
 
 

Ŷ€ŪΩ⁄℗ŴŪţ‹ţ⁄ľ⁅⁄ţ⁄℗‹ŭľţŰľ₫‹℗‹€ũŰľ

※⁄€ŵ℗Űľţ⁄ľ※Ū€※Ū‹Ŵľ⁄Ź‹ŵ‹Ŵľ⁄ľŵ⁄※€ŰŭŰ⁆Ū‹ľ

ű℗Ű⁆℗‹₫‹ľţ⁄ľűḧŴŌ⁆℗‹ţŶ‹Űľ⁄₫ľ⁅ŴŪ※‹ľ

ľ

ľ

ľ

ľ

ľ

⁅ŭΩŪŰľ₫ŰŶ℗‹ľ⁄ľŴŪŭΩ‹ľū€ŪŰ℗ľ

 

⁅ǼǼľ〉⟧ľǪ〉Ơ␢〉ǫƠľ›Ơ–₫〉–⁅〉Ő–Ű––ľņ₫〉ľ•ľ※ŋľ₫␣ľ〉ľ↑ǼŇľ

〉ľ›Ơ⁅〉Ő–ŰŐ”ľ

                                                                                       

 

 

 

 

 

 

ŴṛľŭľŌľ₫‹ľ

–ŏŐ’ľ



 
 

⁅ŭΩŪŰľ₫ŰŶ℗‹ľ⁄ľŴŪŭΩ‹ľū€ŪŰ℗ľ

ľ

⁅ǼǼľ〉⟧ľǪ〉Ơ␢〉ǫƠľ›Ơ–₫〉–⁅〉Ő–Ű––ľņ₫〉ľ•ľ※ŋľ₫␣ľ〉ľ↑ǼŇľ

〉ľ›Ơ⁅〉Ő–ŰŐ”ľ

         ľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľ

ŵ〉〉ľ 〈〉ľ 〈Ơ〈ľ Ơ〉〉ǼƠ〈Ơľ Ơľ

ű␣Ơ⟧Ơľ〈〉ľűŌ⁆Ơ〈Ơṛľ〉⟧ľ⁅ǫƯƠľ〈Ơľ

ŶǼǫ〉ǫ〈Ơ〈〉ľ ⁅〉〈〉Ơ⟦ľ 〈ľ ₫ƠƠǼǪṛľ Ư⟧ľ

⟧ľ 〈ľ 〉ǫǫľ ƠƠľ ơ〉Ǽṛľ 〈ľ ␣Ơľ

〈〉ľţľ〉⟧ľ⁅ǫƯƠō 

Űǫ〉ǼƠ〈„ľű␢ōľţōľ※Ơ⟦ľ℧ǫ⟦⟦ǫƠ⟧ľ〈〉ľ‹Ơ⚭ľűƠƯǪƠ⟦ľ

 

 

 

 

 

 

 

 

 

 

Ŵṛľŭľ

–ŏŐ’ 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

ľŴǫ⟦ƠľūǼǫŋľ⁅⟦ǫľ₫Ơľ〉ōľ
⁅ǼǼľ〉⟧ľǪ〉Ơ␢〉ǫƠľ›Ơ–₫〉–⁅〉Ő–Ű––ľņ₫〉ľ•ľ※ŋľ₫␣ľ〉ľ↑ǼŇľ〉ľľ

›Ơ⁅〉Ő–ŰŐ”ľŎľ⁅⟦ǫľ₫Ơľ〉ľŴǫ⟦ƠľūǼǫōľȭľ–ŏŐ’ŋľľ
–ŏ’ľ␢ōľľ
Űǫ〉ǼƠ〈ľņƠŇ„ľ※Ơ⟦ľ℧ǫ⟦⟦ǫƠ⟧ľ〈〉ľ‹Ơ⚭ľűƠƯǪƠ⟦ōľ
ŵ〉〉ľņţƠ〈Ňľȭľľű␣Ơ⟧Ơľ〈〉ľűŌ␣Ơ〈Ơṛľ〉⟧ľľ

⁅ǫƯƠŎƯƯ〉ŋľŶǼǫ〉ǫ〈Ơ〈〉ľ⁅〉〈〉Ơ⟦ľ〈ľ₫ƠƠǼǪṛŋľŴṛľŭŋľ
–ŏŐ’ōľ
ľľľľľŐōľ‹Ư⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼōľ–ōľũ〉Ơ␢〉ǫƠōľ—ōľľ
₫Ơ␣Ǽ〉〉⟦〉ǫƯǫ〈Ơ〈〉ōľœōľűǫ〉〈Ơ〈〉ľ〉Ơǫōľ‘ōľ
űǫ〉〈Ơ〈〉ľǫơƠƯǫǼƠǫōľŪōľľűƠƯǪƠ⟦ŋľ※Ơ⟦ľ℧ǫ⟦⟦ǫƠ⟧ľ〈〉ľ
‹Ơ⚭ōľŪŪōľŵ⟦ōľ

 



 
 

⁅ŭΩŪŰľ₫ŰŶ℗‹ľ⁄ľŴŪŭΩ‹ľū€ŪŰ℗ľ

⁅ǼǼľ〉⟧ľǪ〉Ơ␢〉ǫƠľ›Ơ–₫〉–⁅〉Ő–Ű––ľņ₫〉•ľ※ŋľ₫␣ľ〉ľ↑ǼŇľ〉ľ
›Ơ⁅〉Ő–ŰŐ”ľ

ŵ〉〉ľ 〈〉ľ 〈Ơ〈ľ Ơ〉〉ǼƠ〈Ơľ Ơľ
ű␣Ơ⟧Ơľ 〈〉ľ űľ Ōľ ⁆Ơ〈Ơṛľ 〉⟧ľ ⁅ǫƯƠľ
〈Ơľ ŶǼǫ〉ǫ〈Ơ〈〉ľ ⁅〉〈〉Ơ⟦ľ 〈ľ ₫ƠƠǼǪṛľ
Ư⟧ľ⟧ľ〈ľ 〉ǫǫľ ƠƠľ ơ〉Ǽṛľ 〈ľ
␣Ơľ〈〉ľţľ〉⟧ľ⁅ǫƯƠōľ

‹Ơ〈Ơľ〉⟧ľľľľľľľľľŎľľľľľľľľľŎľ

›‹€※‹ľ⁄Ź‹₫Ū€‹ţŰ℗‹ľ

ľ

__________________________________________________ľ

ű␢ōľţōľ※⟦〉Ǽǫ⟦Ǽľ※Ơľ〈ľŴƠǼľ
ţ〉ƠƠ⟧〉Ǽľ〈〉ľ⁅ǫƯƠľ

ŶǼǫ〉ǫ〈Ơ〈〉ľ⁅〉〈〉Ơ⟦ľ〈ľ₫ƠƠǼǪṛľľ
ľ

___________________________________________________ľ
ű␢ōľţōľ‹⟦ƠǼľŴǫ⟦Ơľ〈〉ľ₫〉Ǽ〉〉ľľ

ţ〉ƠƠ⟧〉Ǽľ〈〉ľ⁅ǫƯƠľ
ŶǼǫ〉ǫ〈Ơ〈〉ľ⁅〉〈〉Ơ⟦ľ〈ľ₫ƠƠǼǪṛľľ

ľ
___________________________________________________ľ

ű␢ōľţōľ〈〉ľ€ƠƯǫ⟧〉ǼľŴǫ⟦Ơľľ
ţ〉ƠƠ⟧〉Ǽľ〈〉ľ⁅ǫƯƠľ

ŶǼǫ〉ǫ〈Ơ〈〉ľ⁅〉〈〉Ơ⟦ľ〈ľ₫ƠƠǼǪṛľľ
ľ

___________________________________________________ľ
ű␢ōľţōľ‹〈〉ǫ⟦Ǽľű〉〉ǫƠľ₫ƠƯǫ〉⟦ľľ
ţ〉ƠƠ⟧〉Ǽľ〈〉ľ№⟧ǫƯƠľ

ŶǼǫ〉ǫ〈Ơ〈〉ľ⁅〉〈〉Ơ⟦ľ〈ľ₫ƠƠǼǪṛľ
ľ

___________________________________________________ľ

ű␢ōľţōľ›Ơ⟦⟧〉ľ※ľΩǫƠǼƠľ€〉ľľ
ţ〉ƠƠ⟧〉Ǽľ〈〉ľ⁅ǫƯƠľ

ŶǼǫ〉ǫ〈Ơ〈〉ľ⁅〉〈〉Ơ⟦ľ〈ľűǫƠľ
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ţ⁄ţŪ※‹ŵḧ℗Ū‹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľ

‹ľ⟧ǫǼǪƠľ⟧ṛ〉ľ〉ľ⟧ǫǼǪƠľ〉Ơŋľ

⟧ǫǼǪƠľ⚭ǫƠľƠƠōľ



ii 
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ľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ

ľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľȳŰľ〉ľƠ⟦〉ľǼƠľǫ〈ƠľǼṛľľľǼľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľ

〈〉ľƠǫ〈Ơľ〉ľǫ⟧ľƠľƯƠ⟧ǫǼǪƠ〈Ơōľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľ

※Ơ⟧ǫǼǪƠǼ〈ľ〉ľ〉⟧〉ƠǼ〈ľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľ

Ǽľ␢ǫ⟧ľ〉ľľ〉ľƯ⟦Ǫ〉ȴōľ

※Ơľ※Ơ⟦ǫǼƠľ

ľ



iii 
 

‹⁆℗‹ţ⁄※Ū₫⁄€ŵŰŴľ

‹ľţ〉ľľ〉ľ⟧〉ľƯǼƯ〉〈ǫ〈ľƠľǫ〈Ơōľ

‹ľ⟧〉ľǫ〉ǼƠ〈ľ␢〉ľţōľ※Ơ⟦ľ℧ǫ⟦⟦ǫƠ⟧ľ〉⟦ƠľƠ⟧ǫƠ〈〉ľ〉ľǫ〉ǼƠṛľ

Ư⟧⟧〉ǫ〈Ơōľ

‹ľ⟧〉ľƠǫŋľ›␣ǫ〈Ơľ〉ľ⁅⟦ǫŋľľ〉〉⟧ľ⟧〉ľǫơǫ⟦ǫƠ〈ľƯǪ〉␣ƠľƠľƠǫōľľ

‹ľ⟧ǫǼǪƠľ〉ƠľŬǫƠľţƠǼǼ〉⟦⟦〉ľ〉⟦ľƠ⟧ľ〉ľƯ⟧ƠǼǪ〉ǫǫ⟧ōľ

‹ľ⟧〉ľ ǫ⟧ṛ„ľ⁆ǫƠǼ〉ŋľ⁅⟦ǫƠŋľ›ǫ〈ǫ〉⟦〉Ǽľ 〉ľ ľ 〉〉Ǽľ※Ơ⟦〉ơ〉ōľű〉⟦ľ

⟧⟧〉Ǽľ〈〉ľƠ⟦〉␣ǫƠľ〉⟧ľ␢Ơ⟧⟦ǫƠōľ

‹ľű␢ōľţōľ℗ơ〉ľ₫〉ǫƠľ〈ƠľŶ⁅₫⁆ľľ〉ľƯ〉〈ǫ〈ľľ⟦ƠơƠǫľƠƠľ

〉ľ ␢〉⟧ľ␢〉ǫƠľƠľ⟧〉〈ǫ〈Ơľ〈〉ľ〉〉ƯƯǫƠľǼľŪǼ␢Ơ〉⟧〉⟦Ǫľ〈ƠľƠ⟧Ơľ

ǫǼ〉ǫ␣Ơ〈Ơōľ

‹ľű␢ōľţōľūṛľ₫ƠǫƠľ〈ƠľŶ⁄℗€ľľ〉ľǫơǫ⟦ǫƠ〈ľƠľ〉Ơ⟦ǫƠṛľ〈Ơľ

⟧〉〈ǫ〈Ơľ〈〉ľ⟧Ơ␣Ǽ〉⟧〉ǫƠōľ

‹ľŭ€ŭŴľņ⟦ƠơƠǫľ€ƠƯǫǼƠ⟦ľ〈〉ľŭľŴǼƯǼŇľ〉⟦Ơľ⟧〉〈ǫ〈ƠľŹ‹€⁄Ŵľ

〉ľŹűŴľǼƠľƠ⟧Ơōľ

ľŶ⁅※ľ〉⟦Ơľ⟧〉〈ǫ〈Ơľ〈〉ľ〈ǫ␢Ơṛľ〈〉ľƠǫľŹľƯ⟧ľƠ⟦Ơľ〉⟧〉ƠƠľƠƠľƠľ

Ơ⟧Ơľ₫␣–←ōľ

‹ľ Ư⟦〉␣Ơľ ţōľ ₫ƠǼ〉⟦ľ ūľ 〉⟦ľ Ơ⟦ǫľ ǼƠľ ⟧〉〈ǫ〈Ơľ 〈〉ľ ⁄〉ƯƯǫƠľ

℗Ơ⟧ƠǼľ〉ľ〈〉ľŪ⟧〉〈ǼƯǫƠōľ

‹ľ ⟧〉ľ Ư⟦〉␣Ơľ 〈〉ľ ⟦ƠơƠǫ„ľ ℗ǫƠ⟦〈ŋľ ţǫ〉␣ŋľ ℗〈⟦Ǫŋľ ‹ǫ〉⟦ŋľ

℗Ơǫ⟧Ǽ〈ŋľ‹⟦〈ŋľ‹ǼǼǫŋľ⁄〉ǫ〉⟦ľ〉ľ␣ǫ〈Ơōľű〉⟦ľ⟧⟧〉Ǽľ〈〉ľ〈〉ƯǼƠṛľ

〉ľ〈ǫƯ〉ľƯǫ〉Ǽ␢ǫƯƠľ␢ƯƠōľ
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‹ľ ␢〉〉ľ 〈〉„ľ ŪƠǫľ ‹Ơ〉Ưǫ〈ľ ņŶ⁄₫Ňŋľ ›Ơ⟦⟧〉ľ ※ľ

ņŶ⁅űŪŇŋľ ‹〈〉ǫ⟦Ǽľ ű〉〉ǫƠľ ņŶ⁅₫‹Ňŋľ ‹⟦ƠǼľ Ŵǫ⟦Ơľ ņŶ⁅₫‹Ňŋľ ※⟦〉Ǽǫ⟦Ǽľ ※Ơľ

ņŶ⁅₫‹Ňľ〉ľ〈〉ľ€ƠƯǫ⟧〉ǼľņŶ⁅₫‹Ňōľű〉⟦ƠľƠ⟦ǫƠľ␣〉〉ľƠƠľ⟧〉⟦ǪǫƠľ〈ľ

ƠơƠ⟦Ǫōľ

ľ‹ľ 〈ľ ľ ␢〉〉ľ 〈ľ ␣Ơ⟧Ơľ űľ ȭľ ␣Ơ〈Ơṛľ 〉⟧ľ ⁅ǫƯƠľ 〉ľ
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ABSTRACT 

ŪǼľǪǫľ〈ľ〉ľǫǼ〉ǫ␣Ơ〉〈ľǪ〉ľǪ〉Ơ␢〉ǫ〉ľ〉ľ←ľ›Ơ–ņ₫␣ŐŌ※Ň–⁅〉Ő–Ű––ľņľ•ľ

ŏ†ľŏō–†ľŏōœ†ľŏō’†ľŏō“ľƠǼ〈ľŐŇŋľ›Ơ–↑Ǽ–⁅〉Ő–Ű––ľņ↑Ǽ–←ŇľƠǼ〈ľ〉ľ₫ľ›Ơ⁅〉Ő–ŰŐ”ľņ›Ơ₫Ňōľ
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⁅ǫ␣Ơľ ‚Ō“ōľ ņƠŇľ ţ〉〉Ǽ〈ǼƯǫƠľ Ư⟧ľ Ơľ 〉⟧〉ƠƠľ ľ 〈Ơľ Ơ〉ľ 〉Ơ⟦ľ 〈Ơľ ƯǼƠǼ〉ľ

〈ǫ〉⟦ǫƯƠľņơŇľţ〉〉Ǽ〈ǼƯǫƠľƯ⟧ľľ〉ƯƯľ〈Ơľ〉⟧〉ƠƠľ〈ľ⟦␣Ơǫ⟧ľǼƠƠ⟦ľ

〈ƠľƯǼ〈ǫǫ〈Ơ〈〉ľƠƯľņƯŇľľţ〉〉Ǽ〈ǼƯǫƠľƯ⟧ľƠľ〉⟧〉ƠƠľ〈ƠľƠǼ␣〉Ǽ〉ľ〈〉ľ〉〈Ơľ

〉ľņ〈Ňľţ〉〉Ǽ〈ǼƯǫƠľƯ⟧ľƠľ〉⟧〉ƠƠľ〈ƠľƠ〉ľ〉Ơ⟦ľ〈Ơľǫ⟧〉〈ǼƯǫƠľƠƠľƠ⟦␣Ǽľ

Ơ⟦〉ľ〈〉ľ␢〉ǼƯǫƠľơ〉Ơ〈ƠľƠƠľƠľ₫␣–←ōľŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌľŐ—”ľ

⁅ǫ␣Ơľ ‚Ō”ōľ ţ〉〉Ǽ〈ǼƯǫƠľ Ư⟧ľ ľ 〉ƯƯľ 〈Ơľ 〉⟧〉ƠƠľ ņƠƠľ Ơľ Ơ⟦ľ ↑ȱľ

Ơ〉〉ǼƠľ⟧ľǫƯŇľ〈ľ⟦␣Ơǫ⟧ľǼƠƠ⟦ľ〈Ơľ␢〉ǼƯǫƠōľŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌľŐœŏľ

⁅ǫ␣Ơľ‹ŌŐōľ₫〈ľ〉ǫƠ⟧〉ǼľņƠŇľŴǫ⟧ǫƯľ〉ľņơŇľ‹ǼǫŌǫ⟧ǫƯľ〈ľ〈ǫǫ〈ľ〈〉ľ

ƯƠơǼōľŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌľŐœ’ľ

⁅ǫ␣Ơľ›ŌŐōľ℗〉〉〉ǼƠṛľ〉〉⟧ǫƯƠľ〈ľ〉␢〉ǫľ℗Ơ⟧ƠǼōľŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌľŐœ”ľ

⁅ǫ␣Ơľ ›Ō–ōľ ℗〉〉〉ǼƠṛľ 〉〉⟧ǫƯƠľ 〈ľ 〉Ơ⟦ǪƠ⟧〉Ǽľ ℗Ơ⟦〉ǫ␣Ǫŋľ ℗Ơ⟧ƠǼľ

Ŵ⚮〉ľ〉ľ℗Ơ⟧ƠǼľ‹Ǽǫ⚮〉ōľŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌľŐ‘ŏľ

⁅ǫ␣Ơľ ›Ō—ōľ ņƠŇľ ⁄〉Ưľ 〈〉ľ ⟧ľ ƠƯľ 〈〉ľ ⟧〉Ưǫľ ǼƠľ 〉␣ǫṛľ 〈〉ľ œ—‘ŋ“—ľ Ǽ⟧ŋľ

ơŇ⁄〉Ưľ ℗Ơ⟦〉ǫ␣Ǫľ 〉ľ ℗Ơ⟧ƠǼľ 〈ľ 〉ƠƯ⟦〉ľ 〈〉ľ ƯƠơǼľ 〉ƯǫƠ〈ľ ľ ⟧Ơľ

Ơ〈ǫƠṛľ 〈〉ľ ⟧〉Ưǫľ Ư⟧ľ ⚮•––”—“Ư⟧ŌŐŋľ ƯŇľ ⁄〉Ưľ ℗Ơ⟦〉ǫ␣Ǫľ 〉ľ ℗Ơ⟧ƠǼľ 〈ľ

〉ƠƯ⟦〉ľ 〈〉ľ ƯƠơǼľ 〉ƯǫƠ〈ľ ľ ⟧ľ ⟦Ơ〉ľ ōľ ņƠŇľ ⁄〉Ưľ 〈〉ľ ⟧ľ ƠƯľ 〈〉ľ

⟧〉ƯǫľǼƠľ〉␣ǫṛľ〈〉ľœ—‘ŋ“—ľǼ⟧ŋľơŇ⁄〉Ưľ℗Ơ⟦〉ǫ␣Ǫľ〉ľ℗Ơ⟧ƠǼľ〈ľ〉ƠƯ⟦〉ľ

〈〉ľ ƯƠơǼľ 〉ƯǫƠ〈ľ ľ ⟧Ơľ Ơ〈ǫƠṛľ 〈〉ľ ⟧〉Ưǫľ Ư⟧ľ ⚮•––”—“Ư⟧ŌŐŋľ ƯŇľ

⁄〉Ưľ℗Ơ⟦〉ǫ␣Ǫľ〉ľ℗Ơ⟧ƠǼľ〈ľ〉ƠƯ⟦〉ľ〈〉ľƯƠơǼľ〉ƯǫƠ〈ľľ⟧ľ⟦Ơ〉ľ

〈〉ľƠ␣ǼǫľƯ⟧ľλ•œ“‚ŋ””ľǼ⟧ŋľ⁄⟧ľņƠŇľ〉ľņơŇľ〉⟧ľľ〉〉Ưľơ⟦ǫƯƠ〈ľľ
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ŵƠơ〉⟦Ơľ –ŌŐōľ ℗〉⟦Ơṛľ 〈〉ľ Ư⟧ľ ⟧Ơ␣Ǽ〉〉⟦ǫƯľ Ư⟧ľ Ơľ 〉〉ƯǫƠľ

〉Ơľ〉ǫƠǫľ〈〉ľǫǼľľ →ŐžōľŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌľŐ–ľ

ŵƠơ〉⟦Ơľ–Ō–ōľŰľ〉ǫľǫǼƯǫƠǫľǫľ〈〉ľǪ〉Ơ␢〉ǫƠōľŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌľŐ‘ľ

ŵƠơ〉⟦ƠľœŌŐōľţƠ〈ľƯǫƠ⟦␣␢ǫƯľľ〈ľ℗〉␢ǫǼƠ⟧〉Ǽľ℗ǫ〉〉⟦〈ľƠƠľľ₫␣–←ōľŌŌŌŌľ—”ľ

ŵƠơ〉⟦ƠľœŌ–ōľ※〈〉ǼƠ〈Ơľ␢ƠƯǫǼǫƠľƠƠľľǼľƯǼǫ〈ľǼƠľƯ⟦⟦ƠľǼǫǫƠľ〈ľ

₫␣–←ľơǫ〈ľ〈ľ〉␢ǫǼƠ⟧〉ǼōľŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌľ—”ľ

ŵƠơ〉⟦ƠľœŌ—ōľţƠ〈ľƯǫƠ⟦␣␢ǫƯľľ〈ľ℗〉␢ǫǼƠ⟧〉Ǽľ℗ǫ〉〉⟦〈ľƠƠľľ↑Ǽ–←ōľŌŌŌŌŌľœŏľ

ŵƠơ〉⟦ƠľœŌœōľ※〈〉ǼƠ〈Ơľ␢ƠƯǫǼǫƠľƠƠľľǼľƯǼǫ〈ľǼƠľƯ⟦⟦ƠľǼǫǫƠľ〈ľ

↑Ǽ–←ľơǫ〈ľ〈ľ〉␢ǫǼƠ⟧〉ǼōľŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌľœŏľ

ŵƠơ〉⟦ƠľœŌ‘ōľţƠ〈ľƯǫƠ⟦␣␢ǫƯľľ〈ľ℗〉␢ǫǼƠ⟧〉Ǽľ℗ǫ〉〉⟦〈ľƠƠľľ※–←ōľŌŌŌŌŌľœŏľ

ŵƠơ〉⟦ƠľœŌ’ōľ※〈〉ǼƠ〈Ơľ␢ƠƯǫǼǫƠľƠƠľľǼľƯǼǫ〈ľǼƠľƯ⟦⟦ƠľǼǫǫƠľ〈ľ

※–←ľơǫ〈ľ〈ľ〉␢ǫǼƠ⟧〉ǼōľŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌľœŐľ

ŵƠơ〉⟦Ơľ œŌ‚ōľ ţƠ〈ľ ƯǫƠ⟦␣␢ǫƯľ ľ 〈ľ ℗〉␢ǫǼƠ⟧〉Ǽľ ℗ǫ〉〉⟦〈ľ ƠƠľ ľ

›Ơ–ņ₫␣ŏŋ“※ŏŋ–Ň–⁅〉Ő–Ű––ľņ•ŏŋ–ŇľŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌľœœľ

ŵƠơ〉⟦ƠľœŌ“ōľ※〈〉ǼƠ〈Ơľ␢ƠƯǫǼǫƠľƠƠľľǼľƯǼǫ〈ľǼƠľƯ⟦⟦ƠľǼǫǫƠľ〈ľ

›Ơ–ņ₫␣ŏŋ“※ŏŋ–Ň–⁅〉Ő–Ű––ľơǫ〈ľ〈ľ〉␢ǫǼƠ⟧〉ǼōľŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌľœœľ

ŵƠơ〉⟦Ơľ œŌ”ōľ ľ ţƠ〈ľ ƯǫƠ⟦␣␢ǫƯľ 〈ľ ℗〉␢ǫǼƠ⟧〉Ǽľ ℗ǫ〉〉⟦〈ľ ƠƠľ ľ

›Ơ–ņ₫␣ŏŋ’※ŏŋœŇ–⁅〉Ő–Ű––ľņ•ŏŋœŇōľŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌŌľœ‘ľ

ŵƠơ〉⟦ƠľœŌŐŏōľ※〈〉ǼƠ〈Ơľ␢ƠƯǫǼǫƠľƠƠľľ ǼľƯǼǫ〈ľǼƠľƯ⟦⟦ƠľǼǫǫƠľ
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  Capítulo 1

Introdução Geral 
ľ

Ŷ⟦ǫ⟧Ơ⟧〉Ǽ〉ŋľ⟧ƠľƯ⟦Ơ〉ľ〈〉ľ⟧Ơ〉ǫƠǫľ〉ľ⟧ľ 〉Ư〉ơ〉Ǽ〈ľ⟧ƠľƠ〉Ǽṛľ

〉〉ƯǫƠ⟦ľ 〈〉ǫ〈ľ Ơľ Ơľ 〉ǼƯǫƠ⟦ľ Ơ⟦ǫƯƠṛľ 〉⟧ľ 〈ǫǫǫľ 〉⟦〉ǼǫƯľ ṛľ ľ

ƯǪƠ⟧Ơ〈ľ⟧⟦ǫ␢〉ǫƯľ⟧Ơ␣Ǽ〉〉⟦ǫƯŋľľƠǫľƠ〉〉ǼƠ⟧ľ⟧ľƠƯ⟦Ơ⟧〉Ǽľ

〉Ǽ〉ľ 〈ǫ⟦ľ 〉⟦ǫƯľ 〉ľ ⟧Ơ␣ǼǫƯōľ ⁄〈ľ ⟧ľ 〈〉⟧ǼƠ〈ľ 〉ľ 〉⟦ľ

ơ〉Ō〉ľ Ơľ ␢〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ Ơľ Ơǫľ 〈〉ľ ⟧ľ ƠƠǼ⚭ľ Ư⟧⟦〉ľ 〈〉ľ ⟧⟧〉Ǽľ

⟧Ơ␣ǼǫƯŋľ〉Ǽ〈ľ〉ľľ⟧Ơ〉ǫƠǫľƯ⟧ľ〉Ơľǫ〉〈Ơ〈〉ľ〉ṛľ〉Ǽ〈ľƯǪƠ⟧Ơ〈ľ

〈〉ľ␢〉〉⟦ǫƯľǫǼ〈ǫ〈ľ⟧Ơ␣Ǽ〉ǫƯƠ⟧〉Ǽ〉ľľ →Őžōľľ

⁅〉〉⟦ǫƯľ ǫǼ〈ǫ〈ľ ⟧Ơ␣Ǽ〉ǫƯƠ⟧〉Ǽ〉ľ 〉⟧ľ ⟧ľ 〉␢〉ǫľ

⟧Ơ␣Ǽ〉〉⟦ǫƯľ␣ǫ␣ƠǼ〉ŋľľ〉⚭Ơŋľ␣ƠǼ〈〉ľ⟧〈ƠǼƠľǼƠľ⟦ƠǫƠṛľ〉⟦ǫƯƠľƯ⟧ľ

ƠľƠ⟦ǫƯƠṛľ〈〉ľ⟧ľƯƠ⟧ľ⟧Ơ␣ǼǫƯōľŵƠ⟦ľǫ〉〈Ơ〈〉ľ␢Ơľ〈〉〉ľ⟧Ơ〉ǫƠǫľ␢〉ľ

ƯƠǼ〈ǫ〈Ơľ ƠƠľ Ơľ 〈ṛľ 〈〉ľ Ǽľ 〈ǫǫǫľ 〉ľ ǫ⟦ǫ〉⟧ľ ľ 〉␢〉ǫľ

⟧Ơ␣Ǽ〉〉⟦ǫƯŋľƯ⟧ľľ〉〉⟧⟦ŋľ⟧〉⟧ǫƠľǼƠľƠǫľ〈⟧Ǽǫľ␢〉〉⟦ǫƯľ

ņ⟧Ơ␣ǼǫƯŇľ ṛľ ƯǼ⟦Ơ〈Ơľ ľ ƯƠ⟧ľ ⟧Ơ␣ǼǫƯľ ņ〉⟦ǫƯŇōľ ⁄Ǽ〉ƠǼŋľ ǼƠľ

ǫƯƠŋľƠľơ〉Ǽṛľ〈〉〉ľ〉␢〉ǫľ⟧Ơ␣Ǽ〉〉⟦ǫƯľľ〈ǫ␢Ưǫ⟦ŋľ〈〉ǫ〈ľƠľ ␢Ơľ〈〉ľ〉ľ

Ǽ〉Ư〉ǫľ ľ ľ 〈〉ľ ƯƠ⟧ľ ⟧Ơ␣ǼǫƯľ 〉⟦ƠǫƠ⟧〉Ǽ〉ľ Ơ⟦ľ ņŝ ~0,1 T) ľ〉ľ
〉⟧〉ƠƠľ 〉〉⟧Ơ⟧〉Ǽ〉ľ ơƠǫƠľ ņ〈Ơľ 〈〉⟧ľ 〈〉ľ 〈〉〉ǼƠľ 〈〉ľ Ŭ〉⟦ǫǼŇōľ

⁅〉⟦ǫ⟧〉Ǽ〉ŋľ ơ〉Ō〉ľ 〉␢〉ǫľ ⟧Ơ␣Ǽ〉〉⟦ǫƯľ ľ 〉⟧〉ƠƠľ Ơ⟧ơǫ〉Ǽ〉ľ ǼƠľ

Ǫ〉Ơ␢〉ǫƠľǫľ↑ľŴ—※–⁅〉–œŰœŐľ →–žľ〉ľƯ⟧ľơƠǫľƯƠ⟧ľ⟧Ơ␣ǼǫƯľņ~0,01 T)ľ
ǼƠľ ǫľ←ľ ›Ơ–₫␣–⁅〉Ő–Ű––ľņ₫␣–←Ňľ →—ŋœžŋľ ľ 〉ľ 〉〉〉ǼƠľ ľ ǫ⟧〉ǫľ Ơľ 〉⟧ľ

〈ǫ〉ṛľľƠ⟦ǫƯƠṛľ〉ƯǼ⟦␣ǫƯƠľ〈ľ〉␢〉ǫľ⟧Ơ␣Ǽ〉〉⟦ǫƯľ␣ǫ␣ƠǼ〉ľ→Őžōľŵ〉Ǽ〈ľ〉⟧ľ

ƯǼƠľľ〉ǼƯǫƠ⟦ľ〈〉ľƠ⟦ǫƯƠṛľ〉ƯǼ⟦␣ǫƯƠľ〈ľ〉␢〉ǫľ⟧Ơ␣Ǽ〉〉⟦ǫƯŋľľ〈〉ľ␣ƠǼ〈〉ľ

〉⟦〉ǼƯǫƠľƠľǫǼ〉ǫ␣Ơṛľ〈〉ľƠǫľ⟧Ơ〉ǫƠǫōľľ
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ľ Ơơǫ〈ľ 〈Ơľ ⟦ǫ〉ƠƠľ 〉ľ 〉⟧ľ ␢〉〉⟦ǫƯľ ǫǼ〈ǫ〈ľ⟧Ơ␣Ǽ〉ǫƯƠ⟧〉Ǽ〉ŋľ

ƠľǫǼ〉Ơ〉ľǼƠľƯ⟧⟦〉Ơľ〉Ơľ〈〉ľǫǼľ〈〉␢⟧Ơ⟧ľƠľ〉ƠľƯǫƠ⟦ǫǼƠľ

〈〉ľ ǫǼľƯƠǼ〈ľ〉ơƠľ〈Ơľ ǫ⟧〉ǫƠľ〈〉ľ ǫǼ〉ṛľ〉ƠƯǫƠ⟦ŋľǫơǫ⟦ǫƠǼ〈ŋľ ľ

ƠƠ〉Ưǫ⟧〉Ǽľ〈〉ľ〈ǫ⟦ľ〉⟦ǫƯľ→‘žōľŭ〉ƠǼ〈ľ〉⟧ľƯǼƠľ〉ľƠľ⟦ƠǫƠṛľ␣〉ľ

〈〉ľ〈ǫ〉ľ〈Ơľ〉〈〉ŋľľ〉〈ľ〈ľƠƯ⟦Ơ⟧〉Ǽľ〉Ǽ〉ľ␣Ơľ〈〉ľ⟦ǫơ〉〈Ơ〈〉ľ〈〉ľǫǼľ

〉ľ〈Ơľ〉〈〉ľƯǫƠ⟦ǫǼƠŋľ〉Ǽ〈ľľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼľ⟧ľƯƠľ〉〉ƯǫƠ⟦ŋľǼƠŌ〉ľ

ơƠƠǼ〉ľ〉⟦〉ƠǼ〉ľƠƠľƯ⟧〉〉Ǽṛľ〈〉ľǫ〉⟧Ơľ〉⟧ľ〉ľǫ〉〈Ơ〈〉ľ〉⟦ǫƯƠľ

〉ľ⟧Ơ␣ǼǫƯƠľ 〉ľ ƠƯ⟦Ơ⟧ōľ€〉〉ľ ƯǼ〉ľ ⟧Ơľ ƯǼǫƯƠľ ǫ〈〉Ơ⟦ľ ƠƠľ 〉〈Ơľ Ơǫľ

ǫ〉⟧Ơľ ľ Ơľ 〉〉ƯƯǫƠľ℗Ơ⟧ƠǼŋľ ⟧Ơľ〉ľ 〉ľ 〉Ơľ ľ 〉Ǽ〉⟦ľ ľ 〈ǫ〉ľ

〉Ơǫľ 〉⟧ľ 〈〉ƯǼƯǫƠľ 〈〉ľ ⟧〈ƠǼƠľ 〈〉ľ 〈〉ǼƠ⟧〉Ǽľ 〈〉ľ ǫǼōľ ⁄Ơľ

ǫǼ〉ǫ␣Ơṛľ〉⟧ľǫ〈ľ␢〉ǫƠľƠ⟧⟦Ơ⟧〉Ǽ〉ľ〉⟧ľ〉⚮ǫƠľ⟧ơǫƯƠľņ›ǫ⁅〉Ű—ŋľ

⁆〈₫ǼŰ—ŋľ ⁄₫ǼŰ—ŋľ ←₫ǼŰ—ľ 〉ľ ŵơ₫ǼŰ—Ňľ →’ȭŐŏžŋľ 〉Ǽ〉ƠǼŋľ ƠƠľ Ǫ〉Ơ␢〉ǫƠŋľ

Ơǫľ〉〈ľṛľ〉ƯƠōľ€〉〉ľƯ〉Ǽǫŋľ〉Ơľ〉〉ľ〉⟧ľƯ⟧ľǫľƯǼǫơǫľ

ƠƠľƠľƯ⟧〉〉Ǽṛľ〈Ơľǫ〉〈Ơ〈〉ľǫơƠƯǫǼƠǫľ〉ľ⟧Ơ␣Ǽ〉〉⟦ǫƯƠľ〈Ơľ₫␣–←ŋľ

ǫƠľ〉〉ƯƯǫƠľ℗Ơ⟧ƠǼŋľ ǫǼ〉ǫ␣ƠǼ〈ľ〈〉ľ〉ľ ␢⟧ƠľľƠƯ⟦Ơ⟧〉ǼľǫǼŌ〉〈〉ľ

〉ľ 〉⟦ƠƯǫǼƠľ Ư⟧ľ Ơľ ⟧Ơ␣Ǽ〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ 〈〉〉ľ ⟧Ơ〉ǫƠ⟦ōľ ‹⟦⟧ľ 〈ǫŋľ Ơ⟧ơ⟧ľ

〈ǫƯǫ⟧ľ Ơľ ǫ〉〈Ơ〈〉ľ 〈ǫ〉⟦ǫƯƠľ 〈Ơľ ₫␣–←ľ Ơľ ␢ǫ⟧ľ 〈〉ľ ǫǼ〉ǫ␣Ơľ 〉ǫľ

Ư〉⟦Ơ〉ľ〉Ǽ〉ľƠľƯǼƠǼ〉ľ〈ǫ〉⟦ǫƯƠľ〉ľ〉␢〉ǫľ〈〉ľ〈〉ǼƠ⟧〉Ǽľ⟧Ơ␣ǼǫƯľơ〉⟧ľ

Ư⟧ľľ⟧〉ƯƠǼǫ⟧ľ〈〉ľƯǼ〈ṛľǼƠľƠ⟧Ơōľ

‹〈ǫƯǫǼƠ⟦⟧〉Ǽ〉ŋľ 〉Ǽ〈ľ 〉⟧ľ ǫƠľ 〉ľ ľ ƠƯ⟦Ơ⟧〉Ǽľ ǫǼŌ␢ǼǼľ ␢ǫľ

ơ〉Ơ〈ľ 〉⟧ľ ⟧Ơľ ␣Ơ⟧Ơľ 〈〉ľ⟧Ơ〉ǫƠǫľ⟧Ơ␣ǼǫƯľ ľ →’ŋ‚ŋŐŐȭ–ŏžľ 〉ľ ƯǼǫ〈〉ƠǼ〈ľ

〉ľ Ơľ Ǫ〉Ơ␢〉ǫƠľ ṛľ⟧Ơ〉ǫƠǫľ ␢〉ǫ⟧Ơ␣ǼǫƯŋľ ǫǼ〉ǫ␣Ơ⟧ľ Ơľ Ǫ〉Ơ␢〉ǫƠľ

ǫľ ₫ľ ›Ơ⁅〉Ő–ŰŐ”ľ ņ›Ơ₫Ňľ 〉ľ ǫľ ←ľ ›Ơ–↑Ǽ–⁅〉Ő–Ű––ľ ņ↑Ǽ–←Ňľ ǫƠľ 〉〉ƯƯǫƠľ

℗Ơ⟧ƠǼľ ľ ƠƠľ 〈〉ľ Ơľ ľ ƠǼǫ〉ľ ⟧Ơ␣ǼǫƯƠľ Ơľ ␢ǫ⟧ľ 〈〉ľ ơ〉Ơľ ľ 〉␢〉ǫ〈ľ

ƠƯ⟦Ơ⟧〉Ǽōľ ŵƠ⟦ľ ƠǼ⟦ǫ〉ľ ơ⚭〉ǫƠľ ƯǼǫơǫľ Ư⟧ľ Ơľ ⟦ǫ〉ƠƠľ ƠƯ〉ƯƠľ 〈〉ľ Ơ⟦ľ

ƠǼŋľ ⟧Ơľ 〉ľ 〉ľ 〉〈ľ 〈〉ľ 〉〉ƯƯǫƠľ ℗Ơ⟧ƠǼľ 〉⟧ľ Ǫ〉Ơ␢〉ǫƠľ ṛľ

Ơōľ űľ ␢ǫ⟧ŋľ ƠǫǼ〈Ơľ ␢ǫ〉⟧ľ ⟧Ơľ ƠǼ⟦ǫ〉ľ 〈Ơľ ǫ〉〈Ơ〈〉ľ 〉Ơǫľ 〉ľ
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ǫơƠƯǫǼƠǫľľ〉⟧〉ƠƠľƠ⟧ơǫ〉Ǽ〉ľ〈Ơľǫ〉ľ›Ơ–ņ₫␣ŐŌ※Ň–⁅〉Ő–Ű––ľņ•ŏŋŏ†ľŏŋ–†ľ

ŏŋœ†ľ ŏŋ’†ľ ŏŋ“ľ 〉ľ ŐŇľ Ư⟧ľ Ơľ ␢ǫǼƠ⟦ǫ〈Ơ〈〉ľ 〉ƯƠľ 〈〉ľ ľ ǫǼ〉ǫ␣Ơľ Ơľ ǫǼ␢⟦ǼƯǫƠľ 〈Ơľ

ơǫǫṛľ〈〉ľ₫␣ľľ※ľǼ〉Ơľǫ〉〈Ơ〈〉ōľ

ľ⁄Ơľ〉〉ľľƠǫ⟧ľ␣ƠǼǫƠ〈Ơ„ľǼľƯƠ⟦ľ–ŋľ␢Ơ⟦Ơ⟧ľƯǫǼƠ⟧〉Ǽ〉ľơ〉ľƠľ

Ư⟦Ơ〉ľ 〈〉ľ ⟧Ơ〉ǫƠǫľ Ǫ〉Ơ␢〉ǫƠľ ơ〉⟧ľ Ư⟧ľ ľ ⟧〉ƯƠǼǫ⟧ľ 〉Ǽ〉ǫľ 〉⟦Ơľ

⟧Ơ␣Ǽ〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ Ǽ〉Ơōľ €ľ ƯƠ⟦ľ —ŋľ 〈ǫƯǫ⟧ľ Ơľ Ǽ〉〉ľ 〈Ơľ Ơ⟧Ơľ

›Ơ–₫〉–⁅〉Ő–Ű––ľņ₫〉•₫␣–Ŋŋľ↑Ǽ–Ŋľ 〉ľ※–ŊŇŋľ›Ơ–ņ₫␣ŐŌ※Ň–⁅〉Ő–Ű––ľ ņ•ŏŋŏ†ľ ŏŋ–†ľ ŏŋœ†ľ

ŏŋ’ľ 〉ľ ŏŋ“Ňľ 〉ľ›Ơ⁅〉Ő–ŰŐ”ľ 〉ľ Ơľ⟧〉〈⟦␣ǫƠľ 〉⟧〉␣Ơ〈ƠľǼƠľ⟧〉〈ǫ〈Ơľ 〉〉ǫ⟧〉ǼƠǫōľ

€ľƯƠ⟦ľœŋľ〉⟧Ō〉ľƠľ〈ǫƯṛľ〈ľ〉⟦Ơ〈ľơǫ〈ľ〈Ơľ⟧〉〈ǫ〈Ơľ〈〉ľ〈ǫ␢Ơṛľ

〉ľƠơṛľ〈〉ľƠǫľŹŋľ〈ľŹűŴŋľ〈ƠľƯƠľ〈〉ľǪǫ〉〉〉ľ〉ľ〈ľ〉〉Ưľ〈〉ľ␢ǼǼľ

ľ〉⟧〉ƠƠľƠ⟧ơǫ〉Ǽ〉ľ〈ƠľƠ⟧Ơ†ľǼľƯƠ⟦ľ‘ŋľƠ〉⟧ľľǼƠľľ〉〈ľ

〈ľ 〉〉Ưľ ℗Ơ⟧ƠǼľ Ǽľ 〉␣ǫ⟧〉ľ 〈〉ľ Ơ⟦Ơľ 〉ľ ơƠǫƠľ 〉⟧〉ƠƠľ ǼƠľ ›Ơ₫†ľ Ǽľ

ƯƠ⟦ľ ’ŋľƠ〉〉ǼƠ⟧ľƠľ ƠǼ⟦ǫ〉ľ 〈Ơľ⟧〉〈ǫ〈Ơľ〈〉ľ〉〉ƯƯǫƠľ℗Ơ⟧ƠǼľ Ư⟧ľ

〉⟧〉ƠƠľ ƠƠľ Ơľ Ơ⟧Ơľ ₫␣–←ľ 〉ľ ↑Ǽ–←ľ Ư⟧ľ ľ Ơ⟦ǫľ 〈〉ľ ⟧〉〈ǫ〈Ơľ

⟧Ơ␣ǼǫƯƠľ〉ľ〈〉ľ〈ǫ␢Ơṛľ〈〉ľƠǫľŹľƯ⟧⟦〉⟧〉ǼƠ〉ōľ€ľƯƠ⟦ľ‚ľ〈ǫƯǫ⟧ľ

Ơľǫ〉〈Ơ〈〉ľ〉⟦ǫƯƠľ〈Ơľ₫␣–←ľ〉ľ␢ǫǼƠ⟦⟧〉Ǽ〉ŋľǼľƯƠ⟦ľ“ŋľƠľƯǼƯ⟦ṛľ␣〉Ơ⟦ľ

〈ľƠơƠ⟦Ǫľ〉ľƠľ〉〉ƯǫƠōľľľ

ľ

ľ

ľ

ľ
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  Capítulo 2

Magnetoeletricidade em Hexaferritas 
 

€〉〉ľ ƯƠ⟦ľ 〈ǫƯ〉Ō〉ľ ƯǫǼƠ⟧〉Ǽ〉ľ Ơľ 〉〉ǫľ 〈〉ľ ⟧Ơ〉ǫƠǫľ

⟧⟦ǫ␢〉ǫƯľ 〉ľ ⟧Ơ␣Ǽ〉〉⟦ǫƯōľ ‹⟦⟧ľ 〈ǫŋľ Ơơ〈ƠŌ〉ľ ľ ⟧〉ƯƠǼǫ⟧ľ

〉Ǽ〉ǫľ〉⟦Ơľ⟧Ơ␣Ǽ〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ〉⟧ľǪ〉Ơ␢〉ǫƠōľ

 

2.1 Materiais Multiferróicos e Magnetoelétricos  

Űľ 〉⟧ľ ⟧⟦ǫ␢〉ǫƯľ ␣ǫľ 〉⟧ľ Ő””œŋľ 〉Ǽ〈ľ ␣〉ǫ〈ľ ľ ũōľ

ŴƯǪ⟧ǫ〈ľ ľ →–Őžŋľ ľ Ơ⟦ľ 〈〉␢ǫǼǫľ ⟧Ơ〉ǫƠǫľ ⟧⟦ǫ␢〉ǫƯľ Ư⟧ľ Ơ〉⟦〉ľ 〉ľ

Ơ〉〉ǼƠƠ⟧ľ ǼƠľ ⟧〉⟧Ơľ ␢Ơ〉ľ Ơľ Ư〉ǫǼƯǫƠľ 〈〉ľ 〈Ơľ ľ ⟧Ơǫľ ǫ〉〈Ơ〈〉ľ

␢〉ǫƯƠŋľ Ơľ Ơơ〉ŋľ ␢〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ ņƠǼǫ␢〉〉⟦〉ǫƯǫ〈Ơ〈〉Ňŋľ ␢〉⟧Ơ␣Ǽ〉ǫ⟧ľ

ņƠǼǫ␢〉⟧Ơ␣Ǽ〉ǫ⟧Ňŋľ␢〉〉⟦ƠǫƯǫ〈Ơ〈〉ŋľ␢〉ǫ〈ǫƯǫ〈Ơ〈〉ľ〉ľ␢〉ǫ⟧Ơ␣Ǽ〉ǫ⟧ōľ‹ľ

␢〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ ľ ƯƠƠƯ〉ǫƠ〈Ơľ 〉⟦Ơľ 〉ǫǼƯǫƠľ 〈〉ľ ⟧Ơľ ⟦ƠǫƠṛľ 〉⟦ǫƯƠľ

〉ǼǼ〉Ơľ Ǽľ ⟧Ơ〉ǫƠ⟦ŋľ Ơľ Ơ⟦ľ 〈〉ľ 〉ľ 〉ǫ〉ǼƠ〈Ơľ ľ ⟧ľ ƯƠ⟧ľ 〉⟦ǫƯŋľ

〉Ǽ〈ľ 〉ľ 〉Ơŋľ Ư⟦ƠǫƯƠ⟧〉Ǽ〉ŋľ ⟧〉Ǽ〉ľ 〈〉ľ 〉ǫǫľ 〉⟧ľ ⟧Ơ〉ǫƠǫľ 〉ľ Ǽṛľ

Ơ⟧ľ Ư〉Ǽľ 〈〉ľ ǫǼ〉ṛľ 〉ƠƯǫƠ⟦ľ 〉ľ 〉ľ 〉⚭Ơ⟧ľ ǫ⟧ǫƯľ Ư⟧ľ 〉⟦Ơṛľ ľ

〉〉ṛľ 〉⟧Ơ⟦ľ ľ →––žōľ ‹ľ ƠǼǫ␢〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ ľ ƯƠƠƯ〉ǫƠ〈Ơľ ľ ⟧⟧〉Ǽľ

〉⟦ǫƯľ 〉ľ 〉ľ ǫ〉ǼƠ⟧ľ〈〉ľ⟧ƠǼ〉ǫƠľ 〉ľ 〉ľ ƯƠǼƯ〉⟦Ơ⟧ľ⟧Ơ⟧〉Ǽ〉ľ 〈〉Ǽľ 〈Ơľ

Ư⟦⟦ƠľǼǫǫƠľǫ⟧⟦ǫƯƠǼ〈ľ〉⟧ľ⟧Ơľ⟦ƠǫƠṛľ〉⟦ǫƯƠľ〉⟦ƠǼ〉ľǼ⟦Ơōľľ

Űľ⟧Ơ〉ǫƠǫľ〉ľƠ〉〉ǼƠ⟧ľ␢〉⟧Ơ␣Ǽ〉ǫ⟧ľ〉⟧ľ⟧Ơľ⟧Ơ␣Ǽ〉ǫƠṛľ

〉ǼǼ〉ƠľƠľƠ⟦ľ〈〉ľ〉ľ〉ǫ〉ǼƠ〈Ơľ〉⟦ƠľƠ⟦ǫƯƠṛľ〈〉ľ⟧ľƯƠ⟧ľ⟧Ơ␣ǼǫƯŋľ

〉Ǽ〈ľ 〉ľ Ơ⟦ľ ǫ〉〈Ơ〈〉ľ ľ ǫ⟧ǫƯƠľ Ư⟧ľ 〉⟦Ơṛľ ľ ľ ǫǼ〉ṛľ 〉ƠƯǫƠ⟦ŋľ

ǫǼ〈ľ 〉ơƠľ 〈〉ľ 〉〉ṛľ 〉⟧Ơ⟦ōľ ₫Ơ〉ǫƠǫľ ƠǼǫ␢〉⟧Ơ␣ǼǫƯľ

Ơ〉〉ǼƠ⟧ľ ⟧⟧〉Ǽľ ⟧Ơ␣ǼǫƯľ 〈ǫľ ƠǼǫƠƠ⟦〉⟦Ơ⟧〉Ǽ〉ľ 〈〉ľ ␢⟧Ơľ Ơľ 〉ľ

ƯƠǼƯ〉⟦Ơ〉⟧ľ ⟧Ơ⟧〉Ǽ〉ľ Ǽľ ǫǼ〉ǫľ 〈〉ľ ƯƠ〈Ơľ Ư⟦⟦Ơľ ǼǫǫƠŋľ 〉Ǽ〈ľ Ư⟧ľ

〉⟦Ơ〈ľ ⟧Ơľ ⟧Ơ␣Ǽ〉ǫƠṛľ 〉ǼǼ〉Ơľ Ǽ⟦Ơōľ ₫Ơ〉ǫƠǫľ ␢〉〉⟦ǫƯľ
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Ơ〉〉ǼƠ⟧ľ ⟧Ơľ 〈〉␢⟧Ơṛľ 〉ǼǼ〉Ơľ 〉ľ 〉〉⟦ľ 〉ľ 〈〉ľ 〉ľ 〉ǫ〉ǼƠ〈Ơľ

Ǫǫ〉ǫƯƠ⟧〉Ǽ〉ľľ⟧ľ〉Ǽṛľ⟧〉ƯǼǫƯƠōľ№ƠǼľľ␢〉ǫ〈ǫƯǫ〈Ơ〈〉ŋľ〉Ơľľ⟧Ơľ

ǫ〉〈Ơ〈〉ľ 〈〉ľ ⟧Ơ〉ǫƠǫľ 〉ľ Ơ〉〉ǼƠ⟧ľ ⟧ľ ƠƠǼ⚭ľ 〈〉ǼƠ〈ľ 〈〉ľ ǫƯ〉ľ

⟧Ơ␣ǼǫƯľľƠǫľṛľ〉〉ǫľ〉ľ〉ǼǼ〉ōľ

₫Ơ〉ǫƠǫľ ␢〉ǫ⟧Ơ␣ǼǫƯľ Ơǫ⟧ľ Ư⟧ľ ľ ƠǼǫ␢〉⟧Ơ␣ǼǫƯľ Ơ〉〉ǼƠ⟧ľ

⟧ľ〈〉ǼƠ⟧〉Ǽľ〈〉ľ⟧⟧〉Ǽľ⟧Ơ␣ǼǫƯľƠǼǫƠƠ⟦〉⟦ŋľ〉Ǽ〉ƠǼľƠƠľ〉〉ľƠľ

⟧Ơ␣Ǽ〉ǫƠṛľ⟦ǫ〈ƠľǼṛľľǼ⟦Ơľ〈〉ǫ〈ľľ〈ǫ␢〉〉ǼƠľǼƠľ⟧Ơ␣Ǽǫ〈〉ľ〈ľ⟧⟧〉Ǽľ

⟧Ơ␣ǼǫƯľ 〉⟧ľ ƯƠ〈Ơľ ơŌ〉〈〉ľ ⟧Ơ␣ǼǫƯƠōľ Űľ ␢Ơľ 〈〉ľ ⟧Ơ〉ǫƠǫľ ␢〉〉⟦ǫƯľ 〉ľ

␢〉⟧Ơ␣ǼǫƯľ 〉〉⟧ŋľ 〉〉ƯǫƠ⟧〉Ǽ〉ŋľ 〉ơƠ〈Ơľ Ơľ ǫ⟧〉ǫƠľ 〈〉ľ ǫǼ〉ṛľ

〉ƠƯǫƠ⟦ľ 〉ľ 〈〉ľ ǫǼ〉ṛľ 〉⟧Ơ⟦ľ ␢Ơľ Ư⟧ľ 〉ľ ⟧Ơ〉ǫƠǫľ ⟧⟦ǫ␢〉ǫƯľ Ǽṛľ

Ơ⟧ľƠľ⟧〉ǼƯǫǼƠ〈Ơľǫ⟧〉ǫƠŋľƯ⟧ľ⟧ƠľƠľ⁅ǫ␣Ơľ–ŌŐōľţ〉ǫ〈ľƠľ Ơľ

ǫǼ〉〉ƠǼ〉ľ ǫ〉〈Ơ〈〉ľ ␢ǫƯƠľ ľ 〉〈ľ〈〉ľ⟧⟦ǫ␢〉ǫƯľ ␢ƠŌ〉ľ ǫ⟧ƠǼ〉ŋľ

ǫľ ľ⟧〉⟧ľ ṛľ ƯƠǼ〈ǫ〈Ơľ ⟧ǫ〉ľ ƠƠľ Ơ⟦ǫƯƠ〉ľ Ư⟧„ľ ƯǼ⟦〉ľ 〈〉ľ

ƯƠ␣Ơľľ ƯƠ⟧ľ⟧Ơ␣ǼǫƯľƠ⟦ǫƯƠ〈ľ 〉ľ ǫǼľ ơ⟧〉ǫ〈ľľ 〉Ǽ〉ľ 〉⟦ǫƯƠŋľ

ƠǼ〈〉ŋľ〉Ǽ〉ľ〈〉ľƯƠ⟧ľ⟧Ơ␣ǼǫƯľ〉ľǼƠľǫǼ〈ǫƠľ〈〉ľƠ⟧Ơ〉ǼƠ⟧〉Ǽľ〈〉ľ

ǫǼ␢⟧Ơ〉ľľ →––ȭ–œžōľ

 

Figura 2-1. Simetria de reversão temporal e inversão espacial em ferróicos. a) Ferroamagenetos. O momento magnético m classicamente pode ser entendido como um carga orbitando, a operação de simetria inversão espacial deixa m invariante enquanto a simetria de reversão temporial inverte o sentido da órbita. b) Ferroelétricos. O momento linear p é invariante sob reversão temporal enquanto que seu sentido é invertido sob inversão espacial. c) Multiferróicos, que são ao mesmo tempo ferroelétricos e ferromagnéticos não possuem nenhuma das simetrias em questão  [22]. 
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€ľ〉ľ ƠǼ␣〉ľ ľ⟧Ơ␣Ǽ〉〉⟦〉ǫƯǫ〈Ơ〈〉ŋľ 〉〉ľ ľ ⟧ľ ␢〉Ǽ⟧〉Ǽľ ǫǼ〈〉〉Ǽ〈〉Ǽ〉ľ

ƯƠƠƯ〉ǫƠ〈ľ〉⟦ľƠƯ⟦Ơ⟧〉Ǽľ〈〉ľƠǫ〉ľƠ⟧〉ľ〈〉ľ〈〉⟧ľ〈〉ľǼƠ〉Ơľ

⟧Ơ␣ǼǫƯƠľ 〉ľ 〉⟦ǫƯƠľ →––žōľ Ŵ〉Ǽ〈ľ 〉ľ Ơ⟦ľ ƠƯ⟦Ơ⟧〉Ǽľ 〈〉ľ Ư〉ľ 〈〉ľ ␢⟧Ơľ

〈ǫ〉Ơľ 〉Ǽ〉ľ ľ 〈ǫľ Ơ⟧〉ľ ľ ǫǼ〈ǫ〉Ơŋľ ƠƠľ 〈〉ľ ⟧Ơľ 〈〉␢⟧Ơṛōľ űľ

〉Ơľ 〈〉␢ǫǼǫṛľ 〉⟧ľ 〉ľ ⟧ľ⟧Ơ〉ǫƠ⟦ľ ⟧Ơ␣Ǽ〉〉⟦ǫƯľ Ǽṛľ ľ Ǽ〉Ư〉ƠǫƠ⟧〉Ǽ〉ľ

⟧⟦ǫ␢〉ǫƯōľŶ⟧ľ〉〉⟧⟦ľ 〈ǫľ ľ〉ľ ⟧ľƠƠ⟧Ơ␣Ǽ〉ľ ␢〉〉⟦ǫƯľ〈〉ľ 〉ľ

⟧Ơ␣Ǽ〉〉⟦ǫƯľņǫ〈〉ľ⁅ǫ␣Ơľ–Ō–Ňōľľ

 

Figura 2-2. Relação entre multiferróicos e materiais magnetoelétricos. Os materiais ferromagnéticos (ferroelétricos) são subconjuntos dos materiais polarizáveis magneticamente (eletricamente), assim como os materiais paramagnéticos e antiferromagnéticos (paraelétricos e antiferroelétricos. A intersecção (parte marcada de vermelho) entre os materiais ferroelétricos e ferromagnéticos correspondem aos materiais multiferróicos. O círculo marcado de azul representa os materiais com acoplamento magnetoelétrico que podem, mas não necessariamente, aparecer em qualquer material que seja ao mesmo tempo magneticamente e eletricamente polarizável  [22].  
 

