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Natural convection under small temperature differences
The presence of a temperature gradient within a fluid can result in the onset of natural convection, also known as free convection. Natural convection is a form of heat transfer that occurs due to density differences caused by temperature variations within the fluid. The driving force is the buoyancy force which promotes the rise of less dense fluids while the denser fluid sink. In general, a fluid expands when heated, becomes less dense, and thus rises, creating an upward flow while the opposite happens if a fluid cools. 
The intensity of natural convection depends on several factors, including the temperature difference, fluid properties (density, viscosity, and thermal conductivity), geometry, and boundary conditions of the system. The Rayleigh number is a dimensionless number that characterizes the likelihood and intensity of natural convection in a system. When the Rayleigh number is relatively low, the viscous forces dominate, and heat transfer occurs primarily through conduction. As the Rayleigh number increases, the importance of buoyancy-driven convection becomes more significant, and fluid motion begins to play a crucial role in heat transfer. 
[bookmark: _Hlk149902501]For the calorimeters that we have used, the largest air gaps are vertical, and we have modelled them as infinite vertical plates 10 mm apart. For such a system the critical Rayleigh number in which natural convection comes into noticeable effect is approximately 2000 [1].
Ra=GrPr						       			  	(1)
Where the Rayleigh (Ra) number is composed of the Grashof (Gr) and Prandtl (Pr) numbers. The Prandtl number is one of the most well-known dimensionless numbers and can easily be calculated using the kinematic viscosity (ν) and thermal diffusivity (α) of air according to Eq. 2.
 							 	(2)
The Grashof number is presented in Eq. 3.
 			  				                        (3)
In this formula g is the gravitational acceleration, β is the thermal expansion coefficient, T1 and T2 are the temperatures of the two vertical planes and L is the characteristic length of the system.
 
s
As air under these circumstances is behaves as an ideal gas, the thermal expansion coefficient can be determined through the ideal gas law by using the absolute temperature of the air at 20 °C, see Eq. 4.
 			                  	(4)
The characteristic length is the width between the two vertical plates which in this case is 10 mm and the temperature difference can in our measurements at most be 2 K (it is actually much smaller as the temperature change takes place gradually) 
 
 
When performing the calculation, the following values are obtained.
 
 
This shows that natural convection is not an issue for the measurements performed in this study.  

Radiation under small temperature differences
For thermal conductivity, the heat flow rate between two surfaces is proportional to the temperature difference between the surfaces (Fourier’s law of heat conduction), but radiation has a raised-to-the-power-of-four behavior (Stefan–Boltzmann’s law). However, at small temperature differences – such as in an isothermal heat conduction calorimeter – the power-of-four behavior can be very closely approximated by a linear behavior. This can be explained as follows.
Stefan-Boltzmann’s law for the radiation between two infinite parallel surfaces 1 and 2 is:
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Here, qr (W/m2) is the radiative heat flux, =5.67010-8 W/(m2K4) (Stefan-Boltzmann constant),  (1) is emissivity and T (K) is temperature. Collecting all constants into a constant c gives:
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This can be linearized by using the following mathematical relation:
[image: {"mathml":"<math display=\"block\" style=\"font-family:stix;font-size:16px;\"><mrow><msup><mi>x</mi><mn>2</mn></msup><mo>−</mo><msup><mi>y</mi><mn>2</mn></msup><mo>=</mo><mfenced wrs:valign=\"middle\"><mrow><mi>x</mi><mo>+</mo><mi>y</mi></mrow></mfenced><mfenced wrs:valign=\"middle\"><mrow><mi>x</mi><mo>−</mo><mi>y</mi></mrow></mfenced></mrow></math>","origin":"MathType for Microsoft Add-in"}],								(7)
which results in the following relation if we replace all x by x2 and all y by y2:
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Next, we introduce:
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and note that:
[image: {"mathml":"<math display=\"block\" style=\"font-family:stix;font-size:16px;\"><mrow><msup><mi>z</mi><mn>2</mn></msup><mo>=</mo><mfrac><mrow><msup><mi>x</mi><mn>2</mn></msup><mo>+</mo><mn>2</mn><mi>x</mi><mi>y</mi><mo>+</mo><msup><mi>y</mi><mn>2</mn></msup></mrow><mn>4</mn></mfrac><mo>≈</mo><mfrac><mrow><msup><mi>x</mi><mn>2</mn></msup><mo>+</mo><msup><mi>y</mi><mn>2</mn></msup></mrow><mn>2</mn></mfrac></mrow></math>","origin":"MathType for Microsoft Add-in"}]								(10)
as xy. We can then write Eq. 2 as:
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Where Tm is the mean temperature:
[image: {"mathml":"<math display=\"block\" style=\"font-family:stix;font-size:16px;\"/>","origin":"MathType for Microsoft Add-in"}][image: {"mathml":"<math display=\"block\" style=\"font-family:stix;font-size:16px;\"><mrow><msub><mi>T</mi><mtext>m</mtext></msub><mo>=</mo><mfrac><mrow><msub><mi>T</mi><mn>1</mn></msub><mo>+</mo><msub><mi>T</mi><mn>2</mn></msub></mrow><mn>2</mn></mfrac></mrow></math>","origin":"MathType for Microsoft Add-in"}]									(12)
For a case with 1 K temperature differences at 20 C, the error made by using Eq. 11 instead of Eq. 6 is less than 0.001%.
This shows that radiation can also be treated as a linear phenomenon in an isothermal heat conduction calorimeter working close to room temperature.


