The Supplemental Information for “The ‘Overlooked’ Entropy and the Associated Role of Phonons in the Mixing Stabilization for Complex Ceramics”


A. The analytic analyses of the vibrational entropy

For an -atom lattice, there are  vibrational modes with frequencies . The vibrational entropy is:
	
	
	(A1)



Setting , the sum in Eq. (A1) can be written as a sum of the product of a continuous function  with delta functions, i.e.:
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There are two terms in  which are  and . Both  and  are increasing functions of  for a given , while both functions are decreasing function of  for a given . 

In the transition metal carbides and diborides, the acoustic modes range between 0-12 THz, which corresponds to values of 0-92 K for . Therefore, curves with 10, 30, 60, 90 K (1.31, 3.93, 7.86, 11.8 THz) are shown in Figure A1. These results suggest that  has much more significant contribution to the vibrational entropy because  is bounded between 0 and 1 while  can quickly exceed this value. Furthermore,  asymptotes to one as the temperature rises, which suggests that only  contributes the change in  at high temperatures. 
[image: ]
Figure A1 (a) The curves of  where the black line represent  K, blue dashed line for  K, red dotted line for  K, and green dash-dotted line for  K. (b) The curves of . (c) The curves of .
The derivatives of  with respect to temperature determine how quickly the vibrational entropy rises, which can be computed as the following:
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As illustrated in Figure A1(c), the derivatives of  exponentially increase from zero to the maximum value and then decrease as  after this peak. For the low-frequency vibrational modes, the maximum value of  is much larger than that for the high-frequency vibrational modes. Therefore, the low-frequency vibrational modes result in not only large values of  but the quick rise in .


B. The special quasi-random structures (SQSs)
The metals form a face-centered-cubic sublattice in B1-structured transition metal carbides and a hexagonal sublattice in the AlB2 prototype transition metal diborides. Therefore, 16-atom supercells of SQSs are generated for the metal sublattice with two elements at different compositions. The lattice vectors () are written in their Cartesian components with the given scaling factor. The ion (atom) positions are provided in the direct coordinates of ().
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