their renormalisation it implies that they y-offset the raw data. I do not
believe that a correctly obtained stress-strain curve needs to be ‘forced’ through zero by any means.
Additionally, Reviewer 2 was likely seeking an explanation as to why this curve doesn’t go through
zero, not simply to shift it. The authors should respond to Reviewer 2’s comment by explaining the
data, not shifting it.
c. “A nonzero Young’s modulus can be found only in a crosslinked and percalating matrix, which
cannot be at a conversion of less than 0.3 (then the system is a viscous liquid).”
The authors could include datapoints in Figure 2e as a simple response to Reviewer 2’s comment
(and in the suggested style of this journal).

d. “In general, the Young’s modulus results in Figure 2f look very similar for all cases and are
suspiciously linear in conversion. It can not be so. Taking into account all the above comments, I
would generally remove all mention of mechanical properties from the article.”
Authors’ reply “We are confident in our analysis and believe that readers will benefit from keeping
our findings on Young’s modulus in the paper. The linear-like behaviour of Young’s modulus is
independently supported by both tensile-stress test and Kirchhoff theory, as indicated by the graph
resistance calculations.” This reviewer agrees with Reviewer 1 and 2, mechanical properties
extracted from these simulations must be treated more carefully and, at a minimum, ensure correct
reporting of simulation parameters.

7. “In order to claim the presence of a phase transition (especially in conclusions and abstracts), it is
necessary to vary the size of the system and investigate this transition during finite-size scaling.”
The authors cite limited computational resources in their rebuttal again. This strongly suggests that
the authors should detail the resources used to perform these simulations. “Current results are
presented for 32000 atoms (e.g. for HDDA), which requires one month of computations on cluster.”
Does this mean one month to obtain a 70 ns, 32k atom trajectory? All 4 HDDA reactive trajectories?
Additional comments:
This reviewer agrees with Reviewers 2 and 3. In its current state, this manuscript is difficult to read. I
share Reviewer 3’s opinion that “The authors should more carefully consider the structure of their
manuscript and what precisely they want to convey. As it stands now, the manuscript is fairly
confusing and the delineation between what belongs in the main manuscript and what belongs in a
supplement is not well thought out.” I do not believe that the present revision adequately addresses
this concern. Additionally, issues regarding syntax and typographical errors and accurate/correct
reporting of simulation parameters and data must be addressed carefully.
1) To summarize this work, the authors vary the length of alkyl linkers between *acrylate functional
groups and find little resulting variance (as mentioned by Reviewer 2). The authors should revise the
manuscript to center around their key findings regarding deviations at higher conversions (chi) and
the underlying network properties correlated with these behaviors. Emphasize and discuss the
differences that result from changes to this independent variable and relegate most similarities to
Supporting Information. This constitutes a fairly large rewriting task.
2) One major issue not mentioned by previous reviewers is a lack of corresponding experimental
data. Including experimental results related to the main findings could strengthen this work if
agreement is found, whether quantitative or general trends.
3) Regarding the computational Methods and reproducibility of this work, it is unclear exactly how
the authors created new bonds in their simulations. i.e. when a new covalent bond is formed, the
post-reaction local force field must include new bonds, bends, and dihedrals that reflect changes to
the local chemistry. The authors make no mention of these critical details—if no new bends are
introduced, the formation and analyses of subsequently formed intramolecular bonds would be
highly suspect. [See, e.g., Gissinger, Jensen, & Wise, Macromolecules 2020, 53 (22), 9953–9961 for a
related protocol.]

Reviewer #5 (Remarks to the Author):
See attached

Reviewer #4 attachment: second round

Review of COMMSMAT-20-0216A
Summaries by Reviewers 1 and 2 are truncated, numbered comments are reproduced in full.
Reviewer 1: “Accept with minor revision.”
1. “Are there any consideration for possibility of chain transfer and radical terminations
during the curing?”
The authors respond by citing the requirement for more simulations to sample
parameter space and limited computing resources. The suggestion of expanded
parameter space is unclear since the authors did not explore this parameter space in the
present work for the existing reactive protocol. In their previous work this phase space
is explored for one of the 8 monomers. The same protocol is used here for all
monomers without further refinement. This choice seems reasonable.
This reviewer does not believe that Reviewer 1 was interested in revising/changing
simulation protocols, instead that Reviewer 1 was prompting the authors to discuss the
possible effects of excluding vs. including chain transfer and radical terminations in the
simulations. I agree that this sort of commentary would be a valuable addition to the
discussion of method.
2. “In my knowledge, strain rates and cooling rates during tensile test and cooling down
simulation for glass transition temperature may affect their results. Therefore,
simulation conditions (strain rate and cooling down rate) may be suggested in the
paper.”
The presentation of these rates should be made clearer. A rate value for the Tg runs and
a range of rates for E is included. A significant related error is discussed later in this
review.** The authors should clearly state the [labeling as engineering/true] strain rate
of the data reported in the main text, as well as the range of the linear region used to
estimate E (illustrated in a Figure). Further, as suggested by Reviewer 1, these
mechanical properties are known to be functions of rate. This reviewer believes that
Figure S16 does not support the authors’ claims that E is independent of rate. E appears
to decrease with rate for the majority of the data points.
**Additional, related comments in Reviewer 2, 6a.
3. “While obtaining figures of Young‘s modulus and glass transition temperature, how
many times of simulations were performed each cases?”
Similar to (2), this information should clear and presented in the main text.

Reviewer 2: “…there are only few new conclusions in this work, the methodology used is more
or less standard, and many of the results obtained fall into error bars. I believe such research is
worth publishing in a more specialized journal.”
I agree with Reviewer 2’s assessment, the manuscript in its current form serves an appendix or
addendum to reference 7, which the authors cite often. However, I do believe that a careful
revision that brings the main findings to the forefront and deemphasizes the less interesting
results (i.e. the “many of the results obtained fall into error bars” referred to by Reviewer 2)
could be of interest.
1. “The title is incomprehensible and confuses the reader.”
The revised title ‘Effect of monomer precursors with identical functionality on the
properties of the physical network’ should be reworked. In this manuscript, the authors
vary the length of the alkane chain between two acrylate or methacrylate groups and
study the resulting crosslinked polymer networks, both topologically (e.g. Figure 4) and
thermo-mechanically (Figure 2). A clear title would benefit this work. The current title
only explicitly mentions a variable that is not studied (functionality).
2. “On page 2 it is stated that the properties of the coarse-grained polymer matrix are
independent of the monomer structure. This is only partly true. In the presence of a
sufficiently long bridge between crosslinked ends in the monomer, it acquires its own
flexibility and conformational entropy, and this can be taken into account in standard
theories of polymer networks of the Flory type.”
Clarifying what this reviewer believes to be the intention of Reviewer 2’s comment: A
key assumption in F-S theory is the lack of intramolecular reactions. In the present work
we may assume that most of the network topology differences observed for different
networks at a given conversion result from varying numbers of intramolecular reactions,
‘self loops’ (page 5) being an example of these.
3. “The Methods section was probably initially at the beginning of the article and has now
been moved to the end without any change in the presentation and numbering of the
supplementary. It is not comfortable. Also, I did not understand from this section exactly
how many initiators there were and with what probability they were activated. This is
the most important piece of information when we study radical polymerization. It is also
not indicated whether averaging was carried out over realizations (independent runs)
and how. Also, the methods do not say anything about boundary conditions. It is rather
strange to study crosslinkable systems without periodic boundary conditions - the entire
system will contract. The use of periodicity will also allow you to determine the
percolation threshold for the network - the most important parameter in the study of
network topology. It is unclear why the authors did not use it.”