⁄⟧ľ⟧Ơ〉ǫƠǫľ ƯǫƠ⟦ǫǼŋľ ľ 〉␢〉ǫľ⟧Ơ␣Ǽ〉〉⟦ǫƯľ 〈〉ľ 〉ľ 〈〉Ưǫľ 〉⟧ľ

〉⟧ľ 〈〉ľ 〉ǫƠľ 〈〉ľ ŭƠǼ〈Ơōľ ţ〉ľ ƠƯ〈ľ Ư⟧ľ 〉Ơľ 〉ǫƠŋľ Ơľ 〉Ǽ〉␣ǫƠľ ⟦ǫ〉ľ 〈〉ľ

ũ〉⟦⟧ľ⁅ľ〈ľǫ〉⟧Ơľ〈〉ľ〉ľ〉ƠǼ〈ǫ〈Ơľ〉⟧ľ〉⟧ľ〈ľƯƠ⟧ľ⟧Ơ␣ǼǫƯľũǫľ〉ľ

〉⟦ǫƯľ⁄ǫľņǼ〈〉ľǫľ〉〉〉ǼƠľƠľǫŌǫ⟧ƠľƯ⟧Ǽ〉Ǽ〉ŇľƯ⟧ľ →–‘žľ„ľ
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Ǽ〈〉ľ űľ 〉ľ ₫ľ 〉〉〉ǼƠ⟧ľ Ơľ ⟦ƠǫƠṛľ 〉ľ ⟧Ơ␣Ǽ〉ǫƠṛľ 〉ǼǼ〉Ơŋľ

〉〉ƯǫƠ⟧〉Ǽ〉ōľ �� ľ〉ľ�� ľṛľ Ơľ 〉⟧ǫǫǫ〈Ơ〈〉ľ 〉ľ 〉⟧〉Ơơǫ⟦ǫ〈Ơ〈〉ľ 〈ľ Ưŋľ
〉〉ƯǫƠ⟧〉Ǽ〉ōľ ��� ľ〉ľ ��� ľṛľ 〉Ǽ〉ľ 〈〉ľ –ľ 〈〉⟧ľ 〉ľ 〉〉〉ǼƠ⟧ľ Ơľ
〉⟧ǫǫǫ〈Ơ〈〉ľ〉⟦ǫƯƠľ〉ľ〉⟧〉Ơơǫ⟦ǫ〈Ơ〈〉ľ⟧Ơ␣ǼǫƯƠľ〈ľƯǫƠ⟦ōľŰľƠľ〉⟧ľ

〈Ơľ〉Ơṛľņ–ōŐŇľ〈〉Ư〉〉ľƠľ〉Ơľ〉⟦ǫƯƠľ〈ľ⟧Ơ〉ǫƠ⟦ľƠľ⟧ľƯƠ⟧ľ〉⟦ǫƯľ

〉〉〉ǼƠľľ〉␢〉ǫľ⟧Ơ␣Ǽ〉〉⟦ǫƯľ⟦ǫǼ〉Ơľ〉ľƯǼǫ〉ľǼƠľǫǼ〈ṛľ〈〉ľ⟦ƠǫƠṛľ

〉⟦ǫƯƠľľƯƠ⟧ľ⟧Ơ␣ǼǫƯľľ〈〉ľ⟧Ơ␣Ǽ〉ǫƠṛľľƯƠ⟧ľ〉⟦ǫƯŋľ〉Ǽ〈ľ���ľ
Ơľ ƯǼƠǼ〉ľ 〈〉ľ ƠƯ⟦Ơ⟧〉Ǽľ ⟧Ơ␣Ǽ〉〉⟦ǫƯōľ Űľ 〉␢〉ǫľ ⟧Ơ␣Ǽ〉〉⟦ǫƯľ 〈〉ľ

⟧Ơǫľ Ơ⟦Ơľ 〈〉⟧ľ ṛľ 〈〉Ưǫľ 〉⟦ľ 〉Ǽ〉ľ 〈〉ľ 〉Ư〉ǫƠľ 〈〉⟧ľ���� ľ〉ľ���� ōľ
ţ〉ǫƠǼ〈Ō〉ľ Ơľ 〉Ǽ〉␣ǫƠľ ⟦ǫ〉ľ 〈〉ľ ũ〉⟦⟧ľ 〉⟧ľ 〉⟦Ơṛľ Ơľ ƯƠ⟧ľ 〉⟦ǫƯľ 〉ľ

⟧Ơ␣ǼǫƯŋľ ơ⟧Ō〉ľ Ơľ⟦ƠǫƠṛľűľ 〉ľ Ơľ⟧Ơ␣Ǽ〉ǫƠṛľ₫ľƠľƠǫľ ṛľ 〈Ơ〈Ơŋľ

〉〉ƯǫƠ⟧〉Ǽ〉ŋľľľ →–‘ž„ľ

��	
�⃗ , 
��⃗ � = − ���
� = ��� + �����
� + ���
� + 12 ����
�
� + ����
�
� − ⋯ ľņ–ō–Ňľľľľľľľľľľ
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� + ����
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� + 12 ����
�
� − ⋯ ņ–ō—Ňľľľľľľľľľľ

 

‹ľ ǫǼ〉Ǽǫ〈Ơ〈〉ľ 〈Ơľ 〉Ơľ⟧Ơ␣Ǽ〉〉⟦ǫƯƠľ 〉⟧ľ ⟧ľƯǫƠ⟦ľ 〈〉ľ 〉ľ⟧〉ǼƠ〈Ơľ

ƠƠľ〈Ơľ〉⟦Ơṛ„ľ

 ���! < ������ 
 

ľņ–ōœŇľ

Ŷ⟧Ơľ ǫǼ〉ṛľ 〈Ơľ 〉Ơṛľ ņ–ōœŇľ Ǽľ 〉〉⟦Ơľ 〉ľ⟧Ơ〉ǫƠǫľ⟧⟦ǫ␢〉ǫƯľ

〉ľƠ〉〉ǼƠ⟧ľƯ〉ǫǼƯǫƠľ〈〉ľ␢〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ〉ľ␢〉⟧Ơ␣Ǽ〉ǫ⟧ľṛľƯǫľ

Ơľ〉〉⟧ľ␢〉ľƠƯ⟦Ơ⟧〉Ǽŋľǫľ〉ľ␣〉Ơ⟦⟧〉Ǽ〉ľ␢〉〉⟦ǫƯľ〉ľ␢〉⟧Ơ␣ǼǫƯľ

Ơ〉〉ǼƠ⟧ľ Ơ⟦Ơľ 〉⟧ǫǫǫ〈Ơ〈〉ľ 〉⟦ǫƯƠľ 〉ľ 〉⟧〉Ơơǫ⟦ǫ〈Ơ〈〉ľ ⟧Ơ␣ǼǫƯƠŋľ

〉〉ƯǫƠ⟧〉Ǽ〉ōľľ
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2.2 Mecanismos de Ferroeletricidade em Ferroelétricos Induzidos 

Magneticamente. 

€ľ〉ľ〈ǫľ〉〉ǫľľ⟦ƠǫƠṛľ␢〉〉⟦ǫƯƠľ〉⟧ľ␢〉〉⟦ǫƯľ ǫǼ〈ǫ〈ľ

⟧Ơ␣Ǽ〉ǫƯƠ⟧〉Ǽ〉ŋľ 〉Ơľ 〉ľ ǫ␣ǫǼƠľ Ơľ Ơǫľ 〈〉ľ ľ ǫǼƯǫƠǫľ ⟧〉ƯƠǼǫ⟧„ľ

⟧Ơ␣Ǽ〉ǫṛŋľ ⟧〉ƯƠǼǫ⟧ľ 〈〉ľ ␢⟦ľ 〈〉ľ ǫǼľ 〉ľ ⟧〉ƯƠǼǫ⟧ľ 〈〉ľ Ǫǫơǫ〈ǫƠṛľľľľľľľľ

〈Ōľ 〈〉〉Ǽ〈〉Ǽ〉ľ 〈〉ľ ǫǼľ →Őŋ–—ŋ–’žōľ※Ǽǫ〈〉〉⟧ľ ⟧ľ ǫ〉⟧Ơľ Ư⟧ľ 〈〉ľ 〈ǫľ

Ǽľ⟧Ơ␣ǼǫƯľ〉⟧ľľ〉ľŊ〉ľ ƯǼ〉ƯƠ〈ľľ⟧ľǼľ⟦ǫ␣ƠǼ〉ľ〉⟧ľľŊľ〉Ŏ–ŋľƯ⟧ľ

〈〉⟧ǼƠ〈ľ ǼƠľ ⁅ǫ␣Ơľ –Ō—Ơōľ ţ〉〉ľ ǫ〉⟧Ơŋľ ␣〉ľ ⟧Ơľ ⟦ƠǫƠṛľ 〉⟦ǫƯƠľ∆�$%&/!ŋľƠľƠ⟦ľľ〈Ơ〈Ơľ„ľ
ľ∆($%)* = �+�(-$ . -$%&)/ + ��0/ × (-$ × - $%&) + �2$3[(/. -$)-$ − (/. -$%&)-$%&]ľ†ľľľľņ–ō‘Ňľ

Ǽ〈〉ľľ-$ 〉ľ- $%&ľ〉〉〉ǼƠ⟧ľľ⟧⟧〉Ǽľ⟧Ơ␣ǼǫƯľ〈〉ľǫǼľǼľǫľľ〉ľŊ〉ŋľ
〉〉ƯǫƠ⟧〉Ǽ〉ŋľ〉ľ/ľľ⟧ľ〉ľǼǫǫľ〉ľƯǼ〉ƯƠľľ〈ǫľǫľľ〉ľŊ〉ľōľŰľ
ǫ⟧〉ǫľ〉⟧ŋľ〈Ơľ〉Ơṛľņ–ō‘Ňŋľ〉ľƠƯǫƠ〈ľľ⟧Ơ␣Ǽ〉ǫṛľľȳ〉ƯǪƠǼ␣〉ľ

ǫƯǫǼȱȱōľ€〉〉ľ⟧〉ƯƠǼǫ⟧ŋľƠľǫǼ〉Ơṛľǫ⟧ǫƯƠľ-$ . -$%&ľľǫǼ〈ľ⟧〈ƠǼƠľǼƠľ
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Figura 2-3. Polarização induzida magneticamente. a) Polarização ΔP induzida magneticamente por um sistema composto de dois íons magnéticos e um íon ligante. b) Desenho representando uma estrutura de ordem antiferromagnética tipo E e a polarização induzida ΔP devido ao termo de magnostrição  no RMnO3 com estrutura ortorrômbica Pbnm  [1]. 
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Figura 2-4. Ilustração das estruturas magnéticas espirais de um arranjo unidimensional de momentos magnéticos. Também são mostradas as direções das polarizações elétricas induzidas previstas pelo modelo corrente de spin para cada estrutura magnética. Nota-se que para as estruturas “proper-screw”(b) e cônico longitudinal (d)  a polarização não é prevista pelo modelo de corrente de spin.   
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ŭǫ※ΩŰœľ Űľņ⟧⟧⟧Ňľ ※–Ŋľ

Ŵ•ŐŎ–ľ
※ǫƯ⟦ǫ〈Ơ⟦ľ ≤–ŋœľ ∼œŏľ

※Űľ ₫ľņ–Ŏ⟧Ňľ ※–Ŋľ

Ŵ•ŐŎ–ľ
※ǫƯ⟦ǫ〈Ơ⟦ľŊľŵǫľ
ƠƠ␢ľņƯ〉Ňľ

–Ő–ľŌ–—ŏľ ∼Ő‘ŏľ
‹※Ű–ľņ‹•ľ‹␣ŋľ※Ňľ ℗ľņ3;⟧Ňľ

ņ〈〉⟦Ơ␢ǫƠŇľ
※—Ŋľ

Ŵ•—Ŏ–ľ
ŵǫľƠƠ␢ľ
ņƯ〉Ňľ

≤–œľ ∼Ő‘ŏľ
⁅〉ΩŰœľ ŵǫľņ1);;;ľ ⁅〉—Ŋľ

Ŵ•‘Ŏ–ľ
※ǫƯ⟦ǫ〈Ơ⟦ľ ≤Ő’ľ ∼ ŐŏƯľ

※※⟦–ľ ₫ľņ–Ŏ⟧Ňľ
ņ※〈Ū–ľ

〈ǫƯǫ〈Ňľ

※–Ŋľ

Ŵ•‘Ŏ–ľ
※ǫƯ⟦ǫ〈Ơ⟦ľ ≤–œľ ∼—ŏľ

Ŵ—※–⁅〉–œŰœŐľ ũľņ’Ŏ⟧⟧⟧Ňľ
ņǪ〉Ơ␢〉ǫƠŇľ

⁅〉—Ŋľ
Ŵ•‘Ŏ–ľ

※ǼǫƯƠľŌľŵľŊľƯǼǫƯƠŌ
ŭľ

≤œŏŏľ ∼—ŏƯľ
›Ơņ⁅〉ŋŴƯŋ₫␣Ň⁅〉Ő–Ű––ľ ℗ľņ3;⟧Ňľ

ņǪ〉Ơ␢〉ǫƠŇľ
⁅〉—Ŋľ
Ŵ•‘Ŏ–ľ

ŵǫľƠƠ␢ľ
ņƯ〉Ňľľ〉⟧ľ›•ŏľ
※ǼǫƯƠŌŵľƠƠľ›ŝŏŇľ

≤—ŏľ ∼–ŏľ
ƠľŵǫŋľǫƯ⟦ǼǫƯƠ†ľ₫ŋľ⟧ǼƯ⟦ǼǫƯƠ†ľŰŋľ⟧ơǫƯƠ†ľ℗ŋľ⟧ơ〈ǫƯƠ†ľũŋľǪ〉Ơ␣ǼƠ⟦†ľ※ŋľƯơǫƯƠōľơľ※ǼǫƯƠľȭľŭŋľƯǼǫƯƠľľ
⟦Ǽ␣ǫ〈ǫǼƠ⟦†ľ※ǼǫƯƠľȭľŵŋľƯǼǫƯƠľƠǼ〉Ơ⟦ōľƯľ‹⟧Ơľ⟦ǫƯǫƠ⟦ǫǼƠōľ
ľ

Tabela 2-1. Relação de compostos magnetoelétricos com suas respectivas estruturas espirais de spin  [1]. 
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Űľ 〉Ư〉ǫľ 〉⟧ľ 〈Ơľ 〉Ơṛľ ņ–ō‘Ňŋľ ƯǪƠ⟧Ơ〈ľ 〈〉ľ Ǫǫơǫ〈ǫƠṛľ 〈Ōľ

〈〉〉Ǽ〈〉Ǽ〉ľ〈〉ľǫǼŋľľƠǫơ〈ľľƠǫƠṛľ〈ƠľǪǫơǫ〈ǫƠṛľ〈Ōľ〈ľ⟧〉Ơ⟦Ō⟦ǫ␣ƠǼ〉ŋľ

⟧〉〈ǫƠ〈Ơľ 〉⟦Ơľ ǫǼ〉Ơṛľ ǫǼŌơǫƠōľ ※ǼƠǫƠ⟧〉Ǽ〉ľ Ơľ ⟧〉ƯƠǼǫ⟧ľ 〈〉ľ

⟧Ơ␣Ǽ〉ǫṛľ〉ľ〈〉ľƯ〉Ǽ〉ľ〈〉ľǫǼŋľƯ⚭Ơľ␢〉〉⟦〉ǫƯǫ〈Ơ〈〉ľľǫơǫ⟦ǫƠ〈Ơľ〉⟦Ơľ

ǫǼ〉Ơṛľ 〈〉ľ ǫǼľ ǫǫǼǪŋľ Ǽľ ⟧〉ƯƠǼǫ⟧ľ 〈〉ľ Ǫǫơǫ〈ǫƠṛľ 〈Ōľ Ơľ ǫǼ〈ṛľ 〈〉ľ

〈ǫ⟦ľ〉⟦ǫƯľ⟦ƯƠ⟦ľƯ〉ľƠľƠǫľ〈〉ľ⟧ľǼǫƯľǫǼľƠƯ⟦Ơ〈ľƠľ⟧ľǼľ⟦ǫ␣ƠǼ〉ōľ

⁄〉ľ⟧〉ƯƠǼǫ⟧ľƯǼǫ〉ľǼƠľ⟧〈⟦Ơṛľ〈Ơľ⟦ǫ␣Ơṛľ⟦Ơľ〉Ŏ–ŋľ〉ľƯǼ〉ƯƠľľǫǼľ

Ǽľǫľ ņľŊ〉ŇľƠľ ⟦ǫ␣ƠǼ〉ľǼľǫľ Ŋ〉Ŏ–ŋľ〉⟦ƠľƠǫƠṛľ〈ƠľǪǫơǫ〈ǫƠṛľ〈Ōľ

〈〉ǫ〈ľ ľ 〈ǫ〉ṛľ 〈ľ ⟧⟧〉Ǽľ 〈〉ľ ǫǼľ ǫƠľ ƠƯ⟦Ơ⟧〉Ǽľ ǫǼŌơǫƠōľ ※⟧ľ

ƯǼ〉ǼƯǫƠŋľ ⟧ľ 〈ǫ⟦ľ 〉⟦ǫƯľ ⟦ƯƠ⟦ľ ľ 〈ǫ〈ľ Ơľ ⟦Ǽ␣ľ 〈Ơľ 〈ǫ〉ṛľ 〈Ơľ

⟦ǫ␣Ơṛōľ №ƠǼ〈ľ Ơľ ⟧Ơľ 〈〉〉ľ 〈ǫ⟦ľ ⟦ƯƠǫľ Ơľ ⟦Ǽ␣ľ 〈〉ľ 〈Ơľ Ơľ 〉Ơľ

ƯǫƠ⟦ǫǼƠľ ľǼṛľǼ⟦Ơŋľ⟧Ơľ⟦ƠǫƠṛľ⟧ƠƯƯǫƯƠľ ľ ǫǼ〈ǫ〈Ơōľ Ūľ〉⟦ǫƯƠľľ

␢Ơľ〈〉〉ľ⟧〉ƯƠǼǫ⟧ľ〉ľ␢Ǽ〉ľ〈〉ľ␢〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ〉⟧ľƯǫƠǫľ〈〉ľơƠǫƠľǫ⟧〉ǫƠľ

〉ľƯ⟧ľ〈〉ǼƠ⟧〉Ǽľ〈〉ľǫǼľǼṛľƯ⟦ǫǼ〉Ơ〉ōľľľľ

Űľ⟧〉ƯƠǼǫ⟧ľ〈〉ľƯ〉Ǽ〉ľ〈〉ľǫǼľņľƠ⟦ľƯ〉Ǽ〈〉ľƠľ〉␣Ǽ〈ľ〉⟧ľ

〈Ơľ〉Ơṛľņ–ō‘ŇŇľ〈ľ⟧Ơľ⟦ƠǫƠṛľ␢ǫǼǫƠľ〉⟧ľǫ〉⟧ƠľƯ⟧ľ〈〉ǼƠ⟧〉Ǽľ

⟧Ơ␣ǼǫƯľ ƯǫƯ⟦ǫ〈Ơǫŋľ 〉Ǽ〉ƠǼľ 〉⟧ľ 〈〉ǼƠ⟧〉Ǽľ ⟧Ơ␣ǼǫƯľ ǫľ ȳ〉Ō

Ư〉ȴľ Ơľ ⟦ƠǫƠṛľ 〈Ơľ 〉〈〉ľ ľ ƠǼ⟦Ơ〈Ơōľţ〉ľ ␢⟧Ơľ ƯǼǫƠľ ľ ⟧〉ƯƠǼǫ⟧ľ 〈Ơľ

Ǫǫơǫ〈ǫƠṛľ 〈Ōľ ǫ⟧⟦ǫƯƠľ Ǽ⟧Ơľ ⟦ƠǫƠṛľ ␢ǫǼǫƠľ 〉⟧ľ Ơ⟦␣Ǽľ ƯǫƠǫľ Ư⟧ľ ⟧ľ

〈〉ǼƠ⟧〉Ǽľ ǫľ ȳ〉ŌƯ〉ȴľ 〉ľ 〉〉ľ 〉⟧ľ ơƠǫƠľ ǫ⟧〉ǫƠľ

ƯǫƠ⟦␣␢ǫƯƠŋľƠǫľƯ⟧ľǫƯ⟦ǼǫƯƠľ〉ľ⟧ǼƯ⟦ǼǫƯƠľ →——žōľ⁅〉〉⟦ǫƯľǫǼ〈ǫ〈ľ

⟧Ơ␣Ǽ〉ǫƯƠ⟧〉Ǽ〉ľ Ư⟧ľ 〉Ơľ 〈〉⟦Ơ␢ǫƠŋľ Ơǫľ Ư⟧ŋľ ※⁅〉Ű–ľ →—œŋ—‘žľ 〉ľ

※※Ű–ľ →—’ŋ—‚žŋľ〈〉⟧ľ〉ľơ〉⟧ľ〉⟦ǫƯƠ〈ľƠƠľ〈〉〉ľ⟧〉ƯƠǼǫ⟧ōľľ

※⟧ľ 〉⟧ŋľ ƠǼľ Ǽľ ⟧〉ƯƠǼǫ⟧ľ 〈〉ľ Ư〉Ǽ〉ľ 〈〉ľ ǫǼľ Ư⟧ľ ǼƠľ

Ǫǫơǫ〈ǫƠṛľ 〈Ōľ 〈〉〉Ǽ〈〉Ǽ〉ľ 〈〉ľ ǫǼŋľ Ơľ ⟦ƠǫƠṛľ 〉⟦ǫƯƠľ ľ ␢〉⟧〉Ǽ〉ľ

ƠƯ⟦Ơ〈Ơľ Ơľ 〈〉ǼƠ⟧〉Ǽľ⟧Ơ␣ǼǫƯľ 〉ǫƠǫľ Ǽṛľ Ư⟦ǫǼ〉Ơ〉ľ 〈〉ľ ǫǼŋľ 〈〉Ǽ〈ľ

〉ľ Ơľ ǫǼ〉Ǽǫ〈Ơ〈〉ľ 〉ľ 〉Ǽǫ〈ľ ⟧〈ǫ␢ǫƯƠ〈ľ Ư⟧ľ Ơľ ƠǫƠṛľ 〈〉ľ Ơǫľ 〉Ơľ
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⟧Ơ␣ǼǫƯƠōľ ⁄Ǽ〉ƠǼŋľ 〉〉ľ ƠƯ⟦Ơ⟧〉Ǽŋľ 〉ľ ƯƠƠƯ〉ǫƠľ ľ ␢〉〉⟦ǫƯľ

ǫǼ〈ǫ〈ľ⟧Ơ␣Ǽ〉ǫƯƠ⟧〉Ǽ〉ľ〉Ǽ〈〉ŋľ␣〉Ơ⟦⟧〉Ǽ〉ŋľƠľƯ〉ľ〉⟧ľ〉⟧〉ƠƠľ⟧ǫľ

ơƠǫƠľ ņ‡~40K) ņǫ〈〉ľ ŵƠơ〉⟦Ơľ –ŌŐŇŋľ ǪƠ⚭Ơľ ǫľ 〉ľ 〈〉ǼƠ⟧〉Ǽľ ⟧Ơ␣ǼǫƯľ
〉ǫƠǫŋľ ␢〉〉Ǽ〉⟧〉Ǽ〉ŋľ ṛľ ǫǼ〈ľ 〈Ơľ 〉ǫǼƯǫƠľ 〈〉ľ ǫǼ〉Ơ〉ľ ⟧Ơ␣ǼǫƯƠľ

Ư⟧〉ǫǫƠľ〉ľ〉〈〉⟧ľƠľ〉⟧〉ƠƠľ〈〉ľ〈〉ǼƠ⟧〉Ǽľ〈〉ľ⟧Ơľ␢Ơ〉ľƯ⟦ǫǼ〉Ơľ

→—“žōľ⁄〉ľ ␢Ơŋľ〉⟧ľ〉ľ⟧Ơ〈ľƯ⟧ľ⟧ľ〉ǼƠ〉ľƠƠľľľ〈〉ľ␢〉〉⟦ǫƯľ

ǫǼ〈ǫ〈ľ⟧Ơ␣Ǽ〉ǫƯƠ⟧〉Ǽ〉ľƠƠľľ〈〉〉Ǽ⟦ǫ⟧〉Ǽľ〈〉ľǼľ〈ǫǫǫŋľ〉Ǽ〈ľ

〉ľ Ơľ ơ〉Ǽṛľ 〈〉〉ľ 〉␢〉ǫľ Ơľ 〉⟧〉ƠƠľ Ơ⟧ơǫ〉Ǽ〉ľ 〉ľ Ơ〉〉ǼƠľ Ư⟧ľ ⟧ľ

〈〉Ơ␢ǫľ Ǽ〉〉ľ ƯƠ⟧ľ 〈〉ľ 〉ǫƠōľ ⁄Ǽ〉ƠǼľ 〉Ơľ 〉Ơ⟦ǫ〈Ơ〈〉ľ 〉ľ Ư⟧〉ƠǼ〈ľ Ơľ

⟧〈Ơŋľ ǫŋľ 〉Ư〉Ǽ〉⟧〉Ǽ〉ŋľ 〉⟧Ō〉ľ ǫ⟦⟧ơƠ〈ľ Ơľ ǫơǫ⟦ǫ〈Ơ〈〉ľ 〈〉ľ 〉ľ ơ〉ľ Ơľ

␢〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ ǫǼ〈ǫ〈Ơľ ľ 〉Ơľ ⟧Ơ␣ǼǫƯƠľ 〉ǫƠǫľ 〉⟧ľ ǫ〉⟧Ơľ 〈〉ľ

Ǫ〉Ơ␢〉ǫƠľǫľ←ľ〉⟧ľ〉⟧〉ƠƠľƠƯǫ⟧Ơľ〈ƠľƠ⟧ơǫ〉Ǽ〉ľ→Őžōľľ

ľ

2.3 Hexaferritas Magnetoelétricas 

Űľ〉⟧ľ␢〉ǫƠľľƠǫơ〈ľƠľǫ〈ľ⟧Ơ␣ǼǫƯľ〉ľƯǼ⟧ľ␢〉ľƯ⟧ľ

Ư⟧Ǽ〉Ǽ〉ľ⟧〉⟦ǫƯľ⟧Ơ⚭ǫǫŋľ〉ľƠơƠǼ␣〉ľ⟧ƠľǫǼ␢ǫǼǫ〈Ơ〈〉ľ〈〉ľ⟧Ơ〉ǫƠǫľƯ⟧ľ

ǫƠľ〉ƠŋľƯ⟧ľľ〉〉⟧⟦ŋľ〈ľǫľ〉ǫǼ〉⟦ľ〉ľ␣ƠǼƠ〈Ơōľţ〉Ǽ〉ľ〉Ơŋľľ

␣ľ 〈〉ľ ␢〉ǫƠľ Ư⟧ľ 〉Ơľ Ǫ〉Ơ␣ǼƠǫŋľ ƯǼǪ〉Ưǫ〈Ơľ ǼƠľ ⟦ǫ〉ƠƠľ ľ

Ǫ〉Ơ␢〉ǫƠŋľ ⟧ľ 〉ľ 〈〉ƠƯƠǼ〈ľ 〉⟧ľ Ơ⟦ǫƯƠ〉ľ ƠƠľ ⟧Ơ␣Ǽ〉ľ 〉⟧ƠǼ〉Ǽ〉ľ 〉ľ

〈ǫǫǫľ 〈〉ľ ⟧ǫƯŌǼ〈Ơľ →Őžōľ ŵƠǫľ 〉Ơľ Ǫ〉Ơ␢〉ǫƠŋľ 〉ľ ␢Ơ⟧ľ

〈〉Ươ〉Ơľ ǼƠľ 〈ƯƠ〈Ơľ 〈〉ľ Ő”‘ŏľ →—”žŋľ 〈〉⟧ľ 〉ľ 〈〉ƯǫƠľ Ư⟧ľ ⟧ľ

〉⟧ǫ⟦ǪƠ⟧〉Ǽľ 〈〉ľ ⟧Ơľ 〉ǼƯǫƠľ 〈〉ľ ľ ơ⟦Ưľ ơǫƯľ ǼƠľ 〈ǫ〉ṛľ →ŏŏŐž„ľ Ŵľ

ņ₫〉––Ŋ⁅〉œŰ“†ľơ⟦Ưľ〉ǫǼ⟦ǫƯŇŋľǼ〈〉ľ₫〉ľ〉〉〉ǼƠľ⟧ľǼľ〈ǫƠ⟦〉Ǽ〉ŋľƯ⟧ľ⁅〉–Ŋŋľ

₫␣–Ŋŋľ↑Ǽ–Ŋŋľ※–Ŋŋľ〉Ưōŋľ℗ľ→ņ›ƠŋŴŇ⁅〉’ŰŐŐž–Ōŋľ〉ľŵľ→ņ›ƠŋŴŇ–⁅〉“ŰŐœžōľ‹ľǪ〉Ơ␢〉ǫƠľ

ṛľ Ư⟦Ơǫ␢ǫƯƠ〈Ơľ〉⟧ľ 〉ǫľ ǫŋľ Ư⟧ľ⟧ƠľƠľŵƠơ〉⟦Ơľ–Ō–ŋľ〈〉〉Ǽ〈〉Ǽ〈ľ〈〉ľ Ơľ

␢⟧⟦Ơľ ⟧ǫƯƠľ 〉ľ 〈Ơľ 〉ǼƯǫƠľ 〈〉ľ 〉⟧ǫ⟦ǪƠ⟧〉Ǽŋľ ľ Ơǫľ ṛ„ľ ǫľ ₫ľ

→ņ›ƠŋŴŇ⁅〉Ő–ŰŐ”žŋľǫľ℧ľ→ņ›ƠŋŴŇ₫〉–⁅〉Ő’Ű–‚žŋľǫľŹľ→ņ›ƠŋŴŇ–₫〉–⁅〉–“Űœ’žŋľǫľ←ľ
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→ņ›ƠŋŴŇ–₫〉–⁅〉Ő–Ű––žŋľ ǫľ↑ľ→ņ›ƠŋŴŇ—₫〉–⁅〉–œŰœŐžŋľ〉ľǫľŶľ→ņ›ƠŋŴŇœ₫〉–⁅〉—’Ű’ŏžōľ

‹ľ〉ƠľƯǫƠ⟦ǫǼƠľ〈〉ľƯƠ〈Ơľ⟧Ơľ〈〉⟦Ơľľ⟧Ơ〈ƠľǼƠľ⁅ǫ␣Ơľ–Ō‘ōľľ

Tabela 2-2. Os seis principais tipos de hexaferritas. 

ľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ

                             

Tipo 

                                

Fórmula Química 

Sequência de 

Empilhamento 

Parâmetro 

de rede                      

c (Å) 

Grupo 

Espacial 

M (Ba,Sr)Fe12O19
 RSR*S* ~23 P63/mmc 

W (Ba,Sr)Me2Fe16O27
 RS2 R*S2* ~33 P63/mmc 

Y (Ba,Sr)2Me2Fe12O22
 TST‘S’T“S” ~43 R3;m 

Z (Ba,Sr)3Me2Fe24O41
 RSTSR*S*T*S* ~52 P63/mmc 

X (Ba,Sr)2Me2Fe28O46
 (RSR*S2*)3 ~84 R3;m 

U (Ba,Sr)4Me2Fe36O60
 (RSR*S*TS*)3 ~113 R3;m 
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Figura 2-5. Esquema das estruturas cristalinas das hexaferritas. A seção transversal (110) vistas de  (a) Tipo M (Ba,Sr)Fe12O19, (b)  Tipo W (Ba,Sr)Me2Fe16O27, (c) Tipo X (Ba,Sr)2Me2Fe28O46, (d) Tipo Y (Ba,Sr)2Me2Fe12O22, (e) Tipo Z (Ba,Sr)3Me2Fe24O41, e  (f) Tipo U (Ba,Sr)4Me2Fe36O60, sendo o eixo c vertical. Os angulos das ligações (Fe,Me) – O – (Fe,Me) estão envolvidos por elipses azuis, tais ângulos são fortemente afetados pela proporção de Ba em relação à Sr  [39]. 

ľ

Tipo M (P63/mmc) Tipo W (P63/mmc) Tipo X (R3;m) 

Tipo Y (R3;m) 

     Tipo Z (P63/mmc) 

        Tipo U (R3;m) 

a) b) 

d) 

c) 

e) 

f) 
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‹ľǪ〉Ơ␢〉ǫƠľ⟧ƠǫľƯǼǪ〉Ưǫ〈ƠľľƠľǫľ₫ŋľƯ⟧ľ␢⟧⟦Ơľ⟧ǫƯƠľ›Ơ⁅〉Ő–ŰŐ”ľŋľ

Ơ⟧ơ⟧ľƯǼǪ〉Ưǫ〈ƠľǼƠľ⟦ǫ〉ƠƠľƯ⟧ľ›Ơ₫ōľŴƠľ〉Ơľ〈〉ľ〉ľƯǼ〈ƠľƠľ

Ơǫľ 〈〉ľ ⟧Ơľ 〉ǼƯǫƠľ 〈〉ľ 〉⟧ǫ⟦ǪƠ⟧〉Ǽľ 〈〉ľ ơ⟦Ưľ ℗ľ 〉ľ Ŵŋľ 〈〉Ưǫľ ľ

℗Ŵ℗ňŴňŋľǼ〈〉ľľƠ〉ǫƯľǫǼ〈ǫƯƠľ〉ľľơ⟦ƯľƯ〉Ǽ〈〉Ǽ〉ľ␢〉ľ⟧ƠľƠṛľ

〈〉ľŐ“ŏľ〉⟧ľǼľ〈ľ〉ǫľƯľņǫ〈〉ľ⁅ǫ␣Ơľ–Ō‘ƠŇľľ →ŐŋœŏžōľŴƠľ〉ƠľƯǫƠ⟦ǫǼƠľ

〉〉ǼƯ〉ľƠľ␣ľ〉ƠƯǫƠ⟦ľ�6C/DDEľƯ⟧ľ’œľ⟧ľǼƠľƯ⟦⟦ƠľǼǫǫƠōľŰľǼľ
〈〉ľ⁅〉—ŊŋľƯ⟧ľľ⟧⟧〉Ǽľ⟧Ơ␣ǼǫƯľ〈〉ľǫǼľǫ␣Ơ⟦ľƠľ‘Ŏ–ŋľṛľľ〉Ǽ〉ǫľ〉⟦ľ

␢〉ǫ⟧Ơ␣Ǽ〉ǫ⟧ľ ǼƠľ ›Ơ₫ōľ ⁄〉ľ 〉ľ 〈ǫǫơ〉⟧ľ 〉⟧ľ ľ ǫľ ƯƠ〉〈Ơǫľ

〈ǫ␢〉〉Ǽ〉ŋľ 〉⟧ľ ⟧ľ 〉Ơ〉〈Ơ⟦ľ 〉ľ 〉⟧ľ ľ ǫƠ⟧ǫ〈Ơ⟦ľ ņǫ〈〉ľ ⁅ǫ␣Ơľ –Ō’Ňľ →œŏžōľŰľ

⟧⟧〉Ǽľ⟧Ơ␣ǼǫƯľ〉ṛľƠľ ⟦Ǽ␣ľ〈ľ〉ǫľƯŋľ 〉Ǽ〈ľƠľ›Ơ₫ľ⟧ƠľǪ〉Ơ␢〉ǫƠľ

ƠǫƠ⟦ōľ‹ľ›Ơ₫ľƠǫǼ〈Ơľǫľ⟧ƠľƠ⟦Ơľ〉⟧〉ƠƠľ〈〉ľ※ǫ〉ľņ‚–—ľŬŇľ→—”žľǼƠľƠ⟦ľ

ƠǼǫƠľ〈〉ľ⟧Ơľ〉Ơľ␢〉ǫ⟧Ơ␣ǼǫƯƠľƠƠľƠƠ⟧Ơ␣ǼǫƯƠōľţ〉ǫ〈ľƠľƠľƠ⟦Ơľ

Ư〉Ưǫǫ〈Ơ〈〉ľ Ơľ ›Ơ₫ľ ľ ơƠƠǼ〉ľ Ơ⟦ǫƯƠ〈Ơľ 〉⟧ľ ⟧ṛľ 〉⟧ƠǼ〉Ǽ〉ľ 〉〉〉ǼƠǼ〈ľ

Ư〉ƯƠľ〈〉ľ”ŏŃľ〈ľ⟧〉ƯƠ〈ŋľ〉ľƠľƠ⟦Ơľ〉ǫǫǫ〈Ơ〈〉ľ〉⟦ǫƯƠľƠľǼƠľƠ〈〉Ơ〈Ơľ〉⟧ľ

Ơ⟦ǫƯƠ〉ľ〈〉ľ〈ǫǫǫľ〈〉ľ⟧ǫƯŌǼ〈Ơľ→—”žōľ
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Figura 2-6. Estrutura cristalina da BaM.ľ

ľ

‹〉Ơľ〈〉ľ〉ľơƠƠǼ〉ľ〉〈Ơ〈ƠľǼƠľ⟦ǫ〉ƠƠŋľƠ⟦␣⟧Ơľ〉〉ľǼľ〉ľ

ƯǼƯ〉Ǽ〉ľ ľ ǫ〉〈Ơ〈〉ľ ⟧Ơ␣ǼǫƯƠľ 〈Ơľ ›Ơ₫ľ 〉⟧ƠǼ〉Ư〉⟧ľ 〉⟧ľ Ơơ〉ōľ Ŷ⟧Ơľ

〈〉⟦Ơľ〈ǫľ〉〉ǫľľ Ơľ Ơľǫ〉〈Ơ〈〉ľ⟧⟦ǫ␢〉ǫƯƠŋľ ␣〉ǫ〈ƠľľŵƠǼľ〉ľ

※Ǫ〉Ǽľ ľ →œŐžŋľ ⟧Ơľ 〉ľ 〉ľ 〉⟦〉ľ ⟧〉〈ǫƠ⟧ľ Ǫǫ〉〉〉ľ ⟧Ơ␣ǼǫƯƠľ 〉ľ ␢〉〉⟦ǫƯƠľ ľ

〉⟧〉ƠƠľ Ơ⟧ơǫ〉Ǽ〉ľ ǼƠľ ›Ơ₫ōľ ⁄ǼƠǼľ ℧ƠǼ␣ľ 〉ľ ŹǫƠǼ␣ľ →œ–žŋľ ƠƠľ 〈〉ľ

Ư⟦Ư⟦ľ 〈〉ľ ǫ⟧〉ǫľ ǫǼƯǫŋľ ␣〉ǫƠ⟧ľ Ơľ ›Ơ₫ŋľ Ư⟧ľ ⟧ľ Ǽľ ǫľ 〈〉ľ

⟧⟦ǫ␢〉ǫƯŋľ ƯƠƠƯ〉ǫƠ〈ľ 〉⟦Ơľ Ư〉ǫǼƯǫƠľ 〈〉ľ ƠǼǫ␢〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ 〉ľ

␢〉ǫ⟧Ơ␣Ǽ〉ǫ⟧ōľ €〉〉ľ ƯǼ〉ŋľ Ơľ 〉⟦Ưǫ〈Ơṛľ 〈Ơľ ǼƠ〉Ơľ ⟧ǫ␢〉ǫƯƠľ 〈ľ

›Ơ⁅〉Ő–ŰŐ”ľ ľ Ǽ〉Ư〉ǫƠōľŰƠľ 〉ṛľ ľ Ơľ 〉ǫǼƯǫƠľ 〈〉ľ ƠǼǫ〉ľ⟧Ơ␣ǼǫƯƠľ

Ơ〈ǫƯǫǼƠǫľǼƠľ␢Ơ〉ľ␢〉ǫ⟧Ơ␣ǼǫƯƠľ〈Ơľ›Ơ₫ōľ€␣〉Ǽľ〉ľƠ⟦ōľ →œ—žŋľƠƠľ〈〉ľ〉〈ľ

〈〉ľ 〉Ơ⟦ǪƠ⟧〉Ǽľ ℗Ơ⟧ƠǼľ 〉⟧ľ Ǽ〈Ơľ 〈〉ľ ǫǼŋľ ơ〉ƠƠ⟧ľ ƠǼ⟧Ơ⟦ǫƠľ ǼƠľ

␢〉ǼƯǫƠľ 〈ľ ⟧Ơ␣ǼǼľ ƠơƠǫľ 〈〉ľ –ŏŏľ Ŭľ 〉ľ “ŏľ Ŭōľ ※ơƠǼ〈ľ Ư⟧ľ 〉〉ľ

ƠơƠ⟦Ǫŋľ※Ǫ〉Ǽľ〉ľƠ⟦ōľ→œœžľơ〉ƠƠ⟧ľ⟧ľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼľƠơƠǫľ〈〉ľ“ŏľ
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Ŭōľ⁄⟧ľƠ⟧ơľľƠơƠ⟦ǪŋľľƠ〉ľ␣〉〉⟧ľƠǼǫ〉ľ〈〉ľ〈〉ǼƠ⟧〉Ǽľ〈〉ľ

ǫǼľƯ⟧ľǫ␣〉⟧ľ〈ƠľƠǼ⟧Ơ⟦ǫƠľơ〉Ơ〈Ơľ〉⟧ľǼľ〈Ơľ〉⟧〉ƠƠľ〈〉ľ–ŏŏľ

Ŭľ 〉ľ “ŏľŬōľ‹ľ Ư⟧Ơṛľ 〈Ơľ 〉ǫǼƯǫƠľ 〉ľ 〈Ơľ ǫ〈〉Ǽǫ␢ǫƯƠṛľ 〈〉ľ Ơǫľ ƠǼǫ〉ŋľ

ƠǫǼ〈Ơľ 〉⟧ƠǼ〉Ư〉⟧ľ 〉⟧ľ Ơơ〉ľ Ơľ ľ 〉〉Ǽ〉ľ⟧⟧〉Ǽŋľ 〉Ǽ〈ľ Ǽ〉Ư〉ǫƠľ ⟧Ơľ

ǫǼ〉ǫ␣Ơṛľ ľ⟧〉〈ǫ〈Ơľ 〈〉ľ 〈ǫ␢Ơṛľ 〈〉ľ ǼǼľ ľ ơƠǫƠľ 〉⟧〉ƠƠľ ƠƠľ

〉⟦〉ľ〉Ơľ〉ṛōľľľ

ľ€ľ 〉ľ 〈ǫľ 〉〉ǫľ ľ Ǫ〉Ơ␢〉ǫƠľ ǫľ ←ŋľ Ơľ 〉Ơľ ƯǫƠ⟦ǫǼƠľ ľ

ƯǼǫ〈Ơľľ⟧ľ〉⟧ǫ⟦ǪƠ⟧〉Ǽľ〈〉ľơ⟦ƯľŴľ〉ľŵŋľľƠǫľ〉ľƠ⟦〉ǼƠ⟧ľƠľ⟦Ǽ␣ľ

〈ľ〉ǫľƯŋľ〈〉ƯǫľľŵŴŵȰŴȱŵȳŴȴŋľ〉Ǽ〈ľ〉ľľƠ␢ľǫ␣Ǽǫ␢ǫƯƠľ〉ľľơ⟦Ưľ

Ư〉Ǽ〈〉Ǽ〉ľ ␢〉ľ ⟧Ơľ Ơṛľ 〈〉ľ Ő–ŏľ 〉⟧ľ Ǽľ 〈ľ 〉ǫľ Ǫ〉Ơ␣ǼƠ⟦ōľ ‹ľ

ƯƠƠƯ〉ǫƯƠľ〉Ơǫľ〈ƠľǪ〉Ơ␢〉ǫƠľǫľ←ľ ␢Ơ⟧ľ〈ǫƯǫ〈Ơľ〉⟦Ơľǫ⟧〉ǫƠľ

〉ľľŬǪǼľ〉ľ⁄Ư⚮Ơľ →œ‘žŋľľƠǫľƠǼƠ⟦ǫƠƠ⟧ľľƯ⟧ľ ľ›Ơ–₫〉–⁅〉Ő–Ű––ľ

ņ₫〉•ľ↑Ǽŋľ⁅〉ŋľ※ŋľ₫␣ŋľ₫ǼŇōľ⁄〉ľƯǼƯ⟦Ơ⟧ľ〉ľƠǫľƯ⟧ľ〉〉ǼƯ〉⟧ľƠľ

␣ľ〉ƠƯǫƠ⟦ľR3;mľƯ⟧ľľƠ⟧〉ľ〈〉ľ〉〈〉ľE ≈ 43,6 ÅŋľǫǼƯ⟦ǫǼ〈ľŐ“ľƯƠ⟧Ơ〈Ơľ
〈〉ľ ǫ␣Ǽǫŋľ 〈〉Ǽ〈ľ 〉Ơľ 〉ľ 〈ǫǫ〈ǫ〈Ơľ 〉⟧ľ ŏ—ľ Ơ〉ŋľ Ư⟧ľ ƯƠ〈Ơľ Ơ〉ľ 〉Ǽ〈ľ

␢⟧Ơ〈Ơľľ〉ǫľƯƠ⟧Ơ〈Ơľ〈〉ľǫ␣ǼǫľņŰœľŌľŰœľŌľŰœľŌľ›ƠŰ—ľŌľ›ƠŰ—ľŌľŰœŇōľ

※⟧ľ⚭ľ〈ǫŋľƠľǪ〉Ơ␢〉ǫƠľǫľ←ľľƯǼǫ〈Ơľľơ⟦ƯľŴľ〉ľŵōľŰľơ⟦Ưľ

Ŵŋľ ľ Ơ⟦ľ ľ ľ ơ⟦Ưľ 〉ǫǼ⟦ǫŋľ ľ Ư⟧ľ ľ ⟧Ơľ〈⟦Ơľ ƯƠ⟧Ơ〈Ơľ 〈〉ľ ǫ␣Ǽǫľ

ņŰœŌŰœŇľƯ⟧ľƯ⟧ǫṛľ₫〉–⁅〉œŰ“ōľ€〉〉ľǪľ〈ǫľ〉Ơ〉〈ľ〉ľƠľƯƠ〉〈ŋľ

ǼľƠǫľ〉ǫ〉⟧ľǫǼ〉Ưǫľ〉Ǽ〉ľƠľƯƠ⟧Ơ〈Ơľ〈〉ľǫ␣ǼǫŋľǼ〈〉ľ〉ľ〉ǼƯǼƠ⟧ľ

ľ ⟧ľ ⟧〉⟦ǫƯōľ ※⟧ľ 〉⟦Ơṛľ Ơľ ơ⟦Ưľ ŵŋľ 〉〉ľ ľ ␢⟧Ơ〈ľ ľ Ơľ

ƯƠ⟧Ơ〈Ơľ 〈〉ľ ǫ␣Ǽǫľ ņŰœľ Ōľ ›ƠŰ—ľ Ōľ ›ƠŰ—ľ ŌŰœŇľ Ư⟧ľ Ư⟧ǫṛľ ›Ơ–⁅〉“ŰŐœōľ ‹ľ

Ư⟧ǫṛľ⟧ǫƯƠľ〉ľƠľ〉ƠľǫǼ〉ǼƠľ〈ľơ⟦ƯľŴľ〉ľŵľṛľǫǼ〈〉〉Ǽ〈〉Ǽ〉ľ〈Ơľ

〉〉ǫ⟧〉ǫƠľ 〈〉ľ ⟧ľ Ư⟧ľ ǫǼ〈ǫǫ〈Ơ⟦ŋľ ľ 〉ľ ␢Ơľ Ư⟧ľ 〉ľ 〉⟦〉ľ 〉⚭Ơ⟧ľ

ƯǼǫ〈〉Ơ〈ľ Ư⟧ľ Ǽǫ〈Ơ〈〉ľ ␣ǫ〈Ơľ →œ’žōľ €ľ 〉ľ ƠǼ␣〉ľ Ơľ ǫ〉〈Ơ〈〉ľ

⟧Ơ␣ǼǫƯƠŋľ〉⟧ľŐ”‘‚ŋľ⁄ō℧ōľ⁆〉ľ →œ‚žľ␣〉ǫľƠľ〉ǫǼƯǫƠľ〈〉ľ⟧ľ〈〉ǼƠ⟧〉Ǽľ

␢〉ǫ⟧Ơ␣ǼǫƯľ Ư⟦ǫǼ〉Ơľ 〈〉ľ ǫǼōľ ₫Ơǫľ Ơ〈〉ŋľ 〉⟧ľ Ő”“’ŋľ ₫⟧ƠƠľ 〉ľ Ơ⟦ľ →œ“žľľ
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⟧ƠƠ⟧ľ〉ľƠľ 〉Ơľ⟧Ơ␣ǼǫƯƠľ〈ľ›Ơ–₫␣–⁅〉Ő–Ű––ľľľǪ〉⟦ǫƯǫ〈Ơ⟦ľƠơƠǫľ 〈〉ľ

Ő”‘ľŬľľƠľƯƠ⟧ľ⟧Ơ␣ǼǫƯľǼ⟦ľƯ⟧ľ〉ľ〈〉ľƠ␣Ơṛľ⚮ŏľľ →ŏŏŐžľ〉ľƯ⟦ǫǼ〉Ơľ

ƠƠľƠ⟦Ơľ〉⟧〉ƠƠōľ

ŵƠǼǫ␣ƯǪǫľ〉ľƠ⟦ōľ→—žŋľ〉⟧ľ–ŏŏ“ŋľ␣〉ǫƠ⟧ľ⟧ľƯƠ〉ľ⟧Ơ␣Ǽ〉〉⟦ǫƯľƠƠľľľ

›Ơ–₫␣–⁅〉Ő–Ű––ŋľ ǫŋľ ƠƠľ 〈〉ľ 〉ľ 〉〈ŋľ ƯǼƯ⟦Ơ⟧ľ 〉ľ Ơľ 〉〉ṛľ 〈Ơľ

⟧Ơ␣Ǽ〉ǫƠṛľ Ư⟧ľ ľ ľ 〈〉ľ ƯƠ⟧ľ⟧Ơ␣ǼǫƯľ ␢ƠƯľ∼ľ ŏŋŏ–ŵľ ǫ⟧⟦ǫƯƠľ Ǽ⟧Ơľ
ƯǼƯ⟧ǫƠǼ〉ľ 〉〉ṛľ 〈Ơľ ⟦ƠǫƠṛľ ␢〉〉⟦ǫƯƠōľŰľ Ơ〉ľ ƠǫơƠ⟧ľ 〉〉ľ

〉␢〉ǫľ Ơľ ƠƯ⟦Ơ⟧〉Ǽľ 〉Ǽ〉ľ Ơľ Ơ〉〈〉ľ 〈〉ľ 〈⟧Ǽǫľ ␢〉ǫ⟧Ơ␣ǼǫƯƠľ 〉ľ

␢〉〉⟦ǫƯƠōľ₫Ơǫľ〉Ư〉Ǽ〉⟧〉Ǽ〉ŋľ〉⟧ľ–ŏŐŏŋľŪǪǫƠƠľ〉ľƠ⟦ľ→œ”žŋľƠƠľ〈〉ľ〉〈ľ

〈〉ľ 〈ǫ␢Ơṛľ 〈〉ľ ǼǼŋľ ƯǼƯ⟦Ơ⟧ľ 〉ľ 〉ǫ〉ľ ⟧ľ 〉Ơ〈ľ 〈〉ǼƠ〈ľ 〈〉ľ ǫǼľ

ƯǼǫƯľ ⟦Ǽ␣ǫ〈ǫǼƠ⟦ľ ƠơƠǫľ 〈〉ľ ‘ŏľŬľƠƠľ ľ›Ơ–₫␣–⁅〉Ő–Ű––ľ ō Ŭǫ〈Ơľ 〉ľ Ơ⟦ōľ →‘ŏžŋľ Ơľ

Ơǫľ 〈〉ľ 〉〉ƯƯǫƠľ 〈〉ľ 〉ƠǪ〉ľ Ǽľ 〈⟧Ǽǫľ 〈ľ 〉⟧ŋľ ơ〉ƠƠ⟧ľ ľ

ƠƠ〉Ưǫ⟧〉Ǽľ〈〉ľ〉⟦〉Ư⟧Ơ␣ǼǼľǼƠľ␢Ơ〉ľ〈〉ľǫǼľƯǼǫƯƠŋľ〉Ǽ〈ľ〉ľ〉ƠľƠǫŌ

ƠƯ⟦Ơľ Ǽṛľ ␢Ơ⟧ľ ơ〉Ơ〈Ơľ ǼƠľ ␢Ơ〉ľ Ǫ〉⟦ǫƯǫ〈Ơǫľ 〉ľ ␢〉ǫ⟧Ơ␣ǼǫƯƠōľ ⁄〉ľ

Ơ〉ľơ〉ƠƠ⟧ľƠǫǼ〈Ơľ⟧Ơľ〈〉〉Ǽ〈ǼƯǫƠľ〈ƠľǫǼ〉Ǽǫ〈Ơ〈〉ľ〈ľ〉⟦〉Ư⟧Ơ␣ǼǼľ

〉⟧ľ 〉⟦Ơṛľ Ơľ Ǽ␣⟦ľ 〈ľ ƯǼ〉ľ 〈〉ľ ǫǼŋľ ľ Ơǫľ ƠǫƠƠ⟧ľ 〈〉ľ ƠƯ〈ľ Ư⟧ľ ľ

ƯƠ⟧ľ ⟧Ơ␣ǼǫƯľ 〉〉Ǽľ Ơ⟦ǫƯƠ〈ōľ ※ơƠǼ〈ľ Ư⟧ľ 〉〉ľ 〉⟦Ơ〈ŋľ ŵƠľ

€Ơ⚮Ơ⚭ǫ⟧Ơľ 〉ľ Ơ⟦ľ →‘Őžŋľ Ơ⟧ơ⟧ľ ơ〉ƠƠ⟧ľ 〉⟦〉Ư⟧Ơ␣ǼǼľ Ǽľ ›Ơ–₫␣–⁅〉Ő–Ű––ŋľ

〉Ǽ〈ľ〉〉ľ〉Ǽ〉ǫľľ⟧Ơľ⟦ƠǫƠṛľ〉⟦ǫƯƠľƯǫ⟦ƠǼ〉ľƠƠ⟦〉⟦ƠľƠľ〉ǫľ

Ưōľ‹ľǫ␣〉⟧ľ〈ľ〉⟦〉Ư⟧Ơ␣ǼǼľ␢ǫľ〉⟦ǫƯƠ〈ľ〉⟦ľƠ〉ľƯ⟧ľľľ〈ľ⟧〈〉⟦ľ

〈〉ľ⟧Ơ␣Ǽ〉ǫṛōľľľ

※⟧ľ〉⟦Ơṛľ ľǫ〉〈Ơ〈〉ľ ǫơƠƯǫǼƠǫŋľ 〉⟧ľ–ŏŐŐŋľŬ⟧ƠǼ〈ǫǼľ 〉ľ Ơ⟦ľ →œ’žľ

ƠƠľ 〈〉ľ ⟧〉〈ǫ〈Ơľ 〈〉ľ 〉␢⟦〉ƯǼƯǫƠľ 〉ľ ƠǼ⟧ǫǼƯǫƠľ 〈〉ľ Ū℗ľ Ǽľ ›Ơ–₫␣–⁅〉Ő–Ű––ľ

〈〉〉ƯƠƠ⟧ľǼƠľ⟦ǫǼǪƠľ〈〉ľƠơṛľƠơƠǫľ〈〉ľŐ”‘ľŬľ〉ľ‘ŏľŬŋľ␣〉ǫǼ〈ľ〉ľƠǫľ

⟦ǫǼǪƠľ ṛľ 〈〉ǫ〈ľ ľ 〉ƯǫƠ〉ľ ⟧Ơ␣ǼǫƯƠōľ ‹ǫǼ〈Ơľ 〉⟧ľ –ŏŐŐŋľ ※Ơľ 〉ľ Ơ⟦ľ →‘–žľ
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ṛľƠƯǫƠ〈ľƠľ⟧〉⟧ľǫľ〈〉ľƠ〈〉ľ〈〉ľƯƠ␣Ơōľ⁄⟧ľ–ŏŐ–ŋľŬǫ⟧ƠŋľǼ⟧ľ

Ơǫ␣ľ〈〉ľ〉ǫṛľǼľƠ⟦ľƠơ〈ƠľƠľ⟧Ơ␣Ǽ〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ〉⟧ľǪ〉Ơ␢〉ǫƠŋľ␣〉〉ľ

〉ľƠľ⟧Ơ␣Ǽ〉〉⟦〉ǫƯǫ〈Ơ〈〉ľǼľ›Ơ–₫〉–⁅〉Ő–Ű––ľ〉ľƠ〉⟦Ơ〈ƠľƠľ〉ǫǼƯǫƠľ〈〉ľľ

〈ǫľơ⟦Ưŋľŭľ〉ľŴŋľľƠǫľṛľ〈ǫ␢〉〉Ǽ〉ľ〈ľơ⟦ƯľŴľ〉ľŵľ⚭ľ⟧〉ǼƯǫǼƠ〈ōľ※⟧ľ

ƠľǫǼ〈ṛľ〈〉〉ľǼľơ⟦Ưľľ⟧Ơ〉ǫƠ⟦ľƠƠľƠľ〉ľ〉ǼƯƠƠ〈ľƯ⟧ľ␢⟧Ơ〈ľ

ľ ⟧Ơľ 〉〉ǼƯǫƠľ 〈〉ľ ơ⟦Ưľŭľ 〉ľŴľ Ơľ ⟦Ǽ␣ľ 〈ľ 〉ǫľ Ǫ〉Ơ␣ǼƠ⟦ľ ƯōľŰľơ⟦Ưľŭľ

ǫľ␣ƠǼ〈〉ľ⟧⟧〉Ǽľ〈〉ľǫǼľņμŭŇŋľ〉ǼƠǼľľŴľǫľ〉〉Ǽľ⟧⟧〉Ǽľ

〈〉ľ ǫǼľ ņμŇľ ņǫ〈〉ľ⁅ǫ␣Ơľ –Ō‚Ňōľ※⟧ľ Ơľ 〈〉␢ǫǼǫṛľ 〈〉ľ⟧Ơǫľ 〉〉ľ ơ⟦Ưŋľ 〈〉Ō〉ľ

〉Ǽ〉Ǽ〈〉ľƠľ〉Ơľ〈ƠľǪ〉Ơ␢〉ǫƠľǫľ←ľƯ⟧ľ⟧ľ〉⟧ǫ⟦ǪƠ⟧〉Ǽľ〈〉ľơ⟦Ưľŭľ

〉ľŴľ〉ľ〉ľƠ⟦〉ǼƠ⟧ľƠľ⟦Ǽ␣ľ〈ľ〉ǫľǪ〉Ơ␣ǼƠ⟦ľƯōľ€ľǫǼ〉ǫľ〈〉〉ľơ⟦Ưľľ

⟧⟧〉Ǽľ ⟧Ơ␣ǼǫƯľ 〈ľ ⁅〉ľ 〉ǼƯǼƠ⟧Ō〉ľ Ǽľ ⟦ƠǼľ Ơơľ 〉Ǽ〈ľ Ư⟦ǫǼ〉Ơ〉ľ 〉ľ

␢⟧ƠǼ〈ľ⟧Ơľ〉Ơľ␢〉ǫ⟧Ơ␣ǼǫƯƠōľľ
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Figura 2-7. Estrutura magnética proposta para o Ba2Mg2Fe12O22. (a) Estrutura Cristalina do Ba2Mg2Fe12O22. A estrutura magnética consiste de um empilhamento de blocos L (marrom) e blocos S (verde) tendo momentos magnéticos grandes e curtos, respectivamente.(b) Estrutura Ferrimagnética Colinear (195<T<553 K). (c) Estrutura magnética de spin (representados por setas) “proper-screw” (50<T<195 K), (d) Estrutura cônica longitudinal (T<50 K) e (e) Estrutura cônica oblíqua, a qual aparece com a aplicação de um campo magnético de magnitude 30 mT. 

