
REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

The authors report atomic-scale structure of a metal-organic framework, Fe-BTC by using 
advanced electron microscopy, synchrotron radiation and polymerisation-based algorithm 
calculation. Although Fe-BTC is one of the very few commercially available MOFs and it has 
morphologically diverse family of materials, atomic-scale structure of Fe-BTC still remains 
unknown. This paper potentially presents a convincing solution of the atomic-scale structure of Fe-
BTC material. This paper might be acceptable for publication in Nature Communications after 
providing the answers to the following comments.
(a) About the structural modelling: Based on the similarity in PDF peak analysis and experimental 
porosity analysis, the authors claim that MIX (MRO) model best reflects the atomic-scale structure 
for Fe-BTC (Basolite F300). I think that this claim excludes the possibility of the mixture of several 
phase (in this case SRO, MIX, and MRO). How did the authors confirm that the both synthesized 
Fe-BTC and obtained Basolite F300 are a single phase? The XRD analysis, SEM micrographs, and 
elemental analysis data presented here are not enough for the determination of single phase of 
the present compounds. Especially, TEM images for Fe-BTC seem to be multi-phase rather than 
single phase. I do not agree that both Fe-BTC and Basolite F300 are in a single phase.
(b) I strongly recommend the authors to discuss this point in detail. Also, the surface area 
calculated for the MIX model (Figure 3a) is not consistent with the experimental result (non-
porous character) from nitrogen adsorption isotherm. How does the authors explain about this?
(c) In Figures S1 and S2, the authors show Pawley refinement results for MIL-100 (Fe) and Fe-BTC 
powder. However, the authors did not show fitting results such as lattice constants, reliability 
factors, and S values for both samples. Also, in the elemental analysis data (Table S3), the 
authors do not show any empirical formula for MIL-100 (Fe) and Fe-BTC. Please provide these 
data.
(d) In this paper, the authors do not show any data from fitting analysis on the PDF patterns. I 
strongly recommend the authors to add the more quantitative analysis for PDF analysis to confirm 
the validity. For example, multi-phase analysis using SRO, MIX, and MRO models and fitting 
analysis for total pair distribution function, G(r).
(e) I also request the authors to show the crystal structure file from PDF analysis and theoretical 
modelling for Fe-BTC as .cif, pdb, and xyz files including the lattice parameters, atomic 
coordinates, and bond lengths. This kinds of information should be added in Supplementary 
Information.

Reviewer #2 (Remarks to the Author):

This work challenges the characterization of amorphous Fe-BTC compounds. The study involves 
many expensive techniques and modelling including: Synchrotron X-ray, HR-STEM, and a 
polymerisation-based algorithm, and succeeded in illustrating the proposed structures. As they 
have studied the structure, they found the sample is the mixture of crystal and amorphous 
domains. This finding made the challenge harder, and significantly influenced the discussion. As 
they described, the amorphous Fe-BTC is usually made via sol-gel process. Reviewer could expect 
the potential concern of sample homogeneity, as BET surface areas varies depend on the synthetic 
protocols. All the characterization should be conducted with same batch samples.

The authors insisted the polymerization-based algorithm could be applied to other amorphous 
MOFs. So far, only ZIF-4 and present Fe-BTC have been the limited examples both of which have 
high structural symmetry. Could they provide some comparative interpretation for cases of ZIF-4
and Fe-BTC contributed by the algorithm? Reviewer is sure ZIF-4 does not have mixture of crystal 
and amorphous domains and much simple connectivity toward metal ions.

Mixing of two phases (crystal and amorphous) affects the discussion of the ratio and connectivity 
of trimer and tetrahedra in the structure in page 6. As they pointed out, the discussion of the ratio 
in MIL-100 and Fe-BTC is confusing for the mixture samples. One of main curiosities is the 
volumetric ratio of crystalline and amorphous parts as well as interface structure of these two 
phases. Could they add discussion on this points from the careful views of HR-TEM?



Amorphous Fe-BTC does not show any uptake of N2 at 77 K. This is because of the molecular clog 
at the restricted pore interior. Did they measure Ar sorption at 87 K? Figure 3b shows the 3D pore 
distribution with pore radius. The structures look like having bottle and neck open channels and it 
is related to the gas (and ion) diffusion. Could they visualize the connected pore structures from 
the model analysis?

