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1. Characterization of samples  
 

Typical XRD patterns and FT-IR spectra of the 

samples listed in Table 1 are shown in Figs. S1 and S2, 

respectively. No distinguishable difference was found among 

the XRD patterns of the different samples, and all the XRD 

peaks observed were assigned to those of the RT phase of 

Ag2CO3 (monoclinic, S.G.=P21/m, a=4.8521, b=9.5489, 

c=3.2536 Ǻ, =91.9713 º).S1  

All the major IR absorption bands are identical 

among the different samples, and agree with those reported 

previously.S2-4 The broad absorption band around 1300-1500 

cm-1 corresponds to the v3 mode of the carbonate ion. The v1 

and v2 modes of the carbonate ion appear at 1070 and 802 cm-1, 

respectively. The splitting absorption peaks at 721 and 705 cm-1 

are attributed to the v4 mode of the carbonate ion. The peak at 

1786 cm-1 has been described as the v1+v4 modes of the 

carbonate ion.  

 

 

 

 

 
Figure S1. The XRD patterns of the samples, together with the 

XRD pattern of the RT phase of Ag2CO3 simulated from the 

reported crystallographic data.S1 

 

 

 

 

 

 

 

 

 

 

 

 
Figure S2. The FT-IR spectra of the samples. 
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2. Changes in the crystalline phases during heating in flowing N2 
 

Figure S3 compares the changes in the XRD 

patterns of sample A during heating under different heating 

programs. On heating the sample under the stepwise isothermal 

heating program, Fig. S3(a), the thermal decomposition of 

Ag2CO3 to Ag2O occurs at 448-498 K. The product phase of 

the reaction is preferentially single phase Ag2O, in view of 

XRD. Thermal decomposition of the intermediate product to 

Ag is observed in the temperature range of 598-648 K. Under 

linearly increasing temperature at =5 K min-1, Fig. S3(b), the 

solid product of the reaction at 448-498 K is a mixed phase of 

Ag2O and the high temperature phase of Ag2CO3, -Ag2CO3 

(hexagonal, S.G.=P-62m, a=9.0924, b=9.0924, c=3.3249 Ǻ) S1 

as shown in Fig. S4. The intermediate mixed phase is stable up 

to 598 K until it thermally decomposes to Ag.  

 

 
Figure S3. Changes in the XRD pattern during heating sample 

A in flowing N2 (100 cm3 min-1): (a) stepwise isothermal 

heating and (b) linear nonisothermal heating at =5 K min-1. 

 

 

 

 

 
Figure S4. Typical XRD pattern of sample A heated linearly to 

573 K at =5 K min-1 in flowing N2 (100 cm3 min-1), together 

with the XRD patterns of -Ag2CO3 and Ag2O simulated from 

the reported crystallographic data.S1 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Thermal behavior in flowing CO2 
 

Figure S5 compares the TG-DTA curves of thermal 

decomposition of sample A in flowing N2 and CO2. In flowing 

CO2, the first mass-loss step shifts to higher temperature as 

expected from the chemical equilibrium of the reaction: 

Ag2CO3 ⇄ Ag2O + CO2. In flowing CO2, two endothermic 

peaks appear in the temperature region of the first mass-loss 

step in flowing N2. The mass-loss fraction of the first mass-loss 

step does not change practically in flowing N2 and CO2. This 

indicates that the atmospheric CO2 does not influence the arrest 

of reaction (1). The second mass-loss step practically starts at 

the same temperature in flowing N2 and CO2. Because the 

second mass-loss step of the arrested sample starts after being 

triggered by reaction (2) as was observed from the 

mass-chromatograms of the evolved gases, the initiation 

temperature of the second mass-loss step is not influenced by 

atmospheric CO2. 

 
Figure S5. Comparisons of the TG-DTA curves, in flowing N2 

(80 cm3 min-1) and in flowing CO2 (80 cm3 min-1), for sample A 

(m0=15.0 mg) at =5 K min-1.  
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4. Structural phase transitions in Ag2CO3 
 

Table S1 summarizes the transition temperatures 

and the enthalpy changes of the structural phase transitions of 

Ag2CO3 in samples A-C during the cyclical heating/cooling 

runs as shown in Fig. 6. In view of the total H of the 

RT→→ transitions observed in the first heating run, the 

values are nearly identical among the samples, where the 

detectable difference in the H values is possible because of 

the partial decomposition to Ag2O as well as the possible 

impurities because a larger value is observed for the less active 

sample in thermal decomposition. The most distinguishable 

difference of the phase transition behavior among the samples 

can be seen in the transition temperature of RT→. If the 

transition temperature of RT→ depends on the grain size, 

assumed to explain the large shift of the transition temperature 

to lower temperature by repeated heating, the difference in the 

transition temperature among the samples indicate the different 

grain size of the RT phases produced by the transition of 

→RT. 

 

 

Table S1. Transition temperatures and enthalpy changes in the structural phase transitions of Ag2CO3 in samples A-C. 

