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Enhanced thermal oxidative stability of silicone 
rubber by using cerium-ferric complex oxide as 
thermal oxidative stabilizer

1  �The details of swelling  
measurement for crosslink density

The crosslink density of SR composites was evaluated via 
the equilibrium swelling method in toluene according 
to literature (1-3). First, a silicone rubber sample was 
submerged in 100 mL of toluene in a sealed bottle. The 
equilibrium weight was reached after swelling in toluene 
for 5 days. Wiping residue solvent on the sample surface 
gently and weighting immediately. Then a drying process 
was given in vacuum oven at 70°C to evaporate the solvent 
completely, and the samples were reweighted. Molecular 
weight between crosslinks (Mc) was estimated using Flory 
and French equation (Eq. S1). 
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where, Mc is the average molecular weight between 
two crosslink points; ρr is the density of silicone rubber 
before swelling. V0 is the mole volume of solvent; φ is the 
volume percent of silicone rubber in the swelling rubber; 
and χ is Flory-Huggins interaction parameter between 
polymer and solvent (taken at a value of 0.465 as a fair 
approximation). In this system, φ is calculated as follows
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Abstract: Let F denote a �eld and let V denote a vector space over Fwith �nite positive dimension. Consider
a pair A, A∗ of diagonalizable F-linear maps on V, each of which acts on an eigenbasis for the other one in an
irreducible tridiagonal fashion. Such a pair is called a Leonard pair. We consider the self-dual case in which
there exists an automorphismof the endomorphismalgebra ofV that swapsA andA∗. Such anautomorphism
is unique, and called the duality A ↔ A∗. In the present paper we give a comprehensive description of this
duality. Inparticular,wedisplay an invertibleF-linearmap T onV such that themap X �→ TXT−1 is theduality
A ↔ A∗. We express T as a polynomial in A and A∗. We describe how T acts on 4 �ags, 12 decompositions,
and 24 bases for V.
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1 Introduction
Let F denote a �eld and let V denote a vector space over F with �nite positive dimension. We consider a
pair A, A∗ of diagonalizable F-linear maps on V, each of which acts on an eigenbasis for the other one in an
irreducible tridiagonal fashion. Such a pair is called a Leonard pair (see [13, De�nition 1.1]). The Leonard pair
A, A∗ is said to be self-dual whenever there exists an automorphism of the endomorphism algebra of V that
swaps A and A∗. In this case such an automorphism is unique, and called the duality A ↔ A∗.

The literature containsmany examples of self-dual Leonardpairs. For instance (i) the Leonardpair associ-
atedwith an irreduciblemodule for the Terwilliger algebra of the hypercube (see [4, Corollaries 6.8, 8.5]); (ii) a
Leonard pair of Krawtchouk type (see [10, De�nition 6.1]); (iii) the Leonard pair associatedwith an irreducible
module for the Terwilliger algebra of a distance-regular graph that has a spin model in the Bose-Mesner alge-
bra (see [1, Theorem], [3, Theorems 4.1, 5.5]); (iv) an appropriately normalized totally bipartite Leonard pair
(see [11, Lemma 14.8]); (v) the Leonard pair consisting of any two of a modular Leonard triple A, B, C (see [2,
De�nition 1.4]); (vi) the Leonard pair consisting of a pair of opposite generators for the q-tetrahedron alge-
bra, acting on an evaluationmodule (see [5, Proposition 9.2]). The example (i) is a special case of (ii), and the
examples (iii), (iv) are special cases of (v).

Let A, A∗ denote a Leonard pair on V. We can determine whether A, A∗ is self-dual in the following way.
By [13, Lemma 1.3] each eigenspace of A, A∗ has dimension one. Let {θi}di=0 denote an ordering of the eigen-
values of A. For 0 ≤ i ≤ d let vi denote a θi-eigenvector for A. The ordering {θi}di=0 is said to be standard
whenever A∗ acts on the basis {vi}di=0 in an irreducible tridiagonal fashion. If the ordering {θi}di=0 is standard
then the ordering {θd−i}di=0 is also standard, and no further ordering is standard. Similar comments apply to
A∗. Let {θi}di=0 denote a standard ordering of the eigenvalues of A. Then A, A∗ is self-dual if and only if {θi}di=0
is a standard ordering of the eigenvalues of A∗ (see [7, Proposition 8.7]).
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where, W2 and W1 are the weight of SR composite before 
and after swelling, respectively. ρr is the density of toluene 
under room temperature.

2  �The surface modification of 
CeFeO-0.8 

FTIR spectroscopy was performed to following up the 
variations in the functional groups of the synthesized 
particles before and after surface modification (CeFeO-0.8  
and m-CeFeO-0.8). For m-CeFeO-0.8 (Figure S1), the 
characteristic band of metal-OH shifts from 3414 cm-1 to 
3432 cm-1 and the density of metal hydroxyl decreases 
obviously. Besides, the other characteristic peak at 1138 cm-1  
assigned to the bending vibration of metal-OH shifts to 
1126 cm-1, indicating the chemical environment variation 
for metal-OH after the modification of Ce-Fe complex 
oxide. Moreover, the appearance of the characteristic 
peaks observed at 1455 cm-1 and 650~800 cm-1 belongs to 
the phenyl group and Si-C bond, respectively. All features 
listed above supported the fact that PTES was successfully 
grafted onto the surface of CeFeO-0.8 particles via 
chemical reaction.

3  �The dispersion of CeFeO-0.8 in 
the SR composites before and 
after modification

Figure S2 depicts the distribution of CeFeO-0.8 particles 
before and after modification in the SR matrix. Large 
particle agglomerates can be seen obviously in  
SR/CeFeO-0.8 composite whereas modified CeFeO-0.8 
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particles show smaller aggregates in SR. The different 
morphologies present the positive role PTES plays in the 
dispersion of CeFeO-0.8 in silicone rubber.

4  �Energy dispersive spectroscopy 
of CeFeO-0.8

From the EDS analysis of the labelled spot in Figure S3, the 
mole ratio of Fe/Ce is a little above 0.25.

Figure S3: Energy dispersive spectroscopy of CeFeO-0.8 complex 
oxide.Figure S1: FTIR spectra of CeFeO-0.8 complex oxide before and after 

modification.

Figure S2: SEM images of SR/CeFeO-0.8 ((a), (c)) and  
SR/m-CeFeO-0.8 ((b), (d)).
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