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Effect of Incorporated Alkaline and Alkaline Earth Elements on the Structural and
Electronic Properties of Cordierite Using the First Principles Calculations

EANE i A F 7 % 5P IR AR
Jun HASEGAWA Miho ITO Shohei ITOH Tetsuo KONDO

Cordierite has structural channels and alkaline elements can be incorporated into these channels. In order to
study the incorporation effect of alkaline and alkaline earth elements into these channels on the structural and
electronic properties of cordierite, density functional theory calculations were performed to analyze the structural
changes associated with the incorporation of alkaline and alkaline earth elements. It was found that alkaline and
alkaline earth elements can be stably incorporated in these channels. A good correlation between the calculated
ionic radius and the first ionization energy was observed. It was also found that the incorporated elements occupy a
specific site in the channels. Incorporated elements cause the expansion of the lattice in the c-axis because of their
repulsive and attractive forces, and the interaction of the incorporated elements with the framework cations and
oxygen atoms, respectively. Incorporated elements at less symmetrical sites in the channels were found to cause
more remarkable distortion.
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Fig. 1 Structure of cordierite and an incorporated element
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Fig. 2 Potential energy surface of cordierite along the ¢
axis
Cross-Sectional view of (1/4 1 0) plane at a=0
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Table 1 Comparison of the experimental and the calculated crystal parameters

K Cs
Calculated Experimental Calculated Experimental
The number of M (cell) 1 1* 1 2%,0.56
z-coordinate of M 0.153 0.14 0.255 0.25
Aa axis (nm) 0.0009 0.0011
0.0018* 0.0020*
Ab axis (nm) 0.0014 0.0014
Ac axis (nm) 0.0011 0.0048* 0.0030 0.0108*
alc -0.0021 -0.0008* -0.0089 -0.0021*
Av (nm?) 0.0057 0.0052* 0.0069 0.0121*
DAI(T2)-O(T2)(nm) 0.0012 0.0015
ASi(T2)-O(T2)(nm) 0.0009 0.0010
AO(T2)-M(nm) -0.0041 0.0007
AT2-M(nm) 0.0045 0.0024
AO(T2)-c(nm) -0.0032 -0.0001
AZO-T-O(T2)(") -1.240 -3.131

* denotes values form Evans et al. and the others are from Daniel’s.

—138—



0.0 —
[}
NN u

05

S

2 10

>

<)

© 15 -

C

[

o 20

S

o

S 25 |

o

(5]

= 30 -
35 —

Fig. 3 Incorporation energy of alkaline and alkaline
earth elements into the channel
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Fig. 5 Correlation between the ratio of the Mulliken
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Table 2 Bond order between incorporated elements
and O in the channel

Element Bond order

Li -0.067

Na -0.120

K -0.160

Cs -0.033

Mg -0.498
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Fig. 6 Change in lattice parameters for incorporating
alkaline and alkaline earth elements into the
channel
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