ľ

‹ľ ⟧Ơ␣Ǽ〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ ␢ǫľ ǫ⟧〉ǫľ ơ〉Ơ〈Ơľ ǼƠľ Ǫ〉Ơ␢〉ǫƠľľľľľľľľľľľľľľľľľľľľľ
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⟧Ơľ ǫǼ〈ṛľ 〈〉ľ ⟦ƠǫƠṛľ 〉⟦ǫƯƠľ ƠƠľ 〈〉ľ ⟧ľ ƯƠ⟧ľ ⟧Ơ␣ǼǫƯľ ›ľ

〉〉Ǽ〈ǫƯ⟦ƠľƠľ〉ǫľƯľơ〉⟧ľƯ⟧ľľƯǼ⟦〉ľ〈〉Ơľ⟦ƠǫƠṛľľ〉〉ľƯƠ⟧ľ

〉⟧ľ 〉⟧〉ƠƠľ Ơľ ŐŐŏľ Ŭľ ņǫ〈〉ľ ⁅ǫ␣Ơľ –Ō“ľ 〉ľ ⁅ǫ␣Ơľ –Ō”Ňōľ Űľ Ơ〉ľ

ƠƯǫƠƠ⟧ľ 〉Ơľ ⟧Ơ␣Ǽ〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ ľ 〉Ơľ Ǫ〉⟦ǫƯǫ〈Ơ⟦ľ 〈Ơľ ũ〉Ơ␢〉ǫƠŋľ

⟧ƠǼ〈ľ 〉ľ ľ 〈〉ǼƠ⟧〉Ǽľ 〈〉ľ ǫǼŋľ ƠǼ〈ľ ơ⟧〉ǫ〈ľ Ơľ ƯƠ⟧ľ

⟧Ơ␣ǼǫƯŋľ〈〉ľǫƯǫƠľľ ␢〉Ǽ⟧〉Ǽľ⟧Ơ␣Ǽ〉〉⟦ǫƯōľľ‹ľ〉ƠľǪ〉⟦ǫƯǫ〈Ơ⟦ľ

〈〉Ơľũ〉Ơ␢〉ǫƠľǫ␣ǫǼƠŌ〉ľƠǼ〈ľ〉ľơǫǫľ›ƠľľŴľ ľ→‘œžōľŪľ〉ľ〉⟦ǫƯƠľ

〈〉ǫ〈ľƠľ␢Ơľ〈〉ľǼƠľ〉Ơľľ›Ơľ〉ǼƯǼƠŌ〉ľơ〉⟧ľǫ⟧ľ〈ľǼľ⁅〉ņœŇľ〉ľ

⁅〉ņ‘Ňŋľ 〉Ǽ〈ľ Ơǫ⟧ľƠľ ơǫǫṛľ ƯƠľ⟧ƠľƠǫƠṛľ ǼľǼ␣⟦ľ〈Ơľ ⟦ǫ␣Ơṛľ

   (a)    (b)    (c)    (d) (e) 
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⁅〉ņœŇŌŰņ–ŇŌ⁅〉ņ‘Ňľ ņǼ〈〉ľľǼ⟧〉ľ〉Ǽ〉ľƠǼ〉〉ľ ǫǼ〈ǫƯƠ⟧ľƠľƯƠ⟧Ơ〈ƠľƠľƠ⟦ľ
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ơ〉⟧ľƯ⟧ľǫǼ〈ľ⟧Ơľ⟦ƠǫƠṛľ〉⟦ǫƯƠľ→‘—žōľ

ľ

 

Figura 2-8.  P de  Ba0,5Sr1,5Zn2Fe12O22 como função de B em  várias  temperaturas  [53]ō 
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Figura 2-9. Dependência de P com ângulo de rotação θ  para B=1T. O esquema da configuração experimental é mostrado na inserção  [53]. 
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ƠǼǫƠľƠƠľƠľ␢Ơ〉ľƠƠ⟧Ơ␣ǼǫƯƠōľ€Ơľ␢Ơ〉ľ␢〉ǫ⟧Ơ␣ǼǫƯƠľľƯ⟧ľƠ〉〉ǼƠľ

〈ǫ␢〉〉Ǽ〉ľľ〉Ơľ〈〉ľǫǼ„ľ〈〉ľŏľŬľƠľ‘ŏľŬľƠľ〉ƠľľƯǼǫƯƠľ⟦Ǽ␣ǫ〈ǫǼƠ⟦ŋľ

〉ǼƠǼľ〉ľ〈〉ľ‘ŏľŬľƠľŐ”‘ľŬŋľƠľ〉Ơľľ〉ŌƯ〉ľ→œ”žōľŴ〉ľƠ⟧〉ľ

〈〉ľ 〉〈〉ľ Ơŋľ ơľ 〉ľ Ưľ ⟧〉〈〉⟧ľ ‘ŋ““ľ ŋľ ‘ŋŏ”ľ ľ 〉ľ œ—ŋ‘ŏŐľ ŋľ 〉〉ƯǫƠ⟧〉Ǽ〉. ‹ľ

⟧Ơ␣Ǽ〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ Ǽ〉〉ľ Ư⟧ľ ␢ǫľ ǫ⟧〉ǫľ 〈〉Ươ〉Ơľ ľ ŵƠǼǫ␣ƯǪǫľ 〉ľ

Ơ⟦ōľ →—žŋľ 〉⟧ľ –ŏŏ“ŋľ 〉ľ ␣〉ǫƠ⟧ľ ⟧ľ ƯƠ〉ľ ⟧Ơ␣Ǽ〉〉⟦ǫƯľ ƠƠľ ľľ

›Ơ–₫␣–⁅〉Ő–Ű––ŋľ ǫľ 〉〉〉Ơ⟧ľ ľ Ơľ ⟦ƠǫƠṛľ ␢〉〉⟦ǫƯƠľ Ư⟧ľ Ơľ 〉〉ṛľ 〈Ơľ

⟧Ơ␣Ǽ〉ǫƠṛľƯ⟧ľľľ〈〉ľƯƠ⟧ľ⟧Ơ␣ǼǫƯľ␢ƠƯľ∼ľŏŋŏ–ŵōľ⁄⟦〉ľ␣〉ǫƠ⟧ľ
⟧ľƠƯ⟦Ơ⟧〉Ǽľ〉Ǽ〉ľ〈⟧Ǽǫľ␢〉〉⟦ǫƯľ〉ľ ␢〉ǫ⟧Ơ␣ǼǫƯľƠƠľ〉⟦ǫƯƠľľ

␢〉Ǽ⟧〉Ǽōľľ

‹ǫ⟧ľ Ư⟧ľ ŵƠǼǫ␣ƯǪǫŋľ ŪǪǫƠƠľ 〉ľ Ơ⟦ōľ →œžľ ⟧ƠƠ⟧ľ ľ 〉␢〉ǫľ 〈Ơľ

⟧Ơ␣Ǽ〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ ƠƠľ ľ ›Ơ–₫␣–⁅〉Ő–Ű––ŋľ Ơľ ƯǼ〉␣ǫ〉⟧ľ ƯǼ⟦Ơľ Ơľ
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⟦ƠǫƠṛľ 〉⟦ǫƯƠľ ľ ⟧〉ǫľ 〈〉ľ ⟧ľ ␢ƠƯľ ƯƠ⟧ľ 〉⟦ǫƯľ ›ľ ņ〈〉〉ǼƠľ 〈〉ľ

⟧ǫ⟦ǫ〉⟦ƠŇľǼƠľ〉⟧〉ƠƠľ〈〉ľ‘ľŬōľľ‹ľ⟦ƠǫƠṛľűľ⟧Ō〉ľ〉〉Ǽ〈ǫƯ⟦ƠľƠľ

〉ľ 〈〉ľ Ơ␣Ơṛľ №ľ 〉ľ Ơľ ƯƠ⟧ľ ›ōľ ⁄⟦〉ľ ␣〉ǫƠ⟧ľ ⟧Ơľ 〉Ơľ

⟦Ǽ␣ǫ〈ǫǼƠ⟦ľ ƯǼǫƯƠľ 〉ľ ľ ⟧〈〉⟦ľ Ư〉Ǽ〉ľ 〈〉ľ ǫǼľ ƠƠľ 〉⟦ǫƯƠľ Ơ⟦ľ ␢〉Ǽ⟧〉Ǽōľ

⁄Ǽ〉ƠǼŋľ ľ Ơơǫ〈ľ 〈Ơľ ⟦ǫ〉ƠƠľ 〉ľ Ǽ〉⟧ľ Ơľ 〉Ơľ ⟦Ǽ␣ǫ〈ǫǼƠ⟦ľ ƯǼǫƯƠľ 〉ľ

Ǽ〉⟧ľ Ơľ 〉ŌƯ〉ľ 〈〉ľ ǫǼ〈ǫľ ␢〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ ƠƠľ 〈Ơľ Ư〉Ǽ〉ľ 〈〉ľ

ǫǼľ →—ŏžōľ Ūľ 〉ľ 〉⟦ǫƯƠľ 〉⟦ľ ␢Ơľ 〈Ơľ ⟦ƠǫƠṛľ űľ ǫǼ〈ǫ〈Ơŋľ Ǽľ ⟧〈〉⟦ľ 〈〉ľ

Ư〉Ǽ〉ľ 〈〉ľ ǫǼľ 〉ľ 〈Ơ〈Ơľ ľ(~H6 x -�  x -�  /|6 |   ņǼ〈〉ľ ‹ľ ľ ⟧Ơľ 〉ƯƠ⟦Ơľ

〈〉〉⟧ǫǼƠ〈Ơľ〉⟦ƠľľǫǼ〉Ơṛľ〈〉ľƯƠľ〉ľƠľǫǼ〉ƠṛľǫǼŌơǫƠŋľŴǫľľ〉ľŴ⚭ľľṛľǫǼľ

Ơ〈⚭ƠƯ〉Ǽ〉ľ〉ľ№ľľľľ〉ľ〈〉ľƠ␣ƠṛŇľ〉ľǼ〉Ơľ〉Ơľľ-�  x -�  ‖ľ№ōľ
ŵ〈ƠǫƠľ Ǽľ ƯƠľ 〈ľ›Ơ–₫␣–⁅〉Ő–Ű––ŋľ 〉ľ ǫľ ⟧Ơľ 〉Ơľ⟧Ơ␣ǼǫƯƠľ

⟦Ǽ␣ǫ〈ǫǼƠ⟦ľ ƯǼǫƯƠľ ƠƠľ ŵ‡‘ŏľ Ŭľ 〉ľ 〉ŌƯ〉ľ 〈〉ľ ‘ŏľ Ŭ‡ŵ‡Ő”‘ľ Ŭľ →œ”žŋľ Ơľ

Ơ⟦ǫƯƠṛľ〈〉ľ⟧ľƯƠ⟧ľ⟧Ơ␣ǼǫƯľ〉〉Ǽľ›ľ〈〉ǫƠľľ〉ǫľ〈〉ľƠṛľ〈ľƯǼ〉ľ

〈Ơľ 〈ǫ〉ṛľ 〈〉ľ№ľ ǫơǫ⟦ǫƠǼ〈ľ Ơǫ⟧ľ Ơľ ǫǼ〈ṛľ 〈Ơľ ⟦ƠǫƠṛľ 〉⟦ǫƯƠľ ơ〉⟧ľ

Ư⟧ľľ〉ľƯǼ⟦〉ľ〉⟦ľƯƠ⟧ľ⟧Ơ␣ǼǫƯŋľ〉Ǽ〈ľ〉Ơľ〉〉Ǽ〈ǫƯ⟦ƠľƠǼľƠľ›ľ

ƠǼľ Ơľ№ōľ €〉〉ľ⟧Ơ〉ǫƠ⟦ŋľ Ơľ ⟦ƠǫƠṛľ ǫǼ〈ǫ〈Ơľ⟧Ơ␣Ǽ〉ǫƯƠ⟧〉Ǽ〉ľ 〈〉ľ 〉ľ

ơǫ〈Ơľ Ư⟧ľ ơƠǫľ ƯƠ⟧ľ ⟧Ơ␣ǼǫƯľ ņ~10 mT Ňľ →œžōľ ⁄Ǽ〉ƠǼŋľ ƯǼ⟧ľ
〉Ơ⟦Ơľ〉ľ 〉〉ľ 〉␢〉ǫľ⟧Ơ␣Ǽ〉〉⟦ǫƯľǼƠľǪ〉Ơ␢〉ǫƠľ ǫľ←ľ ⟧〉Ǽ〉ľ〈〉ľ

〉ľ ơ〉Ơ〈ľ 〉⟧ľ 〉⟧〉ƠƠľ 〈〉ľ Ơľ~110 K ŋľ ⟧〉⟧ľ 〉Ơľ 〉Ǽ〈ľ Ơľ Ơľ
〉⟧〉ƠƠľ〈〉ľ〈〉ǼƠ⟧〉Ǽľ⟧Ơ␣ǼǫƯľƠƯǫ⟧Ơľ〈Ơľ〉⟧〉ƠƠľƠ⟧ơǫ〉Ǽ〉ľ→Őžōľ‹ľ

Ơṛľ 〈ǫľ ľ 〉ľ 〉Ơľ Ǫ〉Ơ␢〉ǫƠľ Ǽṛľ ľ ␢ǫƯǫ〉Ǽ〉⟧〉Ǽ〉ľ ǫ⟦ƠǼ〉ľ ƠƠľ⟧ƠǼ〉ľ

⟧Ơľ⟦ƠǫƠṛľ〉⟦ǫƯƠľ⟧ƠƯƯǫƯƠľƠƯǫ⟧Ơľ〈〉ľŐ—ŏľŬōľŪľ〈〉ľ〉ľ␢ƠƯǫ⟦⟧〉Ǽ〉ľ

Ư⟧Ơ〈ľ 〉ľ ƠǼƠ⟦ǫƠ⟧ľ ľ 〉〉Ưľ 〈Ơľ ƯǼƠǼ〉ľ 〈ǫ〉⟦ǫƯƠľ 〉ľ 〈Ơľ 〉〈Ơľ

〈ǫ〉⟦ǫƯƠľ 〉⟧ľ ␢Ǽṛľ 〈Ơľ 〉⟧〉ƠƠŋľ ƠƠľ ľ ›Ơŏŋ‘ŴŐŋ‘↑Ǽ–⁅〉Ő–Ű––ŋľ Ǽľ Ơǫľ

〉⟧ľ 〉ľ 〉Ơľ Ư〉Ư〉⟧ľ ǫ␣Ǽǫ␢ǫƯƠǫƠ⟧〉Ǽ〉ľ Ư⟧ľ ľ Ơ⟧〉Ǽľ 〈Ơľ 〉⟧〉ƠƠľ

ņǫ〈〉ľ ⁅ǫ␣Ơľ –ŌŐŏŇōľ ţǫƠǼ〉ľ 〈ǫŋľ 〉Ư〉ơ〉Ō〉ľ 〉ľ Ơľ ơ〉Ơṛľ 〈Ơľ
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⟧Ơ␣Ǽ〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ 〈Ơľ Ǫ〉Ơ␢〉ǫƠľ ǫľ ←ľ ľ 〉⟧〉ƠƠľ Ơ⟧ơǫ〉Ǽ〉ľ 〉ľ

Ơ〉⟦Ơ〈ƠľƠľ⟧〉⟦ǪƠľ〈〉ľƠľ〉ǫǫǫ〈Ơ〈〉ľ〉⟦ǫƯƠōľ

 

Figura 2-10. Dependência da constante dielétrica relativa (a) e da tangente de perda dielétrica (b) com o campo magnético para várias temperaturas do monocristal Ba0.5Sr1.5 Zn2Fe12O22  [1]. 
  

ľ

ľ

ľ
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  Capítulo 3

Metodologia 
 

€〉〉ľ ƯƠ⟦ľ 〈ǫƯǫ⟧ľ Ơľ Ǽ〉〉ľ 〈Ơľ Ơ⟧Ơľ ǫǼ〉ǫ␣Ơ〈Ơľ Ǽ〉〉ľ

ƠơƠ⟦Ǫŋľ Ơľ Ơǫľ ␢Ơ⟧ľ ǫǼ〉ǫƠ〈Ơľ ľ Ǽ〉〉ľ 〈〉ľ 〉Ơṛľ 〈〉ľ 〉Ơ〈ľ ⟦ǫ〈ōľ

ŵƠ⟧ơ⟧ľ ṛľ 〈ǫƯǫ〈Ơľ Ơľ ⟧ǼƠ␣〉Ǽľ 〉〉ǫ⟧〉ǼƠǫľ ƠƠ„ľ Ơľ ⟧〉〈ǫ〈Ơľ 〈〉ľ

〈ǫ␢Ơṛľ 〉ľ ‹ơṛľ 〈〉ľ Ơǫľ Źŋľ ŹűŴŋľ ℗〉␢⟦〉ƯǼƯǫƠľ Ǽľ ŪǼ␢Ơ〉⟧〉⟦Ǫŋľ

⁄〉ƯƯǫƠľ℗Ơ⟧ƠǼŋľ₫Ơ␣Ǽ〉⟧〉ǫƠľ〉ľ₫〉〈ǫ〈Ơľ〉⟦ǫƯƠōľ

3.1 Síntese das amostrasľ

‹ľƠ⟧Ơľ›Ơ–₫〉–⁅〉Ő–Ű––ľņ₫〉•↑Ǽ–Ŋľ〉ľ※–ŊŇŋľ›Ơ–₫␣–⁅〉Ő–Ű––ľ 〉ľ›Ơ⁅〉Ő–ŰŐ”ľ

␢Ơ⟧ľơǫ〈Ơľǫ⟦ǫƠǼ〈ľ⟧ǫƠľ〉〉ǫ⟧ǫƯƠľ〈ľǫ〈ľ〈〉ľƠǫ〈Ơ„ľ›ƠŰŋľ

⁅〉–Ű—ľ 〉ľ ₫␣Űľ ƠƠľ ľ ›Ơ–₫␣–⁅〉Ő–Ű––†ľ ›Ơ※Ű—ŋľ ⁅〉–Ű—ľ 〉ľ ※ņ↑ǼŇŰľ ƠƠľ ľ

›Ơ–※ņ↑ǼŇ–⁅〉Ő–Ű––ľ〉ľ›Ơ※Ű—ľ〉ľ⁅〉–Ű—ľƠƠľľ›Ơ⁅〉Ő–ŰŐ”Ňōľŵ〈ľ〈Ơľ⟧ƠƯƠľŴŪ⁆₫‹Ō

‹ŭţ℗Ū※ũľ 〉ľ Ư⟧ľ 〉Ơľ 〉ǫľ Ơľ ””Ńōľ ⁅Ơ⟧ľ ǫ⟦ǫƠ〈Ơľ Ơľ 〉〉ƯǫƠľ

〉Ơ〉„ľ

ľľľľľľľľľľľľľľľľ 3 2 3 2 2 12 22 22 2 6 2BaCO MeO Fe O Ba Me Fe O CO    ľ ľ

2 3 2 2 12 222 2 6BaO MgO Fe O Ba Mg Fe O   ľ

3 2 3 12 19 26BaCO Fe O BaFe O CO   ľ

ŰľƯ〉〈ǫ⟧〉ǼľơǫƯľƯǼǫǫľ〉⟧ŋľǫ⟧〉ǫƠ⟧〉Ǽ〉ŋľ〉Ơľľǫ〈ľ〈〉ľƠǫ〈Ơľ

〈〉ľ ƠƯ〈ľ Ư⟧ľ Ơľ 〉〉ǫ⟧〉ǫƠľ Ơ〈〉Ơ〈Ơľ ƠƠľ ơ〉Ǽṛľ 〈Ơľ ␢Ơ〉ľ 〉〉Ǽ〈ǫ〈Ơōľ

‹ľ〉〉ľƯ〉〈ǫ⟧〉Ǽŋľ〉〉ľ␢Ơ⟧ľ⟧ƠƯ〉Ơ〈ľ〉⟧ľƠ⟦⟧␢Ơǫľ〈〉ľ␣ƠƠľľŐǪľ〉ľ

〉Ǽ〉ǫƠ〈ōľ ⁄〉ľ Ư〉ľ 〉〉ľ ľ ǫǼǫľ 〈〉ľ 〈ǫľ ⟧Ơľ ⟧〉⟦Ǫľ

Ǫ⟧␣〉Ǽ〉ǫƠṛľ〈ľ〉Ơ␣〉Ǽ〉ľ〈〉ľƠǫ〈Ơōľ⁄⟧ľ〉␣ǫ〈Ơľľľ⟧〈ľ␢ǫľƯ⟦ƯƠ〈ľ

〉⟧ľ ǼƠƯ⟦Ơľ 〈〉ľ Ơ⟦⟧ǫǼƠľ 〉ľ ƠƠ〈Ơľ 〉⟧ǫƯƠ⟧〉Ǽ〉ōľ ‹ľ Ơľ 〈〉ľ ƠƠ⟧〉Ǽľ

⟧ǫƯľ 〉ľ 〈ǫƠ⟧ľ ľ ⟧〉⟦Ǫ〉ľ 〉⟦Ơ〈ľ 〈〉ľ Ǽ〉〉ľ ƠƠ⟦ǫƠ〈ľ ľ
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〈ǫ␢Ơ␣Ơ⟧Ơľ 〈〉ľ Ơǫľ Źľ ṛľ 〈〉ƯǫƠľ ƠơƠǫōľ ※⟧ľ 〈〉⟧ľ 〉ľ 〉Ơľ ṛľ

〈ǫ␢〉〉Ǽ〉ľƠƠľƯƠ〈ƠľƠ⟧Ơōľľ

űƠƠľ ľ ›Ơ–₫␣–⁅〉Ő–Ű––ľ ␢Ơ⟧ľ ␢〉ǫľ ŏ‚ľ ƠƠ⟧〉Ǽľ ⟧ǫƯľ 〈Ơľ 〉␣ǫǼ〉ľ

␢⟧Ơ„ľ Őľ ƠƠ⟧〉Ǽľ ⟧ǫƯľ Ơľ ”ŏŏľ ※ŋľ 〈ľ –ľ Ơľ ‘ľ Ơľ ŐŐŏŏľ ※ľ 〉ŋľ

ơ〉〉Ǽ〉⟧〉Ǽ〉ŋľ’ľ〉ľ‚ľƠƠ⟧〉Ǽľ⟧ǫƯľƠľŐ–ŏŏ※ōľűƠƠľƠǼŋľǫ⟦ǫŌ

〉ľ⟧ƠľƠƠľ〈〉ľƠ〉Ưǫ⟧〉Ǽľ〈〉ľ—ľ※Ŏ⟧ǫǼŋľ⟧ľƠƠ⟧Ơľ〈〉ľŐ’Ǫľ〉ľ⟧Ơľ〉ǫľ

ƠƠľ 〈〉ľ 〉␢ǫƠ⟧〉Ǽľ 〈〉ľ –ľ ※Ŏ⟧ǫǼľ Ơľ Ơľ 〉⟧〉ƠƠľ Ơ⟧ơǫ〉Ǽ〉ōľ űƠƠľ ľ

›Ơ–※–⁅〉Ő–Ű––ŋľ ›Ơ⁅〉Ő–ŰŐ”ľľ 〉ľ›Ơ–↑Ǽ–⁅〉Ő–Ű––ľ ľ␢ǫľ 〉Ơ⟦ǫƠ〈Ơľ Ơ〉ǼƠľ ⟧ľ ƠƠ⟧〉Ǽľ

⟧ǫƯľ〈〉ľŐŐŏŏľ※ŎŐ’ǪŋľŐ–ŏŏľ※ŎœǪľľ〉ľŐ–ŏŏ※ľľ“Ǫŋľ〉〉ƯǫƠ⟧〉Ǽ〉ōľ№ƠǼľ

Ơľ›Ơ–ņ₫␣ŐŌ※Ň–⁅〉Ő–Ű––ľ␢Ơ⟧ľǫǼ〉ǫƠ〈ƠľŏœľƠ⟧ƠľƯǼǫ〈〉ƠǼ〈ľľƠ⟦〉ľ

•ŏŋ–†ľŏŋœ†ľŏŋ’ľ〉ľŏŋ“†ľ〉Ǽ〈ľľƠľƯǼƯ〉ǼƠṛľ〈〉ľƯơƠ⟦ľǼƠľƠ⟧ƠōľűƠƠľ〉Ơľ

␢Ơ⟧ľ␢〉ǫľŏ’ľƠƠ⟧〉Ǽľ⟧ǫƯľ〈〉ľŐŐŏŏľ※ŎŐ’Ǫōľ‹ľ⁅ǫ␣Ơľ—ŌŐľ⟧Ơľ⟧ľ

〈ǫƠ␣Ơ⟧Ơľ 〉ľ 〈〉Ư〉〉ľ Ơľ Ǽ〉〉ľ 〈ľ Ư⟧ľ›Ơ–₫〉–⁅〉Ő–Ű–ľņ₫〉ľ •ľ₫␣ŋľ ※ľ 〉ľ

↑ǼŇōľ
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Figura 3-1. Fluxograma do processo de reação de estado sólido do composto Ba2Me2Fe12O22. (Me=Mg,Co e Zn). 
 

3.2 Caracterização estrutural por Difração de Raios X 

‹ľƯƠƠƯ〉ǫƠṛľ〈ƠľƠ⟧Ơľ␢ǫľ〉Ơ⟦ǫƠ〈ƠŋľƠƠľ〈〉ľ⟧〉〈ǫ〈Ơľ〈〉ľ〈ǫ␢Ơṛľ

〈〉ľƠǫľŹľ〉⟧ľ⟧ľ〈ǫ␢Ơ⟧〉ľ〈〉ľƠǫľŹľ⟧ƠƯƠľ›⚮〉ľ⟧〈〉⟦ľţ“ľ‹〈ƠǼƯ〉̃ľ

〉⟧ľ⟧ǼƯ⟧Ơ〈ľ 〈〉ľ ␢〉ǫ〉ľ 〈ǫ␢ƠƠ〈ŋľ Ư⟧ľ Ơ〈ǫƠṛľ※ŌŬαľ ņœŏľ ⚮Ωŋľ œŏľ⟧‹Ňŋľ

〈〉〉Ưľ⟦ǫǼ〉Ơŋľ␢〉Ǽ〈Ơľ〈〉ľŏŋ’ľ⟧⟧ľ〉ľ〉␣ǫľ〈〉ľǫǼǼ〉ľƠƠľƠǫƠṛľ〈〉ľ〉␢〉ǫľ

ḧǫ〈ľ〈〉ľƠǫ〈Ơ„ľ›ƠŰŋľ›Ơ※Ű–ŋľņ※ŋľ₫␣ŋ↑ǼŇŰľ〉ľ

⁅〉–Ű—ľ

ű〉Ơ␣〉⟧ľ〈ľ℗〉Ơ␣〉Ǽ〉ľ

₫Ơ␣〉⟧ľ⟧ƠǼƠ⟦ľľŐǪľ〉⟧ľƠ⟦⟧␢Ơǫľ〈〉ľ␣ƠƠľ

ű〉Ǽ〉ǫƠ⟧〉Ǽľ〈Ơľ⟧ǫƠľƯ⟧ľľǫǼǫľ〈〉ľ〉␢ǫǼƠľ

ľ␣ṛľ

ŵƠƠ⟧〉Ǽľ⟧ǫƯ„ľƠƠľ〈〉ľƠ〉Ưǫ⟧〉ǼľƠľ

—※Ŏ⟧ǫǼľ〉ľ〉␢ǫƠ⟧〉ǼľƠľ–※Ŏ⟧ǫǼľ

ľľľľľľľľľľľľľľľľľľľľľľľľľľľľţ℗Źľ
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〈〉ľ ǫ〉ǼƠṛľ 〉␢〉〉ǼƯǫƠ⟦ōľ ŵƠǫľ ⟧〉〈ǫ〈Ơľ ǫ〉Ơ⟧ľ ľ ơ⚭〉ǫľ 〈〉ľ Ư⟧Ơľ Ơľ

␢⟧Ơṛľ 〉ľ Ơľ 〉Ơľ 〈Ơľ Ơ⟧Ơľ ǫǼ〉ǫƠ〈Ơľ 〉Ǽ〈ľ 〉ľ ľ 〉⟦Ơ〈ľ 〉ṛľ

〈ǫƯǫ〈ľ Ǽľ ƯƠ⟦ľ œōľ ŵ〈Ơľ Ơľ ⟧〉〈ǫ〈Ơľ ␢Ơ⟧ľ ␢〉ǫƠľ ľ 〉⟧〉ƠƠľ

Ơ⟧ơǫ〉Ǽ〉ŋľ Ư⟧ľ Ơľ ƠǼ␣⟦Ơľ ņ–θŇľ 〈〉ľ ŏŋŏ–ŋľ ǫǼ〉Ơ⟦ľ 〈〉ľ ⟧〉〈ǫ〈Ơľ 〈〉ľ Ő‘ľ Ơľ

“ŏŋŏŏ—œľ〉ľ〉⟧ľ〉␢〉ǫľƠ⟦ľ〉ľŐ’’—ľōľŰľ〉␢ǫǼƠ⟧〉Ǽľ〈Ơľ⟧〉⟧Ơľ␢Ơ⟧ľ␢〉ǫƠľ

ǫ⟦ǫƠǼ〈ľ ľ ⟧〈ľ ℗ǫ〉〉⟦〈ľ Ư⟧ľ ľ ␣Ơ⟧Ơľ ⁆Ŵ‹Ŵľ Ư⟧ľ ␢Ǽṛľ 〈〉ľ 〉␢ǫ⟦ľ

ŵǪ⟧ǼŌ※ŌũƠǫǼ␣ľ〉〈ŌΩǫ␣ľ Ư⟧ľ‹ǫ⟧〉ǫƠľ‹ǫƠ⟦ľ ņ⁅Ǽṛľ—ŇōľŶ⟧Ơľ

ƯǫǼƠľ〈〉Ưǫṛľ〈ľ⟧〈ľ℗ǫ〉〉⟦〈ľ〉ǼƯǼƠŌ〉ľǼľƠǼ〈ǫƯ〉ľţōľľ

№ƠǼľ ľ ⟧〉〈ǫ〈Ơľ 〈〉ľ ţ℗Źľ Ư⟧ľ 〉⟧〉ƠƠľ ǼƠľ ₫␣–←ŋľ 〉Ơľ ␢Ơ⟧ľ

〉Ơ⟦ǫƠ〈ƠľǼƠľŶǼǫ〉ǫ〈Ơ〈〉ľ⁅〉〈〉Ơ⟦ľ〈ľ※〉ƠľņŶ⁅※ŇľǼľǫǼ〉Ơ⟦ľ〈〉ľ—ŏŏľƠľ’–—ľ

Ŭōľ űƠƠľ ƠǼľ ǫ⟦ǫŌ〉ľ ⟧ľ Ư⟧ƠƠľ 〈〉ľ 〉⟧〉ƠƠľ ‹ǼǼľ űƠƠľ ŵŵŬŌœ‘ŏŋľ

〉Ǽ〈ľƠľƠ⟧Ơľ⟧〉〈ǫ〈ƠľǼ⟧ľǫǼ〉Ơ⟦ľƠǼ␣⟦Ơľ〈〉ľ‘ľƠľ‘‘ľƯ⟧ľƠľ〈〉ľŏŋŏŐľ〉ľ

Ư⟧ľŐľľ〈〉ľƠƯ⟧⟦Ơṛōľ

 

3.3 Caracterização vibracional à temperatura ambiente 

‹Ǽ〉ľ 〈Ơľ 〉Ơ⟦ǫƠṛľ 〈〉ľ ⟧〉〈ǫ〈Ơľ 〈〉ľ 〉␢⟦〉ƯǼƯǫƠľ 〉ľ 〈〉ľ 〉〉ƯƯǫƠľ

℗Ơ⟧ƠǼľ ␢ǫľ Ǽ〉Ư〉ǫľ Ơľ ƯǼ␢〉Ưṛľ 〈〉ľ Ơǫ⟦ǪƠľ Ư〉⟧ǫƯƠľ 〈〉ǼƠľ 〈Ơľ Ơ⟧Ơľ

ǫǼ〉ǫƠ〈Ơōľ ⁄〉ľ Ư〉ľ ƯǼǫǫľ 〉⟧ľ⟧ǫƠľ ľ ľ Ư⟧ľ ⟧Ơľ ⟦ṛľ 〈〉ľ

űΩ‹ľ ņ⟦ǫǫǼǫ⟦ľ ⟦Ư⟦Ňŋľ 〉Ǽ〈ľ Ơľ ⟧ƠƠľ 〈Ơľ ⟦ṛŋľ Ư〉Ǽ〈〉Ǽ〈ľ Ơľ

Ơǫ⟧Ơ〈Ơ⟧〉Ǽ〉ľ ‘Ńľ 〈Ơľ ⟧ƠƠľ 〈ľ ľ Ư〉⟧ǫƯōľ Ŵơ〉〉Ǽ〉⟧〉Ǽ〉ŋľ ľ ľ

␢Ơ⟧ľ 〉ǼƠ〈ľ ľ ǼǫƠǫƠ⟦⟧〉Ǽ〉ľ 〉⟧ľ 〈ǫƯľ 〈〉ľ Ő—ľ ⟧⟧ľ Ơľ ’ŵ␢ľ ƠƠŋľ ⟦␣ľ 〉⟧ľ

〉␣ǫ〈ƠŋľƠľƠǫ⟦ǪƠľ␢⟧Ơ〈Ơľ〉〉⟧ľƠƠ〈Ơľ〉⟧ǫƯƠ⟧〉Ǽ〉ľƠľŐ–ŏŏľ※ŎŐ’Ǫōľľľ

ľ
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3.3.1  Espectroscopia no Infravermelho por Reflectância 

Especular  

‹ľ ⟧〉〈ǫ〈Ơľ 〈ľ 〉〉Ưľ 〈〉ľ ǫǼ␢Ơ〉⟧〉⟦Ǫľ ␢Ơ⟧ľ 〉Ơ⟦ǫƠ〈Ơŋľ ľ

〉⟧〉ƠƠľ Ơ⟧ơǫ〉Ǽ〉ŋľ 〉⟧ľ Ư⟦ƠơƠṛľ Ư⟧ľ ľ ␣ľ 〈〉ľ ŵƠǼǫ〉ľ 〈〉ľ ⁅Ơ〉ľ

⟦ǫ〈〉Ơ〈ľ 〉⟦ľ ű␢ōľ ţōľ ℗ơ〉ľ ₫〉ǫƠľ ǼƠľ ŶǼǫ〉ǫ〈Ơ〈〉ľ ⁅〉〈〉Ơ⟦ľ 〈〉ľ ₫ǫǼƠľ

⁆〉Ơǫŋľ〉⟧ľ⟧ľ〉〉Ư⟧〉ľ€ǫƯ⟦〉ľ⁅ŵŪ℗ľ⟧〈〉⟦ľ€〉ľœ‚ŏľƠƯ⟦Ơ〈ľƠľ⟧ľ

⟧ǫƯƯǫľ※〉ǼƠľ Ư⟧ľ Ơ⟧〉Ǽľ 〈〉ľ ŐŏŹōľűƠƠľ Ơľ 〉␣ǫṛľ 〈ľ ǫǼ␢Ơ〉⟧〉⟦Ǫľ

〈ǫƠǼ〉ľ ņŐŏŏŌ‘ŏŏľ Ư⟧ŌŐŇľ ␢Ơ⟧ľ Ơ〈„ľ ⟧Ơľ ⟦⟧Ơ〈ƠŌƠƯľ 〈〉ľ ⟧〉Ưǫŋľ ⟧ľ

〈ǫǫľ 〈〉ľ ␢〉ǫ〉ľ ₫⟦Ơľ ũ〉⟦ǫ〉̃ľ ņ›⟧〉⟧ŋľ №〉ơ〉Ưŋľ ※ƠǼƠ〈ƠŇľ 〉ľ ⟧ľ

ơ⟦⟧〉ľ〈〉ľŴǫľ〉␢ǫƠ〈ľƠľǪ⟦ǫľ⟦ǫ〈ōľŰľ〉〉Ưľ␢Ơ⟧ľƯ⟦〉Ơ〈ľƠǼ〈Ō〉ľ

’œľ ƠƯ⟧⟦Ơ〉ľ 〉ľ 〉⟦ṛľ 〉〉ƯƠ⟦ľ ⟧〉Ǽľ 〉ľ œľ Ư⟧ŌŐōľ №ƠǼľ ľ 〉␣ǫṛľ 〈ľ

ǫǼ␢Ơ〉⟧〉⟦Ǫľ ⟧〈ǫľ ņ‘ŏŏŌœŏŏŏľ Ư⟧ŌŐŇŋľ ľ 〉〉Ưľ ␢ǫľ Ư⟦〉Ơ〈ľ ƠǼ〈Ō〉„ľ ⟧Ơľ

⟦⟧Ơ〈ƠľǫǼƯƠǼ〈〉Ư〉Ǽ〉ľ〉⟧ľơƠƠľ〈〉ľŴǫ※ľƯ⟧ľ␢Ǽ〉ľ〈〉ľ〉ƯǫƠṛŋľ⟧ľ〈ǫǫľ〈〉ľ

␢〉ǫ〉ľ〈〉ľŬ›ľƯơ〉ľƯ⟧ľ⁆〉ľ〉ľ⟧ľ〈〉〉Ưľ〈〉ľũ␣※〈ŵ〉ľ〉␢ǫƠ〈ľƠľǼǫ␣Ǽǫľ

⟦ǫ〈ōľľ

         
Figura 3-2. Espectrômetro Nicolet FTIR modelo Nexus 470.ľ
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3.3.2 Espectroscopia Raman 

‹ľ ⟧〉〈ǫ〈Ơľ 〈〉ľ ⁄〉ƯƯǫƠľ ℗Ơ⟧ƠǼľ ľ 〉⟧〉ƠƠľ Ơ⟧ơǫ〉Ǽ〉ľ ␢Ơ⟧ľ

〉Ơ⟦ǫƠ〈Ơľ Ǽ⟧ľ 〉〉Ư⟧〉ľ ⟧〈〉⟦ľ ũǫơƠľ ǫũ℗‘‘ŏľ ƠƯ⟦Ơ〈ľ Ơľ ⟧ľ

⟧ǫƯƯǫľŰ⟦⟧ľ⟧〈〉⟦ľľ›ŹœŐľ〉ǫƠ〈ľƯ⟧ľ⟧Ơľ⟦〉Ǽ〉ľơ⚭〉ǫƠľľŐŏŏľōľ‹ľ

⟦ǫǼǪƠľ〈〉ľ⟧ľ⟦Ơ〉ľ〈〉ľ〈ǫ〈ľ〈〉ľ’—–ľǼ⟧ľľ〉ƠǼ〈ľƠľŐ‚ľ⟧℧ľ␢ǫľƠ〈ƠľƠƠľ〉ƯǫƠľ

ľǫǼƠ⟦ľ℗Ơ⟧ƠǼŋľľƠ⟦ľ␢ǫľƯ⟦〉Ơ〈ľľ⟧ľ〈〉〉Ưľ※※ţľ〉␢ǫƠ〈ľľ〉⟦ǫ〉ōľ‹ľ

〉⟦ṛľ〉〉ƯƠ⟦ľ␢ǫľ⟧ƠǼǫ〈Ơľ⟧〉Ǽľ〉ľ–ľƯ⟧ŌŐľƠǼ〈ľ⟧Ơľ␣Ơ〈〉ľ〈〉ľ〈ǫ␢Ơṛľ

〈〉ľ Ő“ŏŏľ ƠǼǪƠŎ⟧⟧ľ 〉ľ 〈ƠǼ〉ľ Ơľ ⟧〉〈ǫ〈Ơľ Ơľ ␢〉Ǽ〈Ơľ 〈〉ľ 〉ǼƠ〈Ơľ 〈ľ ⟦Ơ〉ľ ␢ǫľ

⟧ƠǼǫ〈ƠľƠľ—ŏŏľμ⟧ōľ

‹ľ⟧〉〈ǫ〈ƠľǼľ〉␣ǫ⟧〉ľ〈〉ľƠ⟦Ơľ〉⟧〉ƠƠľ␢Ơ⟧ľ␢〉ǫƠľƯ⟧ľľƠ⟦ǫľ〈〉ľ

⟧ľ␢Ǽľ⟧〈〉⟦ľŵŴľŐ–ŏŏľ〈ƠľŭŪŬ‹₫ľǼľǫǼ〉Ơ⟦ľ〈〉ľ–”‘ľŬľƠľ‚“ŏľŬľƠƠľƠľ

›Ơ₫ŋľ〈〉ľ–”‘ľŬľƠľľ‘”—ľŬľƠƠľƠľ₫␣–←ľ〉ľ〈〉ľ–”‘ľŬľƠľœ—“ľŬľƠƠľƠľ↑Ǽ–←ōľ№ƠǼľ

ľ⟧〉〈ǫ〈Ơľ Ǽľ 〉␣ǫ⟧〉ľ 〈〉ľ ơƠǫƠľ 〉⟧〉ƠƠŋľ 〉Ơľ ␢Ơ⟧ľ 〉Ơ⟦ǫƠ〈Ơľ ľ ⟧ľ

ƯǫƠľ〈〉ľƯǫƯ⟦ľ␢〉ƯǪƠ〈ľ〈〉ľǪ⟦ǫŋľ⟧〈〉⟦ľ₫Ō––ľ〈Ơľ※ŵŪŌ※␣〉ǼǫƯľǼľǫǼ〉Ơ⟦ľ

〈〉ľ–”‘ľŬľƠľ”Ŭōľŵ〉ǼƠ⟧ľƠǫǼ〈Ơľ〉Ơ⟦ǫƠľ⟧〉〈ǫ〈Ơľ〈〉ľ⁄〉ƯƯǫƠľ℗Ơ⟧ƠǼľƯ⟧ľ

〉⟧〉ƠƠľ ǼƠľ ※–←ľ 〉ľ ǼƠľ ǫ〉ľ ›Ơ–ņ₫␣ŐŌ※Ň–⁅〉Ő–Ű––ľ Ư⟧ľ 〉⟧〉ƠƠŋľ

〉Ǽ〉ƠǼľ Ǽṛľ ␢ǫľ 〉⟦ľ 〈〉ǫ〈ľ ľ ơƠǫƠľ 〉⟦Ơṛľ ǫǼƠ⟦Ŏ〈ľ 〉ľ 〉Ơľ

Ơ〉〉ǼƠƠ⟧ōľ‹〉Ơľ〈ǫŋľǼṛľ〈〉ƯƠƠ⟧ľƠľǫơǫ⟦ǫ〈Ơ〈〉ľ〈〉ľǼƠľ〉ǼƠǫƠľ

〈〉Ơľ ⟧〉〈ǫ〈Ơōľ Űľ 〉〉Ư⟧〉ľ ǫ⟦ǫƠ〈ľ ␢ǫľ ľ ⟧〉⟧ľ 〈Ơľ ⟧〉〈ǫ〈Ơľ ľ

〉⟧〉ƠƠľ Ơ⟧ơǫ〉Ǽ〉ŋľ 〉Ǽ〈ľ 〉ľ ␢ǫľ ǫ⟦ǫƠ〈Ơľ ⟧Ơľ ⟦〉Ǽ〉ľ ơ⚭〉ǫƠľ –ŏľ ľ ƠƠľ

Ơ⟧ơľľ〉␣ǫ⟧〉ľ〈〉ľ〉⟧〉ƠƠōľľ
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ľ

Figura 3-3. Dedo frio utilizado nas medidas Raman de baixa temperatura (a) e equipamento montado para a medida (b).ľ
ľ 
3.4 Medidas XANES e XPS  

‹ľ⟧〉〈ǫ〈Ơľ 〈〉ľŹ‹€⁄ŴľņľŹŌƠľ‹ơǫǼľ€〉Ơľ⁄〈␣〉ľŴ〉ƯƯŇľ〉ľ

ŹűŴľ ņŹŌƠľ űǪ〉⟦〉ƯǼľ Ŵ〉ƯƯ)ŋľ ľ 〉⟧〉ƠƠľ Ơ⟧ơǫ〉Ǽ〉ŋľ ␢Ơ⟧ľ

〉Ơ⟦ǫƠ〈Ơľ Ǽľ ŭƠơƠǫľ €ƠƯǫǼƠ⟦ľ 〈〉ľ ŭľ ŴǼƯǼľ 〉⟧ľ Ư⟦ƠơƠṛľ Ư⟧ľ ľ

ű␢ōľţōľ₫ƠƯľΩǫǼǫƯǫľ〈ľŴƠǼľ℗〉〉Ǽ〈〉ōľ‹ľƠơṛľ〈〉ľƠǫľŹľǼƠľơ〈Ơľ

Ŭľ 〈ľ Ǽľ 〈〉ľ ⟧〉Ơǫľ 〈〉ľ ƠǼǫṛľ ⁅〉ľ 〉ľ ※ľ ␢Ơ⟧ľ ⟧〉〈ǫ〈Ơľ Ǽľ 〉〉⟧Ơľ 〈〉ľ

ƠǼ⟧ǫṛōľ űƠƠľ Ơľ ⟧〉〈ǫṛľ 〈Ơľ Ơ⟧Ơľ ␢ǫľ Ǽ〉Ư〉ǫƠľ Ơľ ␢ƠơǫƯƠṛľ 〈〉ľ

⟧〉⟧ơƠǼƠľ⟦ǫ⟧ǫƯƠľƯ⟧ľƠľƠ⟧Ơľ⟦ǫƯǫƠ⟦ǫǼƠľ〈〉ǫƠ〈Ơōľľ

€ľ〉ľƠǼ␣〉ľľ␢ƠơǫƯƠṛľ〈Ơľ⟧〉⟧ơƠǼƠŋľ〉ƠľƯǼǫǫ„ľǼƠľ⟧Ơ␣〉⟧ľ〈Ơľ

Ơ⟧Ơľ ⟦ǫƯǫƠ⟦ǫǼƠľ 〉ľ ǼƠľ Ơľ Ǫ⟧␣〉Ǽ〉ǫƠṛľ ľ Ư⟧ľ 〉Ǽ〉ǫƠľ Ơľ –ŏľ ⟧ǫƯƠōľ

Ŵơ〉〉Ǽ〉⟧〉Ǽ〉ŋľ ľ ľ ␢ǫľ Ư⟦ƯƠ〈ľ 〉⟧ľ⟧Ơľ ⟦ṛľ Ơ⟦Ư⟦ǫƯƠľ ƠƠľ⟧ƠǼŌ⟦ľ

(a) 

(b) 
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〉⟧ľ〉Ǽṛōľ⁄ǼƠǼľǫŋľƠľ⟧〉⟧ơƠǼƠľ␢ǫľƯ⟦ƯƠ〈Ơľ〉⟧ľ⟧ľǫ〉⟧ƠľƠľƯľ

Ư⟧ľľ⟧ľơľ〈〉ľǫ〈ľ〉ľ⟧ľ␢ƠƯľ⚮ǫƠƠľƠƠľ␢ǫ⟦Ơ␣〉⟧ōľ※⟧ľǫŋľƠľ

⟦ṛľƠ⟦Ư⟦ǫƯƠľƯǼ〉Ǽ〈ľƠľƠ⟧Ơľ⟦ǫƯǫƠ⟦ǫǼƠľ〈〉ľ〉ľ〈〉ǫƠ〈ƠľǼľơľ

〉ľƠľ〈ǫ␢〉〉ǼƠľ〈〉ľ〉ṛľƯƠ〈Ơľ〉⟦Ơľơ⟧ơƠľ〈〉ľƯľ〉⟧ǫǫľƠľƯṛľ〈Ơľ

⟦ṛľƠ⟦Ư⟦ǫƯƠľ〉ľƠľ〈〉ǫṛľǪ⟧␣Ǽ〉Ơľ〈ƠľƠ⟧Ơōľľ

ţ〉ǫľ〈Ơľ␢ƠơǫƯƠṛľ〈Ơľ⟧〉⟧ơƠǼƠľ⟦ǫ⟧ǫƯƠŋľ␢Ơ⟧ľ␢〉ǫƠľƠľ⟧〉〈ǫ〈Ơľ

〈Ơľ 〉Ǽ〉␣ǫƠľ 〈〉ľ Ơơṛľ 〈ľ ⟧〉Ơ⟦ľ 〈〉ľ ƠǼǫṛľ 〈〉ľ ǫǼ〉〉〉ōľ ‹ľ ⟧〉〈ǫ〈Ơľ ␢ǫľ

〉Ơ⟦ǫƠ〈ƠľǼľƠǼ〉⟦ľǫǼƯǼľ〈ľŭ€ŭŴľņľŭƠơƠǫľ€ƠƯǫǼƠ⟦ľ〈〉ľŭľŴǼƯǼľ

ǼƠľ ⟦ǫǼǪƠľţŹ‹Ŵľ〉⟧ľ⟧〈ľ〈〉ľ ƠǼ⟧ǫṛľǼƠľ 〉〉ƯǫƠľ ⚭ƠǼ〉⟦Ơľ〈〉ľ〉Ǽ〉␣ǫƠľƠƠľ

ƯƠ〈ƠľǼľ〈〉ľǫǼ〉〉〉ŋľ⁅〉ľņ‚ŐŐ–ľ〉ΩŇľ〉ľ※ľņ‚‚ŏ”ľ〉ΩŇŋľƠǼ〈Ō〉ľ–ŏŏľƠƯ⟧⟦Ơ〉ōľ

№ƠǼľ Ơľ ŹűŴŋľ Ơľ ƠǼ⟦ǫ〉ľ ⟧ǫƯƠľ 〈〉ľ 〉␢Ưǫ〉ľ ␢ǫľ 〉Ơ⟦ǫƠ〈Ơľ 〉⟧ľ ⟧ľ

〉〉Ư⟧〉ľŹűŴľ Ư⟧ľ ␢Ǽ〉ľ 〈〉ľ Ơ〈ǫƠṛľ ‹⟦ľ Ŭαŋľ ⟦ƠƯľ ŝŐŏŌ“ľ ⟧ơƠľ

〉⟧〉␣ƠǼ〈ľ Ư⟧〉ǼƠṛľ 〈〉ľ ƯƠ␣Ơľ 〈ƠǼ〉ľ Ơľ ⟧〉〈ǫ〈Ơōľ Űľ 〉〉Ưľ 〈〉ľ Ơ⟦Ơľ

〉⟦ṛľ␢Ơ⟧ľƠ〈ǫǫ〈ľƠǼ〈ľ〉Ǽ〉␣ǫƠľ〈〉ľƠƠ␣〉⟧ľ〈〉ľ‘ŏľ〉Ωŋľ〉⟦ṛľ〈〉ľ

ŏŋŐľ〉Ωŋľ‘ŏľƠƯ⟧⟦Ơ〉ľ〉ľľƯ⟧ľœŏŏľμ⟧ľ〈〉ľ⟦Ơ␣Ơōľ

ľ

3.5 Medidas Magnéticas 

Űľ ƯǫƯ⟦ľ 〈〉ľ Ǫǫ〉〉ľ 〉ľ Ơľ ⟧〉〈ǫ〈Ơľ 〈〉ľ ⟧Ơ␣Ǽ〉ǫƠṛľ Ư⟧ľ 〉␢ǫƠ⟧〉Ǽľ

↑⁅※ľ ņ↑〉Ō⁅ǫ〉⟦〈Ō※⟦〉〈Ňľ 〉 ⁅※ľ ņ⁅ǫ〉⟦〈Ō※⟦〉〈Ňŋľ ␢Ơ⟧ľ ␢〉ǫƠľ ǼƠľ ŶǼǫ〉ǫ〈Ơ〈〉ľ

⁄Ơ〈Ơ⟦ľ 〈ľ ℗ǫľ⁆ƠǼ〈〉ľ 〈ľ€〉ľ ņŶ⁄℗€Ňŋľ 〉⟧ľ₫ŋľ 〉⟦ľ ␢ōľ ţľ ūṛľ

₫ƠǫƠľƯ⟧ľľľ〈〉ľ⟧ľ⟧Ơ␣Ǽ〉⟧〉ľ〈〉ľƠ⟧ƠľǫơƠǼ〉ľņ₫‹ΩŇōľ

ľ

3.6 Medidas Elétricas 

‹ľ⟧〉〈ǫ〈Ơľ 〈〉ľ 〉〉ƯƯǫƠľ 〈〉ľ ǫ⟧〉〈ǼƯǫƠľ ␢Ơ⟧ľ 〉Ơ⟦ǫƠ〈Ơľ 〉⟧ľ ⟧Ơľ

Ơǫ⟦ǪƠľ Ư〉⟧ǫƯƠľ 〈Ơľ ₫␣–←ŋľ Ǽľ ǫǼ〉Ơ⟦ľ 〈〉ľ —ŏŏľ Ŭľ Ơľ ‚ŏľ Ŭŋľ 〉Ǽ〈ľ Ơľ ␢ƠƯ〉ľ
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ǫǼƠ〈ƠľƯ⟧ľǫǼƠľƠƠľƯ⟦ǫ〈Ơ⟦ľƯ⟧ľľǫǼǫľ〈〉ľơ〉ľ⟧ľƯƠƠƯǫľ〈〉ľ⟦ƠƯƠľ

ƠƠ⟦〉⟦ƠōľűƠƠľƠľ⟧〉〈ǫ〈Ơľ〈〉ľǫ⟧〉〈ǼƯǫƠľ〉⟧ľơƠǫƠľ〉⟧〉ƠƠŋľ〉〉ľƯƠƠƯǫľ

␢ǫľƯ⟦ƯƠ〈ľǼ⟧ľƠľƠ⟧Ơľņǫ〈〉ľ⁅ǫ␣Ơľ—ŌœŇľƠƯ⟦Ơ〈ľƠľ⟧〉⟧ľƯǫƠľ

ǫ⟦ǫƠ〈ľǼƠľ⟧〉〈ǫ〈Ơľ〈〉ľ〉〉ƯƯǫƠľ℗Ơ⟧ƠǼōľŰľƠľƠ⟧Ơľ␢ǫľƯǼ〉ƯƠ〈ľ

Ơľ ƠǼƠ⟦ǫƠ〈ľ 〈〉ľ 〉Ơľ 〉⟧ľ ␢〉ǼƯǫƠľ ņ⁅℗‹Ňľ ľ⟧〉ǫľ 〈〉ľ 〉⟦〉〈ľ ȳũŪȴľ 〉ľ

ȰȱŭŰ℧ȱȱōľŰľ⁅℗‹ľǫ⟦ǫƠ〈ľǼ〉〉ľƠơƠ⟦Ǫľ␢ǫľľŴ⟦ƠǼľ⟧〈〉⟦ľŐ–’ŏľƠƯ⟦Ơ〈ľ

Ơľ⟧ƠľǫǼ〉␢ƠƯ〉ľ〈ǫ〉⟦ǫƯƠľŴ⟦ƠǼľŐ–”’ōľŰľ⁅℗‹ľ␢ǫľ〉Ơ〈ľǼľ⟧〈ľǼ⟧Ơ⟦ľ

Ǽľ ⟧〈ľ 〈〉ľ ǫǼ〉␣Ơṛľ ␢␢ľ Ư⟧ľ ƯǫǼƯľ Ǽľ ľ 〈ƯƠ〈Ơōľ ‹ľ ⟧〉〈ǫ〈Ơľ ␢Ơ⟧ľ

〉Ơ⟦ǫƠ〈Ơľ〉Ǽ〉ľŐľũľ〉ľŐľ₫ũľƯ⟧ľ⟧ľǫǼƠ⟦ľ‹※ľ〈〉ľ–‘ľ⟧Ωōľľ
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Figura 3-4. (a) Porta amostra utilizado nas medidas de impedância (b) Imagem do FRA modelo 1260 acoplado a uma interface dielétrica Solartron 1296. 
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  Capítulo 4

Caracterização Estrutural e Propriedades Magnéticas  à 

Temperatura Ambiente. 

€〉〉ľƯƠ⟦ľ〈ǫƯǫ⟧ľľ 〉⟦Ơ〈ľ 〉␢〉〉Ǽ〉ľľ〈ǫ␢Ơṛľ〉ľ Ơơṛľ

〈〉ľ Ơǫľ Źŋľ ľ 〉〉ƯƯǫƠľ Ǽľ ŪǼ␢Ơ〉⟧〉⟦Ǫľ ľ ℗〉␢⟦〉ƯǼƯǫƠľ ⁄〉Ư⟦Ơľ 〉ľ

℗Ơ⟧ƠǼľ 〉ľ ƯƠľ 〈〉ľ Ǫǫ〉〉〉ľ ľ 〉⟧〉ƠƠľ Ơ⟧ơǫ〉Ǽ〉ľ ƠƠľ ľ Ư⟧„ľ

›Ơ–₫〉–⁅〉Ő–Ű––ľņ₫〉•₫␣–Ŋŋľ↑Ǽ–Ŋľ〉ľ※–ŊŇŋľ›Ơ–ņ₫␣ŐŌ※Ň–⁅〉Ő–Ű––ľņ•ŏŋ–†ľŏŋœ†ľŏŋ’ľ〉ľ

ŏŋ“Ňľ 〉ľ ›Ơ⁅〉Ő–ŰŐ”ľ ōľ ‹〈ǫƯǫǼƠ⟦⟧〉Ǽ〉ľ Ơ⟧ơ⟧ľ ␢Ơ⟧ľ 〈ǫƯǫ〈ľ ľ 〉〉ƯľŹűŴľ

ƠƠľƠľƠ⟧ƠľƯ⟧ľƯơƠ⟦ōľ

4.1 Difração de Raios X 

4.1.1  Sistema Ba2Me2Fe12O22 (Me=Mg2+, Zn2+ e Co2+) 

€Ơľ⁅ǫ␣ƠľœŌŐľ〉⟧ľľƠ〈〉ľ〈〉ľ〈ǫ␢Ơṛľ〈〉ľƠǫľŹľ〉␢ǫǼƠ〈ľƠƠľƠľ

Ơ⟧Ơľ ›Ơ–₫〉–⁅〉Ő–Ű––ľ ņ₫〉•₫␣–Ŋŋľ ↑Ǽ–Ŋľ 〉ľ ※–ŊŇōľ Űľ 〉␢ǫǼƠ⟧〉Ǽľ 〈ľ

〈ǫ␢Ơ␣Ơ⟧Ơľ ␢Ơ⟧ľ ␢〉ǫľ ǫ⟦ǫƠǼ〈ľ ľ 〈Ơ〈ľ ƯǫƠ⟦␣␢ǫƯľ ƯǼƠǼ〉ľ Ǽľ

ơƠǼƯľ〈〉ľ〈Ơ〈ľ Ū※ŴţōľűƠƠľƠľƠ⟧Ơľ›Ơ–₫␣–⁅〉Ő–Ű––ľ ľ ␢ǫľǫ⟦ǫƠ〈ľľ Ơ〈ṛľľľ

Łľ‚œ—‘Őŋľ〉ǼƠǼľ〉ľƠƠľľ›Ơ–↑Ǽ–⁅〉Ő–Ű––ľ〉ľ›Ơ–※–⁅〉Ő–Ű––ľľƠ〈〉ľŁŐœ–—”ľ

〉ľŁ‚œœ“‚ŋľ〉〉ƯǫƠ⟧〉Ǽ〉ōľ※⟧ľ〉⟧ľ〈Ơľ⁅ǫ␣ƠľœŌŐŋľľǫƯľ〈〉ľ〈ǫ␢Ơṛľ〈Ơľ

Ơ⟧ƠľƯǼƯ〈Ơ⟧ľ⟧ǫľơ〉⟧ľƯ⟧ľľ〈ľƠ〈〉ľ〉ǫ〉Ǽ〉ŋľǫǼ〈ǫƯƠǼ〈ľ〉ľľ

〉␢ǫǼƠ⟧〉Ǽľ ƯǼ␢ǫ⟧ľ Ơľ ǫ⟧〉ǫƠľ ǫ␣ǼƠ⟦ľ 〈Ơľ 〉Ơľ 〈Ơľ Ơ⟧Ơōľ Ūľ

⟧Ơľ〉ľƠľǼ〉〉ľ〈ľƯ⟧ľ␢ǫľơ〉⟧ľƯ〉〈ǫ〈Ơōľ‹〉Ơľ〈〉ľǪƠ〉ľ〉〈ľ

〈〉ľơ␢Ơ〉ľǼľľ〈ǫ␢Ơ␣Ơ⟧ƠŋľƠľ␢Ơ〉ľ⟧Ơ⚭ǫǫƠľṛľƠľ␢Ơ〉ľ〉〉Ǽ〈ǫ〈Ơōľľ
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Figura 4-1. Difratogramas refinados das amostras de (a) Mg2Y (b) Zn2Y e (c) Co2Y. 