The authors have not adequately addressed Reviewer 2’s first point. This manuscript
requires significant revision with respect to readability. This includes the order of
presentation, numbering of SI figures, sentence structure, and removal of syntax and
typographical errors. To restate Reviewer 2, this manuscript reads as if it were prepared
for submission elsewhere and later rearranged without regard to narrative/readability.
The remining comments that pertain to starting configurations and simulation settings
have been adequately addressed in the revision.
4. “It is rightly stated in the title that the topology of a mesh has a strong influence on its
properties. However, the topology is greatly influenced not so much by the monomer
structure as by additional factors: the number of initiators, the rate of their activation
and its ratio to the rate of subsequent polymerization. Also, an important factor is the
process of quadratic exchange - when two radicals meet and annihilate. These factors
are not mentioned or discussed at all. Moreover, ordinary radical polymerization, not
CRP, is a very fast process; often the very process of chain growth from initiation to
termination occurs even faster than the characteristic initialization time of a neighboring
initiator.”
This comment is similar to Reviewer 1’s first comment. The authors’ reply notes that the
concepts cited have been studied by others (by other methods) and reads as a dismissal.
Again, I believe that Reviewer 2’s comment would be more adequately addressed by the
addition of thorough commentary on the shortcomings and limitations of this simulation
method, focusing on those highlighted by Reviewer 1 and 2.
5. “It would be good to bring the conversion graph versus time (2a) in logarithmic time and
bring the conversion axis to at least 0.95.”
The authors addressed the first point, but the authors misunderstood Reviewer 2’s
second request. This reviewer has the same request.
To clarify, please extend the y-axis of Figure 2a to at least 0.95. Most of the curves in
Figure 2a extend beyond chi=0.8, the current maximum, and are truncated.
6.

a. “The strain rate is not specified or varied. Young’s modulus is a quasi-static
characteristic, which means that it must be proved that it does not change with
decreasing strain rate.”
The authors reply, “We performed pulling tests at strain rates, ranging within
10−9 − 10−7, the inferred Young’s modulus appears to be independent of the rate,
as shown in Supplementary Figure S16.” The strain rates in the rebuttal letter do
not match those reported in the revised manuscript (10-10 – 10-8) or the reported

strain rate values in the arXiv version of this manuscript (10-7 – 10-5 s-1). This is
obviously problematic.
Further, as noted in responses to Reviewer 1’s comments, Figure S16 does not
appear to support the authors’ claims that E is independent of rate. E appears to
decrease with rate for the majority of the data points.
b. “The stress-strain curves have to go out of 0, why do they go out of there?
Authors reply, “We renormalised the presentation of the data accordingly. Note
that the measured results are independent of the chosen frame of reference.”
Since the authors note that results [slope] are independent of their
renormalisation it implies that they y-offset the raw data. I do not believe that a
correctly obtained stress-strain curve needs to be ‘forced’ through zero by any
means. Additionally, Reviewer 2 was likely seeking an explanation as to why this
curve doesn’t go through zero, not simply to shift it. The authors should respond
to Reviewer 2’s comment by explaining the data, not shifting it.
c. “A nonzero Young’s modulus can be found only in a crosslinked and percalating
matrix, which cannot be at a conversion of less than 0.3 (then the system is a
viscous liquid).”
The authors could include datapoints in Figure 2e as a simple response to
Reviewer 2’s comment (and in the suggested style of this journal).
d. “In general, the Young’s modulus results in Figure 2f look very similar for all
cases and are suspiciously linear in conversion. It can not be so. Taking into
account all the above comments, I would generally remove all mention of
mechanical properties from the article.”
Authors’ reply “We are confident in our analysis and believe that readers will
benefit from keeping our findings on Young’s modulus in the paper. The linearlike behaviour of Young’s modulus is independently supported by both tensilestress test and Kirchhoff theory, as indicated by the graph resistance
calculations.” This reviewer agrees with Reviewer 1 and 2, mechanical properties
extracted from these simulations must be treated more carefully and, at a
minimum, ensure correct reporting of simulation parameters.
7. “In order to claim the presence of a phase transition (especially in conclusions and
abstracts), it is necessary to vary the size of the system and investigate this transition
during finite-size scaling.”

The authors cite limited computational resources in their rebuttal again. This strongly
suggests that the authors should detail the resources used to perform these simulations.
“Current results are presented for 32000 atoms (e.g. for HDDA), which requires one
month of computations on cluster.” Does this mean one month to obtain a 70 ns, 32k
atom trajectory? All 4 HDDA reactive trajectories?
Additional comments:
This reviewer agrees with Reviewers 2 and 3. In its current state, this manuscript is difficult to
read. I share Reviewer 3’s opinion that “The authors should more carefully consider the
structure of their manuscript and what precisely they want to convey. As it stands now, the
manuscript is fairly confusing and the delineation between what belongs in the main
manuscript and what belongs in a supplement is not well thought out.” I do not believe that the
present revision adequately addresses this concern. Additionally, issues regarding syntax and
typographical errors and accurate/correct reporting of simulation parameters and data must be
addressed carefully.
1) To summarize this work, the authors vary the length of alkyl linkers between *acrylate
functional groups and find little resulting variance (as mentioned by Reviewer 2). The
authors should revise the manuscript to center around their key findings regarding
deviations at higher conversions (chi) and the underlying network properties correlated
with these behaviors. Emphasize and discuss the differences that result from changes to
this independent variable and relegate most similarities to Supporting Information. This
constitutes a fairly large rewriting task.
2) One major issue not mentioned by previous reviewers is a lack of corresponding
experimental data. Including experimental results related to the main findings could
strengthen this work if agreement is found, whether quantitative or general trends.
3) Regarding the computational Methods and reproducibility of this work, it is unclear
exactly how the authors created new bonds in their simulations. i.e. when a new
covalent bond is formed, the post-reaction local force field must include new bonds,
bends, and dihedrals that reflect changes to the local chemistry. The authors make no
mention of these critical details—if no new bends are introduced, the formation and
analyses of subsequently formed intramolecular bonds would be highly suspect. [See,
e.g., Gissinger, Jensen, & Wise, Macromolecules 2020, 53 (22), 9953–9961 for a related
protocol.]

Reviewer #5 attachment: second round

Adjudication review on manuscript COMMSMAT-20-0216A by Kryven et al.
I received comments from the three original referees on the above manuscript, along with the
authors’ responses and a revised manuscript. The views of the original reviewers were somewhat
mixed, with one recommending publication after minor changes, and the other two having more
serious reservations. After consideration of the authors’ rebuttal and revisions, I find that they have
made considerable efforts to address the most serious concerns of the referees and recommend
that the manuscript be published subject to the minor suggested changes below. In general, I would
say that the authors are doing excellent work in this field, and their latest manuscript presents an
interesting new insight into effect of polymer network topology on glass transition temperature.
Remarks on original referees’ comments and authors’ response
1) Cooling rate and effect on Tg
In their response to Referee 1, and the revised manuscript, the authors claim to have used a “cooling
rate of 5×10─9 K s─1” when determining Tg from specific volume (this being the more commonly used
term for “inverse density” in materials science) versus temperature curves. This cannot be correct,
since the simulations were of order nanoseconds in length and the temperature drop was 450 K. I
think they must mean 5×109 K s─1, which is indeed some ten orders of magnitude faster than
maximum achievable experimental cooling rates. The authors mention a constant shift of 30 K in
absolute value of Tg to compensate, which is fine as a crude estimate, but a more precise estimate
can be calculated from the Williams-Landel-Ferry equation.
Also, there is a typo in caption for Figure 2 (“pice-linear” -> “piece-linear”, or even better “piece-wise
linear”).
2) Title of manuscript
Both referees 2 and 3 objected to the original title of the manuscript, which has now been changed
to “Effect of monomer precursors with identical functionality on the properties of the physical
network”. Although this seems to represent the content adequately, it raises the question “what
physical network?” Could the authors add “… of polymers”, or something similar, to avoid the
dangling participle?
3) Strain rates for tensile tests
In their response to referee 2, the authors mention strain rates of 10─9 to 10─7 s─1, and these also
appear in the caption for Figure S16 and Methods section in main manuscript. Again, these cannot
be correct – I think the exponents must be positive.
4) Non-zero Young’s modulus below conversion of 0.3
In their response to referee 2, point 6c, the authors say that “We do no[t] detect non-zero Young's
modulus before percolation phase transition. However, when extended, the linear fit may reach out
to lower conversions that 0.3.” I am not sure what this means, but simply comment that is difficult
to observe the zero-modulus condition in atomistic simulations, since even molecular liquids can
behave quasi-elastically when deformed at ultra-high strain rates of 109 to 107 s─1.