Although they often mention that Fe-BTC proposed amorphous structures would work for 
heterogeneous catalysis or ion transporter media, they did not study these properties at all. 
Reviewer recommends reducing these statements. Besides, reserchers know the catalytic sites of 
MIL-100 is attributed from trimer unsaturated metal center and it is attractive how the active sites 
are preserved in the disordered structures and probability of redox activity in Fe ions.

Reviewer #3 (Remarks to the Author):

The authors of this article characterize the very-difficult-to-characterize amorphous Fe-BTC 
structure using several first-of-a-kind techniques and show their results. I found the article to be 
very well written, clearly presented, and consequently only have a few minor critiques which I list 
below roughly in the order they appear in the paper:

- Given the frequent mention of the commercial Basolite material, and that one of the authors 
(Timothy Johnson) disclosed a financial conflict of interest, I think it would be helpful and 
appropriate for Timothy to disclose the specific company rather than just "a MOF company." 
Conflicts of interest are totally fine in this kind of work but being mysterious and cagey about it 
only raises suspicions.

- On line 44 the first sentence refers to probes "commonly used in the characterization of 
amorphous MOFs." This sentence is rather at odds with the earlier paragraph that talks about how 
rare amorphous MOF structure characterization of any kind is (specifically the word "commonly"). 
Perhaps the authors can clarify this point, especially as it pertains to the novelty of the whole 
paper.

- It may just be a matter of personal preference, but several Figures in the paper force the reader 
to look back and forth between the caption and the plots in a way that seems unnecessary except 
in the pursuit of some ideal of aesthetic minimalism. For example, Fig1e, Fig 4b, and Fig 4d, all 
show two curves with different colors, but instead of labelling them on the plot itself one has to 
consult the caption to understand which is which. At the risk of violating someone's style guide, I 
think it would be easier to digest the contents of the paper if an additional label or two were added 
to these plots.
--- Fig 3b would also benefit from a better indication of scale. How large are these simulation 
boxes? I think I found 80/85 angstrom box length number in the Supporting Information, but that 
was bit hard to find relative to how easy it would have been if it were mentioned on that Figure.

- There are a few references to Basolite F300's "diverse catalytic ability" but without any further 
elaboration. I recognize that the point of the paper is not catalysis, but since this is mentioned 
more than once as a motivation for this work, it would be nice if an additional sentence or two 
could be added to indicate what particular catalytic reactions this material is used for (and more to 
the point, how a better understanding of the amorphous structure can help further improve those 
applications).

- One person in the field who I always feel has never received sufficient credit for her work is 
Caroline Mellot-Draznieks. The method of the authors in the present work, which combines 
Polymatic but uses MOF-based building units, is very closely related to the methodology that Dr. 
Mellot-Draznieks developed in generating hypothetical MOFs ~15 years ago (it was called the 
"AASBU" method). (Except that here the systems are amorphous and hers were crystalline!). How 
closely related these methods are is ultimately subjective and I leave it up to the authors to decide 



whether to mention this in their paper or not.

- As you may be able to tell from my comments above, I have struggled tremendously to find 
reasons to be critical of this excellent work. I look forward to seeing it published and am excited to 
see what the authors come up with next. 

















θ 







REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author):

The topic of this paper is atomic-scale structure of a metal organic framework, Fe-BTC by using 
advanced electron microscopy, synchrotron radiation and polymerisation-based algorithm 
calculation. I have just read the revised manuscript and I think the authors made an effort to 
respond to all the reviewers’ comments. The requests made by the reviewers were addressed 
appropriately. Therefore, I think this paper is publishable in Nature Commun.

Reviewer #2 (Remarks to the Author):

The authors made actions to one-by-one points by the reviewers and added some more data of 
characterization and data (PDF detail, electron microscopy, Ar gas sorption, elemental analysis 
etc) to support their discussion.
Now it is publishable for Nature Comm. The authors should take care again of significant digits 
such in polymerization of monomer units, X-ray
crystallography parameters.
The next step of this work will be about the elucidation of redox
activity of Fe sites, porosity, and open metal sites (as discussed)
related to the degree of amorphization. I look for expanding the
modelling method to other MOFs, especially low-symmetric structures
since the methodology does not depend on the structural symmetry which is a benefit compared 
with conventional DFT or MD. 