ľ

ţľ 〉␢ǫǼƠ⟧〉Ǽľ 〈〉Ō〉ľ 〉ǫ⟧Ơľ Ơľ ƠǼǫ〈Ơ〈〉ľ 〉Ư〉ǼƠ⟦ľ 〈〉Ơľ

ơ␢Ơ〉ōľ űƠƠľ ľ ›Ơ–₫␣–⁅〉Ő–Ű––ľ ņ₫␣–←Ňľ 〉⟧Ō〉ľ –ŋ‘Ńľ 〈〉ľ ␢〉ǫƠľ 〈〉ľ ⟧Ơ␣Ǽǫľ

ņ₫␣⁅〉–ŰœŇľ 〉ľ ŐŋŏľŃľ 〈〉ľ›Ơ⁅〉œŰ‚ōľ űƠƠľ Ơľ ›Ơ–↑Ǽ–⁅〉Ő–Ű––ľņ↑Ǽ–←Ňŋľ 〉ṛľ 〉〉Ǽ〉ľ

—ŋ—Ńľ 〈〉ľ ␢〉ǫƠľ 〈〉ľ ǫǼƯľ ņ↑Ǽ⁅〉–ŰœŇľ 〉ľ —ŋŏŃľ 〈〉ľ ›Ơ⁅〉–Űœōľ űľ ␢ǫ⟧ľ ƠƠľ Ơľ

ũ〉Ơ␢〉ǫƠľ ›Ơ–※–⁅〉Ő–Ű––ľ ņ※–←Ňľ Ǫľ ⟧Ơľ 〉〉ǼƠľ ƠǼǫ〈Ơ〈〉ľ 〈〉ľ ⟧Ơ␣Ǽ〉ǫƠľ

ņ⁅〉—ŰœŇŋľ 〉⟧ľǼŋľ〈〉ľŏŋ”Ńōľ※Ǽ⟧ľ〉Ơ⟦Ơľ〉ľƠľ␢⟧Ơṛľ〈〉ľƠǫľơ␢Ơ〉ľ
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⟦ǫ〉ƠƠľľ →œ“ŋœ”ŋ‘’žōľ

 

Tabela 4-1. Dados cristalográficos  do Refinamento Rietveld para o Mg2Y. 
Fase Ba2Mg2Fe12O22 

Grupo Espacial; Z R3;m (166); 3 
Parâmetros de Rede,  Å a  = b = 5,8693(0) e c = 43,4752(4) 

Densidade  (calculada),  g/cm3 5,22817 g/cm3 

Volume, Å3 1297,01(2) 
λ,  Å 1,54056 

Função Perfil Thompson-Cox-Hastings 
Parâmetros (U,  V,  W,P, X e Y) 8,567; -1,276; 0,04164; 0,03803; 2,199 e  2,503 

Função Background Polinômio de 9ª ordem em 2θ 
Rwp  % e χ2 5,1 e 1,5 

Fração da Fase % 96,3 
 

Tabela 4-2. Coordenadas fracionárias para os íons contidos na célula unitária do Mg2Y obtidos do refinamento. 
Coordenadas Fracionárias 

para a fase   Ba2Mg2Fe12O22 
Íon Sítio x y z Ocupação 
Ba2+ 6 c 0,0000 0,0000 0 ,29985 1 
Mg2+ 6 cIV 0,0000 0,0000 0 ,37646 0,0400 
Fe3+ 6 cIV 0,0000 0,0000 0 ,37646 0,9600 
Mg2+ 6 cIV 0,0000 0,0000 0 ,15225 0,1400 
Fe3+ 6 cIV 0,0000 0,0000 0 ,15225 0,8600 
Mg2+ 6 cVI 0,0000 0,0000 0 ,06558 0,295 
Fe3+ 6 cVI 0,0000 0,0000 0 ,06558 0,705 
Mg2+ 3 b 0,0000 0,0000 0,5000 0,1200 
Fe3+ 3 b 0,0000 0,0000 0,5000 0,8800 
Mg2+ 18 h 0 ,50381 0 ,49619 0 ,10962 0,1350 
Fe3+ 18 h 0 ,50381 0 ,49619 0 ,10962 0,8650 
Mg2+ 3 a 0,0000 0,0000 0,0000 0,1200 
Fe3+ 3a 0,0000 0,0000 0,0000 0,8800 
O2- 6c 0,0000 0,0000 0 ,4202(4) 1 
O2- 6c 0,0000 0,0000 0 ,1970(4) 1 
O2- 18h 0 ,1569(10) 0 ,8431(10) 0 ,02898(24) 1 
O2- 18h 0 ,8314(11) 0 ,1686(11) 0 ,08514(21) 1 
O2- 18h 0 ,1772(10) 0 ,8228(10) 0 ,13838(23) 1 
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Tabela 4-3. Dados cristalográficos  do Refinamento Rietveld para o Zn2Y. 

 

Tabela 4-4. Coordenadas fracionárias para os íons contidos na célula unitária do Zn2Y obtidos do refinamento. 
                              Coordenadas Fracionárias 

                                  para a fase   Ba2Zn2Fe12O22 
 

Íon Sítio x y z Ocupação 
Ba2+ 6 c 0,0000 0,0000 0 ,29997 1 
Zn2+ 6 cIV 0,0000 0,0000 0 ,15233 0,5 
Fe3+ 6 cIV 0,0000 0,0000 0 ,15233 0,5 
Zn2+ 6 cIV 0,0000 0,0000 0,37619  0,5 
Fe3+ 6 cIV 0,0000 0,0000 0,37619 0,5 
Fe3+ 6 cVI 0,0000 0,0000 0,06523 1 
Fe3+ 3b 0,0000 0,0000 0,50000 1 
Fe3+ 18 h 0,5035 -0,5035 0,10967 1 
Fe3+ 3 a 0,0000 0,0000 0 ,47000 1 
O2- 6 c 0,0000 0,0000 0 ,4202(6) 1 
O2- 6 c 0,0000 0,0000 0,1985(6) 1 
O2- 18 h 0,1551(13) -0,1551(13) 0,02910(32) 1 
O2- 18 h 0,8324(13) -0,8324(13) 0,08545(29) 1 
O2- 18 h 0,1804(12) -0,1804(12) 0,13759(31) 1 

ľ

Tabela 4-5. Dados cristalográficos  do Refinamento Rietveld para o Co2Y. 

Fase Ba2Zn2Fe12O22 

Grupo Espacial;Z R3;m (166); 3 
Parâmetros de Rede,  Å a  = b = 5,8776(1) e   c  =   43,5685(11) 

Densidade  (calculada),  g/cm3 5,4556 g/cm3 

Volume, Å3 1303,45(6) 
λ, Å 1,54056 

Função Perfil Thompson-Cox-Hastings 
Parâmetros (U;  V; W;P; X e Y) 0,000; -1,276; 0,04164; 0,000; 1,727 e 6,447 

Função Background Polinômio de 5ª ordem em  2θ 
Rwp  % e χ2 6,7 e 1,5 

Fração da Fase % 93,7 

Fase Ba2Co 2Fe12O22 
Grupo Espacial; Z R3;m (166); 3 

Parâmetros de Rede,  Å a  = b= 5,8624(1) e   c  = 43,5183(10)  
Densidade  (calculada),  g/cm3 5,4405  

Volume,  Å3 1295,26(5) 
λ,  Å3 1,54056 

Função Perfil Thompson-Cox-Hastings 
Parâmetros  (U,  V,  W,P, X e Y) 8,682; 0,1815; 0,1498 0,000; 2,044 e  6,321 

Função Background Polinômio de 9ª ordem em  2θ 
Rwp  % e χ2 4,89 e 1,6 

Fração da Fase % 99,1 
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Tabela 4-6. Coordenadas fracionárias para os íons contidos na célula unitária do Co2Y obtidos do refinamento. 
                           Coordenadas Fracionárias 

                              para a fase    Ba2Co 2Fe12O22 
 

Íon Sítio x y z Ocupação 
Ba2+ 6 c 0,0000 0,0000 0,3000 1 
Co2+ 6 cIV 0,0000 0,0000 0,3763 0,1429 
Fe3+ 6 cIV 0,0000 0,0000 0,3763 0,8571 
Co2+ 6 cIV 0,0000 0,0000 0,1523 0,1429 
Fe3+ 6 cIV 0,0000 0,0000 0,1523 0,8571 
Co2+ 6 cVI 0,0000 0,0000 0,0656 0,1429 
Fe3+ 6 cVI 0,0000 0,0000 0,0656 0,8571 
Co2+ 3 b 0,0000 0,0000 0,5000 0,1429 
Fe3+ 3 b 0,0000 0,0000 0,5000 0,8571 
Co2+ 18 h 0,5043 0,4957 0,1098 0,1429 
Fe3+ 18 h 0,5043 0,4957 0,1098 0,8571 
Co2+ 3 a 0,0000 0,0000 0,0000 0,1429 
Fe3+ 3 a 0,0000 0,0000 0,0000 0,8571 
O2- 6c 0,0000 0,0000 0,4154(7) 1 
O2- 6 c 0,0000 0,0000 0,2028(7) 1 
O2- 18h 0,1484(15) 0,8516(15) 0,0278(4) 1 
O2- 18h 0,8458(17) 0,1542(17) 0,0847(4) 1 
O2- 18h 0,1839(17) 0,8161(17) 0,1381(4) 1 

 

 

4.1.2 Sistema Ba2 (Mg1-xCox)2Fe12O22 (x=0,2; 0,4; 0,6 e 0,8) 
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                    Figura 4-2. Comparativo dos padrões de difração de raios X para o sistema Ba2(Mg1-xCox)2Fe12O22. 
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Figura 4-3. Padrões de difração de raios X para o sistema Ba2(Mg1-xCox)2Fe12O22 (a) Ba2(Mg0,8Co0,2)2Fe12O22 (b) Ba2(Mg0,6Co0,4)2Fe12O22 (c) Ba2(Mg0,4Co0,6)2Fe12O22 e (d) Ba2(Mg0,2Co0,8)2Fe12O22.   
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Tabela 4-7. Dados cristalográficos  do Refinamento Rietveld para o Ba2(Mg0,8Co0,2)2Fe12O22 (x=0,2) 
Fase Ba2(Mg0,8Co0,2) 2Fe12O22 

Grupo Espacial; Z R3;m (166); 3 
Parâmetros de Rede, Å a  = b = 5,8686(1) c=43,4918(7) 

Densidade (calculada), g/cm3 5,43232 g/cm3 

Volume, Å3 1297,21(4) 
λ,  Å3 1,54056 

Função Perfil Thompson-Cox-Hastings 

Parâmetros  (U,  V,  W,P, X e Y) 4,138; -1,276; 0,04164; 0,528696;  1,672 e  6,993 

Função Background Polinômio de 9ª ordem em  2θ 
Rwp  % e χ2 6,0 e 2,1 

Fração da Fase % 96,4  
Tabela 4-8. Coordenadas fracionárias para os íons contidos na célula unitária do Ba2(Mg0,8Co0,2)2Fe12O22 obtidos do refinamento. 

Coordenadas Fracionárias 
para a fase Ba2(Mg0,8Co0,2) 2Fe12O22 

Íon Sítio x y z Ocupação 
Ba2+ 6 c 0,0000 0,0000 0,3000 1 
Mg2+ 6 cIV 0,0000 0,0000 0,3763 0,11432 
Co2+ 6 cIV 0,0000 0,0000 0,3763 0,02858 
Fe3+ 6 cIV 0,0000 0,0000 0,3763 0,8571 
Mg2+ 6 cIV 0,0000 0,0000 0,1523 0,11432 
Co2+ 6 cIV 0,0000 0,0000 0,1523 0,02858 
Fe3+ 6 cIV 0,0000  0,0000 0,1523 0,8571 
Mg2+ 6 cVI 0,0000 0,0000 0,0656 0,11432 
Co2+ 6 cVI 0,0000 0,0000 0,0656 0,02858 
Fe3+ 6 cVI 0,0000 0,0000 0,0656 0,8571 
Mg2+ 3 b 0,0000 0,0000 0,5000 0,11432 
Co2+ 3 b 0,0000 0,0000 0,5000 0,02858 
Fe3+ 3 b 0,0000 0,0000 0,5000 0,8571 
Mg2+ 18 h 0,5043 0,4957 0,1098 0,11432 
Co2+ 18 h 0,5043 0,4957 0,1098 0,02858 
Fe3+ 18 h 0,5043 0,4957 0,1098 0,8571 
Mg2+ 3 a 0,0000 0,0000 0,0000 0,11432 
Co2+ 3 a 0,0000 0,0000 0,0000 0,02858 
Fe3+ 3a 0,0000 0,0000 0,0000 0,8571 
O2- 6c 0,0000 0,0000 0,4191(5) 1 
O2- 6 c 0,0000 0,0000 0,1965(5) 1 
O2- 18h 0,1595(12) 0,8405(12) 0,02907(27) 1 
O2- 18h 0,8318(13) 0,1682(13) 0,08518(25) 1 
O2- 18h 0,1798(12) 0,8202(12) 0,13859(27) 1   
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Tabela 4-9.  Dados cristalográficos do Refinamento Rietveld para o Ba2(Mg0,6Co0,4)2Fe12O22 (x=0,4). 

 

Tabela 4-10. Coordenadas fracionárias para os íons contidos na célula unitária do Ba2(Mg0,6Co0,4)2Fe12O22 obtidos do refinamento. 
Coordenadas Fracionárias 

para a fase    Ba2(Mg0,6Co0,4)2Fe12O22 
Íon Sítio x y z Ocupação 
Ba2+ 6 c 0,0000 0,0000 0,3000 1 
Mg2+ 6 cIV 0,0000 0,0000 0,3763 0,08574 
Co2+ 6 cIV 0,0000 0,0000 0,3763 0,05716 
Fe3+ 6 cIV 0,0000 0,0000 0,3763 0,8571 
Mg2+ 6 cIV 0,0000 0,0000 0,1523 0,08574 
Co2+ 6 cIV 0,0000 0,0000 0,1523 0,05716 
Fe3+ 6 cIV 0,0000  0,0000 0,1523 0,8571 
Mg2+ 6 cVI 0,0000 0,0000 0,0656 0,08574 
Co2+ 6 cVI 0,0000 0,0000 0,0656 0,05716 
Fe3+ 6 cVI 0,0000 0,0000 0,0656 0,8571 
Mg2+ 3 b 0,0000 0,0000 0,5000 0,08574 
Co2+ 3 b 0,0000 0,0000 0,5000 0,05716 
Fe3+ 3 b 0,0000 0,0000 0,5000 0,8571 
Mg2+ 18 h 0,5043 0,4957 0,1098 0,08574 
Co2+ 18 h 0,5043 0,4957 0,1098 0,05716 
Fe3+ 18 h 0,5043 0,4957 0,1098 0,8571 
Mg2+ 3 a 0,0000 0,0000 0,0000 0,08574 
Co2+ 3 a 0,0000 0,0000 0,0000 0,05716 
Fe3+ 3a 0,0000 0,0000 0,0000 0,8571 
O2- 6c 0,0000 0,0000 0,4176(4) 1 
O2- 6 c 0,0000 0,0000 0,1976(4) 1 
O2- 18h 0,1578(11) 0,8422(11) 0,02851(25) 1 
O2- 18h 0,8338(12) 0,1662(12) 0,08534(24) 1 
O2- 18h 0,1763(11) 0,8237(11) 0,13831(25) 1 

ľ

 
 

Fase Ba2(Mg0,6Co0,4) 2Fe12O22 

Grupo Espacial; Z R3;m (166);3 
Parâmetros de Rede,  Å a  = b=5,8668(1) e   c = 43,4983(6) 

Densidade  (calculada),  g/cm3 5,43482 g/cm3 

Volume,  Å3 1296,62(4) 
λ,  Å3 1,54056 

Função Perfil Thompson-Cox-Hastings 
Parâmetros  (U,  V,  W,P, X e Y) 6,422; -1,276; 0,04164; 0,2611; 1,543 e  6,491 

Função Background Polinômio de 9ª ordem em 2θ 
Rwp  % e χ2 5,4 e 1,8 

Fração da Fase % 96,6 
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Tabela 4-11. Dados cristalográficos  do Refinamento Rietveld para o Ba2(Mg0,4Co0,6)2Fe12O22 (x=0,6). 

 
 

Tabela 4-12. Coordenadas fracionárias para os íons contidos na célula unitária do Ba2(Mg0,4Co0,6)2Fe12O22 obtidos do refinamento. 
Coordenadas Fracionárias 

para a fase    Ba2(Mg0,4Co0,6) 2Fe12O22 
Íon Sítio X y z Ocupação 
Ba2+ 6 c 0,0000 0,0000 0,30000 1 
Mg2+ 6 cIV 0,0000 0,0000 0,37630 0,05716 
Co2+ 6 cIV 0,0000 0,0000 0,37630 0,08574 
Fe3+ 6 cIV 0,0000 0,0000 0,37630 0,8571 
Mg2+ 6 cIV 0,0000 0,0000 0,1523 0,05716 
Co2+ 6 cIV 0,0000 0,0000 0,1523 0,08574 
Fe3+ 6 cIV 0,0000 0,0000 0,1523 0,8571 
Mg2+ 6 cVI 0,0000 0,0000 0,0656 0,05716 
Co2+ 6 cVI 0,0000 0,0000 0,0656 0,08574 
Fe3+ 6 cVI 0,0000 0,000 0,0656 0,8571 
Mg2+ 3 b 0,0000 0,000 0,5000 0,05716 
Co2+ 3 b 0,0000 0,000 0,5000 0,08574 
Fe3+ 3 b 0,0000 0,000 0,5000 0,8571 
Mg2+ 18 h 0,50430 0,49570 0,10980 0,05716 
Co2+ 18 h 0,50430 0,49570 0,10980 0,08574 
Fe3+ 18 h 0,50430 0,49570 0,10980 0,8571 
Mg2+ 3 a 0,0000 0,0000 0,0000 0,05716 
Co2+ 3 a 0,0000 0,0000 0,0000 0,08574 
Fe3+ 3a 0,0000 0,0000 0,0000 0,8571 
O2- 6c 0,0000 0,0000 0,4193(4) 1 
O2- 6 c 0,0000 0,0000 0,1966(4) 1 
O2- 18h 0,1596(11) 0,8404(11) 0,02920(26) 1 
O2- 18h 0,8302(12) 0,1698(12) 0,08490(24) 1 
O2- 18h 0,1783(11) 0,8217(11) 0,13878(25) 1 

 

 

Fase Ba2(Mg0,4Co0,6)2Fe12O22 
Grupo Espacial; Z R3;m (166) ; 3 

Parâmetros de Rede,  Å a  = b= 5,8652(1) e   c = 43,5056(7) 
Densidade  (calculada),  g/cm3 5,43698 g/cm3 

Volume,  Å3 1296,10(4) 
λ,  Å3 1,54056 

Função Perfil Thompson-Cox-Hastings 
Parâmetros  (U,  V,  W,P, X e Y) 5,207; -1,276; 0,04164; 0,3137;  1,615 e  6,499 

Função Background Polinômio de 9ª ordem em 2θ 
Rwp  % e χ2 5,0  e 1,5 

Fração da Fase % 98,0 
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Tabela 4-13. Dados cristalográficos  do Refinamento Rietveld para o Ba2(Mg0,2Co0,8)2Fe12O22 (x=0,8). 

 

Tabela 4-14. Coordenadas fracionárias para os íons contidos na célula unitária do Ba2(Mg0,2Co0,8)2Fe12O22 obtidos do refinamento. 
Coordenadas Fracionárias 

para a fase    Ba2(Mg0,2Co0,8) 2Fe12O22 
Íon Sítio x y z Ocupação 
Ba2+ 6 c 0,0000 0,0000 0,30000 1 
Mg2+ 6 cIV 0,0000 0,0000 0,37630 0,02858 
Co2+ 6 cIV 0,0000 0,0000 0,37630 0,11432 
Fe3+ 6 cIV 0,0000 0,0000 0,37630 0,8571 
Mg2+ 6 cIV 0,0000 0,0000 0,1523 0,02858 
Co2+ 6 cIV 0,0000 0,0000 0,1523 0,11432 
Fe3+ 6 cIV 0,0000 0,0000 0,1523 0,8571 
Mg2+ 6 cVI 0,0000 0,0000 0,0656 0,02858 
Co2+ 6 cVI 0,0000 0,0000 0,0656 0,11432 
Fe3+ 6 cVI 0,0000 0,0000 0,0656 0,8571 
Mg2+ 3 b 0,0000 0,0000 0,5000 0,02858 
Co2+ 3 b 0,0000 0,0000 0,5000 0,11432 
Fe3+ 3 b 0,0000 0,0000 0,5000 0,8571 
Mg2+ 18 h 0,50430 0,49570 0,10980 0,02858 
Co2+ 18 h 0,50430 0,49570 0,10980 0,11432 
Fe3+ 18 h 0,50430 0,49570 0,10980 0,8571 
Mg2+ 3 a 0,0000 0,0000 0,0000 0,02858 
Co2+ 3 a 0,0000 0,0000 0,0000 0,11432 
Fe3+ 3a 0,0000 0,0000 0,0000 0,8571 
O2- 6c 0,0000 0,0000 0,4175(5) 1 
O2- 6 c 0,0000 0,0000 0,1955(5) 1 
O2- 18h 0,1581(11) 0,8419(11) 0,02845(25) 1 
O2- 18h 0,8299(12) 0,1701(12) 0,08528(26) 1 
O2- 18h 0,1801(11) 0,8199(11) 0,13759(27) 1 

ľ

€Ơľ⁅ǫ␣Ơľ œŌœŋľ ľ Ơ⟧〉ľ Ơľ 〉ľ Ưľ⟧Ơ⟧ľ Ư⟧Ơ⟧〉Ǽľ ŋľ

〉ǼƠǼľ ľ Ơ⟧〉ľ 〈〉ľ 〉〈〉ľ Ơľ 〉⟧ľ ⟧Ơľ 〉〉ǼƠľ 〈ǫ⟧ǫǼǫṛľ ņ⟧〉Ǽ〉ľ

Fase Ba2(Mg0,2Co0,8) 2Fe12O22 
Grupo Espacial;Z R3;m (166); 3 

Parâmetros de Rede, Å a = b= 5,8638(0) e   c =  43,5104(6) 
Densidade (calculada),  g/cm3 5,43896  

Volume, Å3 1295,63(3)  
λ, Å3 1,54056 

Função Perfil Thompson-Cox-Hastings 
Parâmetros (U,  V,  W,P, X e Y) 7,264; -1,276; 0,04164;  0,284508; 1,615 e   5,556 

Função Background Polinômio de 9ª ordem em  2θ 
Rwp  % e χ2 4,6 e 1,5 

Fração da Fase % 96,9 
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ơ〉Ơ〈ľǼƠľ〉Ư〉ǫƠľƯƠƠľ〈〉Ưǫ⟧Ơ⟦ŇľƯ⟧ľľƠ⟧〉Ǽľ〈〉ľƯơƠ⟦ŋľľƠ⟧〉ľƯľ

〈ľƯ⟧ľƠ⟧〉ǼƠ⟧ľ〈〉ľ␢⟧Ơľ⟧Ơǫľ〉ǫ〈〉Ǽ〉ōľŰľƯ〉Ưǫ⟧〉Ǽľ〈ľƠ⟧〉ľ

Ưľ 〈〉ľ 〉ľ 〉⟦Ơ〈ľ 〈ľ ␢Ơľ 〈ľ Ơǫľ ǫǼǫƯľ ƠƠľ Ơľ Ư〈〉ǼƠṛľ ƯƠ〈ǫƯƠľ 〈ľ

※–Ŋľņŏŋ‚‘Ňľ〉ľ⟧ľƯľ⟧Ơǫľ〈ľ〉ľľ〈ľ₫␣–Ŋľņŏŋ‚–Ňōľ

 

Figura 4-4. Variação dos parâmetros de rede a e c do Mg2Y com o teor de Cobalto. 
 

4.1.3 Hexaferrita tipo M BaFe12O19 (BaM) 

‹ľ ⁅ǫ␣Ơľ œŌ‘ľ ⟧Ơľ ľ Ơ〈ṛľ 〈〉ľ 〈ǫ␢Ơṛľ 〈〉ľ Ơǫľ Źľ ⟧〉〈ǫ〈ľ ƠƠľ Ơľ

Ơ⟧Ơľ›Ơ⁅〉Ő–ŰŐ”ōľŰľ〉␢ǫǼƠ⟧〉Ǽľ℗ǫ〉〉⟦〈ľ␢ǫľ␢〉ǫľƯ⟧ľľƠ〈ṛľ〉ǫ〉Ǽ〉ľǼľ

ơƠǼƯľ〈〉ľ〈Ơ〈ľ Ū※ŴţŁľ–ŏŐ’‘œōľŰľ 〉␢ǫǼƠ⟧〉Ǽľ Ư⟧ƠľƠľơ〉Ǽṛľ〈Ơľ›Ơ₫ľ

Ư⟧ľ ␢Ơ〉ľ ǼǫƯƠľ ǫǼ〈ǫƯƠǼ〈ľ 〉ľ Ơľ Ơ⟧Ơľ 〉ľ Ơŋľ 〉⟧ľ Ơ⟦〉ľ Ơľ 〈〉ľ

ơ␢Ơ〉ľ ľ ǫ⟧〉ƠōľűƠƠľ 〉Ơľ Ơ⟧Ơŋľ ľ Ơ⟧〉ľ 〈〉ľ 〉〈〉ľ ơǫ〈ľ 〈ľ

〉␢ǫǼƠ⟧〉Ǽľ␢Ơ⟧„ľƠľ•ľơľ•ľ‘ŋ“”—‚ņŐŇ ľ〉ľƯľ•ľ–—ŋ–ŏ——ņ—ŇōľŰľƠ⟧〉ľ〈〉ľ

0.0 0.2 0.4 0.6 0.8 1.0
5.860

5.861

5.862

5.863

5.864

5.865

5.866

5.867

5.868

5.869

5.870

P
ar

âm
et

ro
 d

e 
re

de
 a

 / 
Å

  

Teor de Cobalto (x)

43.46

43.47

43.48

43.49

43.50

43.51

43.52

 
P

ar
âm

et
ro

 d
e 

re
de

 c
 / 

Å
  



49 
 

Ơ⚭〉ľ ␢Ơ⟧ľ ľχ–ľ•ľŐŋ–ľ〉ľ℗ľ•ľ‘ŋŐŃŋľľ〉ľƯ⟧ƠľƠľƠ⟦ǫ〈Ơ〈〉ľ〈ľƠ⚭〉ľ

〉Ơ⟦ǫƠ〈ōľ ₫Ơǫľ 〈〉Ơ⟦Ǫ〉ľ 〈ľ 〉␢ǫǼƠ⟧〉Ǽľ ℗ǫ〉〉⟦〈ľ ṛľ 〈Ơ〈ľ ǼƠľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľľ

ŵƠơ〉⟦ƠľœŌŐ‘ľ〉ľŵƠơ〉⟦ƠľœŌŐ’ōľľľľ

 

Figura 4-5. Padrão de difração de Raios - X refinado da BaM. 
                                                                                                                                                                    
Tabela 4-15. Dados cristalográficos  do Refinamento Rietveld para a BaM. 

Fase BaFe12O19 

Grupo Espacial;Z P 63/m m c (194); 2 
Parâmetros de Rede,  Å a  = b = 5,8937(1) e   c = 23,2033(3) 

Densidade (calculada),  g/cm3 5,288 

Volume,  Å3 697,99(2) 
λ,  Å3 1,54056 

Função Perfil Thompson-Cox-Hastings 
Parâmetros  (U,  V,  W,P, X e Y) 8,796; -1,276; 0,04164; 1,185; 0,9879 e 7,344 

Função Background Polinômio de 6ª ordem em 2θ 
Rwp  % e χ2 5,1 e 1,2 

Fração da Fase % 100 
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Tabela 4-16. Coordenadas fracionárias para os íons contidos na célula unitária da BaM obtidos do refinamento.   
 

 

 

 

 

 

 

4.2 Medidas XANES e XPS à Temperatura Ambiente 

Űľ〉Ơ〈ľ〈〉ľƠ⟦ǼƯǫƠľ〉〉Ơ〈Ơľ〈ľǼľ〈〉ľƯơƠ⟦ľ〉ľ␢〉ľ〈ƠľƠ⟧Ơľ

ǫǼ〉ǫƠ〈Ơľ ṛľ –Ŋľ 〉ľ —Ŋŋľ 〉〉ƯǫƠ⟧〉Ǽ〉ōľ Űơ⚭〉ǫƠǼ〈ľ ƯǼ␢ǫ⟧Ơľ Ơǫľ

Ơ⟦ǼƯǫƠŋľ⟧〉〈ǫ⟧ľľ〉〉ƯľŹ‹€⁄ŴľņŹŌƠľƠơǫǼľǼ〉Ơľ〉〈␣〉ľƯ〉Ňľ

〈ƠľƠ⟧Ơľ ǼƠľ ơ〈ƠľŬľ〈ľ ␢〉ľ 〉ľ ƯơƠ⟦ōľ‹ľ ƯǼǫƯƠľŹ‹€⁄Ŵľ ␢ǫľ 〉Ư⟦Ǫǫ〈Ơŋľ

〈〉ǫ〈ľ Ơľ ␢Ơľ 〈〉ľ 〉ľ Ơơǫ〈ľ 〈Ơľ ⟦ǫ〉ƠƠľ →‘‚žľ 〉ľ Ơľ ǫṛľ 〈Ơľ ơƠǼ〈Ơľ 〈〉ľ

Ơơṛľľ⟧Ơľ⟧〉〈ǫ〈Ơľ〈ǫ〉Ơľ〈ľ〉Ơ〈ľ〈〉ľƠ⟦ǼƯǫƠľ〈ľ⟧ľƠơ〉〈ōľ€Ơľ

ơ〉〉ľ ơ〉〉Ǽ〉ľ 〈ǫƯǫ〉⟧ľ Ơľ ⟧〉〈ǫ〈Ơľ Ź‹€⁄Ŵľ 〈Ơľ Ơ⟧Ơľ ǼƠľ

ơ〈Ơľ Ŭľ 〈ľ ␢〉ľ 〉ľ ƯơƠ⟦ōľ ŵƠ⟧ơ⟧ľ ␢Ơ⟧ľ⟧〉〈ǫ〈ľ 〉〉Ưľ ŹűŴľ  ņŹŌƠľ

űǪ〉⟦〉ƯǼľ Ŵ〉ƯƯŇľ →‘“žľ ƠƠľ Ơľ Ơ⟧Ơľ 〉ľ ƯǼ⟧ľ ƯơƠ⟦ľ Ư⟧ľ

⟧〉〈ǫ〈ƠľƯ⟧⟦〉⟧〉ǼƠľƠľŹ‹€⁄Ŵŋľǫľ〉ľƠľƯǼǫƯƠľŹűŴľƠ⟧ơ⟧ľǼľ〉⟧ǫ〉ľ

ǫ〈〉Ǽǫ␢ǫƯƠľ ľ 〉Ơ〈ľ 〈〉ľ ǫ〈Ơṛľ 〈ľ Ǽōľ ⁄Ơľ 〈ǫƯṛľ ľ ␢〉ǫƠľ ǼƠľ ơ〉ṛľ

œō–ō–ōľ

ľ

Coordenadas Fracionárias 

Íon Sítio x y z Ocupação 
Ba2+ 2 d 0,6667 0,3333 0,2500 1 
Fe3+ 2 a 0,0000 0,0000 0,0000 1 
Fe3+ 4 e 0,0000 0,0000 0,2561(10) 0,5 
Fe3+ 4 f 0,3333 0,6667 0,02832(26) 1 
Fe3+ 4 f 0,3333 0,6667 0,19045(23) 1 
Fe3+ 12 k 0,1700(4) 0,3399(8) -0,10848(12) 1 
O2- 4 e 0,0000 0,0000 0,1498(8) 1 
O2- 4 f 0,3333 0,6667 -0,0546(7) 1 
O2- 6 h 0,1882(15) 0,3765(29) 0,2500 1 
O2- 12 k 0,1620(11) 0,3240(22) 0,0514(4) 1 
O2- 12 k 0,5032(10) 0,0064(21) 0,1483(4) 1 
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4.2.1 Medidas XANES na borda K do ferro 

Ŷ⟧Ơľ Ư⟧ƠƠṛľ 〈ľ 〉〉Ưľ Ź‹€⁄Ŵľ ǼƠľ ơ〈Ơľ Ŭľ 〈ľ ␢〉ľ 〈Ơľ

Ơ⟧ƠľǫǼ〉ǫƠ〈ƠľƯ⟧ľľ〉〉ƯľŹ‹€⁄Ŵľ〈〉ľƠ⟧ƠľƠ〈〉ľ⁅〉Űľņ⁅〉–ŊŇľ

〉ľ⁅〉–Ű—ľņ⁅〉—ŊŇľľ⟧Ơ〈ľǼƠľ⁅ǫ␣ƠľœŌ’ľƠŋľœŌ’ľƯŋľœŌ’ľ〉ŋľľœŌ’ľ␣ľ〉ľ⁅ǫ␣ƠľœŌ‚Ơŋľ

œŌ‚ľƯŋľœŌ‚ľ〉ľ〉ľœŌ‚ľ␣ōľľ※⟧ľ〉⟧ľľ〉〉Ưľ〈〉ľ〈ƠľƠľƠ⟧ƠľƠ〉〉ǼƠ⟧ľ

〈ǫľǫƯľ〈〉ľ〉ǼǼƯǫƠōľŶ⟧ƠľǫǼ〉ṛľ〈ľ〉〉Ưľ⟧Ơľ〉ľƠľ␢⟧Ơľ〉ľƠľ

ǫ〉ľ〈ƠľơƠǼ〈Ơľ〈〉ľƠơṛľƠƯǫƠ〈ƠľƠľ␢〉ľ〉〉Ǽ〉ľǼƠľƠ⟧Ơľṛľ

⟧Ơǫľǫ⟧Ơľ〈ľ〉〉ƯľŹ‹€⁄Ŵľ〈ľ⁅〉–Ű—ľ〉⟧ľ〉⟦ƠṛľƠľ⁅〉Űōľ※⟧ľľǫǼǫľ

〈〉ľ ƯǼ␢ǫ⟧Ơ⟧ľ ľ 〉Ơ〈ľ 〈〉ľ Ơ⟦ǼƯǫƠľ 〈ľ Ǽľ ␢〉ľ ǼƠľ Ơ⟧Ơľ ǫǼ〉ǫƠ〈Ơŋľ

Ơ⚭〉ľľƯ⟧ơǫǼƠṛľ⟦ǫǼ〉ƠľƯ⟧ľľ〉〉Ưľ〈〉ľ〉␢〉ǼƯǫƠľ⁅〉Űľ〉ľ⁅〉–Ű— ␢Ơ⟧ľ

␢〉ǫľƯ⟧ľľƠ⟦ǫľ〈ľ␢Ơ〉ľƠǪ〉ǼƠōľŵƠǫľƠ⚭〉ľṛľ⟧Ơ〈ľǼƠľ⁅ǫ␣Ơľ

œŌ’ľơŋľœŌ’ľ〈ŋľœŌ’ľ␢ŋľľœŌ’ľǪľ〉ľ⁅ǫ␣ƠľœŌ‚ơŋľœŌ‚ľ〈ŋľœŌ‚ľ␢ľ〉ľœŌ‚ľǪōľ⁄〉ľ〉⟦Ơ〈ľ

ƯǼ␢ǫ⟧Ơ⟧ŋľ Ư⟧ľ 〉〉Ơ〈ŋľ 〉ľ ľ ␢〉ľ 〉〉Ǽ〉ľ 〉⟧ľ 〈Ơľ Ơľ Ơ⟧Ơľ

ǫǼ〉ǫƠ〈Ơľǫľ〉Ơ〈ľ〈〉ľƠ⟦ǼƯǫƠľ〉〈⟧ǫǼƠǼ〉⟧〉Ǽ〉ľ—Ŋōľ

ľ
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ľ

Figura 4-6. Espectros XANES na banda K do ferro coletados à temperatura ambiente com FeO e Fe2O3 para o (a) Ba2Co2Fe12O22 (c) Ba2Zn2Fe12O22 (e) Ba2Mg2Fe12O22 e (g) BaFe12O19. Espectros  XANES  ajustados por combinação linear com os espectros de referências FeO e Fe2O3, do: (b) Ba2Co2Fe12O22, (d) Ba2Zn2Fe12O22,  (f) Ba2Mg2Fe12O22 e (h) BaFe12O19. ľ

(a) 

(f) (e) 

(d) (c) 

(b) 

(g) (h) 
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Figura 4-7. Espectros XANES na borda K do ferro coletados à temperatura ambiente com FeO e Fe2O3 para o (a) Ba2(Mg0,8Co0,2)2Fe12O22, (c) Ba2(Mg0,6Co0,4)2Fe12O22, (e) Ba2(Mg0,4Co0,6)2Fe12O22 e (g) Ba2(Mg0,2Co0,8)2Fe12O22. Espectros  XANES ajustados, por combinação linear com os espectros de referências FeO e Fe2O3, do: (b) Ba2(Mg0,8Co0,2)2Fe12O22, (d) Ba2(Mg0,6Co0,4)2Fe12O22,  (f) Ba2(Mg0,4Co0,6)2Fe12O22  e (h) Ba2(Mg0,2Co0,8)2Fe12O22.  

(d) (c) 

(b) (a) 

(e) (f) 

(g) 
(h) 
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4.2.2 Medidas XANES na borda K do cobalto e XPS no sistema               

Ba2 (Mg1-x Cox)2Fe12O22 (x=0,2; 0,4; 0,6; 0,8 e 1) 

€Ơľ ⁅ǫ␣Ơľ œŌ“ŋľ 〉⟧ľ ⟧ľ Ư⟧ƠƠǫľ 〉Ǽ〉ľ ľ 〉〉Ưľ Ź‹€⁄Ŵľ 〈Ơľ

Ơ⟧Ơľ›Ơ–ņ₫␣ŐŌ※Ň–⁅〉Ő–Ű––ľņ•ŏŋ–†ľ•ŏŋœ†ľ•ŏŋ’†ľ•ŏŋ“ľ〉ľ•ŐŇōľ⁄Ơľ␢ǫ␣Ơľ

⟧Ơľ 〉ľ Ơľ ǫ〉ľ 〈ľ ǫƯľ 〉ľ Ơľ ␢⟧Ơľ 〈ľ 〉〉Ưľ ƠǫƯƠ⟧〉Ǽ〉ľ ␢ǫƯƠ⟧ľ

ǫǼƠ⟦〉Ơ〈Ơōľľ

ľ

ľ
Figura 4-8. Espectros XANES na borda K do cobalto coletados à temperatura ambiente para o Ba2 (Mg1-x Cox)2Fe12O22 (x=0,2; 0,4; 0,6; 0,8 e 1). 

ľ

※⟧ľ Ơľ ␢ǫǼƠ⟦ǫ〈Ơ〈〉ľ 〈〉ľ 〉ľ ǫǼ〉ǫ␣Ơľ ľ 〉Ơ〈ľ 〈〉ľ ǫ〈Ơṛľ 〈ľ Ǽľ 〈〉ľ

ƯơƠ⟦ľ〉〉Ǽ〉ľǼƠľƠ⟧ƠľǫǼ〉ǫƠ〈Ơľ〉ľƯǼ⟧ľƯơƠ⟦ľľƯ⟧ƠƠ⟧ľľ

〉〉Ưľ Ź‹€⁄Ŵľ 〈Ơľ Ơ⟧Ơľ ǼƠľ ơ〈Ơľ Ŭľ 〈ľ ƯơƠ⟦ľ Ư⟧ľ ľ 〉〉Ưľ 〈Ơľ

Ơ⟧Ơľ Ơ〈〉ľ ※–Ű—ľ 〉ľ ※ņŰũŇ–ľ 〈〉ľ Ơ⟦ǼƯǫƠľ —Ŋľ 〉ľ –Ŋŋľ 〉〉ƯǫƠ⟧〉Ǽ〉ōľ

Ŵơ〉〉Ǽ〉⟧〉Ǽ〉ľ ␢Ơ⟧ľ 〉Ơ⟦ǫƠ〈ľ Ơ⚭〉ľ ľ Ư⟧ơǫǼƠṛľ ⟦ǫǼ〉Ơľ Ư⟧ľ ľ

〉〉Ưľ〈〉ľ〉␢〉ǼƯǫƠľņǫ〈〉ľ⁅ǫ␣ƠľœŌ”ŇōľţľƠ⚭〉ľ〉⟧ľ〉ľ〉⟧ľ〈ƠľƠľ
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Ơ⟧Ơŋľ Ơ⟦⟧ľ 〈ľ 〉〉Ơ〈ľ Ǽľ ※–Ŋŋľ Ǫľ Ơ⟧ơ⟧ľ Ơľ 〉ǫǼƯǫƠľ 〈〉ľ Ǽľ ※—Ŋŋľ

〉Ǽ〈ľľ〉Ư〉ǼƠ⟦ľ〈〉〉ľ⟧Ơǫľ〉⟧ľ〈ƠľƠľƠ⟧ƠľƯ⟧ľ〉Ư〉ṛľ〈ƠľƠ⟧Ơľ

›Ơ–ņ₫␣ŏŋœ※ŏŋ’Ň–⁅〉Ő–Ű––ōľ‹ľ〉〉ǼƠľ〈〉ľǼľ〈〉ľ※ľƯ⟧ľƠ⟦ǼƯǫƠľ—Ŋľ〉〉⟦Ơ⟧ľ〉ľ

ľ Ǽľ※–Ŋľ ␢〉⟧ľǫ〈Ơṛľ〈〉〉Ǽ〈ľǪƠ〉ľǼƠľƠ⟧Ơľ 〉Ư〉ľ〈〉ľǫ␣Ǽǫľ

ƠƠľ⟧ƠǼ〉ľƠľ〉⟦〉Ǽ〉Ơ⟦ǫ〈Ơ〈〉ōľ
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Figura 4-9. Espectros XANES na borda K do cobalto coletados à temperatura ambiente com Co(OH)2 e Co2O3 para o: (a) Ba2(Mg0,8Co0,2)2Fe12O22, (c) Ba2(Mg0,6Co0,4)2Fe12O22, (e) Ba2(Mg0,4Co0,6)2Fe12O22 e (g) Ba2(Mg0,2Co0,8)2Fe12O22. Espectros  XANES ajustados por combinação linear com os espectros de referências Co(OH)2 e Co2O3 do: (b) Ba2(Mg0,8Co0,2)2Fe12O22, (d) Ba2(Mg0,6Co0,4)2Fe12O22,  (f) Ba2(Mg0,4Co0,6)2Fe12O22, (h) Ba2(Mg0,2Co0,8)2Fe12O22 e (j) Ba2Co2Fe12O22.  ľ

(f) (e) 

(d) (c) 

(a) (b) 

(i) 

(h) (g) 

(j) 
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€Ơľ ⁅ǫ␣Ơľ œŌŐŏŋľ 〉⟧ľ ľ 〉〉Ưľ ŹűŴľ 〈ľ ⁅〉–űľ ƠƠľ ľ ǫ〉⟧Ơľľľľľľľľľľľ

›Ơ–ņ₫␣ŐŌ※Ň–⁅〉Ő–Ű––ľ ľ ņľ•ľŏ†ľ ŏŋ–†ľ ŏŋœ†ľ ŏŋ’†ľ ŏŋ“ľ 〉ľ ŐŇōľţƠľ ␢ǫ␣Ơľ 〉⟧ľ〉ľ ľ

ǫǼƯǫƠǫľǫƯľ〈ƠľƠ⟧ƠľƠǫƯƠ⟧〉Ǽ〉ľǼṛľ〉ľ〈〉⟦ƯƠ⟧ľ〉ƠǼ〈ľ⟦ƯƠ⟦ǫƠ〈ľ

〉⟧ľ ‚Őŏŋ‚ľ 〉Ωľ 〉ľ ‚–œŋ—ľ 〉Ωōľ ŪǼ〉〉ƠǼ〉ľ ǼƠľ 〉ľ Ơľ ␢⟧Ơľ 〈ľ 〉〉Ưľ ŹűŴľ

⟧ƠǼ⟧Ō〉ľ ǫǼƠ⟦〉Ơ〈ŋľ ⟧ƠǼ〈ľ 〉ľ ľ 〉Ơ〈ľ 〈〉ľ ǫ〈Ơṛľ 〈ľ ␢〉ľ Ǽṛľ ľ

⟧〈ǫ␢ǫƯƠ〈ľƯ⟧ľƠ⟦〉Ơṛľ〈〉ľ〉ľ〈〉ľƯơƠ⟦ľǼƠľƠ⟧Ơōľŵ〉Ǽ〈ľ〉⟧ľǫƠľ〉ľ

Ơľ␢⟧Ơľ〈ľ〉〉Ưľ〉ľƠľǫ〉ľ〈ľǫƯľ〉ṛľ〈〉ľƠƯ〈ľƯ⟧ľƠľ〈ľ〉〉Ưľ

Ơ〈ṛľ〈ľ⁅〉–ľƠƠľľ⁅〉–Ű—ľ〉Ơ〈ľľ₫⟦〈〉ľ〉ľƠ⟦ōľ →‘“žŋľƯǼƯ⟦ǫŌ〉ľ〉ľƠľ

Ơ⟦ǼƯǫƠľ 〈ľ Ǽľ ⁅〉ľ 〉〉Ǽ〉ľ ǼƠľ Ơ⟧Ơľ ŋľ 〉〈⟧ǫǼƠǼ〉⟧〉Ǽ〉ŋľ —Ŋōľ ⁄〉ľ

〉⟦Ơ〈ľ ƯǼ␢ǫ⟧Ơľ ľ 〉⟦Ơ〈ľ 〉ľ ơǫ〉⟧ľ Ư⟧ľ Ơľ ⟧〉〈ǫ〈Ơľ Ź‹€⁄Ŵľ ǼƠľ

ơ〈ƠľŬľ〈ľ␢〉ľƠƠľ〉Ơľ⟧〉⟧ƠľƠ⟧Ơōľľľľ

 

 

Figura 4-10. Espectro XPS Fe2p para o Co2Y e Ba2(Mg1-xCox)2Fe12O22  (x = 0; 0,2; 0,4; 0,6 e 0,8). 
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€Ơľ ⁅ǫ␣Ơľ œŌŐŐŋľ 〉⟧ľ ľ 〉〉Ưľ ŹűŴľ ※–űľ ƠƠľ ľ ǫ〉⟧Ơľľľľľľľľľľľľ

›Ơ–ņ₫␣ŐŌ※Ň–⁅〉Ő–Ű––ľľņľ•ľŏ†ľľ•ľŏŋ–†ľľ•ľŏŋœ†ľľ•ľŏŋ’†ľľ•ľŏŋ“ľ〉ľ•ŐŇŋľƠǫ⟧ľ

Ư⟧ľ Ǽľ ƯƠľ 〈ľ ŹűŴľ ⁅〉–ŋľ ľ 〉〉Ưľ ƠǫƯƠ⟧〉Ǽ〉ľ ⟧ƠǼ⟧ľ Ơľ Ơľ ␢⟧Ơľ

ǫǼƠ⟦〉Ơ〈Ơľ〉ľľǫƯľǫǼƯǫƠǫľņ〉⟧ľ‚‚”ŋ—ľ〉Ωľ〉ľ〉⟧ľ‚”œŋľ’ľ〉ΩŇľǼṛľƠǫƠ⟧ōľŪľ

ǫ␣Ǽǫ␢ǫƯƠľ 〉ľ ľ 〉Ơ〈ľ 〈〉ľ ǫ〈Ơṛľ 〈ľ ƯơƠ⟦ľ ǼƠľ Ơ⟧Ơľ ǫǼ〈〉〉Ǽ〈〉ľ 〈Ơľ

ƯǼƯ〉ǼƠṛľ 〈〉ľ ƯơƠ⟦ľ 〉〉Ǽ〉ľ Ǽ〉Ơōľ ※⟧ƠƠǼ〈ľ ľ 〉〉Ưľ ŹűŴľ

⟧〉〈ǫ〈ľ Ư⟧ľ ľ 〉〉Ưľ Ơ〈〉ľ ※–űľ 〈ľ ※ŋľ ※Űŋľ ※ņŰũŇ–ľ 〉ľ ※—Űœľľ

〉Ơ〈ľľ›ǫ〉ǫǼ␣〉ľ〉ľƠ⟦ōľ→‘”žŋľ〉⟧ľ〉ľľ〉〉ƯľŹűŴľ〈ƠľƠ⟧Ơľ〉ľ

Ơ〉⟧〉⟦ǪƠ⟧ľ⟧ƠǫľƠľ〉〉Ưľ〈ľ※—ŰœōľŪľǫǼ〈ǫƯƠľ〉ľƠľƠ⟧ƠľƠ〉〉ǼƠ⟧ľ

〉Ơ〈ľ〈〉ľǫ〈Ơṛľ—Ŋľ〉ľ–ŊľƠƠľľƯơƠ⟦ŋľľ〉ľƯơƠľľ〉⟦Ơ〈ľơǫ〈ľ

ľ⟧〉〈ǫ〈ƠľŹ‹€⁄ŴľǼƠľơ〈ƠľŬľ〈ľƯơƠ⟦ľƠƠľ〉ƠľƠ⟧Ơōľľ

 

Figura 4-11. Espectro XPS Co2p para o Co2Y (Ba2Co2Fe12O22) e Ba2(Mg1-xCox)2Fe12O22  (x = 0; 0,2; 0,4; 0,6 e 0,8). 
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4.3 Teoria de grupos para as amostras Ba2Me2Fe12O22 (Me=Mg2+, 

Zn2+ e Co2+) e BaFe12O19. 

※⟧ľ ⚭ľ 〈ǫľ ƠǼ〉ǫ⟧〉Ǽ〉ŋľ Ơľ Ǫ〉Ơ␢〉ǫƠľ ǫľ ←ľ 〉⟧ľ ǫ⟧〉ǫƠľ

〉〉ǼƯ〉Ǽ〉ľ Ơľ ␣ľ 〉ƠƯǫƠ⟦ľ ľJ3 KDōľ ‹ľ 〈ǫǫơǫṛľ 〈ľ ⟧〈ľ Ǽ⟧Ơǫľ 〉⟧ľ
〉⟧ľ〈Ơľ 〉〉〉ǼƠ〉ľ ǫ〉〈〉ǫľ〈〉〉ľ␣ľ 〈〉ľ 〉ľ ␢〉ǫƠľƯ⟧ľơƠ〉ľǼƠľ

ƯƠṛľ〈ľǫľ〈〉ľƠƯ〈ľƯ⟧ľľ⟧〈ľ〈ľ␣ľ␢Ơŋľ〈〉Ưǫľľűľ

〉ľƠ⟦ľľ →’ŏžōľ‹ľŵƠơ〉⟦ƠľœŌŐ‚ľ⟧ƠľƠľƯǼǫơǫṛľ〈〉ľƯƠ〈Ơľǫľ〈ľ›Ơ–₫〉–⁅〉Ő–Ű––ľ

ņ₫〉•₫␣–Ŋŋľ↑Ǽ–Ŋľ〉ľ※–ŊŇľƠƠľƠľǫơƠ〉ľ〈Ơľ〉〈〉ōľţľǼľ〈〉ľǫƠľ〈Ơľ〉ǫƠľ

〈〉ľ␣ľṛľ〉ǫ„ľ—–ľ⟧〈ľƠǫľǼľ℗Ơ⟧ƠǼľņŐœľ‹Ő␣ľ⊕ľŐ“ľ⁄␣ľŇŋľ—–ľ⟧〈ľ
Ơǫľ Ǽľ ǫǼ␢Ơ〉⟧〉⟦Ǫľ ņŐœľ ‹–ľ⊕ľŐ“ľ ⁄Ňŋľ “ľ ǫ⟦〉ǼƯǫľ ņœ‹Őľ⊕ ľœ‹–␣Ňľ 〉ľ —ľ

ƠƯǫƯľņ⁄ľ⊕ľ‹–Ňōľ
€ľ〉ľƠǼ␣〉ľƠľ›Ơ₫ŋľ〉〉ǼƯ〉Ǽ〉ľƠľ␣ľ〉ƠƯǫƠ⟦ľű’—Ŏ⟧⟧Ưľŋ〈Ơľ〉ǫƠľ

〈〉ľ␣ľ 〉〉ƠŌ〉„ľ œ–ľ⟧〈ľƠǫľ Ǽľ℗Ơ⟧ƠǼľ ņŐŐ‹Ő␣ľ⊕ľŐœ⁄Ő␣ľ⊕ľŐ‚ľ⁄–␣Ňŋľ —ŏľ
⟧〈ľƠǫľǼľǫǼ␢Ơ〉⟧〉⟦ǪľľľņŐ—ľ‹–ľ⊕  Ő‚ľ⁄ŐľŇŋľ‘œľǫ⟦〉ǼƯǫľľņœ‹–␣ľ⊕  Ő—›Ő␣ľ⊕  —›–␣ľ⊕  —‹Őľ Ŋœ›Őľ⊕  Ő–›–ľ⊕  Ő‘⁄–Ňľ 〉ľ —ľ ƠƯǫƯľ ņ⁄Őľ ⊕  ‹–Ňōľ ‹ľ
ƯǼǫơǫṛľ〈〉ľƯƠ〈Ơľǫľ〈ľ›Ơ⁅〉Ő–ŰŐ”ľľƠƠľľ⟧〈ľǫơƠƯǫǼƠǫľƯǼƠ⟧ľǼƠľ

ŵƠơ〉⟦ƠľœŌŐ“ōľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ
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Tabela 4-17. Contribuição dos sítios da Hexaferrita tipo Y para os modos vibracionais. 
Ǽľ Ŵǫľ Ŵǫ⟧〉ǫƠľ ※Ǽǫơǫṛľ

›Ơľ ’Ưľ ※
—
ľ ‹
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Tabela 4-18. Contribuição dos sítios cristalográficos da BaM para os modos vibracionais. 
Ǽľ Ŵǫľ Ŵǫ⟧〉ǫƠľ ※Ǽǫơǫṛľ
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4.4 Espectroscopia no Infravermelho à Temperatura Ambiente 

ŵ〈Ơľ Ơľ ⟧〉〈ǫ〈Ơľ 〈ľ 〉〉Ưľ Ǽľ ǫǼ␢Ơ〉⟧〉⟦Ǫľ 〈Ơľ Ơ⟧Ơľ ␢Ơ⟧ľ

␢〉ǫƠľƠǼ〈ľƠľƯǼǫƯƠľ〈〉ľ〉␢⟦〉ƯǼƯǫƠľ〉〉Ư⟦ƠōľŰľƠ⚭〉ľ〈ľ〉〉Ưľ␢Ơ⟧ľ

〉Ơ⟦ǫƠ〈ľƠǼ〈ľľ␣Ơ⟧ƠľŪ℗⁅ǫľ–ōŏōľ
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4.4.1  Sistema Ba2Me2Fe12O22 (Me=Mg2+, Zn2+ e Co2+) 

€Ơľ⁅ǫ␣ƠľœŌŐ–ľ〉⟧ľľ〉〉Ưľ〈〉ľ〉␢⟦〉ƯǼƯǫƠľ〉〉Ư⟦ƠľƯ⟧ľǫǼƯǫ〈ǼƯǫƠľ

Ǽ⟧Ơ⟦ŋľǼľǫǼ〉Ơ⟦ľ〈〉ľŐŏŏľƯ⟧ŌŐľƠľ–ŏŏŐľƯ⟧ŌŐŋľƠƠľľƯ⟧ľ※–←ŋľ₫␣–←ľ〉ľ

↑Ǽ–←ōľ‹ľ⟦ǫǼǪƠľ⟦ǫ〈Ơľ〉〉〉ǼƠ⟧ľľƠ⚭〉ľơƠ〉Ơ〈ľǼľ⟧〈〉⟦ľ〉⟧ǫǼǫƯľ

〈〉ľƠľƠ⟧〉ľľ →’ŐžŋľľƠǫľ␢Ơ⟧ľ␢〉ǫľƯ⟧ľľľ〈〉ľ⟧ľ␣Ơ⟧Ơľ〈〉ľ

⟧Ǽǫ⟧ľƠ〈Ơ〈ľǼṛľ⟦ǫǼ〉Ơŋľ〈〉Ǽ⟧ǫǼƠ〈ľŪ℗⁅Ūŵľōľţ〉ľƠƯ〈ľƯ⟧ľ〉〉ľ⟧〈〉⟦ŋľ

ƠľƯǼƠǼ〉ľ〈ǫ〉⟦ǫƯƠľņM$(N)Ňľľ〈Ơ〈Ơľ„ľ

Ǽ〈〉ľ €ľ ľ ľ ľ Ǽ⟧〉ľ 〈〉ľ ␢ǼǼľ ⟦Ơ〉ľ ľ 〉ľMOľľ Ơľ ƯǼƠǼ〉ľ 〈ǫ〉⟦ǫƯƠľ ǫƯƠľ
〈〉ǫ〈ľƠľƯǼǫơǫṛľ〈Ơľ⟦ƠǫƠṛľ〉⟦〉ǼǫƯƠ† Ω�,QRľ〉ľΩ�,SRŋľṛľƠľ␢〉ǼƯǫƠľ
⟦Ǽ␣ǫ〈ǫǼƠ⟦ľ〉ľ ƠǼ〉Ơ⟦ľ〈ľ ⚭Ōǫ⟧ľ ľ ␢ǼǼŋľ〉〉ƯǫƠ⟧〉Ǽ〉ōľ⁄ǼƠǼľ��,QRľ〉ľ��,SRľṛľľƠ⟧〉Ưǫ⟧〉ǼľƠƯǫƠ〈ľľƠľǫơƠ〉ľ⟦Ǽ␣ǫ〈ǫǼƠ⟦ľ〉ľƠǼ〉Ơ⟦ŋľ
〉〉ƯǫƠ⟧〉Ǽ〉ōľľ〉⟦ľƠ⚭Ơľľ〉〉Ưľ〈〉ľ〉␢⟦〉ƯǼƯǫƠľƯ⟧ľ〉〉ľ⟧〈〉⟦ŋľ

⟦〉ƠǼ〈ľ〉⟧ľƯǼƠľƠľ〉Ơṛľ〈〉ľ⁅〉Ǽ〉⟦ľ→’–žľƠƠľ⟧ľǼ␣⟦ľ〈〉ľǫǼƯǫ〈ǼƯǫƠľƠ〉Ō

Ǽ⟧Ơ⟦ŋľƠľƠ⟦ľ〉⟦ƠƯǫǼƠľ〉␢⟦〉ƯǼƯǫƠľņ℗Ňľľ〉ľƠľ␢Ǽṛľ〈ǫ〉⟦ǫƯƠľ〈Ơľ␢⟧Ơ„ľ
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Figura 4-12. Espectros de Reflectância coletados à temperatura ambiente do (a) Co2Y (b) Mg2Y e (c) Zn2Y.  