Typo on p.5 “An initio” -> “Ab initio”
Typo on p.7 “Elliot” should have a double t.

Author Responses: second round

Response to Referee 3

The authors have done an adequate job meeting my criticisms, with one important exception. I still have doubts about Fig. 2b, which now claims to show
*inverse* density vs temperature for a representative system in order to demonstrate how Tg is found. The data in this plot is very puzzling, since it implies
that density *increases* with temperature (since inverse density is decreasing
with temperature). For these relatively simple amorphous thermosets, such behavior is unheard of. Are the authors 100% completely sure that Fig. 2b is a
plot of *inverse* density vs temperature, and not (as I suspect) a plot of density
vs temperature? If the authors can definitively lay this concern to rest either
by correction or an explanation behind such apparently bizarre thermophysical
behavior, I’d be in favor of acceptance.
Mistake corrected. We would like to thank Referee for their time and feedback.
Response to Referee 4

R1-1:“Are there any consideration for possibility of chain transfer and
radical terminations during the curing?”
The authors respond by citing the requirement for more simulations to sample
parameter space and limited computing resources. The suggestion of expanded
parameter space is unclear since the authors did not explore this parameter space
in the present work for the existing reactive protocol. In their previous work
this phase space is explored for one of the 8 monomers. The same protocol
is used here for all monomers without further refinement. This choice seems
reasonable. This reviewer does not believe that Reviewer 1 was interested in
revising/changing simulation protocols, instead that Reviewer 1 was prompting
the authors to discuss the possible effects of excluding vs. including chain transfer
and radical terminations in the simulations. I agree that this sort of commentary
would be a valuable addition to the discussion of method.
Stray chain-transfer typically does happen in acrylates. In principle, adding an active chain
transfer agent might reduce average molecular weight, but it is hard to assess the effect
without simulations. We believe that, at this concentration of radicals, transferring a radical
to a chain would not affect the results when measured versus bond conversion. Simply put,
we do not form long enough linear chains and transferring a radical will not create a more
brunched structure. Transferring to monomer might postpone gel transition slightly.
We added mentioning of the chain transfer and chain shuttling reactions in the polymer
design section of Introduction while trying not to distract the reader from our main message.

1

R1-2:“In my knowledge, strain rates and cooling rates during tensile
test and cooling down simulation for glass transition temperature may
affect their results. Therefore, simulation conditions (strain rate and
cooling down rate) may be suggested in the paper.”
The presentation of these rates should be made clearer. A rate value for the
Tg runs and a range of rates for E is included. A significant related error is
discussed later in this review.** The authors should clearly state the [labeling as
engineering/true] strain rate of the data reported in the main text, as well as the
range of the linear region used to estimate E (illustrated in a Figure). Further, as
suggested by Reviewer 1, these mechanical properties are known to be functions
of rate. This reviewer believes that Figure S16 does not support the authors’
claims that E is independent of rate. E appears to decrease with rate for the
majority of the data points. **Additional, related comments in Reviewer 2, 6a.
We updated labels to engineering strain.
The linear region was identified as the largest strain for which Ljung-Box Q test was successfully passed. The length of the linear region typically fluctuated between 0.06-0.2, with
higher bond conversion being associated with shorter linear regions. We added this note to
Methods.
Figure S16 shows that, within the error bars, there is no significant dependency of E on the
strain rate. Hence, even if there is a dependency of E on the rate, it must be weaker than
what can be detected with our method when scaling the rate by a factor 100. Pulling slower
than 108 s−1 goes beyond what can be realistically achieved with MD.
R1-3:“While obtaining figures of Young‘s modulus and glass transition temperature, how many times of simulations were performed each
cases?”
Similar to (2), this information should clear and presented in the main text.
The curing simulations and the tests for physical properties were repeated four times to
average out the effect of fluctuations. This is mentioned in Methods/Curing simulations.

2

R2.1: “The title is incomprehensible and confuses the reader.”
The revised title ‘Effect of monomer precursors with identical functionality on the
properties of the physical network’ should be reworked. In this manuscript, the
authors vary the length of the alkane chain between two acrylate or methacrylate
groups and study the resulting crosslinked polymer networks, both topologically
(e.g. Figure 4) and thermo-mechanically (Figure 2). A clear title would benefit
this work. The current title only explicitly mentions a variable that is not studied
(functionality).
We updated the title using the suggestion of Reviewer 5.
R2.2: ”On page 2 it is stated that the properties of the coarse-grained
polymer matrix are independent of the monomer structure. This is
only partly true. In the presence of a sufficiently long bridge between
crosslinked ends in the monomer, it acquires its own flexibility and
conformational entropy, and this can be taken into account in standard
theories of polymer networks of the Flory type.”
Clarifying what this reviewer believes to be the intention of Reviewer 2’s comment: A key assumption in F-S theory is the lack of intramolecular reactions. In
the present work we may assume that most of the network topology differences
observed for different networks at a given conversion result from varying numbers
of intramolecular reactions, ‘self loops’ (page 5) being an example of these.
We agree, thank you.

3

R2.3:“The Methods section was probably initially at the beginning of
the article and has now been moved to the end without any change
in the presentation and numbering of the supplementary. It is not
comfortable. Also, I did not understand from this section exactly how
many initiators there were and with what probability they were activated. This is the most important piece of information when we study
radical polymerization. It is also not indicated whether averaging was
carried out over realizations (independent runs) and how. Also, the
methods do not say anything about boundary conditions. It is rather
strange to study crosslinkable systems without periodic boundary conditions - the entire system will contract. The use of periodicity will
also allow you to determine the percolation threshold for the network
- the most important parameter in the study of network topology. It
is unclear why the authors did not use it.”
The authors have not adequately addressed Reviewer 2’s first point. This
manuscript requires significant revision with respect to readability. This includes the order of presentation, numbering of SI figures, sentence structure,
and removal of syntax and typographical errors. To restate Reviewer 2, this
manuscript reads as if it were prepared for submission elsewhere and later rearranged without regard to narrative/readability. The remining comments that
pertain to starting configurations and simulation settings have been adequately
addressed in the revision.
The manuscript has been restructured.
R2.4:“It is rightly stated in the title that the topology of a mesh has
a strong influence on its properties. However, the topology is greatly
influenced not so much by the monomer structure as by additional factors: the number of initiators, the rate of their activation and its ratio
to the rate of subsequent polymerization. Also, an important factor is
the process of quadratic exchange - when two radicals meet and annihilate. These factors are not mentioned or discussed at all. Moreover,
ordinary radical polymerization, not CRP, is a very fast process; often
the very process of chain growth from initiation to termination occurs
even faster than the characteristic initialization time of a neighboring
initiator.”
This comment is similar to Reviewer 1’s first comment. The authors’ reply notes
that the concepts cited have been studied by others (by other methods) and
reads as a dismissal. Again, I believe that Reviewer 2’s comment would be more
adequately addressed by the addition of thorough commentary on the shortcomings and limitations of this simulation method, focusing on those highlighted by
Reviewer 1 and 2.
4