 

Sample Transition Run Te.o. / K Tp / K H / kJ mol-1 

A (type III) RT→ 1st heating 456.7±0.9 464.4±0.4 ----- 

RT→→ 1st heating ----- ----- 5.45±0.05 

RT→ 3rd heating 446.7±0.8 453.7±0.4 3.51±0.03 

→ 2nd heating 469.3±0.5 ----- 1.94±0.02 

→ 1st cooling 459.8±0.4 ----- 2.05±0.03 

→RT 2nd cooling 385.8±0.3 ----- 2.65±0.05 

B (type I) RT→ 1st heating 451.5±0.3 458.4±0.3 ----- 

RT→→ 1st heating ----- ----- 5.36±0.08 

RT→ 3rd heating 432.5±0.4 443.1±0.4 3.56±0.06 

→ 2nd heating 467.1±0.3 ----- 1.80±0.03 

→ 1st cooling 460.2±0.3 ----- 1.88±0.07 

→RT 2nd cooling 383.7±0.6 ----- 2.41±0.01 

C (type II) RT→ 1st heating 452.8±0.3 459.5±0.3 ----- 

RT→→ 1st heating ----- ----- 5.57±0.06 

RT→ 3rd heating 442.5±0.4 450.9±0.3 3.58±0.04 

→ 2nd heating 468.0±0.3 ----- 1.98±0.03 

→ 1st cooling 460.1±0.2 ----- 2.07±0.03 

→RT 2nd cooling 392.3±0.2 ----- 2.83±0.05 
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5. Formal kinetic analysis of the first mass-loss step 
 

The kinetic rate data recorded under isothermal and 

constant rate conditions were analyzed simultaneously by 

assuming the following differential kinetic equation for the 

ideal single reaction step.S5-8 
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where , A, and Ea are the fractional reaction, the Arrhenius 

preexponential factor, and the apparent activation energy, 

respectively. The kinetic model function f() expresses the 

physico-geometry of the reaction.  

Figure S6 illustrates the results of the formal kinetic 

analysis for thermal decomposition of sample A. Taking the 

logarithms of eq.(S1), we obtainS9,10 
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According to eq.(S2), the data points of the respective kinetic 

rate data at a selected  should create a straight line on the plot 

of ln(d/dt) against T1. The isoconversional plots, known as 

the Friedman plot,S9 at different  from 0.1 to 0.9 in steps of 

0.1 are shown in Fig. S6(a). Regardless of the data points under 

isothermal and constant mass-loss rate conditions, the data 

points (ln(d/dt), T1) at the restricted  form a line. However, 

the slope of the Friedman plots, Ea/R, change depending on . 

The -dependent change of Ea evaluated from the slopes of the 

Friedman plots are shown in Fig. S6(b). Because constant Ea 

during the course of the reaction is a prerequisite for Eq. (S1), 

the observed variation in Ea indicates the possibility of a 

multi-step reaction.  

As an approximate procedure, an experimental 

master plot of the overall process was drawn, using the average 

value of Ea = 96.3 ± 1.0 kJ mol1 in the range 0.1 ≤  ≤ 0.9, by 

calculating the hypothetical reaction rate by extrapolating the 

kinetic rate data to infinite temperature, d/d, at different 

.S7,8,10 
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where  is Ozawa’s generalized timeS11 and denotes the 

hypothetical reaction time extrapolated to infinite temperature. 

Figure S6(c) shows the experimental master plot of (d/d) 

against The experimental master plot indicates the 

deceleration in the concave shape during the first-half of the 

reaction, which subsequently switches to convex shape. For the 

well-defined single step reaction, the experimental master plot 

is correlated to A and f() byS7,8,10 
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However, the experimental master plot in Fig. S6(c) cannot be 

described by any single physico-geometrical reaction models 

typically used for solid-state reactions. Using an empirical 

kinetic model known as the Sestak-Berggern model,S12 

SB(m,n,p): f()=m(1)n[ln(1)]p, the experimental master 

plot is fitted by SB(1.20±0.70,0.50±0.26,0.79±0.68) with 

A=(1.63±0.09)×107 s1.  

 

 
Figure S6. Kinetic results for thermal decomposition of sample 

A from Ag2CO3 to Ag2O under isothermal and controlled rate 

conditions in flowing N2 (80 cm3 min-1). (a) The Friedman 

plots at different  from 0.1 to 0.9 in steps of 0.1, (b) the values 

of Ea at different , and (c) the experimental master plot and 

the fitted curve using the SB(m, n, p) model. 
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6. Mathematical deconvolution of the first mass-loss step 
 

For the quick estimation of the extent of the 

contribution of the component reaction stages in the multi-stage 

thermal decomposition of Ag2CO3 to Ag2O, the derivative 

mass-loss curves recorded at different constant temperatures 

were deconvoluted using the PeakFit Ver.4.2 software. The 

Weibull function, eq.(S5), was employed for the estimation due 

to the satisfactory fitting of the reported overlapping multi-step 

reactions in the solid-state.S13  
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where a0~a3 are the amplitude, center, width, and shape, 

respectively. 

Figure S7 compares the typical results of the 

mathematical deconvolution for thermal decomposition of 

Ag2CO3 to Ag2O of samples B and C. The average values of 

the mass-loss fractions of the different reaction stages 

calculated for the derivative mass-loss curves at different 

temperatures are listed in Table S2. The mass-loss fractions of 

the different reaction stages are largely different between the 

samples B and C. The mass-loss fractions are first estimated 

and they are subsequently utilized as the default values of the 

optimization parameters in the kinetic deconvolution described 

in the main body of the article. 

 

 
Figure S7. Typical results of the mathematical deconvolution 

using the Weibull function for the derivative mass-loss data, 

recorded isothermally at 453 K, for thermal decomposition of 

Ag2CO3 to Ag2O. 

 

 

Table S2. The mass-loss fractions of the first and second 

reaction stages evaluated by the mathematical deconvolution of 

the derivative mass-loss curves at constant temperatures 

Sample 1st reaction stage 2nd reaction stage 

B (type I) 0.77 ± 0.04 0.23 ± 0.04 

C (type II) 0.27 ± 0.04 0.73 ± 0.04 
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