ľ

※⟧ơǫǼƠǼ〈Ō〉ľ Ơľ 〉Ơ〉ľ ņœōŐŇľ 〉ľ ņœō–Ňŋľ Ơ⚭ƠŌ〉ľ ľ 〉〉Ưľ 〈〉ľ

〉␢⟦〉ƯǼƯǫƠľ ⟧〉〈ǫ〈ōľ űƠƠľ ƠǼľ ľ Ǽ〉Ư〉ǫľ 〉ľ ␢Ǽ〉Ư〉ľ Ơľ ␣Ơ⟧Ơŋľ Ơľ

ǫ〉ľ〉ľ⟦Ơ␣Ơľ〈ľ⟧〈ľǫƯľƠǼ〉ƠǫľņŵŰŇľ〉ľ⟦Ǽ␣ǫ〈ǫǼƠǫľņŭŰŇōľ‹ľ

ǫ〉ľ〈ľ⟧〈ľŵŰľ〉ľŭŰľ〉ľ〉ǫƠ⟧ľƯ⟧ľǼľ〈〉ľƠǫ〈ƠľƠƠľľǫǼƯǫľ

〈ľ Ơ⚭〉ľ 〈ľ 〉〉Ưľ ␢Ơ⟧ľ ơǫ〈ľ 〈Ơľ ǫ〉ľ 〈ľ ǫƯľ 〈Ơľ Ơ〉ľ

ǫ⟧Ơ␣ǫǼǫƠľ 〈Ơľ ƯǼƠǼ〉ľ 〈ǫ〉⟦ǫƯƠľ 〉ľ 〈Ơľ Ơ〉ľ ǫ⟧Ơ␣ǫǼǫƠľ 〈ľ ǫǼ〉ľ 〈Ơľ

ƯǼƠǼ〉ľ 〈ǫ〉⟦ǫƯƠŋľ 〉〉ƯǫƠ⟧〉Ǽ〉ōľ Űľ Ơ⟧〉ľ 〈〉ľ 〈ǫ〉ṛľ ơǫ〈ľ 〈ľ

⟧〉⟦ǪľƠ⚭〉ľƠƠľľ※–←ŋľ↑Ǽ–←ľ〉ľ₫␣–←ľṛľ⟧Ơ〈ľǼƠľŵƠơ〉⟦ƠľœŌŐ”ŋľŵƠơ〉⟦Ơľ

œŌ–ŏľ 〉ľ ŵƠơ〉⟦Ơľ œŌ–Őŋľ 〉〉ƯǫƠ⟧〉Ǽ〉ōľ ‹ľ Ơǫľ 〈ľ Ơ⟧〉ľ 〈〉ľ 〈ǫ〉ṛľ

ơǫ〈ľ〈ľƠ⚭〉ľ〈〉⟧ľơ〉ľƠľƯǼǫơǫṛľǫǼǼ〉ƯƠľ〈ľ␢ǼǼľƠƠľƠľ

〉Ơľ 〈ǫ〉⟦ǫƯƠľ 〈ľ ※–←ľ 〉ľ ↑Ǽ–←ľ ǼƠľ 〉␣ǫṛľ 〈〉ľ ⟧ǫƯŌǼ〈Ơŋľ Ơľ ␢ǫ⟧ľ 〈〉ľ
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ǫǼ〉ǫ␣Ơľ 〉ľ Ơǫľ Ư⟧ľ ṛľ Ơ〈〉Ơ〈ľ 〉⟧ľ Ơ⟦ǫƯƠ〉ľ 〉⟧ľ 〈ǫǫǫľ 〈〉ľ

⟧ǫƯŌǼ〈Ơľ ņƯ⟧ľ 〉ǼƠ〈〉ľ 〉ľ ␢ǫ⟦Ňōľ űƠƠľ ƠǼľ 〉ƯǫƠ⟧ľ ƯƠ⟦Ư⟦Ơľ Ơľ

ƯǼƠǼ〉ľ〈ǫ〉⟦ǫƯƠľ〉ǫƯƠľņŇľǼľ〉␣ǫ⟧〉ľ〈〉ľ⟧ǫƯŌǼ〈ƠľņΩ�,SR ≫ N)ľ〉ľľ␢Ơľ
〈〉ľƠ⟦ǫ〈Ơ〈〉ľ〈〉ƯƠ〉␣Ơ〈ľņ№Ňōľ‹ľǫ⟧〉ǫƠľľƯǼƯ〉〈ǫ〈Ơľ„ľ

Ǽ〈〉ľľΔM�ľľƠľ␢Ơľ〈ľƯǫ⟦Ơ〈ŋľľƠ⟦ľľ〈Ơ〈ľ„ľ

€ľ〉ľ〈ǫľ〉〉ǫľƠľ␢Ơľ〈〉ľƠ⟦ǫ〈Ơ〈〉ľ〈〉ƯƠ〉␣Ơ〈ŋľ〉〉ľľ〈〉␢ǫǼǫ〈ľ

Ư⟧ľľ〉ƯƯľ〈ƠľƠǼ␣〉Ǽ〉ľ〈〉ľ〉〈Ơľ]^ = X_`abŋľľǼ〈〉ľ

※⟧ľľƠ⟦ǫľ〈Ơľ〉Ơ〉ľņœō—ŇľƠľņœō‘Ňŋľ␢Ơ⟧ľƯƠ⟦Ư⟦Ơ〈ľľƠ⟧〉ľM$� ľ〉ľ]^ľōľ※⟧ľ〉⟧ľ〈ƠľŵƠơ〉⟦ƠľœŌŐ”ŋľŵƠơ〉⟦ƠľœŌ–ŏľ〉ľŵƠơ〉⟦ƠľœŌ–Őŋľ〉⟧Ō〉„ľľ•ľŐ‘ŋ’–ľ
〉ľ№฀ľ ␢ľ•ľ ’–ŋ“‘ľŵũľƠƠľ ľ※–←ŋľ ฀ľ•ľŐŐŋ’“ľ 〉ľ№฀ľ ␢ľ•ľ–‘ŋœ’ľŵũľƠƠľľ

₫␣–←ľƠľƠľ〉ľƠƠľľ↑Ǽ–←ľƠ⟦〉ľľ ฀ľ•ľŐ–ŋ’”–ľ〉ľľ№฀ľ␢ľ•ľ–‘ŋœ‚ľŵũōľŰľ

Ơ⟦〉ľ〈〉〉ľƠ⟧〉ŋľơǫ〈ľƠƠľƠľ※–←ŋľ₫␣–←ľ〉ľ↑Ǽ–←ŋľṛľƯ⟧Ơ〉ǫľ

Ơľ 〉Ơ〈ľ ǼƠľ ⟦ǫ〉ƠƠľ ƠƠľ 〉ľ ⟧Ơľ Ư〉⟧ǫƯƠľ Ơľ 〉ľ Ơ〈Ơľ Ư⟧ľ

〈ǫǫǫľ〈〉ľ⟧ǫƯŌǼ〈Ơľ 〉ľ ṛ„ľ Ő–‡฀ľ‡‘ŏľ 〉ľ№฀ľ ␢ľŝľ —ŏľŵũľ ľ →’—žōľ Ūľ

⟧Ơľ〉ľ〉ƠľǪ〉Ơ␢〉ǫƠľṛľƯƠǼ〈ǫ〈ƠƠľ〉⟧ľ〉ǼƯǫƠ⟦ľƠƠľƠ⟦ǫƯƠ〉ľƯ⟧ľ

〉Ơ〈〉ľ 〈ǫ〉⟦ǫƯōľ※⟧ľ〈〉⟧ľ〉ľ 〈ƠľŵƠơ〉⟦Ơľ œŌ–ŏŋľ ľ Ơ⟦〉ľƠƠľƠľ

ƯǼƠǼ〉ľ 〈ǫ〉⟦ǫƯƠľ ǫƯƠľ ņε∞•–ŋ”‚Ňľ 〉ľ 〉ǫƯƠņε•ŐŐŋ’“Ňľ ơǫ〈ľ ƠƠľ Ơľ
₫␣–←ľṛľ⟧〉Ǽ〉ľ〉ľľƠ⟦〉ľ 〉Ơ〈ľ〉ǫƠ⟧〉Ǽ〉ľǼƠľ ⟦ǫ〉ƠƠľƠƠľľ

⟧ǼƯǫƠ⟦ŋľľľƠǫľṛľœŋ“ľ〉ľŐ”ľƠƠľƠľƯǼƠǼ〉ľ〈ǫ〉⟦ǫƯƠľǫƯƠľ〉ľ〉ǫƯƠŋľ

⟧〉〈ǫ〈ľ ƠƠľ ⟧ľ ƯƠ⟧ľ 〉⟦ǫƯľ Ư⟧ľ ⟦ƠǫƠṛľ 〉〉Ǽ〈ǫƯ⟦Ơľ Ơľ 〉ǫľ Ưŋľ

M� = MO + c ΔM�V
�WX , ľľľľ

ņœō—Ňľ

ΔM� = def*g,hi  x ∏ (f*g,ki lf*g,him∏ (f*g,ki lf*g,himng . ņœōœŇľľľľľľľľľľľľľľľľľľľľľľľ

    opqr = c opqr� = c N ΔM���,SRM�Ω!�,SR�� . 
                                                                                                           

ľľľľľľľľľľľľľľľľľľľľľľľľľľľ
ņœō‘Ňľ
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〉〉ƯǫƠ⟧〉Ǽ〉ľ ľ →œ’žōľ ‹ľ 〈ǫ␢〉〉ǼƠľ 〉Ǽ〉ľ Ơľ ƯǼƠǼ〉ľ 〈ǫ〉⟦ǫƯƠľ ǫƯƠľ ľ

〈〉ǫ〈ľƠľ ␢Ơľ〈〉ľǼƠľ⟧〉〈ǫ〈ƠľǼľ ǫǼ␢Ơ〉⟧〉⟦Ǫľ⟧〈ǫľ ņœŏŏŏľ Ōľ œŏŏľ Ư⟧ŌŐŇľ 〉ľ

␢ǫƯƠǼ〈ľ ơƠƠǼ〉ľ ǫ〈Ơľ ƠƯǫ⟧Ơľ 〈〉ľ Őœŏŏľ Ư⟧ŌŐŋľ ľ 〉ľ Ǽľ ⟦〉ľ Ơľ 〉ǫǼ␣ǫľ ľ

Ơ⚭〉ľ ⟧〉Ǽ〉ľ Ơľ 〉〉ľ Ǽ⟧〉ľ 〈〉ľ Ǽ〈Ơľ ⟧〉ǼƯǫǼƠ〈ōľ €ľ 〉ľ 〈ǫľ 〉〉ǫľ ľ

〉ṛľ〈〉ľ〉⟧ľơǫ〈ľ⟧ľƠ⟦ľ⟧〉ǼľƠƠľƠľƯǼƠǼ〉ľ〉ǫƯƠŋľǫľ〈〉ľ

〉ľ 〈〉ǫ〈ľ Ơľ ␢Ơľ 〈Ơľ⟧〉〈ǫ〈Ơľ 〈Ơľ₫␣–←ľ 〉ľ ␢ǫƯƠ〈ľ ơƠƠǼ〉ľ ǫ〈Ơľ ǼƠľ 〉␣ǫṛľ

〉Ǽ〉ľ–ŐŏľƯ⟧ŌŐľ〉ľŐœŏľƯ⟧ŌŐŋľ ǫ⟧ǫơǫ⟦ǫƠǼ〈ľľƠƠ〉Ưǫ⟧〉Ǽľ〈〉ľ〉〉ǼƠǫľ⟧〈ľ

〉ľ〈〉ǫƠ⟧ľƯǼǫơǫľƠƠľƠľƯǼƠǼ〉ľ〈ǫ〉⟦ǫƯƠōľ

Tabela 4-19. Parâmetros  de dispersão  obtidos do espectro de reflectância do Co2Y  à temperatura ambiente. 
Modo j,TO j,TO j,LO j,LO j tanj 

1  121,9 24,76 126,7 39,31 2,057             23341,736 
2  127,2 24,81 130,31 10,91 0,075              783,194 
3  215,7 21,23 216,49 17,86 0,246              764,435 
4  233,03 40,14 250,76 40,25 2,857              14382,009 
5  296,5 17,77 302,45 12,91 1,648              2268,563 
6  311,2 22,38 347,62 40,31 2,017              3174,259 
7  369,6 34,18 430,83 66,96 1,018              1734,649 
8  436,5 24,12 441,13 17,63 0,013              11,207 
9  560,1 47,59 679,1 47,00 1,232              1272,773 

∞ = 4, 46,   = 15,62 e Qu x f = 62,85 THz.                                  tanδj = 47732,825x10-8 
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Tabela 4-20. Parâmetros de dispersão  obtidos do espectro de reflectância do Mg2Y  à temperatura ambiente.  
Modo j,TO j,TO j,LO j,LO j tanj 

1 111,7 38,59 123,6 120,09 3,246 86444,054 
2 124,0 14,36 129,7 13,95 0,033 265,365 
3 207,1 76,31 215,2 73,35 0,821 12577,160 
4 246,7 32,67 253,2 31,36 0,489 2260,153 
5 301,4 12,78 303,3 13,84 0,209 253,168 
6 340,0 65,78 355,6 22,38 2,389 11704,972 
7 361,8 56,37 434,4 55,45 0,777 2881,045 
8 434,4 33,48 454,9 54,62 0,000 0,000 
9 558,0 71,73 600,6 39,50 0,734 1455,951 

10 601,4 31,75 680,4 31,87 0,009 6,803 

∞     = 2,97,    = 11,68 e Qu x f =  25,46 THz. tan j= 117848,670 x 10-8
 

Tabela 4-21. Parâmetros de dispersão  obtidos do espectro de reflectância do Zn2Y  à temperatura ambiente. 

ľ

※⟧ľƯ⟧〉ǼƠ〈ľǼƠľ〉ṛľœō—ŋľ〈〉ľƠƯ〈ľƯ⟧ľƠľ〉ǫƠľ〈〉ľ␣ŋľƠƠľƠľ

Ǫ〉Ơ␢〉ǫƠľǫľ←ľṛľ〉ǫľ—–ľ⟧〈ľƠǫľǼľǫǼ␢Ơ〉⟧〉⟦Ǫōľ⁄Ǽ〉ƠǼľ

ľǼ⟧〉ľ〈〉ľơƠǼ〈Ơľơ〉Ơ〈Ơľņ”ľơƠǼ〈Ơľơ〉Ơ〈ƠľƠƠľľ※–←ľ〉ľŐœľƠƠľľ

Modo j,TO j,TO j,LO j,LO j tanj 

1 99,1 41,97 107,5 80,00 2,248 75636,613 
2 115,6 11,71 116,2 23,92 0,072 499,751 

3 126,0 26,61 127,0 13,81 0,139 1841,240 

4 204,7 58,73 229,0 54,77 2,900 32029,948 
5 234,1 22,25 237,8 50,00 0,072 231,097 
6 292,5 28,96 304,6 14,07 1,458 3887,021 
7 307,0 13,77 323,3 47,38 0,198 227,636 
8 329,2 21,97 341,3 47,11 0,119 190,263 
9 350,2 24,95 352,0 41,60 0,023 37,127 

10 375,7 29,87 383,7 34,51 0,214 357,135 
11 400,9 38,24 415,0 42,93 0,234 438,462 
12 444,8 41,70 448,9 23,63 0,081 135,026 
13 474,5 78,44 485,5 66,65 0,197 540,025 
14 569,2 74,74 670,1 85,58 0,958 1740,807 

∞    = 3, 779,    = 12,692 e Qu x f = 25,47 THz.                          tanδj/ω = 117792,2 x 10-8 
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↑Ǽ–←Ňľ ľ ⟧〉Ǽľ 〈ľ 〉ľ Ǽ⟧〉ľ 〉ǫƯƠ⟧〉Ǽ〉ľ 〉ǫōľ ŵƠ⟦ľ 〈ǫ␢〉〉ǼƠľ 〈〉ľ 〉ľ

〉⟦ǫƯƠ〈Ơŋľ Ơ␣⟧〉ǼƠǼ〈Ō〉ľ 〉ľ Ơľ ƯǼǫơǫṛľ 〈Ơľ ␢Ơľ 〈ľ Ưǫ⟦Ơ〈〉ľ

ņΔM�) ƠƠľ ľ Ơľ ơƠǼ〈Ơľ 〉ľ Ǽṛľ ṛľ ơ〉Ơ〈Ơľ 〈〉〉ľ 〉ľ⟧ǫľ 〉〉ǼƠōľţ〉Ơľ
␢⟧ƠľƠľƯǼǫơǫṛľ〈〉ƠľơƠǼ〈ƠľƠƠľƠľ〉Ơľ〈ǫ〉⟦ǫƯƠľ〈〉〉ľƯ⟧ľľ

Ǽ〉␣⟦ǫ␣〉ǼƯǫ〉⟦ōľ ‹⟦⟧ľ 〈ǫŋľ ǫ〉⟦⟧〉Ǽ〉ŋľ ơƠǼ〈Ơľ Ư⟧ľ 〈ǫ␢〉〉Ǽ〉ľ ǫ⟧〉ǫƠľ

〈〉⟧ľ 〉ľ ⟦ƯƠ⟦ǫƠľ 〉⟧ľ ǫ〉ľ ơƠƠǼ〉ľ ǫ⟧Ơľ ⟧Ơľ 〈Ơľ Ơľ ņƠ〉ľ

〈〉␣〉Ǽ〉〉ƯǼƯǫƠŇľ〈〉ľ ␢⟧Ơľ〉ľƠľ⟧〉⟧ƠľǼṛľ〈〉⟧ľ〉ľ 〉ƠƠ〈Ơľ〈〉Ǽľ〈Ơľ

〉Ơǫ〈ṛľ 〉〉ǫ⟧〉ǼƠ⟦ōľ ※⟧ľ Ơľ ơƠǼ〈Ơľ Ǽṛľ 〈〉⟧ľ 〉ľ 〉⟦ǫ〈Ơľ

〉〉ǫ⟧〉ǼƠ⟦⟧〉Ǽ〉ŋľ〉ƠľṛľƯǼǫ〈〉Ơ〈Ơľ〈〉␣〉Ǽ〉Ơ〈ƠľǼľƯ〉ľ〈〉ľƠ⚭〉ōľ

№ƠǼľ ľ Ư⟦Ơǫ␢ǫƯƠṛľ 〈Ơľ ơƠǼ〈Ơľ Ǽľ ǫǼ␢Ơ〉⟧〉⟦Ǫľ 〈ľ ※–←ŋľ ↑Ǽ–←ľ 〉ľ

₫␣–←ŋľ〉Ơľ〈〉ľ〉ľ ␢〉ǫƠľ〈〉ľ ␢⟧ƠľƠ⟦ǫƠǫƠŋľƯ⟧ƠƠǼ〈Ō〉ľľ 〉〉Ưľ〈〉ľ

〉␢⟦〉ƯǼƯǫƠľ ľ 〈〉Ơľ Ǫ〉Ơ␢〉ǫƠľ Ư⟧ľ ľ 〉〉Ưľ 〈Ơľ ⟧Ơ␣Ǽ〉⟦⟧ơǫƠľ 〉ľ 〈〉ľ

␢〉ǫƠľ ľ →œ’žōľţ〉Ơľ ␢⟧ƠľƠľ Ư⟦Ơǫ␢ǫƯƠṛľ〈〉ľ Ơ⟦␣⟧ƠľơƠǼ〈Ơľ ơ〉Ơ〈Ơŋľ Ư⟧ľ

ǫ⟧〉ǫƠľ⁄ŋľ␢ǫƯƠľƠǫ⟧ľ〉Ơơ〉⟦〉Ưǫ〈Ơ„ľƠľơƠǼ〈Ơľ〉⟧ľ‘‘“ľņ₫␣–←Ňŋľ‘’”ľņ↑Ǽ–←Ňľ〉ľ‘’Őľ

Ư⟧ŌŐľņ※–←ŇľṛľǫǼ〈Ơľ〈ľ〉ǫƠ⟧〉Ǽľņν—Ňľ〈〉ľ〉Ơ〉〈ľņ₫␣Ŏ↑ǼŎ※Ŏ⁅〉ŇŰœŋľ

ơƠǼ〈ƠľǼľǫǼ〉Ơ⟦ľ〈〉ľ—ŏŏľƠľ—‘ŏľƯ⟧ŌŐľṛľ〈〉ǫ〈ľƠľ⟧〈ľ〈〉␢⟧Ơṛľņν–Ňľ〈ľ

⟧〉⟧ľ〉Ơ〉〈†ľ⟧〈ľ〉⟧ľ–œŏľŌľ—ŏŏƯ⟧ŌŐľ〉ľ—‘ŏľŌľœŏŏľƯ⟧ŌŐľṛľƠƯǫƠ〈ľľ

ǫơƠ〉ľņνœŇľ〈ľƯƠ〉〈Őľņ₫␣Ŏ※Ŏ⁅〉ŇŰ’ľľ〉ľƠľơƠǼ〈Ơľ〉⟧ľœœœľņ↑Ǽ–←Ňľ〉ľœ—œľ

Ư⟧ŌŐľņ※–←Ňľ ṛľ 〈〉ǫ〈ľ ľ ǫơƠ〉ľ 〈〉ľ 〉ǫƠ⟧〉Ǽľ ņν—Ňľ 〈〉ľ ƯƠ〉〈ľ ⁅〉Ű’ľ 〉ľ

ņ※Ŏ⁅〉ŇŰ’ŋľ〉〉ƯǫƠ⟧〉Ǽ〉†ľƠľơƠǼ〈ƠľǼľǫǼ〉Ơ⟦ľ〈〉ľŐ—ŏľƠľ–—‘ľƯ⟧ŌŐľ〈〉〉⟧ľ〉ľ

ƠƯǫƠ〈ƠľƠľǫơƠ〉ľ〈Ơľ⟦ǫ␣Ơ〉ľŰŌņ⁅〉Ŏ※Ŏ₫␣ŇŌŰľǼƠľƯƠ〈〉ǫƠľƯƠ〈ǫƯƠľ〉ľ

ľ␢ǫ⟧ľ⟧〈ľ〈〉ľơƠǫƠľ␢〉ǼƯǫƠľŐŐ–ľƯ⟧ŌŐľƠƠľƠľ₫␣–←ŋľ””ľƯ⟧ŌŐľƠƠľľ↑Ǽ–←ľ〉ľľľľľľľľ

Ő––ľƯ⟧ŌŐľƠƠľľ※–←ľṛľƠǫơ〈ľƠľǫơƠ〉ľ〈〉ľ⟦ǫ␣Ơ〉ľ›ƠŌŰōľ

                                                             
 

ŐľŰľǼľ↑Ǽľ⟧〉Ǽ〉ľ〉ľ⟦ƯƠ⟦ǫƠ⟧ľǼľǫľ〉Ơ〉〈Ơǫľľ →ŐŐ–žōľ
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4.4.2 Reflectância Especular à Temperatura Ambiente para o 

Sistema Ba2(Mg1-xCox)2Fe12O22 (x=0,2; 0,4; 0,6 e 0,8) 

€Ơľ⁅ǫ␣ƠľœŌŐ—ŋľ〉⟧ľľƯ⟧ƠƠǫľ〉Ǽ〉ľľ〉〉ƯľƠƠľľǫ〉⟧Ơľ

›Ơ–ņ₫␣ŐŌ※Ň–⁅〉Ő–Ű––ľņ•ŏŋ–†ľŏŋœ†ľŏŋ’†ľŏŋ“ľ〉ľŐŇŋľǼľǫǼ〉Ơ⟦ľ〉ľŐŏŏľƠľ–ŏŏŐľƯ⟧ŐŋľƠľ

⟧〉〈ǫ〈Ơľ〉ľƯ〉Ư〉ľľ〉ľ〈〉ľƯơƠ⟦ōľ⁅ƠƯǫ⟦⟧〉Ǽ〉ľ〉Ư〉ơ〉Ō〉ľ〉ľľ〉〉ƯľǼṛľ

ṛľ⟧ǫľ〉Ǽ〉ǫľƯ⟧ľƠľơǫǫṛľ〈〉ľ⟧Ơ␣ǼǫľľƯơƠ⟦ŋľǫľ〉ľǼṛľ

Ǫľ⟧〈ƠǼƠľǫ␣Ǽǫ␢ǫƯƠǫƠľǼ〉〉ľņ〉Ư〉ľ⟧ľƠ⟧〉Ǽľ〈ƠľǫǼ〉Ǽǫ〈Ơ〈〉ľ〈ƠľơƠǼ〈Ơľ

〉⟧ľǼľ〈〉ľ‘ŏŏľƯ⟧ŌŐľŌľ‚ŏŏľƯ⟧ŌŐľ〉⟧ľ〉⟦ƠṛľƠľ〈ƠľơƠǼ〈Ơľ〉⟧ľǼľ〈〉ľ—ŏŏľƯ⟧ŌŐľ

ȭľœŏŏľƯ⟧ŌŐľƯ⟧ľľƠ⟧〉Ǽľ〈ľ〉ľ〈〉ľƯơƠ⟦ŋľƯ⟧ľǫǼ〈ǫƯƠ⟧ľƠľ〉ƠľǼƠľ⁅ǫ␣Ơľ

œŌŐ—Ňōľ ţ〉Ơľ ␢⟧Ơŋľ 〈〉Ō〉ľ 〈〉ƯƠƠľ ƠǼǫ〉ľ 〈〉ľ ␢Ơ〉ľ 〉Ơ⟦ľ ǼƠľ ₫␣–←ľ

ƠǼ〈ľ 〉ľ ␢Ơľ Ơ⟦ľ ơǫǫṛōľ ⁄〉ľ 〉⟦Ơ〈ľ ƠƠľ Ơľ 〉␢⟦〉ƯǼƯǫƠľ 〉〉Ư⟦Ơľ

ƯǼƯ〈Ơľ⟧ǫľơ〉⟧ľƯ⟧ľľ〉⟦Ơ〈ľ〈〉ľ〈ǫ␢Ơṛľ〈〉ľƠǫľŹľơǫ〈ľƠƠľ〉〉ľ
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ľ
Figura 4-13. Comparação entre os espectros de reflectâncias das amostras Ba2(Mg1-xCox)2Fe12O22 (x=0,2; 0,4; 0,6; 0,8 e 1). 
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Figura 4-14. Espectros de Reflectância  experimentais e ajustados à temperatura ambiente para amostras: (a)  Ba2(Mg0,8Co0,2)2Fe12O22 (x=0,2); (b) Ba2(Mg0,6Co0,4)2Fe12O22 (x=0,4); Ba2(Mg0,4Co0,6)2Fe12O22 (x=0,6) e  Ba2(Mg0,2Co0,8)2Fe12O22 (x=0,8). 
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Tabela 4-22. Parâmetros de dispersão  obtidos do espectro de reflectância do Ba2(Mg0,8Co0,2)2Fe12O22(x=0,2)   à temperatura ambiente. 
Modo j,TO j,TO j,LO j,LO j tanj 

1 118,8 12,83 120,9 55,81 1,659 8878,313 
2 121,9 74,62 127,0 15,61 0,533 15751,485 
3 190,0 63,72 199,4 67,90 1,838 19125,967 
4 244,8 32,19 253,1 28,16 1,292 4090,248 
5 299,6 16,77 305,1 14,60 1,478 1626,676 
6 319,2 38,02 352,8 22,45 2,945 6473,721 
7 369,3 41,34 414,0 50,86 1,027 1833,574 
8 426,3 47,56 451,3 55,97 0,204 314,187 
9 462,2 85,50 465,0 61,42 0,019 44,404 

10 556,0 56,14 688,7 68,23 1,346 1440,587 
∞  =  4,63,    = 16,97 e Qu x f =  50,35 THz.      tan j= 59579,164x10-8 

Tabela 4-23. Parâmetros de dispersão  obtidos do espectro de reflectância  doBa2(Mg0,6Co0,4)2Fe12O22(x=0,4)   à temperatura ambiente. 

 

 

 

 

 

 

Modo j,TO j,TO j,LO j,LO j tanj 

1 118,0 16,02 120,0 59,04 1,639 11580,169 
2 121,5 74,83 127,9 15,10 0,785 24443,894 
3 192,9 70,91 202,2 71,37 1,636 19169,192 
4 245,7 30,06 252,6 24,89 0,983 3009,569 
5 299,8 13,07 303,4 12,11 0,935 835,573 
6 319,7 44,23 351,9 22,98 3,183 8466,289 
7 368,7 42,63 417,4 47,40 1,097 2114,529 
8 428,7 41,93 448,6 44,47 0,155 217,257 
9 460,7 86,48 467,0 73,97 0,046 115,230 

10 560,0 55,01 686,1 66,87 1,256 1354,624 
∞ =  4,551,     = 16,27 e Qu  x f = 42,07  THz. tan j=71306,326x10-8
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Tabela 4-24. Parâmetros de dispersão  obtidos do espectro de reflectância do Ba2(Mg0,4Co0,6)2Fe12O22 (x=0,6)  à temperatura ambiente. 
Modo j,TO j,TO j,LO j,LO j tanj 

1 120,4 16,45 121,82 61,69 1,730 14469,762 
2 122,0 50,20 128,76 12,78 0,169 4200,843 
3 184,2 62,47 188,00 82,91 0,565 7658,118 
4 242,6 21,94 248,36 20,55 0,810 2224,245 
5 297,5 13,19 301,81 13,16 1,036 1136,871 
6 316,6 38,21 350,52 27,59 2,656 7455,972 
7 369,7 37,27 420,45 62,23 0,908 1825,183 
8 432,9 33,25 440,79 35,81 0,052 67,899 
9 466,4 92,24 467,00 63,75 0,009 28,994 

10 558,8 62,51 681,93 65,31 1,320 1946,320 

∞  =  4,32     = 13,57 e Qu x f = 73,14 THz. tan j= 41014,207x10-8
 

Tabela 4-25. Parâmetros de dispersão  obtidos do espectro de reflectância do Ba2(Mg0,2Co0,8)2Fe12O22 (x=0,8)  à temperatura ambiente. 
Modo j,TO j,TO j,LO j,LO j tanj 

1 121,1 14,98 125,0 54,93 1,209 9541,624 
2 126,6 56,58 128,5 13,42 0,126 3436,584 
3 180,3 80,35 187,2 93,13 0,997 19039,437 
4 243,0 25,02 248,7 22,54 0,692 2266,568 
5 298,2 10,96 301,1 11,33 0,572 544,606 
6 318,7 36,78 348,3 32,25 2,370 6633,003 
7 372,8 39,50 420,7 65,09 1,028 2257,040 
8 438,5 27,07 442,8 22,37 0,041 44,939 
9 474,4 96,69 475,2 61,32 0,020 65,507 

10 564,2 57,04 681,1 65,03 1,373 1901,486 
∞   = 4,50,     = 12,93 e Qu x f =  65,56 THz. tan j= 45730,793x10-8

  

 

4.4.3  O BaFe12O19 (BaM) 
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〈〉ľ ⟦ǫ␣Ơ〉ľ⁅〉ŌŰľǼƠľơǫǫ⟧ǫ〈〉ľ⁅〉Ű‘ľǼľǫľ–ơŋľ〉Ǽ〈ľƠľǫ⟧〉ǫƠľơƠǼ〈ƠľƯ⟧ľ

ǫ⟧〉ǫƠľ‹–ľ〉ľƠľƠľ〈ƠľƯ⟧ľǫ⟧〉ǫƠľ⁄Őōľľ
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Figura 4-15. Espectro de Reflectância à temperatura ambiente da BaM 
 

Tabela 4-26. Parâmetros de dispersão extraídos do melhor ajuste do espectro de Reflectância da BaM. 
Modo j,TO j,TO j,LO j,LO j tanj 

1 119,81 8,33 120,27 11,32 0,1265 506,7 
2 126,75 71,98 126,78 52,61 0,0058 178,4 
3 173,42 6,28 174,95 6,21 0,3539 510,1 
4 195,42 7,55 197,34 8,01 0,4003 546,3 
5 212,35 10,26 214,22 11,17 0,3390 532,4 
6 239,58 12,60 242,76 14,93 0,5989 907,4 
7 283,94 22,42 296,28 24,98 3,3953 6517,1 
8 297,06 11,57 309,89 13,53 0,1267 114,6 
9 327,43 11,87 348,93 13,01 1,0015 765,3 

10 359,70 11,35 363,78 10,71 0,1169 70,8 
11 394,56 37,10 404,08 20,57 0,7412 1219,1 
12 418,31 11,30 475,95 36,37 0,9663 430,7 
13 533,70 12,18 536,60 21,33 0,0712 21,0 
14 576,29 37,91 615,50 89,89 0,6958 548,2 
15 640,90 175,23 688,54 27,04 0,2195 646,2 

ε∞ =  5,33,     = 14,49 e  Quf =222  THz. tan j= 13514,3x10-8
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4.5 Espectroscopia Raman à Temperatura Ambiente 

ŵ〈ľľ〉〉Ưľ℗Ơ⟧ƠǼľľ〉⟧〉ƠƠľƠ⟧ơǫ〉Ǽ〉ľ〈ƠľƠ⟧Ơľ␢Ơ⟧ľ

Ơ⚭Ơ〈Ơľľ⟧〉ǫľ〈ľ␣Ơ⟧Ơľ〉Ơ⚮␢ǫŋľǫ⟦ǫƠǼ〈Ō〉ľ⟦〉ǼǫƠǼƠōľ

4.5.1 Compostos Ba2Me2Fe12O22 (Me=Mg2+, Zn2+ e Co2+) 

‹ľ⁅ǫ␣ƠľœŌŐ’ľ⟧Ơľ ľ 〉〉Ưľ〈ľ›Ơ–₫〉–⁅〉Ő–Ű––ľņ₫〉•₫␣–Ŋŋľ ↑Ǽ–Ŋľ 〉ľ

※–ŊŇľ ľ 〉⟧〉ƠƠľ Ơ⟧ơǫ〉Ǽ〉ōľ ⁅Ơ⟧ľ ơ〉Ơ〈ľ Ő’ľ ⟧〈ľ ƠƠľ Ơľ₫␣–←ǼƠľ

ǫ〉„ľ‚–’ŋľ‚ŏŐŋľ’’’ŋľ‘“Őŋľœ””ŋľœ’‚ŋľœŏ”ŋľ—‚–ŋľ—–—ŋľ–Ő’ŋľ–”’ŋľ–’‚ŋľŐ“‘ŋľŐ——ŋľ”‘ľ

〉ľ “œľ Ư⟧ŌŐľ 〉ľ Ő”ľ ƠƠľ Ơľ ↑Ǽ–←ľ ǼƠľ ǫ〉„ľ ‚–—ŋľ ’”‚ŋľ ’‘”ŋľ ’ŏŏŋľ œ”œŋľ œ’ŏŋľ œ–‘ŋľ

—“‘ŋ—’ŏŋľ——ŏŋľ–“”ŋľ–“ŏŋľ–‘œŋľ––ŐŋľŐ““ŋľŐ‚œŋŐ—ŏŋľ”œľ〉ľ“‘ľƯ⟧ŌŐōľ⁄ǼƠǼľ〉ľƠƠľ

ľ※–←ľ␢Ơ⟧ľơ〉Ơ〈ľŐ‚ľ⟧〈ľǼƠľ〉␣ǫǼ〉ľǫ〉„ľ‚Őœŋľ’”“ŋľ’’’ŋľ’––ŋľ

‘’—ŋľœ”—ŋľœ‘‚ŋľœŏ“ŋľ—Ő‚ŋľ–“‘ŋľ–œ“ŋľ–ŏ‘ŋľŐ‚‘ŋľŐ—ŐŋľŐŏ‚ŋľ”—ľ〉ľ“‘ľƯ⟧ŌŐōľ※⟧ľ〉⟧ľ

ľǼ⟧〉ľ〈〉ľ⟧〈ľ℗Ơ⟧ƠǼľơ〉Ơ〈ľƠƠľƠľƠ⟧Ơľľơ〉⟧ľ⟧〉Ǽľ〈ľ〉ľľ

〉ǫľ〉⟦Ơľ〉ǫƠľ〈〉ľ␣ľƠƠľ〉〉ľǫ〉⟧Ơŋľ〉ľľ〈〉ľœ–ľ⟧〈ľņǫ〈〉ľ〉ṛľ

œō–Ňōľ⁄Ơľ〈ǫ␢〉〉ǼƠľ〉ľ〈〉〉ľƠ〉⟦⟧〉Ǽ〉ľƠľ␢Ơľ〈Ơľ〈〉⟧ƠǫľơƠǼ〈ƠľǼṛľ〉〉⟧ľ

ǫǼ〉ǼƠľ ľ ␢ǫƯǫ〉Ǽ〉ľ ƠƠľ 〉〉⟧ľ ơ〉Ơ〈Ơľ 〉ľ Ơ⟧ơ⟧ľ 〉⟦Ơľ ǫ⟧ǫ〈Ơ〈〉ľ 〈Ơľ

ǫ〉ľ 〈Ơľ ơƠǼ〈Ơľ 〉ľ Ǽṛľ 〈〉⟧ľ 〉ľ 〈ǫǫǼ␣ǫ〈Ơľ 〈〉ǫ〈ľ ľ ⟦ǫ⟧ǫƠṛľ ǼƠľ

〉⟦ṛľ〉〉ǫ⟧〉ǼƠ⟦ōľ

ľ

ľ

ľ

ľ

ľ

ľ
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Figura 4-16. Espectros Raman Coletados à Temperatura Ambiente do (a) Mg2Y  (b) Zn2Y e (c)Co2Y. 
 

‹ľǫ⟧〉ǫƠľ〈ƠľǫǼƯǫƠǫľơƠǼ〈Ơľ〈〉⟧ľ〉ľƯ⟦Ơǫ␢ǫƯƠ〈ƠľƯ⟧ƠƠǼ〈ľľ

〉〉ƯľƯ⟧ľľ〉〉Ưľ℗Ơ⟧ƠǼľ〈ľǫ〉Ơ⟦ľ›Ơŏŋ‘ŴŐŋ‘↑Ǽ–⁅〉Ő–Ű––ľľ →’“žŋľľ〉ľ

Ǽľ〉⟧ǫ〉ľƯǼƯ⟦ǫľ〉„ľƠƠľľƯ⟧ľ₫␣–←ľƠľơƠǼ〈Ơľ‚–’ŋľ‚ŏŐŋľœ””ŋľ—‚–ľ〉ľ

–Ő’ľƯ⟧ŌŐľ〉⟧ľǫ⟧〉ǫƠľ‹Ő␣ŋľ〉ǼƠǼľ〉ľ—–—ŋľŐ“‘ŋľŐ——ŋľ”‘ľ〉ľ“œľ⁄␣†ľƠƠľľ

↑Ǽ–←ľ Ơľ ơƠǼ〈Ơľ 〉⟧ľ ’”‚ŋľ ’‘‚ŋľ œ”œŋľ —’ŏľ 〉ľ Ő““ľ Ư⟧ŌŐľ ľ ṛľ ‹Ő␣ľ Ơľ Ơľ 〉ľ Ơľ

ơƠǼ〈Ơľ–“”ŋľ Ő‚œŋľ Ő—ŏŋľ ”œľ 〉ľ “‘ľ Ư⟧ŌŐľ ṛľ⁄␣ľ ľ 〉ľ ľ ␢ǫ⟧ľƠƠľ ľ※–←ľƠľơƠǼ〈Ơľ

Ư〉ǼƠ〈Ơľ〉⟧ľ’”“ŋľœ”—ŋľ—‚Őľ〉ľ–ŏ‘ľƯ⟧ŌŐľ〉⟧ľǫ⟧〉ǫƠľ‹Ő␣ľ〉ľǼľ〉ľ〈ǫľ〉〉ǫľ

ƠľơƠǼ〈Ơľ〉⟧ľ—Ő‚ŋľŐ‚‘ŋľŐ—Őŋľ”—ľ〉ľ“‘ľƯ⟧ŌŐľ⁄␣ōľ€ƠľƠǼ⟦ǫ〉ľ〈〉ľ⟧ľ〉〉Ưľ℗Ơ⟧ƠǼŋľ

ľ ǫ⟦ľ ǫ〈〉Ǽǫ␢ǫƯƠľ Ơľ ǫơƠ〉ľ ņ〈ơƠ⟧〉Ǽŋľ 〉ǫƠ⟧〉Ǽŋľ ⟦ǫơƠ〉Ňľ 〉ľ

ƠƠ〉Ư〉⟧ľǼľ〉〉Ưōľ⁄Ǽ〉ƠǼŋľƠƠľƠľƠ⟧Ơľ〉⟧ľ〈ǫƯṛŋľƠ⟦ľƠ〉␢ƠľǼṛľ

(a) (b) 

(c) 
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ľ ǫǫƠ⟦ľ 〉Ǽ〈ľ 〉⟧ľ ǫƠľ Ơľ Ư⟧⟦〉ǫ〈Ơ〈〉ľ 〈〉ľ Ơľ 〉Ơľ ƯǫƠ⟦ǫǼƠľ Ơľ Ơ⟦ľ ľ

␢⟧Ơ〈Ơľ ľ ƯƠ〈〉ǫƠľ 〈〉ľ ƯƠ〉〈ľ ⁅〉Ű’ľ 〉ľ Ǽṛľ ṛľ ǫ⟦Ơ〈ŋľ Ư⟧Ơǫ⟦ǪƠǼ〈ľ

Ơ〉Ơľ〉ľ␢ƠƯ〉ŋľ〉Ǽ〈ľ⟦ƯƠ⟦ǫƠ〈ľ〉⟧ľƠľǫľ〈ǫ␢〉〉Ǽ〉ōľ₫ƠŋľƠǫǼ〈ƠľƠǫ⟧ŋľ

〈〉⟧ľ Ư⟦Ơǫ␢ǫƯƠľ 〈〉ľ ␢⟧Ơľ Ơ⟦ǫƠǫƠľ Ơ⟦␣⟧Ơľ ơƠǼ〈Ơľ 〈ľ Ư⟧ŋľ

ƯǼǫ〈〉ƠǼ〈Ō〉ľ〉ľƠľ〉ƠľƯǫƠ⟦ǫǼƠľ〈〉ƠľǪ〉Ơ␢〉ǫƠľṛľ␢⟧Ơ〈Ơľľ

␣ľ〈〉ľƯƠ〉〈ľ〉ľ〉Ơ〉〈ōľ€〉〉ľƯǼ〉ŋľƠľƯ⟦Ơǫ␢ǫƯƠṛľ〈〉ľ〉ľ ␢〉ǫƠľ

Ư⟧ƠƠǼ〈ľ ľ 〉〉Ưľ ℗Ơ⟧ƠǼľ 〈Ơľ ₫␣–←ŋ※–←ľ 〉ľ ↑Ǽ–←ľ Ư⟧ľ ľ 〉〉Ưľ 〈Ơľ

⟧Ơ␣Ǽ〉⟦⟧ơǫƠľ 〉ľ 〈〉ľ ␢〉ǫƠľ 〉ǫǼ〉⟦ľ →œŏžŋľ 〉ľ ṛľ ⟧Ơ〉ǫƠǫľ 〉ľ 〉⟧ľ

␣ľƯƠ〈ǫƯľ〉ľ〉Ơ〈ǫƯľǼƠľƠľ〉Ơōľ

ľľ Ơơǫ〈ľ 〈Ơľ ⟦ǫ〉ƠƠľ 〉ľ ␢〉ǫƠľ ņ‹⁅〉–Űœŋľ Ǽ〈〉ľ ‹ľ ľ ⟧ľ ƯǫǼľ

〈ǫƠ⟦〉Ǽ〉ŇľṛľƯƠƠƯ〉ǫƠ〈ľľľơƠǼ〈Ơľ‹Ő␣ľǼƠľ〉␣ǫṛľ〈〉ľ’’ŏľƠľ‚–ŏľľƯ⟧ŌŐľ〉ľ

ǫǼ〈〉〉Ǽ〈〉ľ 〈Ơľ ǼƠ〉Ơľ 〈ľ Ǽľ 〈ǫƠ⟦〉Ǽ〉ľ →œŏžŋľ Ơľ Ơǫľ ṛľ ƠƯǫƠ〈Ơľ Ơľ

〉ǫƠ⟧〉Ǽľ〈〉ľ〉Ơ〉〈ľ⁅〉—ŊŰœōľ‹⟦⟧ľ〈ǫŋľ〉〈ľ〉〉⟦Ơ⟧ľ〉ľ⟧〈ľ‹Ő␣ľǼƠľ

〉␣ǫṛľ 〈〉ľ œ’ŏľ Ơľ ’œŏľ Ư⟧ŌŐľ →œŏžŋľ 〉⟧ľ ␢〉ǫƠľ Ư⟧ľ 〉Ơľ 〉ǫǼ〉⟦ľ Ǽ⟧Ơ⟦ŋľ ṛľ

〈⟧ǫǼƠ〈ľ ľ ƯƠ〉〈ľ ⁅〉—ŊŰ’ōľ ŭ〉ƠǼ〈ľ 〉⟧ľ ƯǼƠľ 〉ľ ľ Ư⟧ľ

›Ơ–₫〉–⁅〉Ő–Ű––ľ ņ₫〉•₫␣–Ŋŋľ ↑Ǽ–Ŋľ 〉ľ ※–ŊŇľ 〉⟧ľ ľ ơ⟦Ưľ 〉ǫǼ〉⟦ľ Ŵŋľ Ư⟧ľ

Ư⟧ǫṛľ₫〉––Ŋ⁅〉œŰ“ŋľ␣〉ǫ⟧ľ〉ľƠľơƠǼ〈Ơľ〉Ǽ〉ľ’‘ŏľƠľ‚—ŏľƯ⟧ŌŐľ〉〉Ǽ〉ľ

Ǽ〉〉ľƯ⟧ľṛľƠƯǫƠ〈ƠľƠľǫơƠ〉ľ〈ľ〉Ơ〉〈ľ₫〉ŰœľǼľơ⟦ƯľŴľ〉ľ

ŵľ ņƯ⟧ľ ₫〉•ņ₫␣–Ŋŋľ ↑Ǽ–Ŋŋľ ※–ŊŇŊņŐŌŇ⁅〉—ŊŇŋľ Ǽ〈〉ľ ľ ľ ⟦Ơṛľ 〈〉ľ Ǽľ

⟧Ơ␣Ǽǫŋľ ǫǼƯľľƯơƠ⟦Ňōľ⁄ǼƠǼľ〉ľƠľơƠǼ〈ƠľǼƠľ 〉␣ǫṛľ〈〉ľ—–ŏľƯ⟧ŌŐľƠľ

’œŏľ Ư⟧ŌŐľ ṛľ 〈〉ǫ〈ľ Ơľ ǫơƠ〉ľ 〈〉ľ ƯƠ〉〈ľ ₫〉Ű’ōľ ‹ľ ơƠǼ〈Ơľ 〉⟧ľ ơƠǫƠľ

␢〉ǼƯǫƠľ ␣〉Ơ⟦⟧〉Ǽ〉ľ ṛľ ƠƯǫƠ〈Ơľ Ơľ ƯǫǼľ 〉Ơ〈ōľ űľ 〉〉ľ ⟧ǫľ

ƠǫǼƠ⟧ľľ⟧〈ľǼƠľ〉␣ǫṛľ〈〉ľ”‘ľƠľŐœŏľƯ⟧ŌŐľƯ⟧ľ〉Ǽ〈ľ〈〉ǫ〈ľƠľǫơƠ〉ľ〈〉ľ

›ƠŌŰōľűľ␢ǫ⟧ľƠľơƠǼ〈Ơľ〉⟧ľŐ“‘ŋľŐ‚œľ〉ľŐ‚‘ľƯ⟧ŌŐľƠƠľľ₫␣–←ŋľľ↑Ǽ–←ľ〉ľľ※–←ľ

〈〉ľ〉ľƠǫǼƠ〈ƠľƯ⟧ľ〉Ǽ〈ľƠƯǫƠ〈ƠľƠľǫơƠ〉ľ〈〉ľ〈ľľơ⟦Ưľ〉ǫǼ〉⟦ľŴŋľ

ǫľ ľ Ǽ〉Ơľ 〉␣ǫṛľ 〉ľ 〉ľ 〉ǼƯǼƠľ ľ ⟧〈ľ 〉⟦Ơǫľ Ơľ ơ⟦Ưľ 〉ǫǼ〉⟦ľ 〉⟧ľ

␢〉ǫƠľ →’”žōľ‹ľƯ⟦Ơǫ␢ǫƯƠṛľ〈ľ␢ǼǼľ〉ľ〉⟧ǫ〈ƠľǼƠľŵƠơ〉⟦ƠľœŌ–‚ōľľ
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Tabela 4-27. Classificação dos principais modos raman observados para a Mg2Y, Co2Y e Zn2Y (Me = Mg, Co ou Zn). 
Número de 
onda para 

o Mg2Y 

Número de 
onda para 

o Co2Y 

Número de 
onda para o 

Zn2Y 

                     
Simetria 

                                                                    
Descrição 

726 714 697 A1g Estiramento MeO4 
701 698 657 A1g Estiramento MeO4 
499 493 494 A1g Estiramento MeO6 
372 371 360 A1g Vibrações MeO6 
323 317 289 Eg Vibrações de todo o octaedro  

MeO6 
216 205 188 A1g Vibração das ligações O-Me-O  
185 175 174 Eg Vibração de todo o bloco S 
133 131 130 Eg Vibração Ba-O 
95 93 94 Eg Vibração Ba-O 

ľ

4.5.2 Compostos Ba2(Mg1-xCox)2Fe12O22 (x=0,2; 0,4; 0,6 e 0,8) 

‹␣Ơľ〉〈Ơ〉⟧ľľ␢ǼǼľ℗Ơ⟧ƠǼľƠľơǫǫ⟧ľǼľ₫␣–Ŋľľ※–Ŋľ

〈〉ľƠƯ〈ľƯ⟧ľƠľ〉〉ǫ⟧〉ǫƠľ›Ơ–ņ₫␣ŐŌ※Ň–⁅〉Ő–Ű––ľƯ⟧ľ•ŏ†ľŏŋ–†ľŏŋœ†ľŏŋ’†ľŏŋ“ľ

〉ľŐōľŵƠ⟦ľƠǼ⟦ǫ〉ľ〈〉ľ〉ľ␢〉ǫƠľƠƠľ〈〉ľ⟧ƠľǫǼ〉ṛľ〈Ơľ⁅ǫ␣ƠľœŌŐ‚ľ〉ľ⁅ǫ␣Ơľ

œŌŐ“ōľ※⟧ľ〈〉⟧ľ〉ŋľƯ⟧ľ〉Ư〉ṛľ〈ƠľơƠǼ〈Ơľ〉⟧ľ‚ŏ–ľƯ⟧ŌŐŋľƠľơƠǼ〈Ơľ℗Ơ⟧ƠǼľ

ṛľ 〈〉⟦ƯƠ〈ľ ƠƠľ 〉␣ǫ〉ľ 〈〉ľ ơƠǫƠľ ␢〉ǼƯǫƠľ ľ ⟧〉〈ǫ〈Ơľ 〉ľ ľ Ǽľ ※ľ ľ

ǫǼ〉ǫ〈ōľ Ūľ 〉ľ〉⟦ǫƯƠľ〉⟦ľ ␢Ơľ〈ľ Ǽľ※ľ 〉〉⟧ľ⟧Ơǫľ〉Ơ〈ľ〉ľľ Ǽľ

₫␣ōľ‹ľơƠǼ〈Ơľ 〉⟧ľ’’‘ľ ņ⟦〉ǼǫƠǼƠľƠ⟦ľ Ư⟦ƠŇŋľ ‚ŏ–ľ ņ⟦〉ǼǫƠǼƠľ ƯǫǼƠŇľ 〉ľ ‚–‚ľ

Ư⟧ŌŐľņ⟦〉ǼǫƠǼƠľ〉ƠŇľ ␢ǫƯƠ⟧ľ⟧〉Ǽľ ǫǼ〉ǼƠľƯ⟧ľľƠ⟧〉Ǽľ〈〉ľƯǼƯ〉ǼƠṛľ

〈〉ľ※–Ŋōľľ

ľ
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Figura 4-17. Espectros Raman da hexaferrita tipo Y para Ba2(Mg1-xCox)Fe12O22 para x=0; 0,2; 0,4; 0,6; 0,8 e 1. 
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ľ

Figura 4-18. Variação do número de onda do Mg2Y com o aumento de concentração do  cobalto para (a) 702 cm-1 (b) 498 cm-1 (c) 133 cm-1 e (d) 95 cm-1. 
ľ

€Ơľ⁅ǫ␣ƠľœŌŐ”ŋľ〉⟧ľƠľǫǼ〉Ǽǫ〈Ơ〈〉ľǫǼ〉␣Ơ〈Ơľ〈ľ⟧〈ľ〉⟧ľ‚ŏ–ľƯ⟧ŌŐľ〉ľ

œ”“ľ Ư⟧ŌŐľ 〉⟧ľ ␢Ǽṛľ 〈ľ 〉ľ 〈〉ľ ƯơƠ⟦ōľ ţ〉Ơŋľ 〉⟧ľ 〉ľ Ơľ ǫǼ〉Ǽǫ〈Ơ〈〉ľ

ǫǼ〉␣Ơ〈Ơľ 〈ľ ⟧〈ľ ‚ŏ–ľ Ư⟧ŌŐľ 〈〉Ư〉Ư〉ľ ƠǼ〈ľ 〉ľ Ơ⟧〉ǼƠľ Ơľ ƯǼƯ〉ǼƠṛľ 〈〉ľ

ƯơƠ⟦ōľŪľ⟧Ơľ〉ľ〉〉ľ⟧〈ľ〉⟧ľ␣ƠǼ〈〉ľƯǼǫơǫṛľ〈ľ⟧ǫ⟧〉Ǽľ〈〉ľ

Ǽľ〈〉ľ⟧Ơ␣Ǽǫōľ№ƠǼľƠľ⟧〈ľ〉⟧ľœ”“ľ Ư⟧ŌŐŋľ 〉Ư〉ơ〉Ō〉ľ〉ľƠľ ǫǼ〉Ǽǫ〈Ơ〈〉ľ

ǫǼ〉␣Ơ〈ƠľƯ〉Ư〉ľƯ⟧ľľƠ⟧〉Ǽľ〈〉ľ〉ľ〈〉ľƯơƠ⟦ōľľ 〉Ơ〈ľǼƠľ ⟦ǫ〉ƠƠľ

〉ľƠľǫǼ〉Ǽǫ〈Ơ〈〉ľǫǼ〉␣Ơ〈Ơľ〈〉ľ⟧ľ⟧〈ľ〉〉Ư␢ǫƯľľƯǫǼƠ⟦ľƠľǼ⟧〉ľ〈〉ľ

Ưǫ⟦Ơ〈〉ľƯ〉Ǽ〈〉Ǽ〉ľľ →‚ŏžŋľ〈〉ƠľǫǼ␢⟧ƠṛľƯǼƯ⟦ǫŌ〉ľ〉ľƠľǫǼ〉Ǽǫ〈Ơ〈〉ľ

ǫǼ〉␣Ơ〈Ơľ〈ƠľơƠǼ〈Ơľ〉⟧ľ‚ŏ–ľƯ⟧ŌŐľ〈〉Ư〉Ư〉ľ〈〉ǫ〈ľľ〈ǫ⟧ǫǼǫṛľ〈〉ľƯǼƯ〉ǼƠṛľ

〈〉ľǼľ⟧Ơ␣ǼǫľǼƠľƯ⟦⟦ƠľƯǫƠ⟦ǫǼƠōľ⁄ǼƠǼľ〉ľƠľǫǼ〉Ǽǫ〈Ơ〈〉ľǫǼ〉␣Ơ〈Ơľ〈Ơľ

ơƠǼ〈Ơľ 〉⟧ľ œ”“ľ Ư⟧ŌŐľ Ư〉Ư〉ľ 〈〉ǫ〈ľ Ơľ Ơ⟧〉Ǽľ 〈〉ľ 〉ľ 〈〉ľ ƯơƠ⟦ľ ǼƠľ 〉〈〉ŋľ
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〉〉⟦ƠǼ〈ľ〉ľ〉ƠľơƠǼ〈Ơľľ␢〉⟧〉Ǽ〉ľǫǼ␢⟦〉ǼƯǫƠ〈ƠľľƯǫ⟦Ơ〈〉ľ※ŌŰōľ‹⟦⟧ľ

〈ǫŋľƠƠľ≥ŏŋ–ľ⟧ƠľơƠǼ〈Ơľ⟦Ơ␣ƠľƠƠ〉Ư〉ľ〉⟧ľ’–—ľƯ⟧ŌŐľņ⟦〉ǼǫƠǼƠľƠ⟧Ơ〉⟦ƠŇľ〉ľ

Ơ⟧ơ⟧ľ⟧Ơľ ␢ƠƯƠľơƠǼ〈Ơľ〉⟧ľœ‘”ľ Ư⟧ŌŐľ ņ⟦〉ǼǫƠǼƠľ〉〈〉Ňōľ Ūľ ␣〉〉ľ〉ľƠľ

ơƠǼ〈Ơľ〉⟧ľ’–—ľ〉ľœ‘”ľƯ⟧ŌŐľṛľ〈〉ǫ〈ľƠľǫơƠ〉ľ〈Ơľ⟦ǫ␣Ơ〉ľ※ŌŰōľ

ľ

Figura 4-19. Dependência da intensidade integrada do (a)  modo em 702 cm-1  e do  (b) modo em 498cm-1  com o teor de cobalto na rede. As linhas vermelhas são guias para os olhos. 
 