Thank you. We have added the necessary discussion to the curing simulation section of
Methods
R2.5: “It would be good to bring the conversion graph versus time (2a)
in logarithmic time and bring the conversion axis to at least 0.95.”
The authors addressed the first point, but the authors misunderstood Reviewer
2’s second request. This reviewer has the same request. To clarify, please extend
the y-axis of Figure 2a to at least 0.95. Most of the curves in Figure 2a extend
beyond chi=0.8, the current maximum, and are truncated.
Done.
R2.6a:. “The strain rate is not specified or varied. Young’s modulus is a quasistatic characteristic, which means that it must be proved that it does not change
with decreasing strain rate.” The authors reply, “We performed pulling tests at
strain rates, ranging within 10−9 10−7 , the inferred Young’s modulus appears
to be independent of the rate,10 as shown in Supplementary Figure S16.” The
strain rates in the rebuttal letter do not match those reported in the revised
manuscript (10-10 – 10-8) or the reported strain rate values in the arXiv version
of this manuscript (10-7 – 10-5 s-1). This is obviously problematic. Further,
as noted in responses to Reviewer 1’s comments, Figure S16 does not appear to
support the authors’ claims that E is independent of rate. E appears to decrease
with rate for the majority of the data points.
The rates are 108 − 1010 as mentioned in the revised version of the manuscript are correct,
although we had to correct the minus sign in the exponent. We also updated the self-archived
version now.
Figure S16 shows that, within the error bars, there is no statistically significant dependency
of E on the strain rate. Hence, even if there is any dependency of E on rate, it is undetectable
with our method when scaling the rate by a factor 100.
R2.6b. “The stress-strain curves have to go out of 0, why do they go
out of there?
Authors reply, “We renormalised the presentation of the data accordingly. Note
that the measured results are independent of the chosen frame of reference.” Since
the authors note that results [slope] are independent of their renormalisation it
implies that they y-offset the raw data. I do not believe that a correctly obtained
stress-strain curve needs to be ‘forced’ through zero by any means. Additionally,
Reviewer 2 was likely seeking an explanation as to why this curve doesn’t go
through zero, not simply to shift it. The authors should respond to Reviewer 2’s
comment by explaining the data, not shifting it.
5

Reviewer 4 might have misinterpreted our explanation. By definition stress at zero strain is
0 in the pulling test. The shift came from normalising date before storing, that is bringing
it to a format where all the stress values are positive, it has no physical meaning.
R2.6c. “A nonzero Young’s modulus can be found only in a crosslinked
and percalating matrix, which cannot be at a conversion of less than
0.3 (then the system is a viscous liquid).”
The authors could include datapoints in Figure 2e as a simple response to Reviewer 2’s comment (and in the suggested style of this journal).
In this figure we deduce the elastic constant in two ways. However, in both cases there is no
data-points to report in the viscous regime: 1) the MD data do not pass Ljung-Box Q test,
which is used in our protocol. 2) The graph resistance model, is not applicable when there is
no percolating cluster. This explains why we do not report numerical values in this regime.
We added this explanation to the methods section.
R2.6d. “In general, the Young’s modulus results in Figure 2f look very
similar for all cases and are suspiciously linear in conversion. It can not
be so. Taking into account all the above comments, I would generally
remove all mention of mechanical properties from the article.”
Authors’ reply “We are confident in our analysis and believe that readers will benefit from keeping our findings on Young’s modulus in the paper. The linear- like
behaviour of Young’s modulus is independently supported by both tensile- stress
test and Kirchhoff theory, as indicated by the graph resistance calculations.”
This reviewer agrees with Reviewer 1 and 2, mechanical properties extracted
from these simulations must be treated more carefully and, at a minimum, ensure correct reporting of simulation parameters.
We ensured that all simulation parameters are reported in Methods/MD model and system
set-up and Curing simulations.
“In order to claim the presence of a phase transition (especially in
conclusions and abstracts), it is necessary to vary the size of the system
and investigate this transition during finite-size scaling.”
The authors cite limited computational resources in their rebuttal again. This
strongly suggests that the authors should detail the resources used to perform
these simulations. “Current results are presented for 32000 atoms (e.g. for
HDDA), which requires one month of computations on cluster.” Does this mean
one month to obtain a 70 ns, 32k atom trajectory? All 4 HDDA reactive trajectories?
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Thank you, we added the necessary clarifications. The time is indicated per trajectory.
Typically we would run 32 trajectories (4 repeats × 8 monomers).
Additional comments:
1) To summarize this work, the authors vary the length of alkyl linkers between
*acrylate functional groups and find little resulting variance (as mentioned by
Reviewer 2). The authors should revise the manuscript to center around their
key findings regarding deviations at higher conversions (chi) and the underlying network properties correlated with these behaviors. Emphasize and discuss
the differences that result from changes to this independent variable and relegate most similarities to Supporting Information. This constitutes a fairly large
rewriting task.
Thank you, we restructured the text based on the overall feedback from all reviewers. Although, it should be noted that there are many ways to present this work. For example,
Reviewer 3, somewhat to the contrary to this comment, suggested emphasising the universal
behaviour of polymer networks. Which would be interesting to e.g. theoretician developing
analytical models.
2) One major issue not mentioned by previous reviewers is a lack of corresponding
experimental data. Including experimental results related to the main findings
could strengthen this work if agreement is found, whether quantitative or general
trends.
The revised manuscript discusses agreement of the observed trends with experimental findings. We are able to predict numerical values within the correct order of magnitude and
correctly predict the trends. Given that this are almost parameter free simulations, the
accuracy of our predictions is in line with standards of the field of molecular simulations.
Although, it needs to be stressed that the main value of the findings lies in revealing the
mechanistic connection between different factors, not their quantification.
The overall trends of the crosslinker length and bond conversion on elasticity are in agreement
with experimental findings (Cook 1990, Davis 1988). Similar effects of cyclization on the
gel point was reported by Elliott et al. (2001,1999), where the gel point of TeGDMA was
observed to be higher than the gel point of BisGDMA (bisphenol A-glycidyl dimethacrylate), with TeGDMA exhibiting three-folded more cyclization than BisGDMA due to the
differences in flexibility of the monomers.
Additionally, we have added to the discussion several other links with experimental findings:
The lower polymerisation rate of methacrylates as compared to acrylates for mono- and highfunctional monomers is generally observed, both experimentally (Buback 2009, Wen 1997)
and computationally (Yu 2008). Mavroudakis (2015) reports the pre-exponential factors
for monomers with varying linker lengths and the trend is in good agreement with our
findings. Kurdikar and Peppas (1994) investigated the effect of the linker length on the
reaction kinetics of the polymerisation of different poly(ethylene glycol) diacrylates and
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found a decrease in the rate constant for longer linkers, attributing this effect to a decreased
monomer diffusivity.
3) Regarding the computational Methods and reproducibility of this work, it is
unclear exactly how the authors created new bonds in their simulations. i.e. when
a new covalent bond is formed, the post-reaction local force field must include
new bonds, bends, and dihedrals that reflect changes to the local chemistry. The
authors make no mention of these critical details—if no new bends are introduced,
the formation and analyses of subsequently formed intramolecular bonds would
be highly suspect. [See, e.g., Gissinger, Jensen, & Wise, Macromolecules 2020,
53 (22), 9953–9961 for a related protocol.]
Thank you for pointing out the protocol of Gissinger et al. (2020). This protocol is developed
for step-growth polymerisation, and it would be certainly interesting to adapt it to radical
polymerisation too. The crosslinks are first represented by a harmonic potential as opposed
to rigid bonds, which is necessary to avoid fast buildup of stress. Then, after using NPT
simulations to relax the structure, we update the forcefield.
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Response to Referee 5