The origin of the double peaks
In many of our results, we see small pre-peaks before the main peak when we change temperature. These pre-peaks have the opposite signs compared to the main peaks. Although a heat conduction calorimeter is built to have sample and reference sides as similar as possible, there are always small differences in heat capacities and thermal conductances between the two sides, and the origin of the pre-peaks is most probably small non-symmetries in the calorimeters as is shown in the following simulation results. 
We have made computer simulations with a simple thermal model of a heat conduction calorimeter with two non-symmetries. The schematic model is shown in Fig. S1A; we do not give all the details of the model and the simulation as the aim is only to show that non-symmetries can give pre-peaks. More information about heat conduction calorimeters and thermal modelling of them is found in reference [2].
In the heat capacity model, the large part 5 is the heat sink that connects the sample (1-2) and reference (3-4) sides of the calorimeter. Both the sample and the reference sides are divided into two parts; this is rather arbitrarily made but can for example be envisaged that 1 is the sample in the glass vial and 2 is the vial holder.
In the model, there are two non-symmetries. Firstly, the heat capacities 1 and 3 are not the same; secondly, the thermal conductance 1-2 is lower than the corresponding thermal conductance 3-4. The results of three simulations with different levels of heat capacity non-symmetry are shown in Fig. S1B-D. The C-ratio:s are the ratios between heat capacites 1 and 3. 
In a perfectly symmetric heat conduction calorimeter, the output signal will be zero when the thermostat temperature is changed, as the temperatures of 1 and 3 will always be the same. In the modelled calorimeter, the non-symmetries will result in a peak after the temperature has been changed (note that the y-scales in Fig. S1B-D are different). It is this type of peak that is integrated in the method in the present paper.
In Fig. S1B-D it is also seen that as the C-ratio goes towards 1.00 (the calorimeter becomes more symmetric), the pre-peak increases compared to the main peak. The pre-peak is the result of the non-symmetry in the thermal conductances.
When the pre-peaks are included in the integration of the main peaks, the result is very close to the theoretical values, as is seen in the “Errors” given in Fig. S1B-D.
Note that we do not claim that the model of Fig. S1A is the best representation of the heat conduction calorimeters used in the present papers. We just want to show that pre-peaks after temperature changes can be caused by non-symmetries of the calorimeters.
[image: ]
Figure S1. Thermal model of heat conduction calorimeter and results from simulations. A. The thermal model. Each circle represents a heat capacity (units: J/K) and has an area that is proportional to the heat capacity of that part of the calorimeter. Each line represents a thermal conductance (units: W/K) with a line width that schematically represents the actual conductance. At the bottom is the thermostat temperature that is changed as a step in the present measurements. The dashed line represents the measured heat flow that is proportional to the temperature difference between parts 1 and 3. B. Results from three simulations with different heat capacity ratios (C-ratios) between parts 1 and 2. See text for further explanations.
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