4.5.3 Composto  BaFe12O19 

‹ľ ⁅ǫ␣Ơľ œŌ–ŏľ ⟧Ơľ ľ 〉〉Ưľ ℗Ơ⟧ƠǼľ Ơľ 〉⟧〉ƠƠľ Ơ⟧ơǫ〉Ǽ〉ľ 〈Ơľ

›Ơ₫ŋľ Ǽľ Ơ⟦ľ Ő‘ľ ⟧〈ľ 〈〉⟧ľ 〉ľ Ư⟦ƠƠ⟧〉Ǽ〉ľ ơ〉Ơ〈ōľ ⁄〉ľ 〉〉Ưľ ľ

ǫ⟧ǫ⟦Ơľ 〉⟦〉ľ ơ〉Ơ〈ľ ľ Ŭ〉ǫ〉⟦ľ 〉ľ Ơ⟦ľ →œŏžŋľ 〉ľ Ư⟦Ơǫ␢ǫƯƠƠ⟧ľ 〈〉ľ ␢⟧Ơľ

ƯǼǫ〉Ǽ〉ľ ľ⟧〈ľǫơƠƯǫǼƠǫľǼƠľ›Ơ₫ōľ€〉〉ľ ƯǼ〉ľ〈〉⟧ľƯ⟦Ơǫ␢ǫƯƠľ

ľ ⟧〈ľ Ư⟧ľ ơƠ〉ľ ǼƠľ Ư⟦Ơǫ␢ǫƯƠṛľ 〈〉⟦〉ōľ ‹ǫ⟧ľ Ơľ ơƠǼ〈Ơľ 〉⟧ľ ‚–Őľ Ư⟧ŌŐľ

Ư〉Ǽ〈〉ľ Ơľ ⟧ľ 〉ǫƠ⟧〉Ǽľ 〈〉ľ 〉Ơ〉〈ľ ⁅〉ņ—ŇŰœŋľ 〉ǼƠǼľ 〉ľ ľ ⟧〈ľ
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ǫǼ〉Ǽľ 〉⟧ľ’“’ľ Ư⟧ŌŐľ 〉ľ ƠƯǫƠ〈ľ Ơľ ǫơƠ〉ľ 〈Ơľ ľ ơǫǫ⟧ǫ〈〉ľ⁅〉ņ–ŇŰ‘ŋľ Ơ⟧ơƠľ

Ư⟧ľǫ⟧〉ǫƠľ‹Ő␣ōľ‹ľơƠǼ〈Ơľ〉⟧ľ’Ő“ľƯ⟧ŌŐľľ〈〉ǫ〈ľƠľ⟧ƠľǫơƠṛľ〈〉ľƯƠ〉〈ľ

⁅〉ņœŇŰ’ľ〈〉ľǫ⟧〉ǫƠľ‹Ő␣ľōľŰľ⟧〈ľ〉⟧ľœ‚ŏľƯ⟧ŌŐľľƠǫơ〈ľƠľƯƠ〉〈ľ⁅〉ņŐŇŰ’ľľ〉ľ

⁅〉ņ‘ŇŰ’ľƯ⟧ľ ǫ⟧〉ǫƠľ‹Ő␣ľ ŋľ 〉ǼƠǼľ 〉ľ Ơľ ơƠǼ〈Ơľ 〉⟧ľ œŐ–ľ Ư⟧−Őľ ŋľ Ơľ Ơ⟦ľ ľ‹Ő␣ľ

ŋƯ〉Ǽ〈〉ľƠľǫơƠṛľ〈〉ľƯƠ〉〈ľ⁅〉ņ‘ŇŰ’ōľ€ľ〉ľ〈ǫľ〉〉ǫľƠľ⟧〈ľ‹Ő␣ľ

〉⟧ľ ——”ľ Ư⟧ŌŐŋľ 〉〉ľ ľ 〈〉ǫ〈ľ Ơľ ⟧Ơľ ǫơƠṛľ Ư⟦〉ǫƠľ 〈〉ľ 〈ľ ľ ƯƠ〉〈ľ

⁅〉ņŐŇŰ’ŋľ⁅〉ņœŇŰ’ľ〉ľ⁅〉ņ‘ŇŰ’ōľ‹ľơƠǼ〈Ơľ〉⟧ľŐ“’ľ〉ľŐ‚œľƯ⟧−Őṛľ⟧〈ľƠƯǫƠ〈ľƠľ

〈ľ ľ ơ⟦Ưľ 〉ǫǼ〉⟦ľ Ư⟧ľ ǫ⟧〉ǫƠľ ⁄Ő␣ōľ ‹ľ Ư⟦Ơǫ␢ǫƯƠṛľ 〈〉〉ľ ␢ǼǼľ 〉ľ

〉⟧ǫ〈ƠľǼƠľŵƠơ〉⟦ƠľœŌ–“ōľľ

 

Figura 4-20. Espectro Raman da BaM coletado à temperatura ambiente. A inserção é um zoom da região de baixa frequência. 
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Tabela 4-28. Classificação dos principais modos da BaM. 
Número de Onda 

Simetria Descrição Neste 

trabalho 

Kreisel et 

al   [40] 

174 173 E1g Vibração de todo o bloco espinel 

186 184 E1g Vibração de todo o bloco espinel 

339 335 A1g 

Vibração coletiva de ligações Fe-O 

nos octaedros Fe(1)O6, Fe(4)O6 e 

Fe(5)O6 

412 409 A1g Vibração de octaedro  Fe(5)O6 

470 467 A1g 
Vibração de Octaedros Fe(1)O6 e 

Fe(5)O6 

618 614 A1g Vibração de octaedro Fe(4)O6 

686 684 A1g Estiramento de bipirâmides Fe(2)O5 

721 719 A1g Estiramento de tetraedros Fe(3)O4 

 

ľ

4.6 Curvas de histerese para o sistema Ba2(CoxMg1-x)2Fe12O22 (x=0; 

0,2; 0,4; 0,6; 0,8 e 1) e Ba2Zn2Fe12O22  (Zn2Y) 

‹ľ⁅ǫ␣ƠľœŌ–ŐƠľ〉ľƠľ⁅ǫ␣ƠľœŌ–Őơľ⟧Ơ⟧ľƠľƯƠľ〈〉ľǪǫ〉〉〉ľƠƠľľ

ǫ〉⟧Ơľ›Ơ–ņ※₫␣ŐŌŇ–⁅〉Ő–Ű––ľņ•ŏ†ľŏŋ–†ľŏŋœ†ľŏŋ’†ľŏŋ“ľ〉ľŐŇľ〉ľ›Ơ–↑Ǽ–⁅〉Ő–Ű––ľņ↑Ǽ–←Ňľ

ơ〉Ơ〈Ơľ ľ 〉⟧〉ƠƠľ Ơ⟧ơǫ〉Ǽ〉ŋľ 〉〉ƯǫƠ⟧〉Ǽ〉ōľ ‹ǫľ Ơľ Ơ⟧Ơľ ƠƠľ

•Őľ〉ľ•ŏľ〉〉〉ǼƠ⟧ľƠľ※–←ľ〉ľ₫␣–←ŋľ〉〉ƯǫƠ⟧〉Ǽ〉ōľ※⟧ľ〈〉⟧ľ〉ŋľ

Ơľ ƯƠľ 〈〉ľ Ǫǫ〉〉〉ľ ƯǼ␢ǫ⟧Ơ⟧ľ ľ 〉Ơ〈ľ ␢〉ǫ⟧Ơ␣ǼǫƯľ 〈Ơľ Ơ⟧Ơľ Ư⟧ľ

ơƠǫƠľƯ〉Ưǫǫ〈Ơ〈〉ľƯ⟧Ơ〉⟦ľƯ⟧ľľ␢Ơľ〈〉ľ〉ľƠľǪ〉Ơ␢〉ǫƠľǫľ←ľ⟧Ơ〉ǫƠǫľ

⟧Ơ␣ǼǫƯľ ȳ⟧⟦〉ȴľ →—”žōľ ţ〉Ơľ ƯƠľ ␢ǫľ 〉⟦ľ 〉ľ 〈〉〉⟧ǫǼƠŋľ Ơľ
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〉⟧ƠǼ〉ƯǼƯǫƠľņ₫ŇŋľƠľƯ〉Ưǫǫ〈Ơ〈〉ľņũƯŇľ〉ľƠľ⟧Ơ␣Ǽ〉ǫƠṛľ〈〉ľƠƠṛľņ₫ŇōľŰľ

Ơ⟦〉ľ〈〉Ơľ〉ṛľ〉〉ľǼƠľŵƠơ〉⟦ƠľœŌ–”ōľ

 

Figura 4-21. Curvas de histeres (a) do sistema (x=0; 0,2; 0,4; 0,6; 0,8 e 1) e (b) e do Ba2Zn2Fe12O22 (Zn2Y) coletadas à temperatura ambiente. 
ľ
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Tabela 4-29. Propriedades magnéticas do sistema Ba2(CoxMg1-x)2Fe12O22 (x=0; 0,2; 0,4; 0,6; 0,8 e 1)  e Ba2Zn2Fe12O22  (Zn2Y) à temperatura ambiente. 
‹⟧Ơľ ₫ņ〉⟧Ŏ␣Ňľ ũƯľņŰ〉Ňľ ₫ņ〉⟧Ŏ␣Ňľ

›Ơ–₫␣–⁅〉Ő–Ű––ľņ•ŏŋľ₫␣–←Ňľ ’ŋ‚‘ľ Ő’“ľ –ŏŋ”’ľ

›Ơ–ņ※ŏŋ–₫␣ŏŋ“Ň–⁅〉Ő–Ű––ľņ•ŏŋ–Ňľ Őŏŋ–Őľ Ő—Őľ –—ŋ”“ľ

›Ơ–ņ※ŏŋœ₫␣ŏŋ’Ň–⁅〉Ő–Ű––ľņ•ŏŋœŇľ “ŋ‘–ľ Ő”“ľ –—ŋ‘–ľ

›Ơ–ņ※ŏŋ’₫␣ŏŋœŇ–⁅〉Ő–Ű––ľņ•ŏŋ’Ňľ “ŋ‘‘ľ Ő””ľ –œŋ‘”ľ

›Ơ–ņ※ŏŋ“₫␣ŏŋ–Ň–⁅〉Ő–Ű––ľņ•ŏŋ“Ňľ “ŋœ‘ľ –—‘ľ –—ŋ—‘ľ

›Ơ–※–⁅〉Ő–Ű––ľņ•Őŋ※–←Ňľ ”ŋ’Őľ –“–ľ –—ŋ–’ľ

›Ơ–↑Ǽ–⁅〉Ő–Ű––ľņ↑Ǽ–←Ňľ ’ŋ‘Őľ Ő’Őľ –“ŋ“‚ľ

ľľľľ

ľţƠľŵƠơ〉⟦ƠľœŌ–”ľ〉⟧ľ〉ľľƠ⟦〉ľ〈Ơľ⟧Ơ␣Ǽ〉ǫƠṛľ〈〉ľƠƠṛľƠƠľ

Ơľ※–←ľ〉ľ↑Ǽ–←ľṛľ–—ŋ–’ľ〉⟧Ŏ␣ľ〉ľ–“ŋ“‚ľ〉⟧Ŏ␣ŋľ〉〉ƯǫƠ⟧〉Ǽ〉ōľ⁄〉ľƠ⟦〉ľ

ṛľǫǼ␢〉ǫ〉ľƠľ〉Ơ〈ľƠǼ〉ǫ⟧〉Ǽ〉ŋľ—œľ〉⟧Ŏ␣ľƠƠľƠľ※–←ľ〉ľœ–ľ〉⟧Ŏ␣ľ

ƠƠľƠľ↑Ǽ–←ľ →‚Őžōľ⁄Ơľ〈ǫ␢〉〉ǼƠľ〈〉ľ〉ľ〉⟦ǫƯƠ〈Ơľ⟦〉ƠǼ〈ľ〉⟧ľƯǼƠľƠľ ␢Ơ〉ľ

〉ƯǼ〈ǫƠľ 〉ǫ〉Ǽ〉ľ ǼƠľ Ơ⟧Ơľ ƠǼƠ〈Ơľ 〉⟦ľ Ǽľ 〉⟦Ơ〈ľ 〈〉ľ

〈ǫ␢Ơṛľ 〈〉ľ℗ƠǫľŹľ ņǫ〈〉ľ ơ〉ṛľ œō–ōŐŇōľ €ľ ƯƠľ 〈Ơľ※–←ŋľ Ǫľ Ơľ⟧Ơ␣Ǽ〉ǫƠľ

⁅〉—ŰœľƯ⟧ľơ␢Ơ〉ľƠľƠ⟦ľǫľ⟧ľ⟧⟧〉Ǽľ⟧Ơ␣ǼǫƯľ〈〉ľœŋŐľμ›ľƠľŏľŬľľ →‚–žōľ

‹ľ 〉〉ǼƠľ 〈〉Ơľ ǫ⟧〉Ơľ ⟧Ơ␣ǼǫƯƠľ 〈〉ľ 〉Ơľ ƯǼǫơǫǼ〈ľ ƠƠľ ľ

ƠƠ〉Ưǫ⟧〉Ǽľ 〈〉ľ ǫǼ〉Ơ〉ľ Ư⟧〉ǫǫƠľ 〉Ǽ〉ľ Ǽľ ※ľ 〉ľ ⁅〉ľ 〉〈ǫǼ〈ľ Ơľ

⟧Ơ␣Ǽ〉ǫƠṛľ〈ƠľƠ⟧Ơōľ№ƠǼľľơƠǫƠľ⟧Ơ␣Ǽ〉ǫƠṛľ〈〉ľƠƠṛľ〈Ơľ↑Ǽ–←ŋľ

ǫŋľƠ〉⟦⟧〉Ǽ〉ľ〈〉Ư〉ľ〈Ơľ〉〉ǼƠľ〈〉ľơ␢Ơ〉ľǼṛľ⟧Ơ␣ǼǫƯƠľņ›Ơ⁅〉–Űœľľ〉ľ

↑Ǽ⁅〉–ŰœŇľǼƠľƠľ␢⟧Ơṛōľľ

⁅ƠľǫǼ〉〉ƠǼ〉ľľ〉ľƠľ⟧Ơ␣Ǽ〉ǫƠṛľ〈〉ľƠƠṛľǼƠľ↑Ǽ–←ľľ⟧ƠǫľƠ⟦Ơľ

〈ľ〉ľƠľ〈Ơľ※–←ľ〉ľ₫␣–←ōľŪľľ〉⟦ǫƯƠ〈ŋľ〉ľľǼľǼṛľ⟧Ơ␣ǼǫƯľ〈〉ľ

ǫǼƯľƯƠ⟧ľ〉␢〉〉ǼƯǫƠ⟦⟧〉Ǽ〉ľľǫľƯ⟧ľǫǼľ〈Ǽľ〉〈ǫǼ〈ľľ⟧⟧〉Ǽľ

⟧Ơ␣ǼǫƯľ〈〉〉ľ →‚—žōľ‹⟦⟧ľ〈ǫŋľƠľƯ〉Ưǫǫ〈Ơ〈〉ľ〈Ơľ↑Ǽ–←ľƠ⟧ơ⟧ľľ⟧ƠǫľơƠǫƠľ

〉⟧ľ 〉⟦Ơṛľ Ơľ ₫␣–←ľ 〉ľ ※–←ľ 〉ľ 〈〉ľ 〉ľ 〈〉ǫ〈ľ Ơľ ⟧ľ 〈〉Ư〉Ưǫ⟧〉Ǽľ 〈Ơľ

ƠǼǫǫƠľ ⟦ƠǼƠľ ⟧Ơ␣ǼǫƯƠľ ľ ƯǼƠľ 〈ľ ǫǼƯľ →‚œžōľ €ľ 〉ľ 〉ľ 〉␢〉〉ľ ľ

⟧Ơ␣Ǽ〉ǫƠṛľ〈〉ľƠƠṛľņ–ŏŋ”’ľ⟧〉Ŏ␣Ňľơǫ〈ƠľƠƠľƠľ₫␣–←ŋľ〉Ơľľǫ⟧ǫ⟦ƠľƠľ
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Ơ⟦〉ľ 〉Ơ〈ľ ƠǼ〉ǫ⟧〉Ǽ〉ľ ľ →‚Őŋ‚‘žŋľ ľ 〉ľ ƯǼ␢ǫ⟧Ơľ 〉ľ Ơľ Ǽ〉〉ľ 〈〉Ơľ

Ǫ〉Ơ␢〉ǫƠľ␢ǫľơ〉⟧ľƯ〉〈ǫ〈ƠōľţƠľŵƠơ〉⟦ƠľœŌ–”ľơ〉ƠŌ〉ŋľƠǫǼ〈Ơŋľ〉ľƠľƠ⟧Ơľ

Ư⟧ľ ⟧Ơǫľ ƯǼƯ〉ǼƠṛľ 〈〉ľ ƯơƠ⟦ľ ņ•ŏŋ“ľ 〉ľ •ŐŇľ Ơ〉〉ǼƠƠ⟧ľ ⟧Ơľ ⟧Ơǫľ

Ư〉Ưǫǫ〈Ơ〈〉ŋľ ␣〉ǫǼ〈ľ 〉ľ Ơľ ǫǼ〉Ơ〉ľ 〈〉ľ 〉ƯƠľ Ǽ〉Ơľ Ơ⟧Ơľ ṛľ

⟧ƠǫľǫǼ〉ǼƠōľ
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ľ

ľ

ľ

ľ

ľ
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ľ
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  Capítulo 5
 

Espectroscopia Raman na BaM no Regime de Altas e Baixas 
Temperaturas   
 

€〉〉ľ ƯƠ⟦ľ 〈ǫƯǫ⟧ľ ľ 〉⟦Ơ〈ľ ơǫ〈ľ 〈Ơľ ⟧〉〈ǫ〈Ơľ 〈〉ľ

〉〉ƯƯǫƠľ℗Ơ⟧ƠǼľǼľ〉␣ǫ⟧〉ľ〈〉ľƠ⟦Ơľ〉ľơƠǫƠľ〉⟧〉ƠƠľƠƠľƠľ›Ơ₫ōľľ

ľ ľ

5.1 Espectro de Fônons no Regime de Altas Temperaturas   

‹ľ⟧〉〈ǫ〈Ơľ␢Ơ⟧ľ␢〉ǫƠľǼľǫǼ〉Ơ⟦ľ〈〉ľ〉⟧〉ƠƠľ〈〉ľ–”‘ľŬľƠľ‚“ŏľŬōľ

€Ơľ ⁅ǫ␣Ơľ ‘ŌŐŋľ 〉⟧ľ Ơľ 〉⟦ṛľ 〈〉ľ 〉〉Ưľ 〈〉ľ ␢ǼǼľ Ư⟧ľ ľ Ơ⟧〉Ǽľ 〈Ơľ

〉⟧〉ƠƠōľ ※⟧ľ 〈〉⟧ľ 〉ŋľ 〉Ư〉ľ ľ Ơ⟦Ơ␣Ơ⟧〉Ǽľ 〉〉Ơ〈ľ 〈Ơľ ơƠǼ〈Ơľ
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ľ

Figura 5-1. Espetros Raman da BaM para várias temperaturas, (a) no regime de baixos números de onda (b) no regime de altos números de onda. 
ľ
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       Figura 5-2.  Dependência dos números de onda com a temperatura de alguns modos Raman selecionados.  
‹ľǫǫŋľ〈〉⟧ľ〈〉ƯƠƠľľ ␢Ơľ〈ƠľƠǼ⟧Ơ⟦ǫƠľ〉Ơ〉⟧ľƠƯǫƠ〈Ơľľ

ƠǼǫ〉ľ 〉Ơǫŋľ ǫľ Ư⟧ľ 〈ǫľ Ǽṛľ Ǫľ ƠǼǫṛľ 〈〉ľ ␢Ơ〉ľ 〉Ơ⟦ľ Ǽľ
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ΔN(s) = ΔN� + ΔN�l0t ņ‘ōŐŇľ
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ƠƠ⟧Ơ␣ǼǫƯƠľ Ơǫľ ǫǼ〉Ơ〉ľ 〈〉ǫƠ⟧ľ 〈〉ľ 〉ǫǫľ 〉ľ 〉⟧Ō〉ľ Ư⟧ľ ƯǼ〉ǼƯǫƠľ〈8⃗� ∙ 8⃗�〉 = 0ľōľ※⟧ľ ǫŋľ〉⟦Ơľ 〉Ơṛľ ņ‘ō—ŇŋľŌ〉ľ 〉ľƠľƯǼǫơǫṛľ〈〉ǫ〈ľƠľ
ƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼľ〉ľƠǼ⟦ƠľǼƠľ␢Ơ〉ľƠƠ⟧Ơ␣ǼǫƯƠľ〈〉ǫƠǼ〈ľ〈〉ľƯǼǫơǫľ

ƠƠľƠľ ␢〉ǼƯǫƠľ 〈ľ ␢ǼǼōľ Ūľ ƠƯƠơƠľľ ǫ⟧⟦ǫƯƠľǼ⟧Ơľ 〉Ǽ⟧Ơ⟦ǫƠṛľ 〈Ơľ
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␢〉ǼƯǫƠľ 〈ľ ␢ǼǼľ ƠƯǫ⟧Ơľ 〈Ơľ 〉⟧〉ƠƠľ 〈〉ľ ※ǫ〉ōľ ※⟧ľ ơƠ〉ľ Ǽ〉〉ľ

Ơ␣⟧〉ǼľƠǫơ⟧ľƠľƠǼ⟧Ơ⟦ǫƠľƠľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼōľľ

ľƠơǫ〈ľ〈Ơľ⟦ǫ〉ƠƠľ〉ľľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼľ〈〉ľ〉ľ〈ǫ〉ľľ

ǫǼ〈ǫ〈ľľ〉␢〉ǫľ〈〉ľ⟧Ơ␣Ǽ〉ǫṛľ →‚”žōľ‹ľǫơǫ⟦ǫ〈Ơ〈〉ľ〈〉〉ľ 〉ľ ǫǼ〈ǫ〈ľ

ľ ⟧Ơ␣Ǽ〉ǫṛľ ǼƠľ ›Ơ₫ľ 〈〉ľ 〉ŋľ ǼƠ⟧〉Ǽ〉ŋľ 〈〉ƯƠƠ〈Ơŋľ ǫľ 〉ľ

Ǽ〉ǼǪ⟧Ơľ ƠǼ⟧Ơ⟦ǫƠľ Ǽľ Ơ⟧〉ľ 〈〉ľ 〉〈〉ľ ␢ǫľ ơ〉Ơ〈ľ ǼƠľ ǫǫǼǪƠǼƠľ 〈Ơľ

〉⟧〉ƠƠľ 〈〉ľ ※ǫ〉ľ ƠƠľ ›Ơ₫ľ 〉⟧ľ ⟧〉〈ǫ〈Ơľ 〈〉ľ 〈ǫ␢Ơṛľ 〈〉ľ Ơǫľ Źľ Ư⟧ľ

〉⟧〉ƠƠľ →‚’žōľűƠǼľľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼľǼƠľ›Ơ₫ľľ〈ǫ〉ōľŶ⟧ľ␢Ơľ

〉⟦〉ƠǼ〉ľľ〉ľ〉⟧ơƠľƠľ ␢⟦Ơ〉ľ〈〉ľǫǼľǼƠľ›Ơ₫ľ〉⚭Ơ⟧ľơƠƠǼ〉ľ ǫǼ〉ǼƠľ

〉⟧ľ Ơ⟦Ơľ 〉⟧〉ƠƠľ →œœžŋľ ľ ƠƯ⟦Ơ⟧〉Ǽľ ľ ␢〉ľ ľ ␢ǫƯǫ〉Ǽ〉ľ ƠƠľ 〉ľ

ơ〉Ơ〈ľǼƠľƠ⟦Ơľ〉⟧〉ƠƠľ〈〉ľ※ǫ〉ľņ‚–—ľŬŇľ〉ľ〉ƠľǪ〉Ơ␢〉ǫƠľǫōľ

№ƠǼľƠľƯ⟧Ơ⟧〉Ǽľ〈ľǼ⟧〉ľ〈〉ľǼ〈Ơľ〈ľ⟧〈ľ〉⟧ľ——œľƯ⟧ŌŐľ

〉ľ’“œľƯ⟧ŌŐŋľƯ⟧ľ〉⟧ľ〈Ơľ⁅ǫ␣Ơľ‘Ō–Ưľ〉ľ〈Ơľ⁅ǫ␣Ơľ‘Ō–〈ŋľǼ〉ǼǪ⟧ƠľƠǼ⟧Ơ⟦ǫƠľľ

ơ〉Ơ〈Ơŋľ⟧ƠǼ〈ľ 〉ľ 〉〉ľ ǼṛľƠ〉〉ǼƠ⟧ľƠƯ⟦Ơ⟧〉Ǽľ ǫǼŌ␢ǼǼōľ⁄〉ľ

〉⟦Ơ〈ľ ƯơƠľƠľ Ǫǫ〉〉ľ〈〉ľ※Ǫ〉Ǽľ 〉ľ Ơ⟦ľ →œœžľ 〈〉ľ〉ľ ľ ƠƯ⟦Ơ⟧〉Ǽľ ǫǼŌ

␢ǼǼľ ľ 〈ǫ␢〉〉Ǽ〉ľ ƠƠľ ␢ǼǼľ 〈ǫ␢〉〉Ǽ〉ōľ Ŷ⟧Ơľ ǫǼ〉ṛľ 〈Ơľ 〉Ơṛľ ņ‘ō—Ňľ Ǽľ

〉⟧ǫ〉ľ ƯǼ␢ǫ⟧Ơľ〉ƠľǪǫ〉〉ŋľ⟧〉⟧ľ〉ľ ␢ǼǼľ〈ǫ␢〉〉Ǽ〉ľ 〉⚭Ơ⟧ľƠƯ⟦Ơ〈ľ

Ư⟧ľƠľ⟧〉⟧ƠľǫǼ〉Ơṛľ〈〉ľǫǼŋľ〉〉ľƠ〉〉ǼƠƠ⟧ľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼľ

〈ǫ␢〉〉Ǽ〉ľ〉ľƠľƯǼƠǼ〉ľ〈〉ľƠƯ⟦Ơ⟧〉Ǽľ␢〉⟧ľ〈ǫ␢〉〉Ǽ〉ōľ

ľ €Ơľ ľ ⁅ǫ␣Ơľ ‘Ō—Ơľ 〉⟧ľ ľ Ư⟧Ơ⟧〉Ǽľ 〈Ơľ ⟦Ơ␣Ơľ Ơľ ⟧〉ǫƠľ Ơ⟦Ơľ 〈ľ

⟧〈ľ〉⟧ľ’“œľƯ⟧ŌŐľƯ⟧ľľƯ〉Ưǫ⟧〉Ǽľ〈Ơľ〉⟧〉ƠƠōľţ〉ľƠƯ〈ľƯ⟧ľ›Ơ⟦⚮ƠǼ⚮ǫľ

〉ľƠ⟦ōľ →‚“žŋľƠľ⟦Ơ␣ƠľƠľ⟧〉ǫƠľƠ⟦Ơľ〉⟧ľ␢Ǽṛľ〈Ơľ〉⟧〉ƠƠľƠƠľľƯ〉ľ〈〉ľ

〈〉ƯƠǫ⟧〉Ǽľ〈〉ľ⟧ľ␢ǼǼľ〉⟧ľ〈ǫŋľľ〈Ơ〈Ơľ„ľ
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Γ(s) = Γ2  �1 + !	&ℏxy/*mzhlX��     ņ‘ōœŇ 

Ǽ〈〉ľΓ2 ľľ Ơľ ⟦Ơ␣Ơľ Ơľ ⟧〉ǫƠľ Ơ⟦Ơľ 〈〉ľ ⟧ľ ␢ǼǼľ Ǽľ 〉ľ Ơơ⟦ŋľN2 ľľ Ơľ
␢〉ǼƯǫƠľ 〈ľ ␢ǼǼŋľ|}ľľ Ơľ ƯǼƠǼ〉ľ 〈〉ľ›⟦⟧ƠǼľ 〉ľŵľ ľ Ơľ 〉⟧〉ƠƠōľŵƠ⟦ľ
⟧〈〉⟦ľǼľ〉␣ǫ⟧〉ľ〈〉ľƠ⟦Ơľ〉⟧〉ƠƠľ〉ľ⟧ľƯ⟧Ơ⟧〉Ǽľ⟦ǫǼ〉ƠľƠƠľƠľ

⟦Ơ␣ƠľƠľ⟧〉ǫƠľƠ⟦Ơōľ Ūľ ľ 〉ƠƠ⟧〉Ǽ〉ľľ〉ľ〉⟧ľǼƠľ ľ⁅ǫ␣Ơľ5-3Ơŋľ ľ〉ľ

ƯǼ␢ǫ⟧ƠľǼƠľǪǫ〉〉ľƠǼ〉ǫľ〈〉ľ〉ľǼľ〉␣ǫ⟧〉ľ〈〉ľƠ⟦Ơľ〉⟧〉ƠƠľ〉␢〉ǫľ

ƠǼƠ⟧ǼǫƯľṛľ〉Ǽ〈〉ƠǼ〉ľǼƠľ›Ơ₫ōľ‹⟦⟧ľ〈ǫŋľǼƠľľ⁅ǫ␣Ơľ5-3ľƠŋľơ〉ƠŌ

〉ľ⟧ƠľƯ⟦ƠƠľƠǼ⟧Ơ⟦ǫƠľǫ⟧Ơľ〈Ơľ〉⟧〉ƠƠľ〈〉ľ※ǫ〉ōľľ

ţľǼľ〈〉ľǫƠľ␢ǫƯŋľƠľ⟦Ơ␣Ơľ〈〉ľ⟧ľ␢ǼǼľ〉ľƠƯǫƠ〈ƠľƠľ〉⟧ľ

〈〉ľǫ〈Ơľ〈ľ␢ǼǼōľľ⟧〉〈ǫ〈Ơľ〉⟧ľ〉ľľƠ⟧〉ǼƠľƠľ⟦Ơ␣Ơľ〈〉ǫ〈ľƠľƠ〉Ưǫ⟧〉Ǽľ

〈ľ ⟧Ơ〉ǫƠ⟦ŋľ ǫ⟧⟦ǫƯƠľ Ǽ⟧Ơľ 〈ǫ⟧ǫǼǫṛľ 〈ľ 〉⟧ľ 〈〉ľ ǫ〈Ơľ 〈ľ ␢ǼǼōľ Ūľ ľ

Ư⟧〉〉Ǽ〉⟦ľ〉ľ Ư⟧ľľƠ⟧〉Ǽľ〈Ơľ 〉⟧〉ƠƠľľ〈〉ƯƠǫ⟧〉Ǽľ〈〉ľ ␢ǼǼľ

〉⟧ľľ␢ǼǼľ〉ľǫǼ〉Ǽǫ␢ǫƯƠōľľƠơǫ〈ľ〈Ơľ⟦ǫ〉ƠƠľ〉ľľƠƯ⟦Ơ⟧〉ǼľǫǼŌ

␢ǼǼľ ǫǼ␢⟦〉ǼƯǫƠľ Ǽľ 〉⟧ľ 〈〉ľ ǫ〈Ơľ 〈ľ ␢ǼǼľ ľ →“ŏŋ“Őžŋľ ⟦␣ľ Ơľ ƠǼ⟧Ơ⟦ǫƠľ

ơ〉Ơ〈ƠľǼƠľ⟦Ơ␣Ơľľ⟧〉ǫƠľƠ⟦Ơľ〈ľ⟧〈ľ〉⟧ľ’“œľƯ⟧ŌŐľľ⟧Ơǫľ⟧ľǫǼ〈Ưǫľ〈Ơľ

〉ǫǼƯǫƠľ 〈ľ ƠƯ⟦Ơ⟧〉Ǽľ ǫǼŌ␢ǼǼľ ǼƠľ ›Ơ₫ōľ ţƠľ ⁅ǫ␣Ơľ ‘ŌŐŋľ ľ Ư⟦Ơľ ľ

Ư〉Ưǫ⟧〉Ǽľ〈Ơľ ǫǼ〉Ǽǫ〈Ơ〈〉ľ〈ľ⟧〈ľ 〉⟧ľ—œŏľ Ư⟧ŌŐ
ľ〉⟧ľ 〉⟦Ơṛľ ľ ǫǼ〉Ǽǫ〈Ơ〈〉ľ〈ľ

⟧〈ľ ⟧Ơǫľ ǫǼ〉Ǽľ 〉⟧ľ ’“œľ Ư⟧ŌŐōľ ŭ〉ƠǼ〈ľ 〉⟧ľ ƯǼƠľ 〉〉ľ Ư⟧Ơ⟧〉Ǽŋľ ǼƠľľ

⁅ǫ␣Ơľ‘Ō—ơŋľ⟦Ơ⟧ľƠľƠṛľ〉Ǽ〉ľƠľǫǼ〉Ǽǫ〈Ơ〈〉ľ〈ľ⟧〈ľ〉⟧ľ—œŏľƯ⟧ŌŐ
ľ〉ľ〈ľ

⟧〈ľ 〉⟧ľ ’“œľ Ư⟧ŌŐľ 〉⟧ľ ␢Ǽṛľ 〈Ơľ 〉⟧〉ƠƠōľ Ŷ⟧ľ Ư⟦Ơľ 〈〉ǫľ Ǽľ

Ư⟧Ơ⟧〉Ǽľ〈ƠľƠ〉ľ〈〉〉ľ⟧〈ľľơ〉Ơ〈ľ〉⟧ľǼľ〈Ơľ〉⟧〉ƠƠľ

〈〉ľ※ǫ〉ŋľ 〉Ǽ〈ľ⟧Ơǫľ⟧ľ〉⟦Ơ〈ľƠľ ␢Ơľ〈ƠľǼƠľǪǫ〉〉ľ〈Ơľ 〉ǫǼƯǫƠľ〈〉ľ
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 Figura 5-3. Dependência com a temperatura da (a) largura a meia altura do modo em 684 cm-1  (b) razão entre as intensidades dos modos em 340 cm-1 e 684 cm-1. As linhas tracejadas são guias para os olhos enquanto que as pontilhadas indicam a transição ferrimagnética. 
ľ
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Figura 5-4. Evolução dos espectros da BaM com a temperatura. 
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Figura 5-5. Comportamento com a temperatura da posição dos modos em (a) 684 cm-1 (b) 720 cm-1 (c) 337 cm-1 e (d) 346 cm-1. As linhas vermelhas são ajustes baseados no modelo de Balkanski. 
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Figura 5-6. Comportamento com a temperatura da posição dos modos em (a) 619 cm-1 (b) 469 cm-1 (c) 317 cm-1 e (d) 286 cm-1. As curvas vermelhas representam o ajuste obtido pelo modelo de Balkanski para o processo de três fônons. 
ľ
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Ơ⟦ōľ␢ƠƯľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼŋľƠơƠǫľ〈〉ľ“ŏľŬŋľ␢Ơ⟧ľơ〉Ơ〈ľǼľǫǼ〉Ǽľ

⟧〈ľ ‹Ő␣ľ 〈〉ǫ〈ľ Ơľ 〉ǫƠ⟧〉Ǽľ 〈〉ľ ơǫǫ⟧ǫ〈〉ľ ⁅〉ņ–ŇŰ‘ľ ņ’“œľ Ư⟧ŌŐľ 〉⟧ľ Ǽľ

ƠơƠ⟦Ǫľ〉ľ’”ŐľƯ⟧ŌŐľǼľƠơƠ⟦Ǫľ〈〉ľ※Ǫ〉ǼŇľ〉ľǼľ⟧〈ľ‹Ő␣ľ〉⟧ľ—œœľƯ⟧ŌŐľņ——‚ľƯ⟧ŌŐľ

〉⟧ľǼľƠơƠ⟦ǪŇōľ⁄ǼƠǼľ〉ľǼľ〉〉Ǽ〉ľƠơƠ⟦ǪľǼ〉ǼǪ⟧ƠľƠǼ⟧Ơ⟦ǫƠľƠƠľ

Ơǫľ ⟧〈ľ ␢Ơ⟧ľ ơ〉Ơ〈Ơōľ ⁄〉ľ 〉⟦Ơ〈ľ ⟧Ơ⟧ľ 〉ľ ľ Ư〉ľ 〈〉ľ

ƠƯ⟦Ơ⟧〉Ǽľ ǫǼŌ␢ǼǼľ ṛľ 〈ǫ␢〉〉Ǽ〉ľ ƠƠľ ľ ⟦ǫƯǫƠ⟦ľ 〉ľ ľ ⟧ǼƯǫƠ⟦ŋľ

〉ǫ␣ǫǼ〈ľ〉〈ľ〉ǫƯľƠľ␢ǫ⟧ľ〈〉ľ〉⟦ǫƯƠľ〉Ơľ〈ǫ␢〉〉ǼƠōľ

€Ơľ⁅ǫ␣Ơľ‘Ō‚ŋľ〉⟧ľľƯ⟧Ơ⟧〉Ǽľ〈Ơľ⟦Ơ␣Ơľľ⟧〉ǫƠľƠ⟦ƠľƯ⟧ľƠľ

〉⟧〉ƠƠľ 〈ľ⟧〈ľ 〉⟧„ľ –“’ľ Ư⟧ŌŐŋľ —Ő‚ľ Ư⟧ŌŐŋľ ——‚ľ Ư⟧ŌŐŋľ œŐŏľ Ư⟧ŌŐŋľ œ––ľ Ư⟧ŌŐŋľľľľľľľľľ

œ‚ŏľƯ⟧ŌŐŋľ‘ŐœľƯ⟧ŌŐľ〉ľ‘—ŏľƯ⟧ŌŐōľ‹ľ⟦Ơ␣Ơľ〈〉ľ〈ľľ⟧〈ŋľ〉Ư〉ľƠľ〈ľ⟧〈ľ

〉⟧ľ ——‚ľ Ư⟧ŌŐŋľ 〉ǫơ〉⟧ľ ␢〉ľ ƠǼ⟧Ơ⟦ǫƠľ ľ ⟦Ơľ 〈〉ľ –ŏŏľ Ŭōľ ŵƠ⟧ơ⟧ľ 〉⟧ľ
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œ‚ŏŋľ‘Őœľ〉ľ‘—ŏľƯ⟧ŌŐ
ōľ‹〈ǫƯǫǼƠ⟦⟧〉Ǽ〉ŋľƠǼ⟧Ơ⟦ǫƠľǫŋľľ⟦Ơľ〈〉ľ’‘ľŬŋľƠ⟧ơ⟧ľ

ṛľơ〉Ơ〈ƠľǼƠľ⟦Ơ␣Ơľ〈ľ⟧〈ľ〉⟧ľ–“’ŋľœŐŏŋľœ‚ŏľ〉ľ‘ŐœľƯ⟧ŌŐōľŵ〉Ǽ〈ľ〉⟧ľ
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⟧Ơ〈ľ Ơľ ␢Ơľ 〈〉ľ 〉ľ ľ ƠƯ⟦Ơ⟧〉Ǽľ ǫǼŌ␢ǼǼľ 〉⟧ľ ƠǼǫ〉ľ ⟧Ơ␣ǼǫƯƠľ

Ơ⟧ơ⟧ľǫǼ␢⟦〉ǼƯǫƠľǼľ〉⟧ľ〈〉ľǫ〈Ơľ〈ľ␢ǼǼľ→“ŏŋ“ŐžľņƯ⟧ľ⚭ľ〈ǫľǼƠľ〉ṛľ

‘ōŐŇŋľ Ǽľ 〉⟧ǫ〉ľ Ơǫơǫľ 〉Ơľ ƠǼ⟧Ơ⟦ǫƠľ ǼƠľ ⟦Ơ␣Ơľ 〈ľ ␢ǼǼľ Ơľ

ƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼōľţƠľ⁅ǫ␣Ơľ‘Ō‚ŋľơ〉ƠŌ〉ľƠ⟧ơ⟧ľƠǼ⟧Ơ⟦ǫƠľ〉⟧ľǼľ

〈〉ľŐ“ŏľŬľǼƠľ⟦Ơ␣Ơľ〈〉ľ〈ľľ⟧〈ľ〉Ư〉ľƠƠľƠľ⟦Ơ␣Ơľ〈ľ⟧〈ľ〉⟧ľ

——‚ľ〉ľœ‚ŏľƯ⟧ŌŐ†ľ〉Ǽ〈ľ〉ľƠƠľ〉〉ľ⟦ǫ⟧ľƠľƠǼ⟧Ơ⟦ǫƠľľ〉⟧ľǼľ〈〉ľŐ’ŏľŬōľľľ
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Figura 5-7. Comportamento da largura a meia altura com a temperatura dos modos indicados na figura. As linhas verticais pontilhadas indicam as temperaturas nas quais ocorrem anomalias. A curva vermelha corresponde ao melhor ajuste de acordo com o modelo de Balkanski para a largura do fônon (vide equação 5.2). 
ľ
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〉ľ ‚–ŏľ Ư⟧ŌŐōľ ※⟧ľ 〉⟧ľ ľ Ư⟧Ơ⟧〉Ǽľ 〈Ơľ ǫǼ〉Ǽǫ〈Ơ〈〉ľ Ǽ⟧Ơ⟦ǫƠ〈Ơľ 〈ľ

⟧〈ľ ṛľ ǫ⟧ǫ⟦Ơ〉ľ Ơľ 〈Ơľ ⟦Ơ␣Ơľ ľ ⟧〉ǫƠľ Ơ⟦Ơŋľ Ơ〉〉ǼƠǼ〈ľ ƠǼ⟧Ơ⟦ǫƠŋľ

ƠǫƯƠ⟧〉Ǽ〉ŋľ ǼƠľ ⟧〉⟧Ơľ 〉⟧〉ƠƠōľ ŵ〈Ơľ Ơľ ǫǼ〉Ǽǫ〈Ơ〈〉ľ Ǽ⟧Ơ⟦ǫƠ〈Ơľ

〈ľ⟧〈ľ 〉ǫơ〉⟧ľ ƠǼ⟧Ơ⟦ǫƠľ 〉⟧ľ Ǽľ 〈〉ľ Ő”ŏľŬľ 〉ľ 〉⟧ľ Ő’ŏľŬŋľ 〉ǼƠǼľ 〉ľ

ƠľƠǼ⟧Ơ⟦ǫƠľṛľơ〉Ơ〈Ơľ〉⟧ľ’‘ľŬľƠƠľƠľǫǼ〉Ǽǫ〈Ơ〈〉ľ〈ľ⟧〈ľ〉⟧ľ”Őľ

Ư⟧ŌŐľ〉ľŐ‚—ľƯ⟧ŌŐ
ľ〉ľ〉⟧ľœŏľŬľƠƠľƠľǫǼ〉Ǽǫ〈Ơ〈〉ľ〈ľ〈〉⟧Ơǫľ⟧〈ōľŭ〉ƠǼ〈ľ〉⟧ľ

ƯǼƠľ〉ľƠľƠǼ⟧Ơ⟦ǫƠľṛľǫ⟧Ơľ〈Ơľ〉⟧〉ƠƠľ〈〉ľƠǼǫṛľ⟧Ơ␣ǼǫƯƠŋľ

–ŏŏľŬľ〉ľ‘‘ľŬŋľƠǫ⟧ľƯ⟧ľǼľƯƠľ〈Ơľ⟦Ơ␣Ơľľ⟧〉ǫƠľƠ⟦Ơŋľ␣〉ǫ⟧ľ〉ľ〉Ơľ

ṛľ〈〉ǫ〈ľƠľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼōľ№ƠǼľľƠǼ⟧Ơ⟦ǫƠľ〉ľƯ〉⟧ľ〉Ǽ〉ľ

Ő’ŏľ 〉ľ Ő“ŏľ Ŭŋľ Ơľ 〉⟦Ưǫ〈Ơṛľ 〈〉ľ Ơľ ǫ␣〉Ǽľ Ǽ〉Ư〉ǫƠ⟧ľ 〈〉ľ ⟧Ơǫľ ǫǼ〉ǫ␣Ơ〉ōľ

űǫ〉⟦⟧〉Ǽ〉ŋľ⟧〉〈ǫ〈Ơľ⟧Ơ␣ǼǫƯƠľ〉ľ〈〉ľ〈ǫ␢Ơṛľ〈〉ľƠǫľŹľǼľ〉␣ǫ⟧〉ľ〈〉ľơƠǫƠľ

〉⟧〉ƠƠľ〈〉⟧ľƠǫ⟦ǫƠľ〉⟧ľƠ⟦ľǫǼ〉ǫ␣Ơṛōľ
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Figura 5-8. Comportamento das intensidades normalizadas dos modos indicados nas figuras. As linhas azuis tracejadas são guias para os olhos, enquanto as linhas pontilhadas verticais indicam a temperaturas nas quais ocorrem as anomalias. 
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  Capítulo 6

Espalhamento Raman em Hexaferritas tipo Y Ba2Me2(Me=Mg, 
Zn)2Fe12O22  no Regime de Baixa e Alta Temperaturas 
 

€〉〉ľ ƯƠ⟦ľ ǫ〉⟧ľ 〈ǫƯǫľ Ơľ ǫ␣〉⟧ľ ␢ǫƯƠľ 〈Ơľ ƠǼ⟧Ơ⟦ǫƠľ ơ〉Ơ〈Ơľ ǼƠľ

ǫǫǼǪƠǼƠľ 〈Ơľ ƠǼǫ〉ľ ⟧Ơ␣ǼǫƯƠľ Ǽľ Ơ⟧〉ľ 〈〉ľ Ơ⟦␣Ǽľ ⟧〈ľ 〈Ơľ

›Ơ–₫␣–⁅〉Ő–Ű––ņ₫␣–←Ňľ 〉ľ›Ơ–↑Ǽ–⁅〉Ő–Ű––ņ↑Ǽ–←ŇľǼľ 〉␣ǫ⟧〉ľ Ơ⟦Ơľ 〉⟧〉ƠƠľ ǫƠľ

〉〉ƯƯǫƠľ℗Ơ⟧ƠǼōľ‹Ǽ⟧Ơ⟦ǫƠľ Ǽľ ␢ǼǼľ ơ〉Ơ〈Ơľ Ǽľ 〉␣ǫ⟧〉ľ 〈〉ľ ơƠǫƠľ

〉⟧〉ƠƠľƠƠľ〉Ơľ〈ƠľǪ〉Ơ␢〉ǫƠľƠ⟧ơ⟧ľṛľ〈ǫƯǫ〈Ơōľ

ľ

6.1 Espalhamento Raman na Hexaferrita tipo Y Ba2Mg2Fe12O19 no 

Regime de Baixas Temperaturas. 

‹ľ⁅ǫ␣Ơľ’ŌŐƠľ〉ľ⁅ǫ␣Ơľ’ŌŐơľ⟧Ơ⟧ľľ〉〉Ưľ〈〉ľ℗Ơ⟧ƠǼľ〉⟧ľ␢Ǽṛľ

〈Ơľ 〉⟧〉ƠƠľ ƠƠľ ľ ₫␣–←ľ Ǽľ ǫǼ〉Ơ⟦ľ 〈〉ľ –”‘ľ Ŭľ Ơľ ”ľ Ŭōľ Űľ 〉〉Ưľ

℗Ơ⟧ƠǼľǼṛľƠ〉〉ǼƠ⟧ľƠ⟦〉ľ⟧〈ƠǼƠľǫ␣Ǽǫ␢ǫƯƠǫƠŋľ␣〉ǫǼ〈ľ〉ľƠľ₫␣–←ľ
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Figura 6-1.  Evolução com temperatura dos fônons do Mg2Y: (a) baixa frequência e (b) e alta frequência. 
 

(a) (b) 295 K 
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Figura 6-2. Dependência com a temperatura dos modos de frequência: (a) 701 cm-1  (b) 726 cm-1  e (c) 94 cm-1  para o Mg2Y. 
ľ
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Figura 6-3. Dependência com a temperatura das curvas de magnetização ZFC e FC observada para a Mg2Y. A inserção é a curva de histerese da amostra coletada à temperatura ambiente .ľ
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Figura 6-4. Curvas de histerese da Mg2Y medidas em 250 K, 75 K e 25 K. 
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〉␢〉ǫ〈ľ ⟧〉ƯƠǼǫ⟧ľ ƯǼǫơǫǫƠŋľ ǫ␣Ǽǫ␢ǫƯƠǫƠ⟧〉Ǽ〉ŋľ ƠƠľ ľ ⟧〈⟦ľ 〈Ơľ

⟦ƠǫƠṛľǫǼ〈ǫ〈Ơōľľ

‹ľ 〉␣Ǽ〈Ơľ Ǫǫ〉〉ŋľ ␢ǫľ ƯǼ␢ǫ⟧Ơ〈Ơŋľ ⟧Ơǫľ 〉Ư〉Ǽ〉⟧〉Ǽ〉ľ ľ ŵƠľ

€Ơ⚮Ơ⚭ǫ⟧Ơľ〉ľƠ⟦ľ ľ →‘ŐžľƠľơ〉Ơ〉⟧ľ⟧Ơľ⟦ƠǫƠṛľ〉⟦ǫƯƠľƯǫ⟦ƠǼ〉ľƠƠ⟦〉⟦Ơľ
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Ơľ 〉ǫľ Ưōľŵ〉Ǽ〈ľ〉⟧ľǫƠľ〉ľľ⟧〈〉⟦ľ Ư〉Ǽ〉ľ〈〉ľ ǫǼľ ⟧〉Ǽ〉ľ〉ľ⟧Ơľ

⟦ƠǫƠṛľ 〉〉Ǽ〈ǫƯ⟦Ơľ Ơľ 〉ǫľ Ưŋľ ľ Ơ〉ľ ƠǫơƠ⟧ľ Ơľ ǫ␣〉⟧ľ 〈〉Ơľ

⟦ƠǫƠṛŋľ ƠƠ⟦〉⟦Ơľ Ơľ 〉ǫľ Ưŋľ Ơľ 〉⟦〉Ư⟧Ơ␣ǼǼľ ǫǼ〈ľ 〈〉ľ 〉␢〉ǫľ

⟧Ơ␣Ǽ〉ǫǫōľŰľ 〉⟦Ơ〈ľ〈〉ľŵƠľ€Ơ⚮Ơ⚭ǫ⟧Ơľ 〉ľ Ơ⟦ōľ ṛľ ƯǼ␢ǫ⟧Ơ〈ľ〉⟦Ơľ

⟦ǫ〉ƠƠŋľ ⟧Ơľ 〉ľ 〉ľ ľ 〉Ơ〈ľ 〉ľ Ơľ ǫ␣〉⟧ľ 〈〉ľ 〉⟦〉Ư⟧Ơ␣ǼǼŋľ 〉⟧ľ

⟧⟦ǫ␢〉ǫƯľ Ư⟧ľ ƯǼ␢ǫ␣Ơ〉ľ 〈〉ľ ǫǼľ Ǽṛľ Ư⟦ǫǼ〉Ơ〉ľ ľ ƠƯǫƠ〈ľ ľ

⟧Ơ␣Ǽ〉ǫṛľ→“ŋ“‚ŋ““žōľ‹⟦⟧ľ〈ǫŋľľǫ⟦ľ〉ľƯ⟦ƯƠ〈ŋľ〉ľ〉⟦〉Ư⟧Ơ␣ǼǼľ⚭ľ

ǪƠǫƠ⟧ľ ǫ〈ľ ơ〉Ơ〈ľ ǼƠľ ₫␣–←ľ ƠơƠǫľ 〈〉ľ ‘ŏľ Ŭľ ƠƠľ 〈〉ľ 〉〈ľ 〈〉ľ

〉〉ƯƯǫƠľ〈〉ľ〉ƠǪ〉ľǼľ〈⟧Ǽǫľ〈ľ〉⟧ľľŬǫ〈Ơľ〉ľƠ⟦ľľ →‘ŏžōľľ

※Ǽǫ〈〉ƠǼ〈ľ 〉ľ 〈〉␢⟧Ơ〉ľ ǼƠľ 〉〈〉ŋľ ǫǼ〉ǫƠ〉⟦⟧〉Ǽ〉ŋľ Ơ⟦〉Ơ⟧ľ ľ

␢ǼǼŋľ ǼƠľ ơ〉Ơṛľ 〈ľ ƠƯ⟦Ơ⟧〉Ǽľ ǫǼŌ␢ǼǼľ ƯơƠľ Ơľ Ǫǫ〉〉ľ 〈Ơľ

⟧Ơ␣Ǽ〉ǫṛľ Ư⟧ľ ⟧〉ƯƠǼǫ⟧ľ 〈〉ľ ⟧Ơ␣Ǽ〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ ǼƠľ ₫␣–←ōľ €〉〉ľ

ƯǼ〉ŋľ Ơľ ⟦ƠǫƠṛľ ⟧Ơ␣Ǽ〉〉⟦ǫƯƠľ 〈Ơľ ₫␣–←ľ ľ 〉⟦ƠǼ〉ľ 〈Ơľ ⟧Ơľ 〈Ơľ

⟦ƠǫƠṛľ 〈Ơľ 〈ǫǫơǫṛľ 〈〉ľ 〈〉Ǽǫ〈Ơ〈〉ľ 〉⟦〉ǼǫƯƠľ ņ〉ǫƠľ 〉⟦ľ ⟧〈〉⟦ľ

Ư〉Ǽ〉ľ〈〉ľǫǼŇľƯ⟧ľƠľ⟦ƠǫƠṛľ〈〉ǫ〈ľľ〈ǫ〉ľǼƠľ〉〈〉ľƯƠ〈Ơľľ

〈〉ǼƠ⟧〉Ǽľ ⟧Ơ␣ǼǫƯľ ņ⟧Ơ␣Ǽ〉ǫṛŇōľ ŭ〉ƠǼ〈ľ 〉⟧ľ ƯǼƠľ ľ ƠƯ⟦Ơ⟧〉Ǽľ

ǫǼŌ〉〈〉ľņ〉Ǽ〈ľľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼľ⟧ľƯƠľ〉〉ƯǫƠ⟦Ňŋľ〈〉Ō〉ľ〉Ǽ〉Ǽ〈〉ŋľ

ľ ␢Ơľ 〈〉ľ 〉ľ ơƠǫľ ƯƠ⟧ľ ⟧Ơ␣ǼǫƯľ ņ〉⟧ľ Ǽľ 〈〉ľ 〈〉〉ǼƠľ 〈〉ľ

⟧ǫ⟦ǫ〉⟦ƠŇľľ →—ŋœžľ〈〉⟧ľǫǼ〈ǫľ〉ľƯǼ⟦ƠľƠľ⟦ƠǫƠṛľ〉⟦ǫƯƠľǼƠľ₫␣–←ōľľ

ţ〉ǫ〈ľƠľƠƯ⟦Ơ⟧〉Ǽľ〉Ǽ〉ľľǫǼľ〉ľƠľ〉〈〉ľ〉ľƠľ␢ƠƯƠľǫǼ〉Ơṛľ〉Ǽ〉ľ

ľ ǫǼľ 〈〉ľ ⟧Ơľ 〉Ơľ ƯǼǫƯƠľ →Őžŋľ ơƠǫľ ƯƠ⟧ľ ⟧Ơ␣ǼǫƯľ ƯǼ〉␣〉⟧ľ

Ơ⟦〉ƠľƠľ〈ǫ〉ṛľ〈ľǫǼŋľ〉ľľƠľ〉ŋľƠƠľ〈ľƠƯ⟦Ơ⟧〉ǼľǫǼŌ〉〈〉ŋľ

〈〉␢⟧Ơ⟧ľƠľ〉〈〉ŋľǫơǫ⟦ǫƠǼ〈ľƠǫ⟧ľľ␣ǫ⟧〉Ǽľ〈〉ľ⟧Ơľ⟦ƠǫƠṛľ〉⟦ǫƯƠōľ

※⟧ľ ơƠ〉ľ 〉⟧ľ Ǽľ Ơ␣⟧〉Ǽŋľ ␢ǫƯƠľ Ư⟦Ơľ 〉ľ ľ ƠƯ⟦Ơ⟧〉Ǽľ ǫǼŌ〉〈〉ŋľ

〈〉〉⟧〉ǼǪƠľ Ơ〉⟦ľ ǫ⟧ƠǼ〉ľ ǼƠľ ǫ〉〈Ơ〈〉ľ ⟧Ơ␣Ǽ〉〉⟦ǫƯƠľ 〈Ơľ ₫␣–←ōľ

€Ơľ Ǫǫ〉〉ľ ľ ƯơƠ〈Ơľ 〉⟦ľ ␢Ơľ 〈〉ľ 〉ľ 〉〉ľ ƠƯ⟦Ơ⟧〉Ǽľ Ơ⟧ơ⟧ľ ľ
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〉⟦〉ƠǼ〉ľ ƠƠľ Ơľ ǫ␣〉⟧ľ 〈〉ľ ⟧Ơ␣Ǽ〉〉⟦〉ǫƯǫ〈Ơ〈〉ľ 〈〉ľ 〉ǫƠľ

⟧ơǫƯƠľľ →‚žľ〉ľƠƠľƠľǪ〉Ơ␢〉ǫƠľǫľ↑ľŴ—※–⁅〉–œŰœŐľľ →“œžōľľ

※Ǽ⟧ľ〉Ơ⟦Ơľ〉ľƠľ〉ǫǼƯǫƠľ〈ľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼľǼṛľľ⟧Ơľ

ƯǼ〈ǫṛľ ␢ǫƯǫ〉Ǽ〉ľ ƠƠľ Ơľ ǫ〉〈Ơ〈〉ľ ⟧Ơ␣Ǽ〉〉⟦ǫƯƠŋľ ⟧Ơľ 〉ľ 〉ľ ⟧ǫľ

⟧Ơ〉ǫƠǫľ 〉ľ Ơ〉〉ǼƠ⟧ľ ƠƯ⟦Ơ⟧〉Ǽľ ǫǼŌ␢ǼǼľ Ǽṛľ ṛľ

⟧Ơ␣Ǽ〉〉⟦ǫƯľ ľ →ŐŐŋ‚‚ŋ“‘ŋ“’žōľ ű〈〉ľ Ư〉ŋľ ľ 〉〉⟧⟦ŋľ 〉ľ ǫǼ〉Ơ〉ľ

⟧Ơ␣ǼǫƯƠľ Ư⟧〉ǫǫƠľ〉Ǽ〉ľ ľ ǫǼľ〈〉ľ⟧ľ⟧Ơ〉ǫƠ⟦ľ ƯƠ〉⟧ľ⟧Ơľ〈〉〈〉⟧ľ

Ǽľ ǫǼŋľ 〈ǫ␢ǫƯ⟦ƠǼ〈ľ Ơǫ⟧ľ ľ ƠƯ⟦Ơ⟧〉Ǽľ Ư⟧ľ Ơľ 〉〈〉ľ 〉ľ ƯǼ〉〉Ǽ〉⟧〉Ǽ〉ľ

ǫǼǫơǫǼ〈ľľƠƠ〉Ưǫ⟧〉Ǽľ〈Ơľ⟦ƠǫƠṛľ〉⟦ǫƯƠľ →‚žľōľ

※⟧ľ〉⟧ľ〈Ơľ⁅ǫ␣Ơľ’Ō‘ŋľƠľ⟦Ơ␣ƠľƠľ⟧〉ǫƠľƠ⟦Ơľ〈ľ⟧〈ľ〉⟧ľ”‘ľƯ⟧ŌŐľ

ņľƠ⟦ľľ〈〉ǫ〈ľƠľǫơƠ〉ľ〈Ơľ⟦ǫ␣Ơ〉ľ›ƠŌŰŇŋľľƠ〉〉ǼƠľ⟧Ơľ␢〉ľƠǼ⟧Ơ⟦ǫƠľ

ƠơƠǫľ〈〉ľ‘ŏľŬŋľľ〉ľǫǼ〈ǫƯƠľ〉ľľľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼľƠ␢〉Ơľľ〉⟧ľ〈〉ľ

ǫ〈Ơľ 〈〉〉ľ ⟧〈ōľ ‹ľ ơ〉Ơṛľ 〈ľ ƠƯ⟦Ơ⟧〉Ǽľ ǫǼŌ␢ǼǼľ Ǽľ Ơ⟧〉ľ

ņǫṛľ 〉ľ ⟦Ơ␣ƠŇľ 〈ľ⟧〈ľ 〉⟧ľ”‘ľ Ư⟧ŌŐŋľ ␣〉〉ľ 〉ľ Ơľ ǫơƠ〉ľ 〈Ơľ ⟦ǫ␣Ơ〉ľ

›ƠŌŰŋľṛľ␢〉⟧〉Ǽ〉ľǫǼ␢⟦〉ǼƯǫƠ〈Ơľ〉⟦ƠľǫǼ〉Ơ〉ľ〈〉ľ〉ƯƠľ〉〉Ǽ〉ľ〉⟧ľ

⁅〉ņœŇŌŰņ–ŇŌ⁅〉ņ‘Ňōľ Ūľľ〈〉ľ 〉ľ〉〉Ơŋľ〈Ơ〈ľƠľǫ⟧ǫ〈Ơ〈〉ľ 〉Ǽ〉ľ ľ Ǽľ〈〉ľ›Ơľ 〉ľ

〉Ơľ⟦ǫ␣Ơ〉ľľ →Őžōľľ



110 
 

 

 

Figura 6-5. Dependência com a temperatura da largura a meia altura do modo em 94 cm-1. As linhas tracejadas são guias para os olhos. 
 