I received comments from the three original referees on the above manuscript,
along with the authors’ responses and a revised manuscript. The views of the
original reviewers were somewhat mixed, with one recommending publication
after minor changes, and the other two having more serious reservations. After consideration of the authors’ rebuttal and revisions, I find that they have
made considerable efforts to address the most serious concerns of the referees
and recommend that the manuscript be published subject to the minor suggested
changes below. In general, I would say that the authors are doing excellent
work in this field, and their latest manuscript presents an interesting
new insight into effect of polymer network topology on glass transition
temperature.
We would like to thank Referee for their time and providing valuable feedback.
1) Cooling rate and effect on Tg .
In their response to Referee 1, and the revised manuscript, the authors claim
to have used a “cooling rate of 5 × 10−9 Ks−1 ” when determining Tg from specific volume (this being the more commonly used term for “inverse density” in
materials science) versus temperature curves. This cannot be correct, since the
simulations were of order nanoseconds in length and the temperature drop was
450 K. I think they must mean 5 × 109 Ks−1 , which is indeed some ten orders
of magnitude faster than maximum achievable experimental cooling rates. The
authors mention a constant shift of 30 K in absolute value of Tg to compensate,
which is fine as a crude estimate, but a more precise estimate can be calculated
from the Williams-Landel-Ferry equation. Also, there is a typo in caption for
Figure 2 (“pice-linear” → “piece-linear”, or even better “piece-wise linear”).
Indeed the minus in the exponent should have not been there. Corrected. Regarding WLF
formula, we are not entirely sure if it is a good idea to apply it in the gel regime, where the
polymer is not viscous.
2) Title of manuscript Both referees 2 and 3 objected to the original title of the
manuscript, which has now been changed to “Effect of monomer precursors with
identical functionality on the properties of the physical network”. Although this
seems to represent the content adequately, it raises the question “what physical
network?” Could the authors add “... of polymers”, or something similar, to
avoid the dangling participle?
The title was adapted as suggested.
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3) Strain rates for tensile tests In their response to referee 2, the authors mention
strain rates of 10−9 to 10−7 s−1 , and these also appear in the caption for Figure
S16 and Methods section in main manuscript. Again, these cannot be correct –
I think the exponents must be positive.
Corrected.
4) Non-zero Young’s modulus below conversion of 0.3 In their response to referee
2, point 6c, the authors say that “We do no[t] detect non-zero Young’s modulus
before percolation phase transition. However, when extended, the linear fit may
reach out to lower conversions that 0.3.” I am not sure what this means, but simply comment that is difficult to observe the zero-modulus condition in atomistic
simulations, since even molecular liquids can 109 −107 s−1 behave quasi-elastically
when deformed at ultra-high strain rates of 10 to 10s.
Typo on p.5 ”An initio” − > ”Ab initio”
Typo on p.7 ”Elliot” should have a double t.
We agree with Reviewer regarding possible quasi-elastically behaviour. However, what we
intended to say, is that in the liquid region (that is before the gel transition), our statistical
method cannot attribute a number to Young’s modulus because the data does not pass LjungBox Q-Test, which is used in our protocol. This explains why we do not report numerical
values in this regime.
Typos corrected.
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Decision letter and referee reports: third round

7th Mar 21

Dear Dr Kryven,
Thank you for submitting your revised manuscript, "Effect of different monomer precursors with
identical functionality on the properties of the polymer network", to Communications Materials. It
has now been seen by Reviewer 3-5; Reviewer 5 recommended publication in comments to the
editor, and the comments of Reviewer 3 and 4 are appended below.
You will see that while they find your work improved compared to the previous version, Reviewer 4
is not fully satisfied with the revisions, and disagrees with the interpretation of some of the data.
They also comment that the writing of the paper should be substantially improved, to help
readability. These points must be convincingly addressed before we can proceed to publication.
We therefore invite you to revise and resubmit your manuscript, taking into account the points
raised.
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 response letter with a point-by-point reply to each of the referee comments and a description of
changes made. Please include the complete referee report in the response letter. Please note that
the response 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 a different 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-policychecklist.zip">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. Clicking this link will download a zip
file containing the pdf.
In the event that your manuscript is accepted we will provide detailed guidance on our journal
policies and formatting. You may however wish to ensure that the manuscript complies with our
house style at this stage. See our style and formatting guide
(https://www.nature.com/documents/commsj-phys-style-formatting-guide-accept.pdf) and
checklist (https://www.nature.com/documents/commsj-phys-style-formatting-checklist-article.pdf)
for reference.
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-datacitations.pdf">http://www.nature.com/authors/policies/data/data-availability-statements-datacitations.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.html">http://www.nature.com/authors/
policies/availability.html</a>.
Please use the following link to submit your documents:
[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 receive your revised paper within three months; please let us know if you aren’t able to
submit it within this time so that we can discuss how best to proceed. If we don’t hear from you, and
the revision process takes significantly longer, we will close your file. In this event, we will still 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 understand that due to the current global situation, the time required for revision may be longer
than usual. We would appreciate it if you could keep us informed about an estimated timescale for
resubmission, to facilitate our planning. Of course, if you are unable to estimate, we are happy to
accommodate necessary extensions nevertheless.
Please do not hesitate to contact me if you have any questions or would like to discuss these
revisions further. We look forward to seeing the revised manuscript and 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 #3 (Remarks to the Author):
The authors have met my criticism and manuscript is suitable for acceptance.

Reviewer #4 (Remarks to the Author):
See attachment.

Reviewer #4 attachment: third round

Reviewer 4’s comments in blue font.
The Authors’ revised work addressed most of the Reviewers’ questions and comments and is a
significantly stronger submission. The detailed thermomechanical calculations and analyses are
paired with microscopic studies of the network to create a full picture and add additional insights
to recent large-scale simulation surveys like Afzal et. al. ACS Appl. Polym. Mater. 2021, 3, 2,
620–630.
There remain a few points that are unclear. It is concerning that Reviewers seem to be asking the
same or similar questions multiple times since some requests are responded to in the Authors’
rebuttal but not corrected in the revised manuscript (e.g. the phrase ‘phase transition’ was
removed in some places but is still present in the abstract, a strong concern of previous
Reviewers. Please remove or replace.)
The manuscript will require copyediting to correct nontechnical grammar and syntax errors (e.g.
‘by adding a chain transfer or chain shuttling agents is used’). The legibility (without zooming
in) of some of the Figure text is questionable and would benefit from larger font.
That said, I am in favor of acceptance if the above and the following minor points are addressed
by the Authors.
Response to Referee 4
R1-1:“Are there any consideration for possibility of chain transfer and radical terminations
during the curing?”
The authors respond by citing the requirement for more simulations to sample parameter space
and limited computing resources. The suggestion of expanded parameter space is unclear since
the authors did not explore this parameter space in the present work for the existing reactive
protocol. In their previous work this phase space is explored for one of the 8 monomers. The
same protocol is used here for all monomers without further refinement. This choice seems
reasonable. This reviewer does not believe that Reviewer 1 was interested in revising/changing
simulation protocols, instead that Reviewer 1 was prompting the authors to discuss the possible
effects of excluding vs. including chain transfer and radical terminations in the simulations. I
agree that this sort of commentary would be a valuable addition to the discussion of method.
Stray chain-transfer typically does happen in acrylates. In principle, adding an active chain
transfer agent might reduce average molecular weight, but it is hard to assess the effect without
simulations. We believe that, at this concentration of radicals, transferring a radical to a chain
would not affect the results when measured versus bond conversion. Simply put, we do not form
long enough linear chains and transferring a radical will not create a more brunched structure.
Transferring to monomer might postpone gel transition slightly.
We added mentioning of the chain transfer and chain shuttling reactions in the polymer design
section of Introduction while trying not to distract the reader from our main message.

