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Abstract

This study investigated the microstructural, binding energy, and electronic properties of fused
quartz (Si02) after the introduction of iron (Fe) and aluminum (Al) metal impurities using density
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functional theory (DFT) calculations. The analysis results showed that the local structure of fused
quartz underwent significant changes after the introduction of iron and aluminum impurities,
mainly reflected in the distribution of 0-Si-O bond angle and 0-Si bond length, which increased the
heterogeneity of the local structure. The binding energy analysis results showed that the introduc-
tion of aluminum enhanced the stability of fused quartz, while the introduction of iron decreased
its stability. The electron density of states (DOS) analysis showed that the introduction of aluminum
reduced the bandgap of fused quartz and introduced new electronic states, increasing the risk of
photo damage; while the introduction of iron introduced defect levels in the bandgap, significantly
changing the electronic structure of fused quartz. This study provides theoretical basis for under-
standing the influence of metal impurities on the performance of fused quartz and is of great signif-
icance for the design and optimization of fused quartz materials.
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Figure 1. Model of a quartz crystal unit cell

E 1 AXRRERERE

Figure 2. Silicon crystal supercell model
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Figure 3. The distribution of O-Si-O, Si-O-Si bond angles in the fused
quartz model
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Figure 4. The distribution of O-Si bond lengths in the fused quartz
model
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Figure 5. Fused quartz structure model contain-
ing the iron impurity
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Figure 6. Fused quartz structure model containing
the aluminum-contaminated
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Figure 7. Distribution of O-Si-O bond angles before and after doping with iron; Distribution of O-Si bond length before and
after doping with iron. The black line represents the distribution of bond length and bond angle in pure fused quartz structure,
while the red line represents the distribution of bond length and bond angle in doped iron fused quartz structure
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Figure 8. The distribution of O-Si-O bond angles before and after aluminum doping; Distribution of O-Si bond length before
and after doping with aluminum. The black line represents the distribution of bond length and bond angle in pure fused quartz
structure, while the red line represents the distribution of bond length and bond angle in doped aluminum fused quartz structure
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Figure 9. Density of states of pure fused quartz
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Figure 10. Density of states of doped aluminum fused quartz
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Figure 11. The LDOS of iron atoms (green line) and the LDOS of 3-
coordinate silicon atoms (red line); The Fermi level is 0 eV
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Figure 12. Density of states of doped iron fused quartz
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