6.2 Espectroscopia Raman na Hexaferrita tipo Y Ba2 Mg2Fe12O22 no 

Regime de Altas Temperaturas. 
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Figura 6-6. Evolução com a temperatura de alguns espectros Raman selecionados para o Mg2Y. 

 
Figura 6-7. Difratogramas da Mg2Y para vários valores de temperatura.ľ
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Figura 6-8. (a) Comportamento com a temperatura da posição do modo em 94 cm-1. Dependência com a temperatura das larguras a meia altura dos modos em (b) 94 cm-1  e (c) 702 cm-1. As curvas vermelhas são apenas guias para os olhos. 
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Figura 6-9. Dependência com a temperatura das intensidades normalizadas dos modos em (a) 94 cm-1 e (b) 702 cm-1.  As linhas tracejadas são guias para os olhos. 
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Figura 6-10.  Evolução  com temperatura dos fônons  da Zn2Y: (a) baixa frequência  (b) e alta frequência. 
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Figura 6-11. Dependência com a temperatura (a) da largura do modo em 190 cm-1 , (b) da largura do modo em 722 cm-1  e (c) da largura do modo em 490 cm-1 e (d) da posição do modo em  659 cm-1 do Zn2Y. As linhas verticais contínuas indicam a temperatura na qual ocorre a anomalia, enquanto as curvas vermelhas são guias para os olhos.  
ľ
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   Figura 6-12. Dependência com a temperatura das curvas de magnetização ZFC e FC observada para a Zn2Y. As linhas verticais marcam as temperaturas onde há anomalias.ľ

ľ

6.4 Espalhamento Raman na Hexaferrita tipo Y Ba2Zn2Fe12O22  no 

Regime de Altas Temperaturas 
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Figura 6-13. Evolução com temperatura dos fônons  do Zn2Y: (a) baixa frequência  (b) e alta frequência. 
ľ
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Figura 6-14. Dependência com a temperatura dos modos de frequência:  (a) 659 cm-1 , (b) 697 cm-1  e (c) 461 cm-1  para a Zn2Y. As linhas vermelhas são guias para os olhos. 
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ƠƯ⟦Ơ⟧〉Ǽľ Ơ⟧ơ⟧ľ ␢ǫľ ơ〉Ơ〈ľ 〉⟧ľ ľ ⟧Ơ〉ǫƠǫľ 〉ľ Ơ〉〉ǼƠ⟧ľ Ơ⟦Ơľ

〉⟧〉ƠƠľ 〈〉ľ ƠǼǫṛōľ űľ 〉〉⟧⟦ŋľ℗ǫ⟦⟦Ơǫľ ľ 〉ľ Ơ⟦ľ ľ →”–žŋľ ľ ơ〉ƠƠ⟧ľ Ǽľ

›ǫ⁅〉Ű—ľ ⟧ľ Ơ⟧⟦〉Ưǫ⟧〉Ǽľ 〉ľ ⟧ľ 〉Ǽ〈〉Ưǫ⟧〉Ǽľ ƠƠľ ľ ⟧〈ľ 〈〉ľ ơƠǫƠľ

␢〉ǼƯǫƠľ ‹Őľ 〉ľ ⁄ŋľ 〉〉ƯǫƠ⟧〉Ǽ〉ŋľ ƠƯǫ⟧Ơľ 〈Ơľ 〉⟧〉ƠƠľ 〈〉ľ €〉⟦ľ ņ—‚ŏ※Ňōľ

ŵƠ⟧ơ⟧ľ ƠǼ⟧Ơ⟦ǫƠľ ␢Ơ⟧ľ ơ〉Ơ〈Ơŋľ Ǽ〉〉ľ ⟧〉⟧ľ ⟧Ơ〉ǫƠ⟦ŋľ Ǽľ ⟧〈ľ 〉⟧ľ

—Ő‘ŋľ—“ŏľ〉ľ‘œŏľƯ⟧ŌŐľƠƯǫ⟧Ơľ〈Ơľ〉⟧〉ƠƠľ〈〉ľ€〉⟦ľ→’žōľ⁄⟧ľƠ⟧ơľľƠơƠ⟦ǪľƠľ

ƠǼ⟧Ơ⟦ǫƠľ␢Ơ⟧ľƠǫơ〈ƠľƠľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼōľ‹ǫ⟧ľƯ⟧ľǼƠľľƯǫƠ〈Ơľ

Ǫ〉Ơ␢〉ǫƠŋľǼƠľ␢〉ǫƠľ〈〉ľơǫ⟧ľṛľľǫǼľ〈ľ〉⟦Ǽľ〈ľǼľ⟧Ơ␣ǼǫƯľ

⁅〉—Ŋľ〉ľ〉ľƠƯ⟦Ơ⟧ľƯ⟧ľƠľǫơƠ〉ľ〈Ơľ〉〈〉ōľŶ⟧ľ␢〉ľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼľ

Ơ⟧ơ⟧ľ␢ǫľơ〉Ơ〈ľ〉⟧ľƠ⟦Ơľ 〉⟧〉ƠƠŋľƠǼ〈ľ〉〉ƯƯǫƠľ℗Ơ⟧ƠǼŋľǼƠľ

Ǫ〉Ơ␢〉ǫƠľ ǫľ↑ľ⟧⟦ǫ␢〉ǫƯƠľ›ƠŐŋ’ŴŐŋœ※–⁅〉–œŰœŐľ ľ←ōűōľ ŴƠǼľ 〉ľ Ơ⟦ľ →“—žōľ

⁄〉ľƠ〉ľƠƯǫƠƠ⟧ľľ〉␢〉ǫ〈ľƠƯ⟦Ơ⟧〉ǼľƯ⟧ľľƠǼǫ〉ľ⟧Ơ␣ǼǫƯƠ„ľ

ƯǼǫƯŌ⟦ƠǼƠŋľ⟦ƠǼƠŌǼǫƠǫƠ⟦ŋľ〉ľ␢〉ǫ⟧Ơ␣ǼǫƯŌƠƠ⟧Ơ␣ǼǫƯōľľ

€Ơľ⁅ǫ␣Ơľ ’ŌŐ‘Ơľ 〉ľ ⁅ǫ␣Ơľ ’ŌŐ‘ơŋľ 〉⟧ľ Ơľ 〈〉〉Ǽ〈ǼƯǫƠľ 〈Ơľ ǫǼ〉Ǽǫ〈Ơ〈〉ľ

Ǽ⟧Ơ⟦ǫƠ〈Ơľ〈ľ⟧〈ľ〉⟧ľŐ—ŏľƯ⟧ŌŐľ〉ľ—’ŏľƯ⟧ŌŐŋľ〉〉ƯǫƠ⟧〉Ǽ〉ōľ⁄⟧ľƠ⟧ơƠľƠľ

␢ǫ␣Ơľ ơ〉Ơ⟧Ō〉ľ ƠǼ⟧Ơ⟦ǫƠľ ǼƠľ ǫǼ〉Ǽǫ〈Ơ〈〉ľ ǼƠľ ǫ⟧ǫ〈Ơ〈〉ľ 〈Ơľ

〉⟧〉ƠƠľ〈〉ľ※ǫ〉ŋľľ〉ľ〉␢ƠľƠǫǼ〈Ơľ⟧ƠǫľǼƠľǪǫ〉〉ľ〈〉ľ〉ǫǼƯǫƠľ〈ľ

ƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼľǼƠľ↑Ǽ–←ōľľ



124 
 

             
Figura 6-15. Dependência com a temperatura da intensidade normalizada dos modos de frequência:  (a) 130cm-1 e (b) 360 cm-1  para o Zn2Y. A linha tracejada  indica a temperatura na qual a anomalia ocorre. 
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  Capítulo 7
 

Propriedades Elétricas da Mg2Y 
ľ

€〉〉ľ ƯƠ⟦ŋľ 〈ǫƯǫ⟧ľ Ơľ ǫ〉〈Ơ〈〉ľ 〉⟦ǫƯƠľ 〉ľ ľ Ư〉ľ 〈〉ľ

〉⟦ƠƠṛľ ǼƠľ Ǫ〉Ơ␢〉ǫƠľ ǫľ←ľ›Ơ–₫␣–⁅〉Ő–Ű––ōľ ‹ľ⟧〉〈ǫ〈Ơľ ␢Ơ⟧ľ ␢〉ǫƠľ Ǽ⟧ľ

ǫǼ〉Ơ⟦ľ〈〉ľ‚‘ľŬľƠľƠľ〉⟧〉ƠƠľƠ⟧ơǫ〉Ǽ〉ľ〉ľ〈〉ľ␢〉ǼƯǫƠľ〈〉ľŐũľƠľŐ₫ũōľ

 ľ

7.1 Análise em função da frequência para temperatura fixas 

‹ľ⁅ǫ␣Ơľ‚ŌŐľ⟧ƠľƠľ〈〉〉Ǽ〈ǼƯǫƠľƯ⟧ľƠľ␢〉ǼƯǫƠľ〈ƠľƠ〉ľ〉Ơ⟦ľņεȱŇľ

〉ľǫ⟧Ơ␣ǫǼǫƠľņεȱȱŇľ〈ƠľƯǼƠǼ〉ľ〈ǫ〉⟦ǫƯƠŋľ〈ƠľƠ〉ľ〉Ơ⟦ľ〈ƠľƯǼ〈ǫǫ〈Ơ〈〉ľņσȱŇľ〉ľ

〈ƠľƠǼ␣〉Ǽ〉ľ〈〉ľ〉〈ƠľņƠǼδŇľƠƠľǫľƠ⟦〉ľ〈〉ľ〉⟧〉ƠƠľǼľǫǼ〉Ơ⟦ľ〈〉ľ

Őľũľ Ơľ Ő₫ũōľ※⟧ľ〈〉⟧ľ 〉ľ 〈Ơľ ⁅ǫ␣Ơľ ‚ŌŐƠŋľ Ơľ Ơ〉ľ 〉Ơ⟦ľ 〈Ơľ ƯǼƠǼ〉ľ

〈ǫ〉⟦ǫƯƠľƠ〉〉ǼƠľ⟧ľƠ⟦ľƠ⟦ľ〉⟧ľơƠǫƠľ␢〉ǼƯǫƠľņ〈Ơľ〈〉⟧ľ〈〉ľŐŏ—ŇŋľľƠ⟦ľ

〈〉ľ 〉ľ 〉⟦ǫƯƠ〈ľ 〉⟦Ơľ ⟦ƠǫƠṛľ 〈〉ľ ƯƠ␣Ơľ 〉ƠƯǫƠǫľ 〉ľ 〉ľ 〈ǫǫơ〉⟧ľǼƠľ

ǫǼ〉␢ƠƯ〉ľ〉ľ〈〉␢〉ǫľ〈ľ⟧Ơ〉ǫƠ⟦ľ〈Ơ〈ƠľƠľ〉ƠľǪ〉〉␣Ǽ〉Ơľ〈ƠľƠ⟧Ơľ→”—žōľ

‹⟦⟧ľ〈ǫŋľ εȱľ 〉␣〉ľ ⟧ľƯ⟧Ơ⟧〉Ǽľ ǫƯľ〈〉ľ⟧ľ〈ǫ〉⟦ǫƯľ ƯǼ〉ǼƯǫǼƠ⟦ŋľ

〉Ǽ〈ľ〉⟧ľǫƠľ〉ľ〉ƠľƯƠǫľƯ⟧ľľƠ⟧〉Ǽľ〈Ơľ␢〉ǼƯǫƠľ〈ľƯƠ⟧ŋľ〈〉ǫƠǼ〈ľ

〈〉ľ〉Ǽ〈〉ľƠľƯƠ⟧ľƠľƠǫľ〈Ơľ ␢〉ǼƯǫƠľ〈〉ľŐŏľ⚮ũōľ Ūľ〈〉Ư〉ľ〈ľ␢Ơľ

〈ľ 〈ǫ⟦ľ 〈ľ ⟧Ơ〉ǫƠ⟦ľ ņľ Ơ⟦ľ 〈〉ľ Ơ〈〉ľ 〈〉ľ ƯƠ␣Ơľ 〉Ǽ〉ľ ǫŇľ 〉ľ

ƠƠƠ〉⟧ľ 〉⟧ľ 〉⟦Ơṛľ ľ Ưǫ⟦Ơṛľ 〈ľ ƯƠ⟧ľ 〉⟦ǫƯľ ␣〉ƠǼ〈ľ 〉〈Ơľ 〈ǫ〉⟦ǫƯƠōľ

※⟧Ơ⟧〉Ǽľ ǫǼ〉ľ 〉ľơ〉ƠľǼƠľ⁅ǫ␣Ơľ‚ŌŐơľƠƠľƠľƯǼ〈ǫǫ〈Ơ〈〉ŋľ⟧Ơľ

〉ľ 〉ľ 〉Ơŋľ Ǽľ 〉␣ǫ⟧〉ľ 〈〉ľ Ơ⟦Ơľ ␢〉ǼƯǫƠŋľ Ơ⟧〉ǼƠľ Ư⟧ľ ľ Ơ⟧〉Ǽľ 〈Ơľ

␢〉ǼƯǫƠōľŪľ〉ľƠ〉⟦Ơ〈ľƠľ⟧ľƠ⟧〉Ǽľ〈〉ľƠ⟦ľ〈ľƠ〈〉ľ〈〉ľƯƠ␣Ơľ

〉Ǽ〉ľ〈〉␢〉ǫľǼƠľƠ⟧ƠľǫƯǫƠ〈Ơľ〉⟦ľƯ〉Ưǫ⟧〉Ǽľ〈Ơľ␢〉ǼƯǫƠľ〈ľƯƠ⟧ľ

〉⟦ǫƯōľ€Ơľ⟧〉⟧Ơľ⁅ǫ␣ƠľŌ〉ŋľ ƠǫǼ〈Ơŋľ〉ľƠľƯǼ〈ǫǫ〈Ơ〈〉ľƠ〉〉ǼƠľơƠǫľ

Ơ⟦〉ľņ〈Ơľ〈〉⟧ľ〈〉ľŐŏŌ‚ľŴō⟧ŌŐľ〉⟧ľƠ⟦Ơľ〉⟧〉ƠƠŇľ〉ľƯ〉Ư〉ľƯ⟧ľľƠ⟧〉Ǽľ〈Ơľ
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〉⟧〉ƠƠľƯǼ␢ǫ⟧ƠǼ〈ľľƯƠ〉ľ〉⟧ǫƯǼ〈ľ〈ƠľƠ⟧Ơōľ⁄〉ľ〉⟦Ơ〈ľľ

ƯơƠ〈ľ 〉⟦ľ ␢Ơľ 〈〉ľ Ơľ Ǫ〉Ơ␢〉ǫƠľ Ơ⟧ơ⟧ľ 〉〉⟧ľ

〉⟧ǫƯǼ〈Ơľľ →”œŋ”‘žōľľ

€ľ 〉␣ǫ⟧〉ľ 〈〉ľ ơƠǫƠľ ␢〉ǼƯǫƠŋľ Ơľ ƯǼ〈ǫǫ〈Ơ〈〉ľ ƠǫƯƠ⟧〉Ǽ〉ľ Ǽṛľ

〈〉〉Ǽ〈〉ľ〈Ơľ␢〉ǼƯǫƠľ〉〉⟦ƠǼ〈ľ〉ľǼ〉〉ľ〉␣ǫ⟧〉ľƠľƠ〉ľ〉Ơ⟦ľ〈ƠľƯǼ〈ǫǫ〈Ơ〈〉ľ

ľ 〉〈⟧ǫǼƠǼ〉⟧〉Ǽ〉ľ ţ※ōľ €〉〉ľ Ư〉Ǽǫŋľ Ơľ 〈〉〉Ǽ〈ǼƯǫƠľ 〈Ơľ Ơ〉ľ 〉Ơ⟦ľ 〈Ơľ
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Figura 7-1. Dependência com a freqüência observada para a Mg2Y da: (a) parte real da constante dielétrica, (b) parte real da condutividade, (c) parte imaginária da constante dielétrica e (d) tangente de perda para vários valores de temperatura. As curvas azuis expressam o modelo de Jonscher.                                                                                                          
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Figura 7-2. Dependência com a freqüência observada para a Mg2Y da: (a) parte real da impedância (a inserção mostra  Z’ x f para baixa temperatura), (b) parte imaginária do módulo elétrico para vários valores de temperatura. 
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      Figura 7-4. Dependência com o recíproco da temperatura do logaritmo natural das frequências de relaxação  obtidas de (a) Z’’ x f e (b) M’’ x f. 
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Figura 7-6. Plano complexo de impedância observado para a Mg2Y no intervalo de (a) 290 K a 271 K e (b) 266 K  a 229 K. As setas indicam a diminuição de impedância com o aquecimento.  
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Figura 7-7. Plano complexo de impedância observado para a Mg2Y no intervalo de (a) 222 K a 177 K ( a inserção é um zoom na região de alta frequência) e (b) 172 K a 122 K ( a inserção superior é um zoom do gráfico na região de alta frequência, enquanto que a inserção inferior mostra o plano complexo para baixas temperaturas). 
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〉␣ǫ⟧〉ľ〈〉ľơƠǫƠľ 〉⟧〉ƠƠŋľƠľơƠǫƠľ〉Ǽ〉␣ǫƠľ〈〉ľƠǫƠṛľ〈〉ľŏŋŏ‘ľ〉Ωľ␣〉〉ľ

〉ľ Ơľ ƯǼ〈ṛľ 〉ľ 〈〉〉ľ ľ ǫ⟧〉Ơŋľ ǫǼ〉Ưǫľ 〉ľ 〈〉␢〉ǫľ 〉ľ ƠƠ〉Ư〉⟧ľ 〉⟧ľ

␢〉ǫƠľ Ǽ〉〉ľ 〉␣ǫ⟧〉ľ 〈〉ľ 〉⟧〉ƠƠľ →”œžōľ ⁄Ǽ〉ƠǼľ ľ Ǽ〉Ư〉ǫľ 〉Ơ⟦ǫƠŌ〉ľ

⟧〉〈ǫ〈Ơľ 〈〉ľ Ư〉␢ǫƯǫ〉Ǽ〉ľ Ŵ〉〉ơ〉Ư⚮ľ ǼƠľ₫␣–←ľ ƠƠľ ƯǼ␢ǫ⟧Ơľ 〉Ơľ Ǫǫ〉〉ōľ űľ

␢ǫ⟧ŋľ ƠǼľ Ơľ ⟧〉ƯƠǼǫ⟧ľ ƯǼ〈ǫľ Ǽľ 〉␣ǫ⟧〉ľ 〈〉ľ 〉⟧〉ƠƠľ

ǫǼ〉⟧〉〈ǫǫƠŋľƯ⟧ľ〉Ǽ〉␣ǫƠľ〈〉ľƠǫƠṛľ〈〉ľŏŋŐ—ľ〉Ωŋľ〉〉ŋľǫ〉⟦⟧〉Ǽ〉ŋľ〈〉⟧ľ

〉ƠľƠ〉⟦Ơ〈ľľơ␢Ơ〉ľ₫␣⁅〉–Űœľľ〉ľ›Ơ⁅〉œŰ‚ľľ〉ľ〉ǫ〉⟧ľǼƠľ₫␣–←ľƯǼ␢⟧〉ľ

〈ǫƯǫ〈ľǼƠľ〉ṛľœōŐōľľ

ľ
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7.2   Análise com a temperatura para frequências fixas 

‹ľ⁅ǫ␣Ơľ‚Ō“ľ⟧Ơľ Ơľ〈〉〉Ǽ〈ǼƯǫƠľ Ư⟧ľƠľ 〉⟧〉ƠƠľ 〈Ơľ ƠǼ␣〉Ǽ〉ľ〈〉ľ

〉〈Ơľ ņƠǼδŇľ 〉ľ 〈Ơľ Ơ〉ľ 〉Ơǫľ 〈Ơľ ƯǼƠǼ〉ľ 〈ǫ〉⟦ǫƯƠľ ņεȱŇŋľ 〈Ơľ ƯǼ〈ǫǫ〈Ơ〈〉ľ

ņσȱŇľ 〉ľ ǫ⟧〉〈ǼƯǫƠľ Ǽ⟧Ơ⟦ǫƠ〈Ơľ ņ↑ȱŇōľ űƠƠľ 〈Ơľ 〉Ơľ ␣ƠǼ〈〉Ơŋľ 〉⟧ľ ⟧Ơľ

␢〉ľ 〈〉〉Ǽ〈ǼƯǫƠľ Ư⟧ľ Ơľ ␢〉ǼƯǫƠōľ ŵƠǼľ Ơľ ƠǼ␣〉Ǽ〉ľ 〈〉ľ 〉〈Ơľ Ư⟧ľ Ơľ

ƯǼƠǼ〉ľ 〈ǫ〉⟦ǫƯƠľ 〉⟧ľ ⟧ľ ƯǼǫ〈〉〉⟦ľ Ư〉Ưǫ⟧〉Ǽľ Ư⟧ľ Ơľ 〉⟧〉ƠƠľ Ǽľ

〉␣ǫ⟧〉ľ〈〉ľơƠǫƠľ ␢〉ǼƯǫƠōľ€Ơľ⁅ǫ␣Ơľ‚Ō“ơľľƠ〉〉ǼƠ〈ľľ Ư⟧Ơ⟧〉Ǽľ

〈ľ⟦␣Ơǫ⟧ľǼƠƠ⟦ľ〈ƠľƯǼ〈ǫǫ〈Ơ〈〉ľ〉⟧ľ␢Ǽṛľ〈Ơľ〉⟧〉ƠƠľƠƠľƠ⟦␣⟧Ơľ

␢〉ǼƯǫƠōľ ű〉Ư〉ơ〉Ō〉ľ 〉ľ Ơľ ƯǼ〈ǫǫ〈Ơ〈〉ľ Ư〉Ư〉ľ Ư⟧ľ ľ Ơ⟧〉Ǽľ 〈Ơľ

〉⟧〉ƠƠľ〉ľ〉ľǪľ⟧ƠľƯǼ〉␣ǼƯǫƠľ〉Ǽ〉ľƠľƯƠľ⟧ƠǼ〈ľ〉ľ〉⟧ľƠ⟦Ơľ

〉⟧〉ƠƠľƠľƯǼ〈ǫǫ〈Ơ〈〉ľľǫǼ〈〉〉Ǽ〈〉Ǽ〉ľ〈Ơľ␢〉ǼƯǫƠōľŪľƯ〉ŋľ〉ľ

Ǽľ〉␣ǫ⟧〉ľ〈〉ľƠ⟦Ơľ〉⟧〉ƠƠŋľ〈〉␢〉ǫľṛľƯǫƠ〈ľ〉ľľƠ⟦ľ〈〉ľƠ〈〉ľ

〉Ǽ〉ľǫľṛľ〈〉ľ⟦Ǽ␣ľƠ⟦ƯƠǼƯ〉ľǪƠ〉Ǽ〈ľ⟧Ơľ〉〈⟧ǫǼǼƯǫƠľ〈ƠľƯǼ〈ǫǫ〈Ơ〈〉ľ

〈Ưōľ €ľ 〉ľ 〈ǫľ 〉〉ǫľ Ơľ 〉␣ǫ⟧〉ľ 〈〉ľ ơƠǫƠľ 〉⟧〉ƠƠŋľ ơ〉ƠŌ〉ľ ⟧Ơľ

〈ǫ〉ṛľ ǼƠľ ƯǼ〈ǫǫ〈Ơ〈〉ľ Ư⟧ľ 〉⟦Ơ〈ľ 〈Ơľ 〈〉〉Ǽ〈ǼƯǫƠľ 〈〉Ơľ Ư⟧ľ Ơľ

␢〉ǼƯǫƠōľ€〉〉ľ〉␣ǫ⟧〉ľƠľƯǼ〈ǫǫ〈Ơ〈〉ľ〉Ǽ〈〉ƠǼ〉ľľƠľƠƯŋľƠľƠ⟦ľƯǼǫ〉ľ

〈〉ľ⟧ǫ⟧〉Ǽľ⟦ƯƠ⟦ǫƠ〈ľ〈ľƠ〈〉ľ〈〉ľƯƠ␣Ơľ〉⟧ľǼľ〈〉ľ⟧Ơľǫṛľ〈〉ľ

〉ǫ⟦ơǫōľľ

ľŶ⟧Ơľ ǫǼ〉ṛľ 〈ľ ␣␢ǫƯľ 〈Ơľ ƠǼ␣〉Ǽ〉ľ 〈〉ľ 〉〈Ơľ 〉ľ 〈Ơľ Ơ〉ľ 〉Ơ⟦ľ 〈Ơľ

ǫ⟧〉〈ǼƯǫƠŋľ Ǽľ ⟧Ơľ 〉ľ Ơǫľ Ơ⟧〉ľ 〈ǫ〉⟦ǫƯľ ǼƠľ ₫␣–←ľ 〉⟧ľ ⟧ľ

Ư⟧Ơ⟧〉Ǽľ〈ľ ǫľ 〉⟦Ơŋľ⟧Ơľ〉ľ〉ľľǫƯŋľ ƠǼľ〈ƠľƠ〉ľ 〉Ơ⟦ľ〈Ơľ

ǫ⟧〉〈ǼƯǫƠľƠǼľ〈ƠľƠǼ␣〉Ǽ〉ľ〈〉ľ〉〈Ơŋľ〈〉〉Ǽ〈〉⟧ľ〈Ơľ␢〉ǼƯǫƠľ〉ľ〈〉⟦ƯƠ⟧Ō〉ľ

ƠƠľ Ơ⟦Ơľ 〉⟧〉ƠƠľ Ư⟧ľ ľ Ơ⟧〉Ǽľ 〈〉Ơľ ņǫ〈〉ľ 〉Ơľ ǼƠľ ⁅ǫ␣Ơľ ‚Ō“Ưľ 〉ľ

‚Ō“〈ŇōľŵƠ⟦ľƯ⟧Ơ⟧〉ǼľƠ⟧ơ⟧ľ␢ǫľơ〉Ơ〈ľľũ〉ľ〉ľƠ⟦ľǼƠľũ〉Ơ␢〉ǫƠľ

ǫľ ₫ľ űơ⁅〉’⁆Ơ’ŰŐ”ľ →Őŏŏžōľ €〉〉ľ Ơǫ␣ŋľ ľ Ơ〉ľ ơ〉ƠƠ⟧ľ ⟧Ơľ

〈〉〉Ǽ〈ǼƯǫƠľ〈ľ⟧ǫ⟧ľ〈ƠľƯǼƠǼ〉ľ〈ǫ〉⟦ǫƯƠľ〉ľ〈ƠľƠǼ␣〉Ǽ〉ľ〈〉ľ〉〈ƠľƯ⟧ľƠľ

␢〉ǼƯǫƠŋľ Ơľ Ơ⟦ľ ơ〉〈〉Ư〉ľ ľ ⟦〉ǫľ Ω␣〉⟦ľ Ōľ ⁅ƯǪ〉ŋľ Ơ⟦⟧ľ 〈〉ľ ⟧Ơľ ⟦ƠǫƠṛľ
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〉⟦ǫƯƠľ 〉⟦ƠǼ〉ľ 〈〉ľ ⟧ľ 〈〉ǼƠ⟧〉Ǽľ ⟦ǫǼ〉Ơľ 〈〉ľ ǫǼľ ǫƠľ ⟧〉ƯƠǼǫ⟧ľ 〈〉ľ

⟧Ơ␣Ǽ〉ǫṛōľŪľľ⟦〉ľƠľƯ⟦Ơǫ␢ǫƯƠľľűơ⁅〉’⁆Ơ’ŰŐ”ľƯ⟧ľ⟧ľ␢〉〉⟦ǫƯľ

ǫǼ〈ǫ〈ľ⟧Ơ␣Ǽ〉ǫƯƠ⟧〉Ǽ〉ľ〈ľǫľ〉⟦Ơōľľ⁄〉ľƯ〉Ǽǫľ〈ľ⟧Ơ␣〉⟧ľƠľ〉ľ〉ǼƠľ

ǼƠľǪǫ〉〉ľ〈〉ľƯ⟦Ơǫ␢ǫƯƠľ〈Ơľ⟧〉⟧Ơľ␢⟧ƠľƠľ₫␣–←ōľ₫Ơŋľ〉ƠľǪǫ〉〉ľ〈〉ľ〉ľ

〉ƯǪƠƠ〈Ơľ Ư⟧ľ ľ Ơ␣⟧〉Ǽľ 〈〉ľ 〉ŋľ Ư⟧ľ 〈〉⟧ľ 〉ľ 〈Ơľ ⁅ǫ␣Ơľ ‚Ō”ŋľ Ơľ

〈〉〉Ǽ〈ǼƯǫƠľ〈ľǫƯľ〈ƠľƠ〉ľ〉Ơ⟦ľ〈Ơľǫ⟧〉〈ǼƯǫƠľƯ⟧ľƠľ〉⟧〉ƠƠľơ〉〈〉Ư〉ľ

⟧Ơľ⟦〉ǫľ〈ľǫľ‹Ǫ〉ǼǫľņƯ⟧ľ〉Ǽ〉␣ǫƠľ〈〉ľƠǫƠṛľǫ␣ƠǫľƠľŏŋŐ“ľ〉Ωľ〉ľŏŋŐľ〉Ωľ

ƠƠľ Ơ⟦Ơľ 〉ľ ơƠǫƠľ 〉⟧〉ƠƠŋľ 〉〉ƯǫƠ⟧〉Ǽ〉Ňľ 〉⟧ľ 〉ľ 〈Ơľ ⟦〉ǫľ 〈〉ľ Ω␣〉⟦Ō

⁅ƯǪ〉 2 ōľ ‹⟦⟧ľ 〈ǫŋľ Ǽṛľ 〉ľ 〉⟧ľ 〉Ơ〈ľ ǼƠľ ⟦ǫ〉ƠƠľ Ơľ ľ 〉〉Ǽ〉ľ

⟧⟧〉Ǽŋľ Ơľ ƯǼƯǫƠľ 〈〉ľ ⟦ƠǫƠṛľ 〉⟦ǫƯƠľ ƠƯǫ⟧Ơľ 〈〉ľ ŐŏŏľŬľ ƠƠľ Ơľ ₫␣–←ľ

ņ〉⟧Ō〉ľ 〉Ơ〈ľ 〉⟧ľ ‘ľŬľ →—ŋœžŇōľ űƠǼŋľ ľ ǫƯľ 〉ľ ƠƠ〉Ư〉⟧ľ Ǽľ ␣␢ǫƯľ

↑ȱŵľ〈〉〉⟧ľ〉ľƠƯǫƠ〈ľƠľƯ〉ľƯǼ〉ǼƯǫǼƠǫľ〈〉ľ〉⟦ƠƠṛōľ 

 

 

 

 

 

 

 

 

 

 

 

 

                                                             
 

2 ľƠơǫ〈ľ〈Ơľ⟦ǫ〉ƠƠľ〉ľľǫƯľ〉ľƠƠ〉Ư〉⟧ľǼƠľ〈〉〉Ǽ〈ǼƯǫƠľƯ⟧ľƠľ〉⟧〉ƠƠľ
〈ƠľƯǼƠǼ〉ľ〈ǫ〉⟦ǫƯƠľ〈〉ľ⟧ľ␢〉〉⟦ǫƯľ〉⟦Ơľ〉␣〉⟧ľƠľ⟦〉ǫľ〈〉ľΩ␣〉⟦Ō⁅ƯǪ〉ōľ⁄〉ľ
ǫƯľƠ〉〉ǼƠ⟧ľƠǫǼ〈Ơľ␢〉ľ〈〉〉Ǽ〈ǼƯǫƠľƯ⟧ľƠľ␢〉ǼƯǫƠľľ →ŐŐ—ŋŐŐœžľ
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Figura 7-8. (a) Dependência com a temperatura  da parte real da constante dielétrica (b) Dependência com o recíproco da temperatura do logaritmo natural da condutividade ac (c)  Dependência com a temperatura da tangente de perda e (d) Dependência com a temperatura da parte real da impedância para alguns valores de frequências observadas para a Mg2Y. 
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Figura 7-9. Dependência com o recíproco da temperatura (para a qual Z’ apresenta um pico) do logaritmo natural da frequência. 
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  Capítulo 8

Conclusão Geral e Perspectivas 
 

€〉Ơľ〉〉ŋľ〈ǫƯǫ⟧ľƠľǫ〉〈Ơ〈〉ľǫơƠƯǫǼƠǫľ〈ƠľǪ〉Ơ␢〉ǫƠľǫľ

←ľ›Ơ–₫〉–ņ₫〉ľ•ľ※ŋľ↑Ǽľ〉ľ₫␣Ň⁅〉Ő–Ű––ŋľ›Ơ–ņ₫␣ŐŌ※Ň–⁅〉Ő–Ű––ľņ•ŏ†ľŏŋœ†ľŏŋ’ľ〉ľŏŋ“Ňľ

〉ľ ›Ơ⁅〉Ő–ŰŐ”ōľ ţƠľ ⟧〉〈ǫ〈Ơľ 〈〉ľ ǫǼ␢Ơ〉⟧〉⟦Ǫľ ľ 〉⟧〉ƠƠľ Ơ⟧ơǫ〉Ǽ〉ľ 〉ľ 〈〉ľ

〈ǫ␢Ơṛľ〈〉ľƠǫľŹŋľơ〉Ō〉ľ〉ľƠǼľľ〉〉Ưľ〈〉ľ〉␢⟦〉ƯǼƯǫƠľ〉〉Ư⟦Ơľ

ƠǼľ ľ 〈ǫ␢Ơ␣Ơ⟧Ơľ 〈〉ľ 〈ǫ␢Ơṛľ 〈〉ľ Ơǫľ Źľ Ǽṛľ Ơ〉〉ǼƠƠ⟧ľ ⟧〈ƠǼƠľ

Ơ〉Ưǫ〉ǫľƯ⟧ľƠľơǫǫṛľ〈〉ľ⟧Ơ␣ǼǫľľƯơƠ⟦ŋľ⟧ƠǼ〈ľ〉ľƠľ₫␣–←ľ

Ǽṛľ ľ ơ⟧〉ǫ〈Ơľ Ơľ ⟧Ơľ ƠǼǫṛľ 〈〉ľ ␢Ơ〉ľ 〉Ơ⟦ľ ƠǼ〈ľ ľ ␢〉ǫƠľ Ơ⟦ľ

ơǫǫṛōľ₫〉〈ǫ〈Ơľ 〈〉ľ‹ơṛľ 〈〉ľ ƠǫľŹľ ņŹ‹€⁄ŴŇľ 〉ľ  ⁄〉ƯƯǫƠľ 〈〉ľ

⁅〉⟦Ǽľ ⁄ƯǫƠ〈ľ ľ Ơǫľ Źľ ņŹűŴŇľ ǫǼ〈ǫƯƠƠ⟧ľ ⟧Ơľ 〉〈⟧ǫǼǼƯǫƠľ 〈Ơľ

Ơ⟦ǼƯǫƠľ—ŊľƠƠľľǼľ⁅〉ľ〉ľƠľ〉〉ǼƠľ〈〉ľǼľ※–Ŋľ〉ľ※—ŊľƠƠľƠľƠ⟧Ơľ

Ư⟧ľƯơƠ⟦ōľ№ƠǼľƠľ〉〉Ưľ℗Ơ⟧ƠǼľľ〉⟧〉ƠƠľƠ⟧ơǫ〉Ǽ〉ŋľơ〉ƠŌ〉ľ

〉ľƠľ ơƠǼ〈Ơľ 〉ľ〈〉⟦ƯƠ⟧ľƠƠľ 〉␣ǫ〉ľ〈〉ľơƠǫƠľ ␢〉ǼƯǫƠľľ⟧〉〈ǫ〈Ơľ〉ľ 〉ľ

ơǫǫľ ľ ⟧Ơ␣Ǽǫľ ľ ƯơƠ⟦ŋľ ǫľ ľ 〉ľ ľ ƯơƠ⟦ľ ⟧Ơǫľ ⟧Ơǫľ 〉ľ ľ

⟧Ơ␣Ǽǫōľ

Ū〈〉Ǽǫ␢ǫƯƠ⟧ľľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼľǼƠľ〉⟧〉ƠƠľ〈〉ľ※ǫ〉ľƠƠľľ

ǫ〉⟧Ơľ ›Ơ–₫␣–⁅〉Ő–Ű––ľ ņ₫␣–←Ňŋľ ›Ơ–↑Ǽ–⁅〉Ő–Ű––ľ ņ↑Ǽ–←Ňľ 〉ľ ›Ơ⁅〉Ő–ŰŐ”ľ ņ›Ơ₫Ňŋľ

〉ǫ〈〉ǼƯǫƠǼ〈ľƠľƯǼǫơǫṛľ〈ľ〈〉ǼƠ⟧〉Ǽľ⟧Ơ␣ǼǫƯľƠƠľƠľ ␢〉ǼƯǫƠľ〈〉ľ

Ơ⟦␣Ǽľ ␢ǼǼľ Ǽ〉〉ľ ⟧Ơ〉ǫƠǫľ Ǽľ 〉␣ǫ⟧〉ľ 〈〉ľ Ơ⟦Ơľ 〉⟧〉ƠƠōľ €ľ 〉ľ 〈ǫľ

〉〉ǫľľ⟧〉〈ǫ〈Ơľ℗Ơ⟧ƠǼľ〈〉ľơƠǫƠľ〉⟧〉ƠƠľǼƠľ›Ơ₫ŋľƠǼ⟧Ơ⟦ǫƠľ〉⟧ľƠ⟦␣Ǽľ

␢ǼǼľṛľơ〉Ơ〈Ơľľ⟦Ơľ〈〉ľ‘‘ľŬŋľ“ŏľŬŋľŐ’ŏľŬŋľŐ“ŏľ〉ľ–ŏŏľŬōľ₫〉〈ǫ〈Ơľ

⟧Ơ␣ǼǫƯƠľ⚭ľ〉Ơ〈ƠľǼƠľ⟦ǫ〉ƠƠŋľǫơǫ⟦ǫƠƠ⟧ľƠƯǫƠľƠľƠǼ⟧Ơ⟦ǫƠľ〉⟧ľ

‘‘ľ Ŭŋľ “ŏľ Ŭľ 〉ľ –ŏŏľ Ŭľ Ơľ ƠƯ⟦Ơ⟧〉Ǽľ ǫǼŌ␢ǼǼōľ ŭ〉ƠǼ〈ľ 〉⟧ľ ƯǼƠľ 〉ľ 〉⟧ľ

ƠơƠ⟦Ǫľ ǫľ Ǽ⟧ľ ⟧ǼƯǫƠ⟦ľ 〈Ơľ ›Ơ₫ľ →œœžŋľ ơ〉Ō〉ľ ƠǼ⟧Ơ⟦ǫƠľ Ǽľ

⟧〈ľ℗Ơ⟧ƠǼľƠ〉ǼƠľ〉⟧ľ“ŏľŬŋľ␣〉ǫ⟧ľ〉ľƠľ〈ǫǼ⟧ǫƯƠľľ〈〉ľƠƯ⟦Ơ⟧〉ǼľǫǼŌ
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␢ǼǼľ ƠƠľ ›Ơ₫ľ ṛľ 〈ǫ␢〉〉Ǽ〉ľ ľ ƠƠľ ľ ⟦ǫƯǫƠ⟦ľ 〉ľ ⟧ǼƯǫƠ⟦ōľ €ľ 〉ľ 〈ǫľ

〉〉ǫľľǫ␣〉Ǽľ〈ƠľƠǼ⟧Ơ⟦ǫƠľ〉⟧ľŐ’ŏľŬľ〉ľŐ“ŏľŬŋľ〉Ơľṛľ〈〉ƯǼǪ〉Ưǫ〈Ơ†ľ

〉Ǽ〈ľǼ〉Ư〉ǫƠľƠľ〉Ơ⟦ǫƠṛľ〈〉ľ⟧〉〈ǫ〈Ơľ〈〉ľ〈ǫ␢Ơṛľ〈〉ľƠǫľŹľ〉ľ⟧Ơ␣ǼǫƯƠľ

ƠƠľƠľƠľ〉⟦Ưǫ〈Ơṛōľľ№ƠǼľľ₫␣–←ŋľľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼľ〉⟧ľǼľ〈〉ľ

‘ŏľŬŋľ〉⟧〉ƠƠľǼƠľƠ⟦ľ〉ƠľǪ〉Ơ␢〉ǫƠľƠǼǫƠľ〈〉ľ⟧Ơľ〉Ơľȳ〉Ō

Ư〉ȴľ ƠƠľ ⟧Ơľ ƯǼǫƯƠŌ⟦Ǽ␣ǫ〈ǫǼƠ⟦ľ 〉ľ Ư⟧〉Ơľ Ơľ Ơ〉〉ǼƠľ ǫ〉〈Ơ〈〉ľ

⟧Ơ␣Ǽ〉〉⟦ǫƯƠŋľ Ǽľ 〉⟧ǫ〉ľ ␣〉ǫŋľ Ơľ⟧Ơ␣Ǽ〉ǫṛŋľ Ư⟧ľ ⟧ľ⟧〉ƯƠǼǫ⟧ľ

Ơ〈ǫƯǫǼƠ⟦ľ〈〉ľ⟧Ơ␣Ǽ〉〉⟦〉ǫƯǫ〈Ơ〈〉ľǼƠľ₫␣–←ōľľ

űƠƠľƠľǪ〉Ơ␢〉ǫƠľ₫␣–←ľ〉ľ↑Ǽ–←ŋľƠǫǼ〈Ơľơ〉ƠŌ〉ľƠǼ⟧Ơ⟦ǫƠľƠ〈ǫƯǫǼƠǫľ

Ǽľ Ơ⟧〉ľ ņǫṛŋľ ⟦Ơ␣Ơľ 〉ľ ǫǼ〉Ǽǫ〈Ơ〈〉Ňľ 〈〉ľ Ơ⟦␣Ǽľ ␢ǼǼōľ€ľ ƯƠľ 〈Ơľ

₫␣–←ŋľ Ơľ ƠǼ⟧Ơ⟦ǫƠľ ƠƠ〉Ư〉⟧ľ Ǽľ 〉␣ǫ⟧〉ľ 〈〉ľ Ơ⟦Ơľ 〉⟧〉ƠƠľ ƠƯǫ⟧Ơľ 〈Ơľ

〉⟧〉ƠƠľ 〈〉ľ ※ǫ〉ľ 〉⟧ľ Ǽľ 〈〉ľ ‘“ŏľ Ŭōľ ⁄ǼƠǼľ 〉ľ ƠƠľ Ơľ ↑Ǽ–←ŋľ Ơľ

ƠǼ⟧Ơ⟦ǫƠľƯ〉Ơ⟧ľǼľ〉␣ǫ⟧〉ľ〈〉ľơƠǫƠľ〉⟧〉ƠƠľľ⟦Ơľ〈〉ľŐŏŏľŬŋľŐ–ŏľ

Ŭľ 〉ľ ’‘ľ Ŭōľ€ľ 〉ľ ƠǼ␣〉ľ ľ ƠǼ⟧Ơ⟦ǫƠľ Ơ〈ǫƯǫǼƠǫľ ǼƠľ₫␣–←ŋľ ľ ␢Ơľ 〈〉Ơľ Ǽṛľ

Ơ〉〉ǼƠľ ƠǼ⟧Ơ⟦ǫƠľ 〉⟧ľ Ơľ ⟧Ơ␣Ǽ〉ǫƠṛľ 〉⟧ľ ⟧〉〈ǫ〈Ơľ ⚭ľ 〉Ơ〈Ơľ ǼƠľ

⟦ǫ〉ƠƠľ〉ľǼ〉⟧ľǼľ〈ǫ␢Ơ␣Ơ⟧Ơľ〈〉ľƠǫľŹľņ⟧〉〈ǫ〈ľ〈〉ľ—ŏ—ľŬľƠľ’–—ľŬŇľ〉⟧ľ

Ǽľ〈〉ľ‘“ŏľŬľǼľǫ⟧ǫơǫ⟦ǫƠ⟧ľ〈〉ľƯǼǪ〉Ư〉ľƠľƠľǫ␣〉⟧ōľ‹⟦⟧ľ〈ǫŋľľ␢Ơľ

〈Ơľ 〈〉〉Ǽ〈ǼƯǫƠľ 〈Ơľ ǫṛľ 〈ľ ǫƯľ 〈〉ľ 〈ǫ␢Ơṛľ Ư⟧ľ Ơľ 〉⟧〉ƠƠľ ƠƠľ Ơľ

₫␣–←ľ Ǽṛľ Ơ〉〉ǼƠľ Ơ⟦〉ľ ƠǼ⟧Ơ⟦ǫƠľ Ǽľ ǫǼ〉Ơ⟦ľ 〈〉ľ 〉⟧〉ƠƠľ

ǫǼ〉ǫ␣Ơ〈ľǼľ〉⟧ǫ〉ľƯǼƯ⟦ǫľ〉ľƠƠľƠľƠ⟦Ơľ〉⟧〉ƠƠľľƠƯ⟦Ơ⟧〉Ǽľ

ǫǼŌ␢ǼǼľǼƠľ₫␣–←ľ〉ľ〈ľ〈〉ľ ␢⟧Ơľ〈ǫ〉Ơľ Ư⟧ľƯ〉ľ Ơ⟧ơ⟧ľƠƠľƠľ›Ơ₫ōľ

№ƠǼľľƠǼ⟧Ơ⟦ǫƠľƠ〈ǫƯǫǼƠǫľǼƠľ↑Ǽ–←ŋľƠľǫ␣〉⟧ľ〈Ơľ〉ľƯ〉ľ〉⟧ľ’‘ľŬľ␢ǫľ

ƠƯǫƠ〈ľƠľ ƠƯ⟦Ơ⟧〉Ǽľ ǫǼŌ␢ǼǼŋľ ǫľ 〉ľ ơ〉Ō〉ľ ⟧Ơľ ƠǼ⟧Ơ⟦ǫƠľ 〉⟧ľ

Ǽľ 〈〉ľ ’‘ľŬľ ľ ǼƠľ⟧Ơ␣Ǽ〉ǫƠ〉ľ↑⁅※ľ〉ľ ⁅※ľ〈Ơľ↑Ǽ–←ōľ№ƠǼľ ľ ǫ␣〉⟧ľ〈Ơľ

Ơľ ƠǼ⟧Ơ⟦ǫƠŋľ 〉Ơľ ƠǫǼ〈Ơľ ľ 〈〉ƯǼǪ〉Ưǫ〈Ơľ Ǽľ 〉〉Ǽ〉ľ ⟧⟧〉Ǽōľ

űǫ〉⟦⟧〉Ǽ〉ŋľ ƠǫľƠǼ⟧Ơ⟦ǫƠľ〈〉⟧ľ〉Ơľ ƠƯǫƠ〈Ơľľ⟧〈ƠǼƠľ〉Ơǫľ

Ǽľ ⟧Ơ〉ǫƠ⟦ŋľ 〉Ǽ〉ƠǼľ ⟧〉〈ǫ〈Ơľ 〈〉ľ 〈ǫ␢Ơṛľ 〈〉ľ Ơǫľ Źľ ṛľ Ǽ〉Ư〉ǫƠľ ƠƠľ
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ƯǼ␢ǫ⟧Ơľ 〉Ơľ ǫṛōľ €ľ 〉ľ 〈ǫľ 〉〉ǫľ ľ ⟧〉〈ǫ〈Ơľ 〉⟦ǫƯƠľ ǼƠľ ₫␣–←ŋľ

Ǽľ 〉⟦Ơ〈ľ ƠǼƠƠ⟧ľ ƯǼǫơǫ〉ľ 〈〉ľ ƯǼǼľ 〈〉ľ ␣ṛľ 〉ľ ␣ṛľƠƠľ ľ

Ư〉ľ 〉⟦ƠƠǫľ 〈Ơľ Ơ⟧Ơľ Ǽľ 〉␣ǫ⟧〉ľ 〈〉ľ ơƠǫƠľ 〉ľ Ơ⟦Ơľ ␢〉ǼƯǫƠŋľ

〉〉ƯǫƠ⟧〉Ǽ〉ōľŰľƠ⟦〉ľǫ⟧ǫ⟦Ơ〉ľ〈Ơľ〉Ǽ〉␣ǫƠľ〈〉ľƠǫƠṛŋľƠƯǫƠ〈ƠľƯ⟧ľľ

Ư〉ľ ƯǼ〈ǫľ Ư⟧ľ ľ 〉Ơ〈ľ ǼƠľ ⟦ǫ〉ƠƠľ ƠƠľ Ơľ Ǫ〉Ơ␢〉ǫƠľ

ǫǼ〈ǫƯƠ⟧ľ〉ľǫ〉⟦⟧〉Ǽ〉ľƠľƯǼ〈ṛľ〉ľ〈〉〉ľƠľƠ⟦ľ〈〉ľ〉⟦Ǽľ〉Ǽ〉ľľǫľ

〈ľ Ǽľ ⁅〉–Ŋľ 〉ľ ⁅〉—Ŋōľ€ľ 〉␣ǫ⟧〉ľ 〈〉ľ Ơ⟦Ơľ 〉⟧〉ƠƠľ 〉ľ ơƠǫƠľ ␢〉ǼƯǫƠŋľ Ơľ

ƯǼ〈ǫǫ〈Ơ〈〉ľ〈⟧ǫǼƠǼ〉ľľƠľţ※ōľľ

※⟧ľ〉〉ƯǫƠľ〈〉〉ľƠơƠ⟦Ǫŋľ〉⟧„ľ

 ⁅Ơ〉ľ ⟧〉〈ǫ〈Ơľ ⟧Ơ␣ǼǫƯƠľ 〉ľ 〈〉ľ 〉〉ƯƯǫƠľ ℗Ơ⟧ƠǼľ Ư⟧ľ

〉⟧〉ƠƠľƠƠľľǫ〉⟧Ơľ›Ơ–ņ₫␣ŐŌ※Ň–⁅〉Ő–Ű––ľņ•ŏŋ–†ľŏŋœ†ľŏŋ’†ľ

ŏŋ“ľ〉ľŐŇľƠƠľǫǼ〉ǫ␣Ơľľ〉␢〉ǫľ〈Ơľơǫǫṛľ〈〉ľ₫␣ľľ※ľǼľ

ƠƯ⟦Ơ⟧〉Ǽľ ǫǼŌ␢ǼǼōľ ※⟧ľ 〉Ơľ ⟧〉〈ǫ〈Ơľ 〈〉Ō〉ľ ǫǼ␢〉ǫľ 〈〉ľ

␢⟧Ơľ ǫǼ〈ǫ〉Ơľ ơ〉ľ 〉ǫľ ǫ〉〈Ơ〈〉ľ ⟧Ơ␣Ǽ〉〉⟦ǫƯƠľ ǼƠľ

※–←ōľ

 ⁅Ơ〉ľ ⟧〉〈ǫ〈Ơľ 〈〉ľ 〈ǫ␢Ơṛľ 〈〉ľ Ơǫľ Źľ 〉ľ ⟧Ơ␣ǼǫƯƠľ ǼƠľ ›Ơ₫ľ Ǽľ

〉␣ǫ⟧〉ľ 〈〉ľ ơƠǫƠľ 〉⟧〉ƠƠľ Ư⟧ľ ľ ǫǼǫľ 〈〉ľ ǫǼ〉ǫ␣Ơľ Ơľ

ǫ␣〉⟧ľ 〈Ơľ ƠǼ⟧Ơ⟦ǫƠľ 〉ľ ƠƠ〉Ư〉ľ Ǽľ Ư⟧Ơ⟧〉Ǽľ 〈ľ ␢ǼǼľ

℗Ơ⟧ƠǼľ〉⟧ľǼľ〈〉ľŐ’ŏľ〉ľŐ“ŏľŬōľľ

 ⁅Ơ〉ľ⟧〉〈ǫ〈Ơľ〈〉ľ〈ǫ␢Ơṛľ〈〉ľƠǫľŹľ〈〉ľƠ⟦Ơľ〉⟦ṛľǼľ〉␣ǫ⟧〉ľ

〈〉ľơƠǫƠľ〉⟧〉ƠƠľǼƠľ↑Ǽ–←ľƠľ␢ǫ⟧ľ〈〉ľ⟧Ơľ⟧〉⟦ǪľǫǼ〉ǫ␣Ơṛľ

〈〉ľ⟧Ơľ〉⟦ľ⟧〈ƠǼƠľ〈〉ľ␢Ơ〉ľ〉Ơ⟦ľǼ〉〉ľ⟧Ơ〉ǫƠ⟦ōľľ

 ⁅Ơ〉ľ⟧〉〈ǫ〈Ơľ 〉⟦ǫƯƠľ Ǽľ ǫ〉⟧Ơľ›Ơ–ņ₫␣ŐŌ※Ň–⁅〉Ő–Ű––ľ ņ•ŏŋ–†ľ

ŏŋœ†ľ ŏŋ’†ľ ŏŋ“ľ 〉ľ ŐŇľ Ư⟧ľ 〉⟧〉ƠƠľ ƠƠľ 〉ľ ǫǼ〉ǫ␣Ơľ ľ

〈〉〈ơƠ⟧〉Ǽľ Ǽľ Ư〉ľ ƯǼ〈ǫľ Ư⟧ľ Ơľ ơǫǫṛľ 〈〉ľ

₫␣ľľ※ōľ
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 ℗〉Ơ⟦ǫƠľ ⟧〉〈ǫ〈Ơľ ⟧Ơ␣Ǽ〉〉⟦ǫƯƠľ Ǽľ ǫ〉⟧Ơľľľľľľľľľľľľľľľľľľ