I believe this adequately addresses Reviewer 1’s question.
R1-2:“In my knowledge, strain rates and cooling rates during tensile test and cooling down
simulation for glass transition temperature may affect their results. Therefore, simulation
conditions (strain rate and cooling down rate) may be suggested in the paper.”
The presentation of these rates should be made clearer. A rate value for the Tg runs and a range
of rates for E is included. A significant related error is discussed later in this review.** The
authors should clearly state the [labeling as engineering/true] strain rate of the data reported in
the main text, as well as the range of the linear region used to estimate E (illustrated in a Figure).
Further, as suggested by Reviewer 1, these mechanical properties are known to be functions of
rate. This reviewer believes that Figure S16 does not support the authors’ claims that E is
independent of rate. E appears to decrease with rate for the majority of the data points.
**Additional, related comments in Reviewer 2, 6a.
We updated labels to engineering strain.
The linear region was identified as the largest strain for which Ljung-Box Q test was successfully passed. The length of the linear region typically fluctuated between 0.06-0.2, with
higher bond conversion being associated with shorter linear regions. We added this note to
Methods.
This is a nice addition: the selected linear region is not uniform, but its selection is rigorous.
Figure S16 shows that, within the error bars, there is no significant dependency of E on the strain
rate. Hence, even if there is a dependency of E on the rate, it must be weaker than what can be
detected with our method when scaling the rate by a factor 100.
This is a screen capture of a panel from Figure S16:

The authors continue to insist that the red data points are not lower than the blue and black data
points. Like Reviewers 1 and 2, I do not believe I understand this interpretation.
Pulling slower than 108s−1 goes beyond what can be realistically achieved with MD.

This generalization is incorrect.
R1-3:“While obtaining figures of Young‘s modulus and glass transi- tion temperature, how many
times of simulations were performed each cases?”
Similar to (2), this information should clear and presented in the main text.
The curing simulations and the tests for physical properties were repeated four times to average
out the effect of fluctuations. This is mentioned in Methods/Curing simulations.
Thank you.
R2.1: “The title is incomprehensible and confuses the reader.”
The revised title ‘Effect of monomer precursors with identical functionality on the properties of
the physical network’ should be reworked. In this manuscript, the authors vary the length of the
alkane chain between two acrylate or methacrylate groups and study the resulting crosslinked
polymer networks, both topologically (e.g. Figure 4) and thermo-mechanically (Figure 2). A
clear title would benefit this work. The current title only explicitly mentions a variable that is not
studied (functionality).
We updated the title using the suggestion of Reviewer 5.
Thank you.
R2.2: ”On page 2 it is stated that the properties of the coarse-grained polymer matrix are
independent of the monomer structure. This is only partly true. In the presence of a sufficiently
long bridge between crosslinked ends in the monomer, it acquires its own flexibility and
conformational entropy, and this can be taken into account in standard theories of polymer
networks of the Flory type.”
Clarifying what this reviewer believes to be the intention of Reviewer 2’s com- ment: A key
assumption in F-S theory is the lack of intramolecular reactions. In the present work we may
assume that most of the network topology differences observed for different networks at a given
conversion result from varying numbers of intramolecular reactions, ‘self loops’ (page 5) being
an example of these.
We agree, thank you.
Delayed gelation in bifunctional acrylates with more ‘self-loops’ was also recently reported in
similar simulations [Karnes et al J. Phys. Chem. B 2020, 124, 41, 9204–9215]
R2.3:“The Methods section was probably initially at the beginning of the article and has now
been moved to the end without any change in the presentation and numbering of the
supplementary. It is not comfortable. Also, I did not understand from this section exactly how
many initiators there were and with what probability they were acti- vated. This is the most

important piece of information when we study radical polymerization. It is also not indicated
whether averaging was carried out over realizations (independent runs) and how. Also, the
methods do not say anything about boundary conditions. It is rather strange to study
crosslinkable systems without periodic boundary con- ditions - the entire system will contract.
The use of periodicity will also allow you to determine the percolation threshold for the network
- the most important parameter in the study of network topology. It is unclear why the authors
did not use it.”
The authors have not adequately addressed Reviewer 2’s first point. This manuscript requires
significant revision with respect to readability. This in- cludes the order of presentation,
numbering of SI figures, sentence structure, and removal of syntax and typographical errors. To
restate Reviewer 2, this manuscript reads as if it were prepared for submission elsewhere and
later re- arranged without regard to narrative/readability. The remining comments that pertain to
starting configurations and simulation settings have been adequately addressed in the revision.
The manuscript has been restructured.
Thank you
R2.4:“It is rightly stated in the title that the topology of a mesh has a strong influence on its
properties. However, the topology is greatly influenced not so much by the monomer structure as
by additional fac- tors: the number of initiators, the rate of their activation and its ratio to the rate
of subsequent polymerization. Also, an important factor is the process of quadratic exchange when two radicals meet and anni- hilate. These factors are not mentioned or discussed at all.
Moreover, ordinary radical polymerization, not CRP, is a very fast process; often the very
process of chain growth from initiation to termination occurs even faster than the characteristic
initialization time of a neighboring initiator.”
This comment is similar to Reviewer 1’s first comment. The authors’ reply notes that the
concepts cited have been studied by others (by other methods) and reads as a dismissal. Again, I
believe that Reviewer 2’s comment would be more adequately addressed by the addition of
thorough commentary on the shortcom- ings and limitations of this simulation method, focusing
on those highlighted by Reviewer 1 and 2.
Thank you. We have added the necessary discussion to the curing simulation section of Methods.
Thank you. Also noting here that the conversation regarding reaction rate and comparison with
preexponential factor is very good.

R2.5: “It would be good to bring the conversion graph versus time (2a) in logarithmic time and
bring the conversion axis to at least 0.95.”
The authors addressed the first point, but the authors misunderstood Reviewer 2’s second
request. This reviewer has the same request. To clarify, please extend the y-axis of Figure 2a to
at least 0.95. Most of the curves in Figure 2a extend beyond chi=0.8, the current maximum, and
are truncated.
Done.
Thank you, much more clear.

