Comments and explanations regarding calorimetry on antimony oxides

[bookmark: _GoBack]	The most direct way to determine the enthalpy of formation of a compound is to measure the heat effects of the constituent elements as shown in Abramchuk et al. paper, but there are restrictions related to possible side reaction inside the solvent, incomplete dissolution or other factors. In order to calculate the enthalpy of formation of more complex compounds like chapmanite, the drop solution enthalpy of the binary oxides should be measured first. The chapmanite contains silicate groups and it can be dissolved only in lead borate solvent. 
Our first step was to confirm the final oxidation state of the antimony cation in a lead borate solvent. Since the binary antimony oxides and other complex antimony compounds (described in details in the paper) can dissolve in either lead borate or sodium molybdate solvent, we performed experiments in both, calculated the enthalpies of formation, and compared them to each other and to the available literature data. The samples were pressed into pellets and dropped into a platinum crucible, containing molten sodium molybdate or lead borate solvent in a Tian Calvet twin-type calorimeter AlexSYS (Setaram, France) at 1073 K. Pure oxygen gas was flushed over the solvent at 90 ml/min and bubbled through it at 5 ml/min to ensure complete oxidation. The total heat effect resulting from that drop, called drop solution enthalpy, consists of three parts – heat content (from 298 K to 1073 K), heat of solution in the solvent, and heat of oxidation (if an oxidation occurs). Because of its specific design and large size, the thermal lag of the AlexSYS calorimeter results in overlapping of those three reactions, which are often seen as a single peak rather than separate endo and exothermic effects. 

Below is the example for Sb2O3:
 
Thermodynamic cycle used to calculate the enthalpy of formation from elements of Sb2O3. 

Thermodynamic cycle 1
Sb2O3 (s, 298 K) + O2 (g, T K) → Sb2O5 (dis, 1073 K) 			ΔHds 
Sb2O5 (s, 298 K) → Sb2O5 (dis, 1073 K) 					ΔH2 
2Sb (s, 298 K) + 2.5O2 (g, 298 K) → Sb2O5 (s, 298 K) 			ΔH3
O2 (g, 298 K) → O2 (g, 1073 K) 						ΔH4 
 
2Sb (s, 298 K) + 1.5O2 (g, 298 K) → Sb2O3 (s, 298 K) 			ΔHf,el 
 
ΔHf,el = – ΔHds - 1.5ΔH4 + ΔH2 + ΔH3 

The enthalpy of formation of Sb2O3 was calculated from the drop solution enthalpies in both solvents and found to be consistent within the experimental error. The final oxidation state of the antimony cation is both solvents is 5+, supported by the enthalpies of formation of the Sb(III) oxides, which are not only consistent between the two solvents, but also consistent with the literature data as shown in the manuscript. 
One can see that the Sb2O5 drop solution and enthalpy of formation are included in that cycle. More details on how we obtained them below:
Abramchuk et al. measured the drop solution enthalpy of pure antimony in sodium molybdate and calculated the enthalpy of formation from elements using the following cycle:

Thermodynamic cycle 2
2Sb (s, 298 K) + 5/2O2 (g, 1073 K) → Sb2O5 (dis, 1073 K) 		ΔHds,1 
Sb2O5 (s, 298 K) → Sb2O5 (dis, 1073 K)				ΔHds,2  
O2 (g, 298 K) → O2 (g, 1073 K)					ΔHO2  = 25.26 kJ/mol

2Sb (s, 298 K) + 5/2O2 (g, 298 K) → Sb2O5 (s, 298 K)		ΔHf,el

ΔHf,el = 2ΔHds,1 - ΔHds,2  + 5/2ΔHO2

We used ΔHds,1 (drop solution enthalpy of pure antimony) from Abramchuk et al. and performed calorimetry in sodium molybdate on our Sb2O5 sample instead of using their ΔHds,2 value (drop solution enthalpy of Sb2O5). ΔHf,el of their Sb2O5 sample is -956.96 ± 3.12 while ours is −952.99 ± 2.36 kJ/mol. Both values are consistent within the experimental value and relatively consistent with Glushko et al. value. More details on the scattered literature values are provided in our manuscript. We consider our value to be “improved” due to the better crystallinity of the sample we used and the better characterization of its water content. 
When a given phase contains water, this water will add another term to the drop solution enthalpy equal to the heat content of the water multiplied by the amount in the sample. The compound does not have to be anhydrous, but the water content should be determined and subtracted from the drop solution enthalpy of the company. In our case we subtracted the heat effect of two water molecules per formula unit from the total drop solution enthalpy of the antimony(V) oxide. The resulting value has been used consistently in all calculations in the manuscript. We did not performed any calorimetry on the annealed Sb(V) oxide since it could have been partly reduced above 843 K, and we followed the conclusions in Kovalenko’s work to determine the weight loss due to the water. 
As an additional crosscheck, we dropped all oxides in lead borate solvent as well and used Thermodynamic cycle 1 to again calculate the formation enthalpy of Sb2O3 in order to confirm that antimony compounds dissolve well in both solvent and have the same final oxidation state. 

We believe that the crosscheck measurements and calculations of the binary oxides, which we performed, support the conclusions in our manuscript.

Additionally, we performed more measurements on antimony containing compounds, again in both solvents, and we used the drop solution enthalpy of the Sb(V) oxide after subtracting the effect of the two water molecules to calculate the formation enthalpies and compared them with the literature values as shown in the manuscript. 



