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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

Re the Nature manuscript enfitled:

“Challenging Thermodynamics: Combining Immiscible Elements in a Single-phase Nano-ceramic”

Authored by Liu et al.

The main objecfive of the reported research is to use flame spray pyrolysis of aqueous solu-fions of 

metal salts as a means to make materials that are not thermodynamically stable but accord-ing to the 

results reported here are likely kinefic products of the pyrolysis method. Fast heafing and cooling are 

often a means to access kinefic products, so this approach is known.

In addifion, by using EISA (see Brinker et al) the authors are able to produce porous shell par-ficles which 

is often seen in spray pyrolysis as supersaturafion occurs at surfaces driven by surface evaporizafion.

The science is well-done and the quality of the characterizafion is very good. However, there are a 

number of issues that need aftenfion.

It is not clear what the mofivafion is to study some of the binary mixtures, e.g. Ni/Zr as appar-ently no 

phase diagram is published.

Thus, the publicafion seems to be a compendium of kinefically stable materials that can be made that 

might be useful in the future. This reviewer searched for an indicafion of quanfifies of na-nopowders 

produced per hour and was unable to. Should be in abstract. Consequently, it is as-sumed that the 

process might work at mg/h, which is of value academically but less so from a commercial standpoint.

Also, a number of the segments, e.g. NiAlOx composifions along the NiO-Al2O3 fieline in-cluding phase 

separafion to produce Ni nanoparficles including their use as catalysts has been de-scribed in several 

publicafions not referenced:

DOI: 10.1021/cm0503026, DOI: 10.1111/jace.16632, DOI: 10.1021/acsanm.8b00847

In short, while this is a good and extensive compendium of results, in this reviewer’s opinion it does not 

meet the level of novelty and ufility that would be found in a Nature paper. On revision this paper would 

certainly be acceptable in other journals.

Reviewer #2 (Remarks to the Author):

The manuscript describes the oxide solid-solufion possibility of the non-miscible metals with Ni. Authors 

have generalized this concept using different metals (M = Fe, Co, Al, Ga, Y, Zr, La, Ce, Nd). The work is 

novel, innovafive and also important for a general audience. The Ni-Al2O3 catalysts obtained from FSP 

and co-precipitafion were tested for CO2 reforming, where flame-made parficle exhibited stable 95% 



conversion over the period of 250 h. The manuscript is well wriften and clear. However, there are few 

crifical issues that need revision. Authors are suggested to look into those issues and revise accordingly.

1. Authors claim NiO-ZrO2 is thermodynamically immiscible. If one looks at the data base for solid-

solufions ufilizing these two metals, one can find handful of those materials (ICSD 97358, ICSD 97359, 

ICSD 97360, ICSD 97363). Same is also true for La-Ni-O solid solufion (ICSD 63398, ICSD 63396, ICSD 

50244 and ICSD 44252). Authors are advised to look into all the combinafions of the Ni-based solufion 

reported in this manuscript that if they are really first fime known.

2. Authors claim that the laftice distances acquired from imaging for NiO-Al2O3 is the arithmefic mean of 

the laftice distances of the phase pure NiO and Al2O3. This is actually misleading. The incorporafion of 

the dopant in the parent matrix triggers the change in the cell parameter resulfing to slight shifting of 

the XRD signals. This shift is responsible for the observed laftice distance in the imaging. Moreover, the 

atomic radii depend on the fold-coordinafion (octahedral, tetrahedral) within the crystal structure. To 

determine this, authors are advised to Rietveld refine their XRD pafterns for conclusive data.

3. Figure 2G: What is the difference between the two XRD pafterns obtained from co-precipitafion and 

flame made NiO-ZrO2? How does this data prove that Ni is incorporated in flame-made sample and not 

via co-precipitafion method?

4. Figure 5, Figure S9, Figure S17: Authors have used hydrated metal salts dissolved in water as a spray 

solufion to obtain solid solufion in the flame combusfion. The disadvantages of using aqueous solufion 

could be (1) insufficient heat in the combusfion vicinity (2) parficles aggregate together to form large 

inhomogeneous parficles (3) mixture of ultrafine and large parficles (in the range of 100-500 nm). 

Looking at these figures, do the authors assume complete combusfion of the aqueous droplets to form a 

shell-like morphology where the parficles are precipitated within the droplet due to heat? The parficles 

could actually form within such shell in high flame temperature. A similar phenomenon was also 

observed in ACS Appl. Mater. Interfaces 2017, 9, 37760−37777 [Figure 7 (b) and (c)].

































REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author):

The authors have successfully answered almost all this reviewer's concerns save one. The only one that 

we are in disagreement is the rates of producfion given that the authors report just 1g/h. Then they 

argue that commercial enfifies have scaled to much greater. While this may be true, TiO2, SiO2, ZrO2 are 

all prepared by FSP of volafile metal chlorides at mulfi-ton quanfifies per year. Nanocerox produces kg/h 

but burns solvent as fuel. One might argue, any rate is good...but the difference between 1g/h and kg/h 

is really really significant. The cost of using water which must first be vaporized means very very 

expensive use of gaseous fuel. This reviewer finds this argument insufficient and sfill recommends a 

lesser journal but the work is of high quality.

Reviewer #2 (Remarks to the Author):

The revised manuscript reports solid-solufion of non-miscible solids with Ni as CO2 reforming catalysts. 

Authors have well rebuted and revised their manuscript based the comments from both the reviewers. 

The revised manuscript will have lots of impact both in the material designing strategy and catalyfic 

performance. Hence I would accept this manuscript in the present form.
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