R2.6a:. “The strain rate is not specified or varied. Young’s modulus is a quasi- static
characteristic, which means that it must be proved that it does not change with decreasing strain
rate.” The authors reply, “We performed pulling tests at strain rates, ranging within 10−9 10−7, the
inferred Young’s modulus appears to be independent of the rate,10 as shown in Supplementary
Figure S16.” The strain rates in the rebuttal letter do not match those reported in the revised
manuscript (10-10 – 10-8) or the reported strain rate values in the arXiv version of this
manuscript (10-7 – 10-5 s-1). This is obviously problematic. Further, as noted in responses to
Reviewer 1’s comments, Figure S16 does not appear to support the authors’ claims that E is
independent of rate. E appears to decrease with rate for the majority of the data points.
The rates are 108 − 1010 as mentioned in the revised version of the manuscript are correct,
although we had to correct the minus sign in the exponent. We also updated the self-archived
version now.
Figure S16 shows that, within the error bars, there is no statistically significant dependency of E
on the strain rate. Hence, even if there is any dependency of E on rate, it is undetectable with our
method when scaling the rate by a factor 100.
Multiple Reviewers (3 total) expressed this concern.
This is a screen capture of a panel from Figure S16:

The Authors continue to insist that the red data points are not lower than the blue and black data
points. Like Reviewers 1 and 2, I do not believe I understand this interpretation. (Compare this
analysis with the analysis of Figure 2c.)
R2.6b. “The stress-strain curves have to go out of 0, why do they go out of there?
Authors reply, “We renormalised the presentation of the data accordingly. Note that the
measured results are independent of the chosen frame of reference.” Since the authors note that
results [slope] are independent of their renormalisation it implies that they y-offset the raw data. I
do not believe that a correctly obtained stress-strain curve needs to be ‘forced’ through zero by
any means. Additionally, Reviewer 2 was likely seeking an explanation as to why this curve
doesn’t go through zero, not simply to shift it. The authors should respond to Reviewer 2’s
comment by explaining the data, not shifting it.
Reviewer 4 might have misinterpreted our explanation. By definition stress at zero strain is 0 in
the pulling test. The shift came from normalising date before storing, that is bringing it to a
format where all the stress values are positive, it has no physical meaning.
Thank you for clarifying, I interpreted “We renormalised the presentation of the data” as
renormalising the data just before plotting.
R2.6c. “A nonzero Young’s modulus can be found only in a crosslinked and percalating matrix,
which cannot be at a conversion of less than 0.3 (then the system is a viscous liquid).”
The authors could include datapoints in Figure 2e as a simple response to Re- viewer 2’s
comment (and in the suggested style of this journal).
In this figure we deduce the elastic constant in two ways. However, in both cases there is no
data-points to report in the viscous regime: 1) the MD data do not pass Ljung-Box Q test, which
is used in our protocol. 2) The graph resistance model, is not applicable when there is no
percolating cluster. This explains why we do not report numerical values in this regime. We
added this explanation to the methods section.

R2.6d. “In general, the Young’s modulus results in Figure 2f look very similar for all cases and
are suspiciously linear in conversion. It can not be so. Taking into account all the above
comments, I would generally remove all mention of mechanical properties from the article.”
Authors’ reply “We are confident in our analysis and believe that readers will ben- efit from
keeping our findings on Young’s modulus in the paper. The linear- like behaviour of Young’s
modulus is independently supported by both tensile- stress test and Kirchhoff theory, as indicated
by the graph resistance calculations.” This reviewer agrees with Reviewer 1 and 2, mechanical
properties extracted from these simulations must be treated more carefully and, at a minimum,
en- sure correct reporting of simulation parameters.
We ensured that all simulation parameters are reported in Methods/MD model and system set-up
and Curing simulations.
The authors cite limited computational resources in their rebuttal again. This strongly suggests
that the authors should detail the resources used to perform these simulations. “Current results
are presented for 32000 atoms (e.g. for HDDA), which requires one month of computations on
cluster.” Does this mean one month to obtain a 70 ns, 32k atom trajectory? All 4 HDDA reactive
trajec- tories?
“In order to claim the presence of a phase transition (especially in conclusions and abstracts), it
is necessary to vary the size of the system and investigate this transition during finite-size
scaling.”
Thank you, we added the necessary clarifications. The time is indicated per trajectory. Typically
we would run 32 trajectories (4 repeats × 8 monomers).
I cannot find any mention of computational resources.
Additional comments:
1) To summarize this work, the authors vary the length of alkyl linkers between *acrylate
functional groups and find little resulting variance (as mentioned by Reviewer 2). The authors
should revise the manuscript to center around their key findings regarding deviations at higher
conversions (chi) and the underly- ing network properties correlated with these behaviors.
Emphasize and discuss the differences that result from changes to this independent variable and
rele- gate most similarities to Supporting Information. This constitutes a fairly large rewriting
task.
Thank you, we restructured the text based on the overall feedback from all reviewers. Although, it should be noted that there are many ways to present this work. For example, Reviewer
3, somewhat to the contrary to this comment, suggested emphasising the universal behaviour of
polymer networks. Which would be interesting to e.g. theoretician developing analytical models.

2) One major issue not mentioned by previous reviewers is a lack of corresponding experimental
data. Including experimental results related to the main findings could strengthen this work if
agreement is found, whether quantitative or general trends.
The revised manuscript discusses agreement of the observed trends with experimental find- ings.
We are able to predict numerical values within the correct order of magnitude and correctly
predict the trends. Given that this are almost parameter free simulations, the accuracy of our
predictions is in line with standards of the field of molecular simulations. Although, it needs to
be stressed that the main value of the findings lies in revealing the mechanistic connection
between different factors, not their quantification.
The overall trends of the crosslinker length and bond conversion on elasticity are in agreement
with experimental findings (Cook 1990, Davis 1988). Similar effects of cyclization on the gel
point was reported by Elliott et al. (2001,1999), where the gel point of TeGDMA was observed
to be higher than the gel point of BisGDMA (bisphenol A-glycidyl dimethacry- late), with
TeGDMA exhibiting three-folded more cyclization than BisGDMA due to the differences in
flexibility of the monomers.
Additionally, we have added to the discussion several other links with experimental findings:
The lower polymerisation rate of methacrylates as compared to acrylates for mono- and highfunctional monomers is generally observed, both experimentally (Buback 2009, Wen 1997) and
computationally (Yu 2008). Mavroudakis (2015) reports the pre-exponential factors for
monomers with varying linker lengths and the trend is in good agreement with our findings.
Kurdikar and Peppas (1994) investigated the effect of the linker length on the reaction kinetics of
the polymerisation of different poly(ethylene glycol) diacrylates and found a decrease in the rate
constant for longer linkers, attributing this effect to a decreased monomer diffusivity.

3) Regarding the computational Methods and reproducibility of this work, it is unclear exactly
how the authors created new bonds in their simulations. i.e. when a new covalent bond is formed,
the post-reaction local force field must include new bonds, bends, and dihedrals that reflect
changes to the local chemistry. The authors make no mention of these critical details—if no new
bends are introduced, the formation and analyses of subsequently formed intramolecular bonds
would be highly suspect. [See, e.g., Gissinger, Jensen, & Wise, Macromolecules 2020, 53 (22),
9953–9961 for a related protocol.]
Thank you for pointing out the protocol of Gissinger et al. (2020). This protocol is developed for
step-growth polymerisation, and it would be certainly interesting to adapt it to radical
polymerisation too.
This is incorrect, the REACTER protocol is agnostic to reaction mechanism. Radical chain
growth polymerization of polystyrene is simulated in the paper noted in the Authors’ reply.
The crosslinks are first represented by a harmonic potential as opposed to rigid bonds, which is
necessary to avoid fast buildup of stress. Then, after using NPT simulations to relax the structure,
we update the forcefield.
Asking again to clarify: Are new bends and dihedrals added (i.e. that span the new bond) when
the new bond is formed? This should be addressed explicitly. Not updating these would be a
major shortcoming and should be noted in the main text.

Author Responses: third round

Response to Referee 4

R4: The Authors’ revised work addressed most of the Reviewers’ questions and
comments and is a significantly stronger submission. The detailed thermomechanical calculations and analyses are paired with microscopic studies of the
network to create a full picture and add additional insights to recent large-scale
simulation surveys like Afzal et. al. ACS Appl. Polym. Mater. 2021, 3, 2,
620–630.
There remain a few points that are unclear. It is concerning that Reviewers
seem to be asking the same or similar questions multiple times since some requests are responded to in the Authors’ rebuttal but not corrected in the revised
manuscript (e.g. the phrase ‘phase transition’ was removed in some places but
is still present in the abstract, a strong concern of previous Reviewers. Please
remove or replace.)
The manuscript will require copyediting to correct nontechnical grammar and
syntax errors (e.g. ‘by adding a chain transfer or chain shuttling agents is used’).
The legibility (without zooming in) of some of the Figure text is questionable
and would benefit from larger font.
That said, I am in favor of acceptance if the above and the following minor
points are addressed by the Authors.
We are grateful for the feedback and comments, which were implemented as suggested.
Regarding the discussion of the new phase transition, we had already addressed this in
earlier revisions of the manuscript: we have provided a figure that supports existence of two
phases (Figure 5) and relaxed the statement in the abstract.
Figure S16 shows that, within the error bars, there is no significant
dependency of E on the strain rate. Hence, even if there is a dependency
of E on the rate, it must be weaker than what can be detected with
our method when scaling the rate by a factor 100. [screen capture ]
R4: The Authors continue to insist that the red data points are not lower than the
blue and black data points. Like Reviewers 1 and 2, I do not believe I understand
this interpretation. (Compare this analysis with the analysis of Figure 2c.)
Figure S16 is included on following page. The reviewer speculates that in the case of BDDA
there is a shift between the values for different pulling rates (correspondingly blue/black
points versus the red points). Our standing is that there is no enough information to support
or reject this hypothesis. Observe that there is much fluctuation between the values at
different conversions. In our statistical analysis, we have considered the error due to thermal
fluctuations, which were confirmed to be white noise, and the error due to correlations
with the initial conditions, by performing averaging over several simulations. Such analysis
resulted in relatively small error bars. However, there might be other sources of statistical
1

error. Note that for other monomers except of BDDA, one does not detect any visible shift.
Therefore, it is hard to say whether the difference is statistically significant or an artefact.
Finally, the whole discussion regarding the shift aims to answer if we have quasi-elasticity at
the fast puling rates. We think that this is quite far form the main message of our paper and
arguing either way would not change our conclusions. We therefore would like to present
the data as is and let the reader to decide. We have included a short comment mentioning
that BDDA case has poorer quality of data which might be explained by quasi-elasticity at
the modelled puling rates or presence of unexplained sources of noise.

R4: Delayed gelation in bifunctional acrylates with more ‘self-loops’ was also
recently reported in similar simulations [Karnes et al J. Phys. Chem. B 2020,
124, 41, 9204–9215]
– Thank you for pointing out this source. We have included it as a reference.
The time is indicated per trajectory. Typically we would run 32 trajectories (4 repeats x 8 monomers).
R4: I cannot find any mention of computational resources.
The computational resources are described in the methods.
2

3) Regarding the computational Methods and reproducibility
of this work, it is unclear exactly how the authors created new
bonds in their simulations. i.e. when a new covalent bond is
formed, the post-reaction local force field must include new
bonds, bends, and dihedrals that reflect changes to the local
chemistry. The authors make no mention of these critical details—if no new bends are introduced, the formation and analyses of subsequently formed intramolecular bonds would be
highly suspect. [See, e.g., Gissinger, Jensen, & Wise, Macromolecules 2020, 53 (22), 9953–9961 for a related protocol.]
Thank you for pointing out the protocol of Gissinger et al. (2020). This
protocol is developed for step-growth polymerisation, and it would be
certainly interesting to adapt it to radical polymerisation too.
R4:Asking again to clarify: Are new bends and dihedrals added (i.e. that span
the new bond) when the new bond is formed? This should be addressed explicitly.
Not updating these would be a major shortcoming and should be noted in the
main text.
Each crosslink is modelled as a new covalent bond according to our forcefield model. Yes,
this means we update the potential, which includes bends and torsion contributions for
this bond. As stated in the methods, the forcefield parameters are as presented in our
methodology paper Ref. [15].
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Decision letter and referee reports: fourth round

17th Mar 21

Dear Dr Kryven,
Your manuscript titled "Effect of different monomer precursors with identical functionality on the
properties of the polymer network" has now been seen again by Reviewer 4, 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
Reviewer 4. In particular, based on their feedback and earlier comments from the referees, the
following sentence must be removed from the abstract: "This phenomenon may signify a new type
of phase transition in polymer materials." Reviewer 4 also asks that the description of the
computational resources either be expanded to give full information or removed entirely. We will
not be able to proceed with the publication of your paper until these points are met.
At the same time we ask that you edit your manuscript to comply with our journal policies and
formatting style in order 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 style
and formatting guide (https://www.nature.com/documents/commsj-phys-style-formatting-guideaccept.pdf).
* Please edit your manuscript according to the editorial requests in the attached table, and outline
revisions made in the right hand column. If you have any questions or concerns about any of our
requests, please do not hesitate to contact me. It is important that each request be addressed in
order to avoid delays in accepting your manuscript. Please upload the completed table with your
manuscript files.
* The editorial requests table also includes a full list of the files that must be provided upon
resubmission. Please upload your files according to this table.
* An updated editorial policy checklist that verifies compliance with all required editorial policies
must be completed and uploaded with the revised manuscript. All points on the policy checklist
must be addressed; 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. Clicking this link will download a zip file containing the pdf.
Editorial policy checklist: https://www.nature.com/documents/nr-editorial-policy-checklist.zip
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/openaccess">https://www.nature.com/commsmat/about/open-access</a>
RESUBMISSION
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 your revised 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 **
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

REVIEWERS' COMMENTS:
Reviewer #4 (Remarks to the Author):
1) "we have provided a figure that supports existence of two phases (Figure 5) and relaxed the
statement in the abstract."
The abstract appears unchanged (?)
2) "Finally, the whole discussion regarding the shift aims to answer if we have quasi-elasticity at the
fast puling rates. We think that this is quite far form the main message of our paper and arguing
either way would not change our conclusions. We therefore would like to present the data as is and
let the reader to decide."

Strongly agree. Reviewers 1,2, and 4 have focused on comments regarding strain rate because this is
a common topic of discussion in all simulated thermomechanical testing, particularly when bridging
experimental and computational work. The emphasis of all reviewers was to soften or remove
generalizations which, as evidenced by 3 reviewers' responses, distract the readers' attention from
the main findings.
3) "The computational resources are described in the methods."
From the text: "We could run 32 trajectories (8 monomer types × 4 repeats) in parallel on one node
of a supercomputer."
I would suggest that this new statement be removed. I do not believe this statement adds insight
into performance of the authors' code since the term 'node' spans such a huge space. If the authors
do not know or do not wish to go into the details of their hardware this is fine. My request was
initiated by instances of the authors citing computational limits of MD that I did not believe to be
correct in rebuttal letters.
4) "Each crosslink is modeled as a new covalent bond according to our forcefield model. Yes, this
means we update the potential, which includes bends and torsion contributions for this bond."
Thank you for clarifying.

Author Responses: fourth round

Response to Referee 4
We would like to thank the reviewer for all the comments. Those that required changes are
highlighted bellow.
1) ”we have provided a figure that supports existence of two phases
(Figure 5) and relaxed the statement in the abstract.”
The abstract appears unchanged (?)
– The abstract has been adapted accordingly now.
3) ”The computational resources are described in the methods.” From
the text: ”We could run 32 trajectories (8 monomer types x 4 repeats)
in parallel on one node of a supercomputer.”
I would suggest that this new statement be removed.
–We have removed the statement.
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