›Ơ–ņ₫␣ŐŌ※Ň–⁅〉Ő–Ű––ľ ņ•ŏŋ–†ľŏŋœ†ľŏŋ’†ľŏŋ“ľ〉ľŐŇľƠƠľ〉ľ ǫǼ〉ǫ␣Ơľ

Ơľ ƠǫƠ〉ľ ǼƠľ ǫ〉〈Ơ〈〉ľ ⟧Ơ␣Ǽ〉〉⟦ǫƯƠľ 〈Ơľ ₫␣–←ľ Ơľ 〉ľ

ơǫǫľ₫␣ľľ※ōľľ
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Apêndice A 

Espectroscopia no Infravermelho 
 

Ŷ⟧Ơľ 〈Ơľ ƯǼǫƯƠľ ⟧Ơǫľ ǫ⟦ǫƠ〈Ơľ Ǽľ ƠƠ⟧〉Ǽľ 〈Ơľ ǫ〉〈Ơ〈〉ľ

ǫơƠƯǫǼƠǫľ 〈〉ľ ⟦ǫ〈ŋľ ⟦ǫ〈ľ 〉ľ ␣Ơ〉ľ ľ Ơľ 〉〉ƯƯǫƠľ Ǽľ ǫǼ␢Ơ〉⟧〉⟦Ǫŋľ

⁄ƠľƯǼǫ〉ľ〉⟧ľƠ⟦ǫƯƠŌ〉ľľƠ⟧Ơľ⟧ƠľƠ〈ǫƠṛľƯ⚭ľǼ⟧〉ľ〈〉ľǼ〈Ơľ〉ľ

ǼƠľ 〉␣ǫṛľ 〈ľ ǫǼ␢Ơ〉⟧〉⟦Ǫŋľ Ǽ⟧Ơ⟦⟧〉Ǽ〉ŋľ 〉Ǽ〉ľ ŐŏŌœŏŏŏľ Ư⟧ŌŐōľ Ŵ〉ľ ⟧Ơľ 〈Ơľ

␢〉ǼƯǫƠľ 〈Ơľ Ơ〈ǫƠṛľ ƯǫǼƯǫ〈ǫľ Ư⟧ľ Ơľ ␢〉ǼƯǫƠľ 〈ľ ⟧〈ľ ǫơƠƯǫǼƠǫŋľ

〉〉ľ ṛľ ƠǫƠ〈ľ Ư⟧ľ Ơľ Ơơṛľ 〈〉ľ 〉Ǽ〉␣ǫƠľ 〈Ơľ Ơ〈ǫƠṛľ ǫǼƯǫ〈〉Ǽ〉ŋľ ľ 〉ľ

ǫ⟧⟦ǫƯƠľǼľƠƠ〉Ưǫ⟧〉Ǽľ〈〉ľ⟧ľǫƯľǼľ〉〉Ưľ〈〉ľƠơơǼƯǫƠľ〈ľ⟧Ơ〉ǫƠ⟦ōľ‹ľ

ƠǼ⟦ǫ〉ľ 〈ľ 〉〉Ưľ ǫǼ␢Ơ〉⟧〉⟦Ǫľ ľ ǫ⟦ŋľ ǫľ Ǽľ 〉⟧ǫ〉ľ ǫǼ␢〉ǫľ ơ〉ľ ľ

Ư⟧Ǽ〉Ǽ〉ľ⟧ǫƯľ〉ľ⟦ǫ␣Ơ〉ľ〉Ǽ⟦ǫ〈Ơōľ

€〉⟧ľ〈ľľ⟧〈ľ〈〉ľ⟧Ơľ⟧⟦Ư⟦ƠľṛľƠǫľǼľǫǼ␢Ơ〉⟧〉⟦Ǫŋľǫľ

ƠƠľ 〉ľ ƯƠľ Ơơṛŋľ ǼṛľơƠƠľ Ơ〉ǼƠľ 〉ľ ƠƯǼ〉Ơľ 〉ǼǼƯǫƠľ 〉Ǽ〉ľ Ơľ

␢〉ǼƯǫƠľ 〈Ơľ Ơ〈ǫƠṛľ ǫǼƯǫ〈〉Ǽ〉ľ 〉ľ Ơľ ␢〉ǼƯǫƠľ 〈ľ ⟧〈ľ ǫơƠƯǫǼƠ⟦ōľ ľ

Ǽ〉Ư〉ǫľƠǫǼ〈Ơľ〉ľǪƠ⚭Ơľ⟧ƠľƠǫƠṛľ〈ľ⟧⟧〉Ǽľ〈〉ľ〈ǫ⟦ľ〈Ơľ⟧⟦Ư⟦Ơŋľ〉Ơľ

ƯǼ〈ǫṛľ 〉〉〉ǼƠľ ⟧Ơľ 〉␣Ơľ 〈〉ľ 〉⟦〉ṛľ ƠƠľ Ơľ 〉〉ƯƯǫƠľ 〈ľ

ǫǼ␢Ơ〉⟧〉⟦Ǫōľ Űơ⚭〉ǫƠǼ〈ľ 〉Ǽ〉Ǽ〈〉ľ 〉〉ľ ␢〉Ǽ⟧〉Ǽľ ƯǼǫ〈〉〉⟧ľ 〈ǫľ 〈ľ

Ơľ⟧〈ľ〉ǫľƠƠľľ〈ǫǫ〈ľ〈〉ľƯƠơǼľņ※Ű–ŇŋľƠľ Ơơ〉ŋľ 〉ǫƠ⟧〉Ǽľ

ǫ⟧ǫƯľ〉ľƠǫ⟧ǫƯ†ľľƠǫľ〉ṛľǫǼ〈ǫƯƠ〈ľǼƠľ⁅ǫ␣Ơľ‹ŌŐōľ‹ľ⟧⟦Ư⟦Ơľ〈ľ

〈ǫǫ〈ľ 〈〉ľ ƯƠơǼľ Ǽṛľ ǫľ ⟧⟧〉Ǽľ 〈〉ľ 〈ǫ⟦ľ ǫǼǼ〉Ưŋľ ǫľ ŋľ 〉ľ

⟧⟧〉Ǽľ 〈〉ľ 〈ǫ⟦ľ ľ Ǽ⟦ōľŶ⟧Ơľ ƠǼ⟦ǫ〉ľ 〈Ơľ⁅ǫ␣Ơľ‹ŌŐľ⟧Ơľ 〉ľ ƠǼ〈ľ ľ

⟧〈ľ 〈〉ľ 〉ǫƠ⟧〉Ǽľ ǫ⟧ǫƯľ 〈Ơľ ⟧〉⟧Ơľ ľ ƠǫƠ〈ľ 〉ľ ⟧⟧〉Ǽľ 〈〉ľ 〈ǫ⟦ľ

〉⟦ƠǼ〉ľ ƯǼǫǼƠľ Ơľ 〉ľ Ǽ⟦Ơŋľ 〈ǫ␢〉〉Ǽ〉⟧〉Ǽ〉ľ 〈ľ 〉ľ Ư〉ľ Ư⟧ľ ľ⟧〈ľ 〈〉ľ

〉ǫƠ⟧〉ǼľƠǫ⟧ǫƯŋľǫľ〉ľǼ〉〉ľǪľ⟧ƠľƠǫƠṛľ〈ľ⟧⟧〉Ǽľ〈〉ľ〈ǫ⟦ľ

〈ƠľƠ⟧ƠōľűƠǼľ〈〉〉ľ〈ǫľ⟧〈ľľ〉ľ〉ľƠǫľǼľǫǼ␢Ơ〉⟧〉⟦Ǫľ〉ľ

Ơ〉ǼƠľľ〉ǫƠ⟧〉ǼľƠǼǫŌǫ⟧ǫƯōľľľľľľľ
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Figura A-1. Modos estiramento (a) Simétrico e (b) Anti-simétrico do dióxido de carbono.ľ
ľľ

ľǫ⟦ľ〈〉ƠƯƠ⟧ľ〉ľǼľ〉〉ƯľǫǼ␢Ơ〉⟧〉⟦ǪľǼ〉⟧ľ〉⟧〉ľľǼ⟧〉ľ

〈〉ľ ơƠǼ〈Ơľ Ư〉Ǽ〈〉ľ Ơľ Ǽ⟧〉ľ 〈〉ľ ⟧〈ľ Ǽľ ⟧Ơ〉ǫƠ⟦ľ Ơǫľ Ǽľ

ǫǼ␢Ơ〉⟧〉⟦Ǫŋľ ű〈〉ľ Ư〉ľ 〈〉ľ ľ⟧Ơ〉ǫƠ⟦ľ ǫľ⟧〈ľ 〈〉␣〉Ǽ〉Ơ〈ľ ņ⟧〈ľ

〉ľ〉⟧ľƠľ⟧〉⟧Ơľ ␢〉ǼƯǫƠŇľ ǫ⟧⟦ǫƯƠǼ〈ľǼƠľơ〉Ơṛľ〈〉〉ľǼƠľ⟧〉⟧Ơľ

ǫṛľ Ǽľ 〉〉Ưōľ‹ľ⟧⟦Ư⟦Ơľ ǫƠ⟧ǫƯƠľ ⟦ǫǼ〉Ơľ 〈〉ľ 〈ǫǫ〈ľ 〈〉ľ ƯƠơǼŋľ ľ

〉〉⟧⟦ŋľ ǫľ Ơľ ⟧〈„ľ ⟧ľ 〉ǫƠ⟧〉Ǽľ ǫ⟧ǫƯŋľ ⟧ľ 〉ǫƠ⟧〉Ǽľ

Ơǫ⟧ǫƯľ 〉ľ 〈ǫľ ṛľ 〈〉ľ 〈〉␢⟧Ơṛľ ƠǼ␣⟦Ơōľ ⁄〉ľ ⟦ǫ⟧ľ ƠƠ〉Ư〉⟧ľ Ǽľ

〉〉ƯľǼƠľǫṛľ’’‚Ư⟧ŌŐŋľƠǫ⟧ľ〈ľƠľ⟧〈ľ␢Ǽ〈Ơ⟧〉ǼƠǫŋľƠ〉ǼƠľ〈Ơľ

ơƠǼ〈Ơľ ṛľ 〈ǫǫǼ␣〉ǫľ Ǽľ 〉〉Ưľ ǫǼ␢Ơ〉⟧〉⟦Ǫľ ņľ ⟧〈ľ 〉ǫƠ⟧〉Ǽľ

ǫ⟧ǫƯľǼṛľľơ〉Ơ〈ŋľǫľƯ⟧ľ〉⟦ǫƯƠ⟧ľƠǼ〉ǫ⟧〉Ǽ〉ŋľ〉〉ľǼṛľľƠǫľ

ǼľǫǼ␢Ơ〉⟧〉⟦ǪŇōľ

‹ľ 〉␣Ơľ 〈〉ľ 〉⟦〉ṛľ ƠƠľ Ơľ 〉〉ƯƯǫƠľ Ǽľ ǫǼ␢Ơ〉⟧〉⟦Ǫľ 〈〉ľ 〉ľ

〈ǫƯǫ〈Ơľ ľ ⟦ľ 〈Ơľ ⟧〉ƯǼǫƯƠľ ǼǫƯƠōľ ⁄Ơľ Ǽľ 〈ǫľ 〉ŋľ ƠƠľ 〉ľ ǪƠ⚭Ơľ ⟧Ơľ

ƠǼǫṛľ〉⟧ǫǫ〈Ơľ〈〉ľ⟧ľ〉Ơ〈ľαľƠƠľβľǼľǫǼ␢Ơ〉⟧〉⟦ǪŋľľǼ〉Ư〉ǫľ〉ľľ

⟧⟧〉Ǽľ 〈〉ľ ƠǼǫṛľ 〈ǫ⟦Ơľ p  ľ〉⚭Ơľ Ǽṛľ Ǽ⟦ōľ Űľ ⟧⟧〉Ǽľ 〈〉ľ ƠǼǫṛľ

〈ǫ⟦Ơľ ľ ƯƠǫǼƠ〈ľ 〉⟦Ơľ 〉ơƠṛľ 〈ľ ǪƠ⟧ǫ⟦ǼǫƠǼľ 〈〉ǫ〈ľ Ơľ ƯƠ⟧ľ 〈Ơľ

Ơ〈ǫƠṛľ ǫǼƯǫ〈〉Ǽ〉ľ⁄ľ 〉ľ Ơ␣〉ľ ơ〉ľ ľ ⟧⟧〉Ǽľ 〈〉ľ 〈ǫ⟦ľ ľ ƯƠǼ〈ľ ⟧Ơľ

ƠǫƠṛľ〈〉ľ〉Ǽ〉␣ǫƠľ⁄ŋŋľƠľƠ⟦ľľƠ〈ǫƯǫǼƠ〈Ơľľ〉Ǽ〉␣ǫƠľ〈ľǫ〉⟧ƠōľľŰľ⟧⟧〉Ǽľ

〈〉ľƠǼǫṛľ〈ǫ⟦Ơľľ〈〉␢ǫǼǫ〈ľ„ľ

p p d       ľ ņ‹ŐŇľ
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Ǽ〈〉ľ  ľ〉ľ  ľṛľ Ơľ ␢Ǽ〉ľ 〈〉ľ Ǽ〈Ơľ 〉ľ ƯƠƠƯ〉ǫƠ⟧ľ ľ 〉Ơ〈ľ αľ 〉ľ βŋľ

〉〉ƯǫƠ⟧〉Ǽ〉ōľ⁄⟧ľ〉⟧ľ〈〉ľƯ⟧Ǽ〉Ǽ〉ŋľƠľ〉Ơṛľņ‹ŐŇľǼƠŌ〉„ľ

űƠǼľƠƠľ〉ľƠľƠǼǫṛľ〉⚭Ơľ〉⟧ǫǫ〈ƠľľǼ〉Ư〉ǫľ〉ľ〉⟦ľ⟧〉Ǽľ⟧Ơľ

〈Ơľ ǫǼ〉␣Ơǫľ ƠƯǫ⟧Ơľ 〉⚭Ơľ 〈ǫ␢〉〉Ǽ〉ľ 〈〉ľ 〉ōľ Űľ ⟧⟧〉Ǽľ 〈〉ľ 〈ǫ⟦ľ ľ 〈〉ľ ⟧Ơľ

⟧⟦Ư⟦Ơľ〈ǫƠ⟧ǫƯƠľ〈〉ľ 〉ľ〉ƠǼ〈ǫ〈ľ〉⟧ľǫ〉ľ〈〉ľŵƠ⟦ľ〈〉ľ Ơľ Ư〈〉ǼƠ〈Ơľ

ǫǼ〉ǼƠľŋľ〈Ơľ〉␣ǫǼ〉ľ␢⟧Ơ„ľ

ŴơǫǫǼ〈ľƠľ〉Ơṛľņ‹—ŇľǼƠľ〉Ơṛľņ‹ŐŇŋľơ〉⟧„ľ

ţƠľ〉Ơṛľņ‹œŇŋľ〉⟧ľ〉ľƠľǫ⟧〉ǫƠľǫǼ〉␣Ơ⟦ľľǼ⟦Ơŋľǫľ  ľ〉ľ  ľṛľ

␣ǼƠǫŋľŭ␣ľƠƠľ〉ľľ⟧⟧〉Ǽľ〈〉ľƠǼǫṛľ〈ǫ⟦ƠľǼṛľ〉⚭ƠľǼ⟦ľ〈〉〉Ō〉ľ

〉ľ
0

0dp
dr

   
  ľ〉ľ 0r d     ōľ ※⟧ľ ľ ľ ⟧Ơľ ␢Ǽṛľ ⟧Ơŋľ 〈Ơľ ⟦ǫ⟧Ơľ ƯǼ〈ǫṛľ

〉⟧ľ 〉ľ ľ 〉Ơ〈ľ 〉Ǽ⟦ǫ〈ľ ǼƠľ ƠǼǫṛľ 〈〉〉⟧ľ 〉ľ ƯƠƠƯ〉ǫƠ〈ľ ľ

␢Ǽ〉ľ〈〉ľǼ〈Ơľľ〉ľƠ⟧ľƠǫ〈Ơ〈〉ľƠŋľƠ⟦ľƯ⟧ľƠľ␢Ǽ〉ľ〈〉ľǼ〈Ơľ

ƠƯǫƠ〈ľƠľ〉Ơ〈ľǫơƠƯǫǼƠǫľ〈〉ľ⟧ľƯǫ⟦Ơ〈ľǪƠ⟧ǼǫƯľǫ⟧⟦〉ōľ

Ŷ⟧ľ 〉〈ľ ⟧Ơǫľ 〈〉Ơ⟦ǪƠ〈ľ 〈〉〉ľ ƠǼľ 〈〉ľ 〉ľ ␢〉ǫľ ǼƠľ

℗〉␢ōľ →’ŐŋŐŏŐŋŐŏ–žōľ

ľ

     ņ Ň   〈 ľ

ľ

ņ‹–Ňľ

0
0

...dpp p r
dr

    
  ľ ņ‹—Ňľ

0
0

dpp p d r d
dr            

   ľ ņ‹œŇľ

( )x xp p d     

( )z zp p d     
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Apêndice B 

Espalhamento Raman 

№ƠǼ〈ľ 〉ľ ǫǼƯǫ〈〉ľ Ǽ⟧ƠľƠ⟧Ơľ ⟧ľ ␢〉ǫ〉ľ ⟦ŋľ ǪľƠľ ƯǼƯǫƠľ 〈〉ľ ǫľ

␢〉Ǽ⟧〉Ǽŋľ Ơǫľ Ư⟧ŋľ Ơơṛŋľ 〉␢⟦〉ṛľ 〉ľ ƠǼ⟧ǫṛōľ ‹⟦⟧ľ 〈〉〉ľ ⟧Ơľ

ƠƯ〉⟦Ơľ ơ〉⟧ľ〉〉ǼƠľ 〈Ơľ Ơ〈ǫƠṛľ ǫǼƯǫ〈〉Ǽ〉ŋľ Ư〉ƯƠľ 〈〉ľ ŐŏŌ‘ľ 〈〉ľ 〉ľ 〉Ơ⟦ǪƠ〈Ơōľ

⁄〉ľ〉␢〉ǫľ ␢ǫľ〉〈ǫŋľ 〉ǫƯƠ⟧〉Ǽ〉ŋľ〉⟦ľ ␢ǫƯľƠƠƯľ‹〈⟦␢ľ⁆ōľŴ⟧〉⚮Ơ⟦ľ 〉⟧ľ

Ő”–—ōľ ⁄Ǽ〉ƠǼľ 〉〉ľ ␢ǫľ ơ〉Ơ〈ľ 〉〉ǫ⟧〉ǼƠ⟦⟧〉Ǽ〉ľ Ơ〉ǼƠľ 〉⟧ľ Ő”–“ľ 〉⟦ľ

␢ǫƯľ ǫǼ〈ǫƠǼľ※ǪƠǼ〈Ơ〉⚮ƠľΩ〉Ǽ⚮ƠƠľ℗Ơ⟧ƠǼŋľƠǼ〈ľ⟦ľ⟦ƠľƯ⟧ľ␢Ǽ〉ŋľ⟧ľ

〉⟦〉ƯǫľƯ⟧ľƯ⟦〉ľ〉ľ〉ľǫľ⟦ǪľƯ⟧ľ〈〉〉Ưōľ⁄⟧ľǪ⟧〉ǼƠ␣〉⟧ľƠľ
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Figura B-1. Representação esquemática do efeito Raman. 
ľ
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Figura B-2. Representação esquemática dos espalhamentos Rayleigh, Raman Stokes e Raman Antistokes.ľ
ľ
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Ŵ⚮〉ľ 〉ľơ〉⟧ľ⟧Ơǫľ〉Ư〉〉⟦ľ〈ľ〉ľľ℗Ơ⟧ƠǼľ‹ǼǫŌŴ⚮〉ōľ⁄ƠľƠ␢ǫ⟧Ơṛľ

〈〉ľ〉ľƯ⟧Ơ〈Ơľ〈Ơľơ〉Ơṛľ〈ľǫ⟧〉ǫľ〉〉Ưľ℗Ơ⟧ƠǼľơ⟦ǫƯƠ〈ľľ

℗Ơ⟧ƠǼľ〉ľŬǫǪǼƠǼľ〉⟧ľŐ”–”ŋľǫ⟦Ơ〈ƠľǼƠľ⁅ǫ␣Ơľ›—ŋľǼ〈〉ľ〈〉Ō〉ľǼƠľƠǫǼ〈Ơľ

〉ľľ〉Ơ⟦ǪƠ⟧〉Ǽľ℗Ơ⟦〉ǫ␣Ǫľľơ〉⟧ľ⟧ƠǫľǫǼ〉Ǽľ〉ľľ℗Ơ⟧ƠǼōľ

 

Figura B-3. (a) Espectro de um arco de mercúrio na região de 435,83 nm, b)Espectro Rayleight e Raman do tetracloreto de carbono excitado por uma radiação de mercúrio com k=22938cm-1, c) Espectro Rayleight e Raman do tetracloreto de carbono excitado por um laser . (a) Espectro de um arco de mercúrio na região de 435,83 nm, b)Espectro Rayleight e Raman do tetracloreto de carbono excitado por uma radiação de mercúrio com k=22938cm-1, c) Espectro Rayleight e Raman do tetracloreto de carbono excitado por um laser de argônio com λ=487,99 nm, Em (a) e (b) temos os espectros publicados por Raman e Krishnan em 1929. 
€ľ␢〉Ǽ⟧〉Ǽľ〈〉ľ〉Ơ⟦ǪƠ⟧〉Ǽľ℗Ơ⟧ƠǼŋľǪľƠľƯǼ〉ƠṛľƠǼľ〈Ơľ〉Ǽ〉␣ǫƠľ

ƠǼľ〈ľ⟧⟧〉Ǽŋľľ〉⚭Ơľ
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Ǽ〈〉ľ iE ŋľ eE ľ〉ľ fE ľṛľ Ơľ 〉Ǽ〉␣ǫƠľ 〈Ơľ Ǽ〈Ơľ ǫǼƯǫ〈〉Ǽ〉ŋľ 〉Ơ⟦ǪƠ〈Ơľ 〉ľ 〈ľ ␢ǼǼľ

ƯǫƠ〈ľ ľ 〈〉〈ŋľ 〉〉ƯǫƠ⟧〉Ǽ〉ŋľ ip ŋľ ep ľ〉ľ fp ľṛľ ľ ⟧⟧〉Ǽľ 〈Ơľ Ǽ〈Ơľ

ǫǼƯǫ〈〉Ǽ〉ŋľ〉Ơ⟦ǪƠ〈Ơľ〉ľ〈ľ␢ǼǼľƯǫƠ〈ľľ〈〉〈ŋľ〉〉ƯǫƠ⟧〉Ǽ〉ŋľľľ

€ľ〉ľƠǼ␣〉ľƠľ〉〈ľƠǼǫƠǫľ〈ľ〉Ơ⟦ǪƠ⟧〉Ǽľ℗Ơ⟧ƠǼŋľ〉〉ľ〈〉ľ

〉ľ␢〉ǫľƯ⟧ľľľ〈Ơľ〉ǫƠľƯ⟦ǫƯƠŋľƠľƠ⟦ľľ␢ǫƯǫ〉Ǽ〉ľƠƠľľ〉Ǽ〉Ǽ〈ǫ⟧〉Ǽľ〈ľ

␢〉Ǽ⟧〉Ǽōľ űƠƠľ ƠǼŋľ ƯǼǫ〈〉〉⟧ľ 〉ľ 〉⚭Ơľ Ơ⟦ǫƯƠ〈ľ ⟧ľ ƯƠ⟧ľ 〉⟦ǫƯľ

ǫǼƯǫ〈〉Ǽ〉ľ〈Ơľ␢⟧Ơ„ľ

Ǽ〈〉ľ 0 ľľƠľ ␢〉ǼƯǫƠľ〈ľƯƠ⟧ľǫǼƯǫ〈〉Ǽ〉ōľ‹ľ〉ľơ⟧〉〉ľƠľƠ⟧ƠľľƠṛľ

〈〉〉ľƯƠ⟧ŋľǪľƠľ ␢⟧Ơṛľ〈〉ľ〈ǫ⟦ľ ǫǼ〈ǫ〈ľǼľ⟧Ơ〉ǫƠ⟦ŋľľƠǫľ〈〉⟧ľ

〉ľƠǼǫ␢ǫƯƠ〈ľƯ⟧ľ→—ŏŋ—”ž„ľ

Ǽ〈〉ľ ľľƠľ⟦ƠǫƠơǫ⟦ǫ〈Ơ〈〉ľ〈ľ⟧Ơ〉ǫƠ⟦ōľűƠƠľ〉〉ǼƠľƠ⟧⟦ǫ〈〉ľ〈〉ľǫơƠṛľ

Ơľ⟦ƠǫƠơǫ⟦ǫ〈Ơ〈〉ľľ⟧Ơľ␢Ǽṛľ⟦ǫǼ〉Ơľ〈〉ľq ōľ‹ǫ⟧ľǼľ〈〉⟧ľ〉Ư〉〉„ľ

Ǽ〈〉ľ 0 ľľƠľ⟦ƠǫƠơǫ⟦ǫ〈Ơ〈〉ľ〈Ơľǫṛľ〈〉ľ〉ǫ⟦ơǫōľ

※Ǽǫ〈〉ƠǼ〈Ō〉ľ〉ľľ〈ǫ⟦ľǫǼ〈ǫ〈ľ〈ľ⟧Ơ〉ǫƠ⟦ľƯ⟧Ơ⟧Ō〉ľƯ⟧ľ

Ưǫ⟦Ơ〈〉ľƯ⟦ǫƯŋľ〈〉Ō〉ľ〉Ư〉〉ľƠľƯ〈〉ǼƠ〈Ơľ〈ľ⟧〈ľƯ⟧„ľ

i e f i e fE E E          ľ ņ›–Ňľ

i e f i e fp p p k k k       ľ ņ›—Ňľ

0 0cos( );E E t ľ ņ›œŇľ

    0 0cosP E E t ľ ņ›‘Ňľ

   
    

0
0

...q
q

ľ ņ›’Ňľ

0 cos( )q q t †ľ ņ›‚Ňľ
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Ǽ〈〉ľ ľľƠľ␢〉ǼƯǫƠľ〈〉ľǫơƠṛľ〈ľ〈ǫ⟦ľ〉ľ 0q ľľƠľƠ⟧⟦ǫ〈〉ľ〈〉ľǫơƠṛōľ

※⟧ơǫǼƠǼ〈ľƠľ⁄Ơṛľņ›‘ŇľƯ⟧ľƠľ⁄Ơ〉ľņ›’Ňľ〉ľņ›‚ŇŋľǼľơ〉⟧„ľ

Ŷǫ⟦ǫƠǼ〈ľ Ơľ ǫ〈〉Ǽǫ〈Ơ〈〉ľ ǫ␣Ǽ⟧ǫƯƠľ  1cos cos cos( ) cos( )
2

a b a b a b    ľ〉ľ

␢Ơ〉Ǽ〈ľ 0a t 〉ľb t ľǼƠľ⁄Ơṛľņ›“Ňŋľơ⟧Ō〉„ľ

‹ǫŋľ ľ ǫ⟧〉ǫľ 〉⟧ľ ľ ľ ⟧⟧〉Ǽľ 〈〉ľ 〈ǫ⟦ľ 〉ľ 〉ľ 〉␢〉〉ľ Ơľ

〉Ơ⟦ǪƠ⟧〉Ǽľ ℗Ơ⟦〉ǫ␣Ǫľ 〉ľ ľ 〉␣Ǽ〈ľ 〉⟧ľ Ơľ 〉Ơ⟦ǪƠ⟧〉Ǽľ ℗Ơ⟧ƠǼľ Ŵ⚮〉ľ 〉ľ

‹ǼǫŴ⚮〉ōľ ‹ľ ␢〉ǼƯǫƠľ 0  ľ〉ľ 0  ľ〉␢〉〉⟧Ō〉ľ Ơľ 〉Ơ⟦ǪƠ⟧〉Ǽľ

‹ǼǫŴ⚮〉ľ〉ľŴ⚮〉ŋľ 〉〉ƯǫƠ⟧〉Ǽ〉ōľŶ⟧Ơľ ǫǼ〉ṛľ〈Ơľ⁄Ơṛľņ›ō”Ňľ⟧Ơľ

〉ľ ⟧〉Ǽ〉ľ ǪƠ〉ľ ǫǼƠ⟦ľ ℗Ơ⟧ƠǼľ 〉ľ Ơľ ⟦ƠǫƠơǫ⟦ǫ〈Ơ〈〉ľ ƠǫƠľ Ư⟧ľ Ơľ

Ư〈〉ǼƠ〈Ơľ〈ľ⟧〈ľǫơƠƯǫǼƠǫŋľľ〉⚭Ơ„ľ

ľ‹ľ〉ƠṛľƠƯǫ⟧ƠľƯƠƠƯ〉ǫƠľ⟧Ơľ〉␣Ơľ〈〉ľ〉⟦〉ṛľƠƠľľ〉␢〉ǫľ℗Ơ⟧ƠǼŋľ

€ľƯƠľ〈〉ľƠľƠ⟧Ơľ〉ľƠǼǫǫƯƠŋľ ľ〈〉ǫƠľ〈〉ľ〉ľ⟧ƠľƯǼƠǼ〉ľ〉ľƠƠľƠľ

〉ľ ⟧ľ 〉Ǽľ 〈〉ľ 〉␣Ǽ〈Ơľ 〈〉⟧ľ 〈〉〉Ǽ〈〉Ǽ〉ľ 〈〉ľ ǫľ ␢Ơ〉ŋľ ǫǼƯ⟦ǫ〉ľ 〈Ơľ

ǫ⟧〉ǫƠľ 〈ľ ǫ〉⟧Ơōľ ⁄Ơľ 〉␣Ơľ 〈〉ľ 〉⟦〉ṛľ ƠƠľ ľ 〉␢〉ǫľ ℗Ơ⟧ƠǼľ Ơ〈⟧ľ 〈ľ

␢⟧Ơ⟦ǫ⟧ľ 〈Ơľ 〉ǫƠľ 〈〉ľ ␣ŋľ Ơǫ⟧ľ ƯǼǫ〈〉ƠǼ〈ľ ⟧Ơľ ƠǼǫṛľ 〈ľ 〉Ơ〈ľ

ǫơƠƯǫǼƠ⟦ľ␢Ǽ〈Ơ⟧〉ǼƠ⟦ľƠƠľľ〉Ơ〈ľǫơƠƯǫǼƠ⟦ľ〉ƯǫƠ〈ŋľ〉Ơľ〉Ơơ〉⟦〉Ư〉ľ

〉ľƠľơƠơǫ⟦ǫ〈Ơ〈〉ľ〈〉ľƯ〉ľľ〉␢〉ǫľ℗Ơ⟧ƠǼľľƯǫǼƠ⟦ľƠľ f i   Ǽ〈〉ľ

f ľ〉ľ ľ i ľľ Ơľ 〉〉〉ǼƠṛľ 〉〈〉⟦ľ 〈ľ ␣ľ Ơľ Ơ⟦ľ 〉〉ǼƯ〉ľ ľ⟧⟦Ư⟦Ơľ Ǽľ

       
    

0 0 0 0 0 0
0

cos( ) cos cos .P E t q E t t
q

ľ ņ›“Ňľ

        
               

0 0 0 0 0 0 0
0

1cos( ) cos cos ;
2

P E t q E t t
q

ľ ņ›”Ňľ

0.
q
 

  
ľ ņ›ŐŏŇľ
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〉Ơ〈ľ ǫơƠƯǫǼƠ⟦ľ ␢ǫǼƠ⟦ľ 〉ľ ␢Ǽ〈Ơ⟧〉ǼƠ⟦ŋľ 〉〉ƯǫƠ⟧〉Ǽ〉ŋľ  ľľ Ơľ 〉〉〉ǼƠṛľ

〉〈〉⟦ľ 〈ľ 〉⟦〉⟧〉Ǽľ 〈〉ľ ǫ⟧〉ǫƠľ 〈ľ 〉Ơ〈ľ ⟦ƠǫƠơǫ⟦ǫ〈Ơ〈〉ōľ ※⟧ľ i ľ

Ơ⟦⟧〉Ǽ〉ľ ǫ⟧ǫƯƠľ ņ〈ľ ľ ƯƠƠƯ〉〉ľ 〈Ơľ ⟧Ơǫ〉ľ 〉ľ 〉〉〉ǼƠ⟧ľ 〉ľ

〉⟦〉⟧〉Ǽľ〈〉ľǫ⟧〉ǫƠľ ľ ǫ␣Ơ⟦ľƠľ⟧Ňľ〉⟧ľ i    ōľ‹ǫ⟧ľ⟧ľ⟧〈ľƯ⟧ľ

␢〉ǼƯǫƠľ f ľƠ〉⟦Ơ〈Ơľ Ơľ 〉Ơ〈ľ ␢ǫǼƠ⟦ľ ⟧〉Ǽ〉ľ 〉ľ Ơǫľ Ǽľ ℗Ơ⟧ƠǼľ 〉ľ Ơľ

〉〉〉ǼƠ〉ľ ǫ〉〈〉ǫľ 〈〉ľ ľ f ľƯǫǼƯǫ〈ǫ〉⟧ľ Ư⟧ľ Ơľ 〉Ưǫ〉ľ 〈〉ľ ǫ⟧〉ǫƠľ 〈〉ľ

 ŋľ ⚭ľ 〉ľ ƠƠľ 〉〉ľ ľ Ơ⟦ľ 〈〉ľ f i   ľľ Ǽṛľ Ǽ⟦ōľ Ŷ⟧ľ 〉〈ľ ⟧Ơǫľ

〈〉Ơ⟦ǪƠ〈ľ〈〉〉ľ〉⟧Ơľľ␢〉ǫľǼƠľ℗〉␢ōľľ →Őŏ–ȭŐŏœžōľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ

ľ
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Apêndice C 

Acoplamento Spin-fônon 

⁄⟧ľ ⟧Ơ〉ǫƠǫľ ⟧Ơ␣ǼǫƯľ 〉ľ 〈〉ǼƠ⟧〉Ǽľ ⟧Ơ␣ǼǫƯľ ṛľ 〈〉ǫ〈ľ Ơľ

ǫǼ〉Ơ〉ľ〈〉ľľƯƠľņľ〉ƯƠŇŋľƠľƠǫľṛľ␣〉ǼƠ〈Ơľ〉⟦ľũƠ⟧ǫ⟦ǼǫƠǼľ

〈〉ľũ〉ǫ〉Ǽơ〉␣ōľŴ〉Ǽ〈ľ〉〉ľ〈〉␢ǫǼǫ〈ľľľ →Őŏ‘ž„ľľ

Ǽ〈〉ľ ǫ⚭ū ľľ Ơľ ǫǼ〉␣Ơ⟦ľ 〈〉ľ ƯƠľ 〉Ǽ〉ľ ǫǼľ ⟧Ơ␣ǼǫƯľ Ơ〈⚭ƠƯ〉Ǽ〉ľ 〉ľ .i jS S ľľ Ơľ

␢Ǽṛľ〈〉ľƯ〉⟦Ơṛľ〉Ǽ〉ľǫǼŋľ‹ľ ǫǼ〉␣Ơ⟦ľ〈〉ľƯƠľľ⟧Ơľ␢Ǽṛľ〈Ơľǫṛľ

〈ľǼľǫľ〉ľ⚭ľơ〉⟧ľƯ⟧ľƠ⟧ơ⟧ľ〈Ơľǫṛľ〈〉ľ⟧ľľǼľ⟧Ơ␣ǼǫƯľľǼṛľ

〉ľ 〉〉⚭Ơľ Ơľ ⟦Ǽ␣ľ 〈ľ ƯƠ⟧ǫǼǪľ 〈Ơľ ǫǼ〉␣Ơ⟦ľ 〈〉ľ ƯƠōľ ⁄Ơľ 〈〉〉Ǽ〈ǼƯǫƠľ 〈〉ľ

␢Ơ〉ľ Ư⟧ľ 〉ľ Ơľ ǫǼ〉␣Ơ⟦ľ 〈〉ľ ƯƠľ 〉⚭Ơľ ⟧〈⟦Ơ〈Ơľ 〉⟦Ơľ ǫơƠ〉ľ 〈ľ⟧Ơ〉ǫƠ⟦ľ

⟧Ơ␣ǼǫƯōľ ţ〉Ơľ ␢⟧Ơŋľ 〉〉ǼƠ⟦⟧〉Ǽ〉ŋľ 〈〉ľ ǪƠ〉ľ ⟧Ơľ 〉Ǽ⟧Ơ⟦ǫƠṛľ 〈ľ

␢ǼǼľ 〈〉ǫ〈ľ Ơľ 〈〉ǼƠ⟧〉Ǽľ ⟧Ơ␣ǼǫƯōľ ⁆〉Ơ⟦⟧〉Ǽ〉ľ ǫŋľ ľ 〉ǫ〈〉ǼƯǫƠ〈ľ ǼƠľ

〈〉〉Ǽ〈ǼƯǫƠľ〈Ơľ␢〉ǼƯǫƠľ〈ľ␢ǼǼľƯ⟧ľƠľ〉⟧〉ƠƠľ〉⟧ľ〉ľǪľ⟧ľ〈〉ǫľ〈ľ

Ư⟧Ơ⟧〉Ǽľ Ơ〈ṛľ ņƠ⟧⟦〉Ưǫ⟧〉Ǽľ ľ 〉Ǽ〈〉Ưǫ⟧〉ǼŇľ 〈ľ ␢ǼǼľ ǼƠľ

〉⟧〉ƠƠľ 〈〉ľ ※ǫ〉ŋľ 〉⟧ľ Ơ⟦ľ ƯǫƯǼǼƯǫƠľ ľ ⟧Ơ〉ǫƠ⟦ľ ⟧Ơ␣ǼǫƯľ 〉ǫơǫľ ⟧ľ

ƠƯ⟦Ơ⟧〉Ǽľ ǫǼľ ␢ǼǼōľűƠǼľľƠƯ⟦Ơ⟧〉ǼľǫǼľ ␢ǼǼľ ľ⟧ľ〈ľ ␢Ơ〉ľ

〉ľ〈〉ľƯǼǫơǫľƠƠľ␢〉ǼƯǫƠľ〈ľ␢ǼǼōľ

űƠƠľ ⟧Ơ〉ǫƠǫľ ⟧Ơ␣ǼǫƯľ Ơľ ƠǫƠṛľ 〈Ơľ ␢〉ǼƯǫƠľ 〈〉ľ ⟧ľ ␢ǼǼľ Ǽ⟧Ơľ

〉⟧〉ƠƠľŵľľľ〈Ơ〈Ơľľ→ŐŐž„ľ

Ǽ〈〉ľľǫ⟧〉ǫľ〉⟧ľľƠľƯǼǫơǫṛľ〈ƠľƯǼƠṛľŎ〉ƠǼṛľ〈Ơľ〉〈〉ľƠƠľľ

␢ǼǼōľ Űľ 〉␣Ǽ〈ľ 〉⟧ľ ľ Ơľ ƯǼǫơǫṛľ 〈Ơľ ƠǼƠ⟧ǼǫƯǫ〈Ơ〈〉ľ ľ ⟦⟧〉ľ

ƯǼƠǼ〉ōľŰľ 〉Ư〉ǫľ 〉⟧ľ ⟦〉Ơľ 〉⟧ľ ƯǼƠľ Ơľ 〉Ǽ⟧Ơ⟦ǫƠṛľ 〈Ơľ ␢〉ǼƯǫƠľ 〈ľ


 

 

ŋ

ōǫ⚭ ǫ ⚭
ǫ ⚭ ǫ

ũ ū Ŵ Ŵ ľ ņ※ŐŇľ

ŋ〉〈〉 ƠǼƠ⟧ǼǫƯǫ〈Ơ〈〉 〉⟦Ǽ ␢ǼǼ ǫǼ ␢ǼǼ          ľ ņ※–Ňľ
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␢ǼǼľ〉⟧ľ〈〉ƯǼƯǫƠľ〈ľƠƯ⟦Ơ⟧〉Ǽľ 〉⟦〉ǼŌ␢ǼǼŋľľƠ⟦ľľ⟧Ơǫľ ǫ⟧ƠǼ〉ľ

〉⟧ľƯǼ〈〉ōľŰľƠľ〉⟧ľľƠľƯǼǫơǫṛľ〈ľƠƯ⟦Ơ⟧〉ǼľǫǼľ␢ǼǼōľ

€〉〉ľ Ǽľ ľ 〉ľ 〈〉〉⚭Ơ⟧ľ ľ 〉ǼƯǼƠľ ⟧Ơľ 〉〉ṛľ 〉⟦ƯǫƠľ ƠƠľ

  ǫǼ ␢ǼǼ ōľ Ūľ 〈〉ľ 〉ľ ␢〉ǫľ ƠƠľ 〈Ơľ 〉Ơ〉ľ 〈〉ľ⟧ǫ⟧〉Ǽľ ƠƠľ ⟧ľ

Ǽŋľ〈Ơ〈ƠľƠơƠǫ„ľ

ņ※—Ňľ

Ǽ〈〉ľ ⚮ ľľľ〈〉⟦ƯƠ⟧〉Ǽľ〉⟧ľ〉⟦Ơṛľľǫṛľ〈〉ľ〉ǫ⟦ơǫľ〈ľǼľ ⚮ ŋľ ⚮⟧ ľľƠľ

⟧ƠƠľ 〈ľ Ǽľ ⚮ľ 〉ľ ǪƠ⟧ǼǫƯŶ ľ ľ 〉ǼƯǫƠ⟦ľ ǪƠ⟧ǼǫƯōľ ţ〉ǫ〈ľ Ơľ ƠƯ⟦Ơ⟧〉Ǽľ

ǫǼŌ␢ǼǼŋľ 〉〉ľ 〉ǼƯǫƠ⟦ľ 〉ŋľ Ơ⟦⟧ľ 〈Ơľ ƯǼǫơǫṛľ 〈Ơľ ǫơƠ〉ľ ľ 〈Ơľ 〉〈〉ľľľľľľľ

ņ 〉⟦ƠǫƯŶ Ňŋľ Ơľ ƯǼǫơǫṛľ 〈ľ ǪƠ⟧ǫ⟦ǼǫƠǼľ  ǫǼ ␢ǼǼũ ľ〉ľ 〉〉Ơľ ľ ľ

ƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼōľ‹ǫ⟧ľ〈〉⟧ľ〉Ư〉〉„ľ

※Ǽǫ〈〉ƠǼ〈Ō〉ľ〉〉Ǽľ〈〉⟦ƯƠ⟧〉Ǽľ〈ľǼľ〉⟧ľǼľ〈Ơľǫṛľ〈〉ľ

〉ǫ⟦ơǫŋľ〈〉⟧ľǫ⟦ǫƠľƠľƠǫ⟧ƠṛľǪƠ⟧ǼǫƯƠľľ

Ŵ〉Ǽ〈ľƠľ⟧Ơǫľ〈ǫǼ⟧ǫƯƠľ ŋ ŋņ Ň 〉⟦ǫƯ
⚮  ⟦ ⟧※ ľ〈Ơ〈Ơľľ„ľ

〉ľ

Ǽ〈〉ľ  ŋ⚮  ľľ Ơľ 〉Ǽ〉␣ǫƠľ 〉ǼƯǫƠ⟦ľ 〈〉ľ ⟦ǫ␣Ơṛľ 〉Ǽ〉ľ ľ Ǽľ ⚮ľ 〉ľ ľ ľ 〉ľ  ŋ⚮  ⟦
 ľľ Ơľ

Ư⟧Ǽ〉Ǽ〉ľ 〈ľ 〉ľ ǫṛľ 〉ľ ⟦ǫ␣Ơľ ľ Ǽľ ⚮ľ Ơľ Ǽľ ōľ℗〉ƠŌǼľ ơ〉ľ ⟧Ơľ

 
 †⚮ ⚮ ǪƠ⟧ǼǫƯ⟧  Ŷ ľ

ōǪƠ⟧ǼǫƯ 〉⟦ǫƯ ǫǼ ␢ǼǼŶ Ŷ Ŷ   ľ ņ※œŇľ

ŋ ŋ
ŋ ŋ ŋ ŋ ŋ

Ő
ņ Ň ņ Ň ņ Ň ō

–
〉⟦ǫƯ

〉⟦ǫƯ ⚮ ⟦ ⚮  ⟦ ⟧  ⟧
⚮  ⟦ ⟧   

Ŷ  ※ 


   
ľ

ņ※‘Ňľ

   ŋ ŋ ŋ ŋ ŋ ŋ ŋņ Ň ņ Ň ņ Ň〉⟦ǫƯ
⚮  ⟦ ⟧ ⚮  ⚮  ⟦ ⟧ ⚮  ⟦ ⟧



※ ľ ņ※’Ňľ

   






 

–
ŋ ŋ

ŋ
ŋ ŋ

ņ Ň⚮  ⟦ ⟧
⚮ 

⚮  ⚮ ⟦ ⟧
  ľ

ņ※‚Ňľ
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〉〉ṛľ ƠƠ ŌǫǼ ␢ǼǼŶ ōľ űƠƠľ ƠǼľ ơ〉〉⟧ŋľ Ơľ ǫǫŋľ  ǫǼ ␢ǼǼũ . ⁄Ơľ
〈〉ľ〉ľơǫ〈Ơľ␢ƠƯǫ⟦⟧〉Ǽ〉ľ〉ľ⟦〉Ơ⟧ľ〉⟧ľƯǼƠľƠľƠǫƠṛľ〈ƠľǫǼ〉␣Ơ⟦ľ〈〉ľƯƠľ

ijJ ľƠƠľ〈ľľǼľ〈〉ǫ〈ľƠľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼľ〈Ơ〈Ơľ„ľ

ƠľƠ⟦ľ⟧ľ〈Ơľ〉ƠǼṛľ〉⟧ľǫ〉ľ〈〉ľŵƠ⟦ľ〈〉ľľ ijJ ľ

⁄ľƠľƠǫƠṛľ〈ľũƠ⟧ǫ⟦ǼǫƠǼľ〈〉ľũ〉ǫ〉Ǽơ〉␣ŋľľ〈Ơ〈ľ„ľ

ŴơǫǫǼ〈ľƠľ〉Ơṛľņ※ō“ŇľǼƠľ〉Ơṛľņ※ōŐŏŇľơ〉⟧„ľ

‹ľƠ⟦ľ〈〉ľ〉ľ〉〉ƯǫƠľƯ⟧„ľ

ľ

Ŵ〉Ǽ〈 ,( )k sC ⟧ľ〉Ǽľ〈〉ľ〈〉⟧ľ–ľƯ⟧ľƯ⟧Ǽ〉Ǽ〉ŋľľ〈〉␢ǫǼǫ〈Ơľ„ľ

Ŷ⟧Ơľ ǫǼ〉ṛľ 〈Ơľ 〉Ơṛľ ņ※Ő—Ňľ Ǽľ ⟧Ơľ 〉ľ ľ ƠƯ⟦Ơ⟧〉Ǽľ ǫǼľ

␢ǼǼľ⟧〉Ǽ〉ľƯǼǫơǫľǼľ〉␣ǫ⟧〉ľ〈〉ľ〉⟧〉ƠƠľƠơƠǫľ〈Ơľ〉⟧〉ƠƠľ〈〉ľ

〈〉ǼƠ⟧〉Ǽŋľ ǪƠ⚭Ơľ ǫƠľ 〉ľ ƠƯǫ⟧Ơľ 〈〉Ơľ 〈〉ǫƠľ 〈〉ľ ǪƠ〉ľ ľ 〈〉ǼƠ⟧〉Ǽľ

⟧Ơ␣ǼǫƯľ 〉ľ Ơľ ␢Ǽṛľ 〈〉ľ Ư〉⟦Ơṛľ 〈〉ľ ǫǼľ ľ Ǽ⟦Ơōľ ţƠľ 〉Ơṛľ ņ※Ő–Ňŋľ

〉Ư〉〉⟧ľƠľ〉〉ṛľƠƠľľ〉ǼƯǫƠ⟦ľ〈〉ǫ〈ľƠľƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼ„ľ
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ŴơǫǫǼ〈ľƠľ〉Ơ〉ľņ※‘Ňľ〉ľņ※ŐœŇľľǼƠľ〉Ơṛľņ※œŇŋľơ〉⟧„ľ

ŴơǫǫǼ〈ľƠľ〉Ơṛľņ※ōŐ‘ŇľǼƠľ〉Ơṛľņ※ō—ŇŋľƠľ〉Ơṛľ〈〉ľ⟧ǫ⟧〉Ǽľ

ǼƠŌ〉„ľ

űƠƠľ〉Ơľ〉Ơṛŋľ〈〉⟧ľƯǼǫ〈〉Ơľ⟦〉ľ〈ľǫľǼ〈Ơľ⟦ƠǼƠ„ľ

Ǽ〈〉ľ R

ľṛľ〉〉ľ〈Ơľ〉〈〉ľ〈〉ľ›ǫ⟦⟦ǫǼōľ※Ǽǫ〈〉ƠǼ〈ľ〉Ơľ⟦ṛľ ␢ǫƯƠ〉⟧ľ

Ư⟧ľ—€ľ〉Ơ〉ŋľǼ〈〉ľ€ľľľǼ⟧〉ľ〈〉ľǼľľƯ⟦⟦ƠľǼǫǫƠŋľ〈Ơ〈Ơľľ„ľ
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Ǽ〈〉ŋľľǼƠľ〉Ơṛľņ※Ő”ŇŋľľǼ〈ǫƯ〉ľľ〉〉Ơľ⟧ľǼľǼľǫǼ〉ǫľ〈〉ľ⟧ƠľƯ⟦⟦Ơľ
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〉ľ〉〉ƯǫƠľ〈〉ľ⟧Ơľ␢⟧Ơľ⟧ƠǫľƯ⟧ƠƯƠ„ľ
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űƠƠľ ⟧ľ ␢ǼǼľ ƠǫƯ⟦Ơľ  ŋľ Ơľ ƠǫƠṛľ 〈Ơľ ␢〉ǼƯǫƠľ   ǫǼ ␢ǼǼ 〈〉ǫ〈ľ Ơľ

ƠƯ⟦Ơ⟧〉ǼľǫǼŌ␢ǼǼľ„ľľ

※⟧ľľ       – – ŋľƠľ〉Ơṛľņ※––ŇľǼƠŌ〉„ľ

ŴơǫǫǼ〈ľƠľ〉Ơṛľņ※Ő—ŇľǼƠľ〉Ơṛľņ※–—Ňŋľľ〉⟧„ľ
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Apêndice D 

Difração de Raios- X e Método Rietveld 

 
‹ľƯǼǫƯƠľ〈〉ľţǫ␢Ơṛľ〈〉ľƠǫľŹľľ⟧Ơľ〈ƠľƯǼǫƯƠľ⟧Ơǫľǫ⟦ǫƠ〈ƠľƠƠľ

ǫ〈〉Ǽǫ␢ǫƯƠṛľ〈Ơľ〉Ơľ〈〉ľ⟧Ơ〉ǫƠǫľ ƯǫƠ⟦ǫǼōľ⁄ƠľơƠ〉ǫƠŌ〉ľǼľ ␢〉Ǽ⟧〉Ǽľ

〈ľ 〉Ơ⟦ǪƠ⟧〉Ǽľ 〈〉ľ Ǽ〈Ơľ 〈〉ľ ľ Ơǫľ Źōľ ľ ŵƠ⟦ľ ␢〉Ǽ⟧〉Ǽľ ƯǼǫ〉ľ 〉⟧ľ 〉ľ ␢Ơ〉ľ

ǫǼ〉Ơ␣ǫľ ␢Ǽľ〈〉ľƠǫľŹľƯ⟧ľľ〉⟦Ǽľ〈ľ⟧ľ〈〉ľ⟧ľ⟧Ơ〉ǫƠ⟦ōľ※⟧ľ

ƯǼ〉ǼƯǫƠľľ ␢Ǽľ〈〉ľ ƠǫľŹľṛľ〉Ơ⟦ǪƠ〈ľ〉⟦ľ 〉⟦ǼľƯ⟧ľƠľ⟧〉⟧Ơľ

␢〉ǼƯǫƠľ 〉ľ ␢Ơ〉ľ 〈ľ ␢Ǽľ ǫǼƯǫ〈〉Ǽ〉ŋľ ǪƠ〉Ǽ〈ŋľ 〉Ǽ〉ƠǼŋľ ⟧Ơľ⟧〈ƠǼƠľ ǼƠľ

Ơ⚭〉ǫƠľ〈ľ␢ǼľƠľƠľƯ⟦ǫṛōľŰľ␢Ơľ〈ƠľƠ〈ǫƠṛľ〈〉ľƠǫľŹľ〉ľ〈ǫ␢ƠƠ〈ľ

ľƯǫƠǫŋľľ〉ľľľ〉ƠƠ⟧〉Ǽľ〉Ǽ〉ľľ⟧ľǼ〉〉ľľ〈Ơľ⟧〉⟧Ơľ〈〉⟧ľ

〈ľƯ⟧ǫ⟧〉Ǽľ〈〉ľǼ〈Ơľ〈〉ƠľƠ〈ǫƠṛōľľľ

⁄⟧ľ〉ľƠƠǼ〈ľ〈〉ľ⟧Ơ〉ǫƠǫľƯǫƠ⟦ǫǼŋľ〉ľ〉〉ľ␢〉⟧ľ〉Ǽ〉Ǽ〈ǫ〈ľľƯ⟧ľ

␢⟧Ơ〈ľ ľ ⟧Ơľ 〉Ưǫ〉ľ 〈〉ľ ȳ〉⟧ǫ⟦ǪƠ⟧〉Ǽľ〈〉ľ ⟦ƠǼľ ƠƠ⟦〉⟦ȴŋľ Ơľ ƯǼ〈ǫṛľ

ƠƠľ〉ľƯƠľ⟧ľǫƯľǼƠľƠ〈ǫƠṛľ〈ǫ␢ƠƠ〈ƠľņǫǼ〉␢〉ǼƯǫƠľƯǼǫƠŇŋľľ〉ľ

Ơľ〈ǫ␢〉〉ǼƠľ〈〉ľƯƠ⟧ǫǼǪľ〉Ǽ〉ľľƠǫľǫǼƯǫ〈〉Ǽ〉ľ〉ľľƠǫľ〈ǫ␢ƠƠ〈ŋľƠƠľƯƠ〈Ơľ

⟦ƠǼľƯǫƠ⟦ǫǼŋľ 〉⚭Ơľ⟧ľ⟧⟦ǫ⟦ľ ǫǼ〉ǫľ〈ľƯ⟧ǫ⟧〉Ǽľ〈〉ľǼ〈Ơľ〈ľ ƠǫľŹľ

ǫǼƯǫ〈〉Ǽ〉ľņǫ〈〉ľ⁅ǫ␣ƠľţŌŐŇōľ⁄ƠľƯǼ〈ǫṛľľƠľƯ⟦〉ơ〉ľ⟦〉ǫľ〈〉ľ›Ơ␣␣ŋľƠľƠ⟦ľ〉⟧ľƠľ

〉␣ǫǼ〉ľ␢⟧Ơľ⟧Ơ〉⟧ǫƯƠľņǫ〈〉ľ⁅ǫ␣ƠľţŐŇōľ2���q� = q~ľ ľľľľņţōŐŇľ

Ǽ〈〉ľǼľľ⟧ľǼ⟧〉ľ ǫǼ〉ǫŋľ〈ľľ〈ǫƠǼƯǫƠľ ǫǼ〉⟦ƠǼƠŋľ ľ�ľľľǼ␣⟦ľ ␢⟧Ơ〈ľ
〉Ǽ〉ľ ľ Ơǫľ ǫǼƯǫ〈〉Ǽ〉ľ 〉ľ ľ ⟦ƠǼľ ƯǫƠ⟦ǫǼľ 〉ľ ľ~ľľ ľ Ư⟧ǫ⟧〉Ǽľ 〈〉ľ Ǽ〈Ơľ 〈Ơľ
Ǽ〈Ơľ〈〉ľƠǫŌŹľņŐŋ‘œľŇľ〉ľǼľ⟧ľǼ⟧〉ľǫǼ〉ǫōľ

Űľ〈ǫ〉ľ⟦ƠǼľƯǫƠ⟦ǫǼľ〈ľ⟧Ơ〉ǫƠ⟦ľ〈ǫ␢ƠƠ⟧ľƠľǼ〈Ơľ〈〉ľƠǫľŹľ

〉⟧ľ〈ǫ␢〉〉Ǽ〉ľǫǼ〉Ǽǫ〈Ơ〈〉ŋľǫľ〉ľ〈〉〉ŋľǫǼƯǫƠ⟦⟧〉Ǽ〉ŋľƠľ␢Ơľ〈ƠľǫǼ〉Ǽǫ〈Ơ〈〉ľ

〈Ơľ Ǽ〈Ơľ 〈ǫ␢ƠƠ〈Ơľ 〈〉〉Ǽ〈〉ľ 〈Ơľ 〈〉Ǽǫ〈Ơ〈〉ľ 〈〉ľ 〉⟦Ǽľ 〉ľ 〈ľ ⟦ƠǼľ 〉⟧ľ
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〈ǫ␢〉〉Ǽ〉ľ 〈〉Ǽǫ〈Ơ〈〉ľ 〈〉ľ 〉⟦Ǽōľţ〉〉Ǽ〈〉Ǽ〈ľ 〈〉ľ Ư⟧ľ 〉ľ 〈ľ Ơľ 〈ǫǫṛľ 〈ľ

⟦ƠǼľƯǫƠ⟦ǫǼľǼ⟧ľ⟧Ơ〉ǫƠ⟦ľ〉ľ〈〉ľƠľǫ⟧〉ǫƠŋľ〉Ō〉Ōľ〈ǫ␢〉〉Ǽ〉ľ␢⟧Ơľ〈〉ľ

〈ǫ␢Ơ␣Ơ⟧Ơľ 〈〉ľ Ơǫľ Źľ ƠƠľ ľ ⟧Ơǫľ 〈ǫ〉ľ ⟧Ơ〉ǫƠǫľ ƯǫƠ⟦ǫǼŋľ Ǽ〉〉ľ

〉Ǽǫ〈ľ Ơǫľ 〈ǫ␢Ơ␣Ơ⟧Ơľ 〈〉⟧ľ 〉ľ 〉Ǽ〉Ǽ〈ǫ〈ľ Ư⟧ľ ⟧Ơľ 〉Ưǫ〉ľ 〈〉ľ ȳľ

ǫ⟧〉ṛľ 〈ǫ␣ǫƠ⟦ȴľ 〈ľ ⟧Ơ〉ǫƠ⟦ōľ €Ơľ ǫƯƠŋľ ƠƠľ ǫ〈〉Ǽǫ␢ǫƯƠṛľ 〈Ơľ 〉Ơľ

ƯǫƠ⟦ǫǼƠľ 〈〉ľ ⟧ľ ⟧Ơ〉ǫƠ⟦ľ ľ ⟧〉ǫľ 〈〉ľ 〈ǫ␢Ơṛľ 〈〉ľ Ơǫľ Źŋľ ľ 〉ľ 〉ľ ␢Ơľ ľ

Ư⟧ƠƠľ ľ 〈ǫ␢Ơ␣Ơ⟧Ơľ 〈〉ľ Ơǫľ Źľ ⟧〉〈ǫ〈ľ 〈ľ ⟧Ơ〉ǫƠ⟦ľ Ư⟧ľ Ơ〈〉ľ ⚭ľ

〉ǫ〉Ǽ〉ľ Ǽľ ơƠǼƯľ 〈〉ľ 〈Ơ〈ōľ ţ〉Ơľ Ư⟧ƠƠṛľ ľ 〉⟦ľ ơ〉ŋľ ľ

〉〉⟧⟦ŋľ ľ Ơ⟧〉ľ 〈〉ľ 〉〈〉ľ 〉ľ Ơľ Ư〈〉ǼƠ〈Ơľ ƯǫƠ⟦␣␢ǫƯƠľ 〈ľ⟧Ơ〉ǫƠ⟦ōľľ

űƠƠľƠǼľľǼ〉Ư〉ǫľ〉Ơ⟦ǫƠľľ〉␢ǫǼƠ⟧〉Ǽľ〈Ơľ〉ƠŋľƠľƠ⟦ľ〈〉ľ〉ľ␢〉ǫƠľ

ǫ⟦ǫƠǼ〈Ō〉ľ⟧ľ〈〉ľ⟧〈ŋľ〉ľľľ〉␢ǫǼƠ⟧〉Ǽľ℗ǫ〉〉⟦〈ōľ

 

Figura D-1. Difração de Raios-X por planos atômicos.ľ
Űľ⟧〈ľ℗ǫ〉〉⟦〈ľľ⟧ľ⟧〈ľ〈〉ľ〉␢ǫǼƠ⟧〉Ǽľ〈〉ľ〉ƠľƯǫƠ⟦ǫǼƠľ

〈〉〉Ǽ⟦ǫ〈ľ ľ ũ␣ľ ℗ǫ〉〉⟦〈ŋľ 〉Ǽ〈ŋľ ƠƠ⟦⟧〉Ǽ〉ŋľ ơƠƠǼ〉ľ ǫ⟦ǫƠ〈ľ 〉⟦Ơľ

Ư⟧Ǽǫ〈Ơ〈〉ľ Ưǫ〉Ǽ␢ǫƯƠōľ ⁄〉ľ ⟧〈ľ ƯǼǫ〉ľ ǼƠľ ⟧ǫǼǫ⟧ǫƠṛŋľ ľ ⟧Ǽǫ⟧ľ

Ơ〈Ơ〈ŋľľ〈〉ľ⟧ƠľƠǼǫ〈Ơ〈〉ľƯǪƠ⟧Ơ〈Ơľ℗〉〈ľņŴŇŋľƠľƠ⟦ľľ〈Ơ〈Ơľ„ľ

8� = c  � (¡2� − ¡��)!ľ ľľľľņţō–Ňľ
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Ǽ〈〉ľ ¡2� ľľ Ơľ ǫǼ〉Ǽǫ〈Ơ〈〉ľ ơ〉Ơ〈Ơľ Ǽľ ǫŌǫ⟧ľ Ơŋľ ¡�� ľľ Ơľ ǫǼ〉Ǽǫ〈Ơ〈〉ľ
ƯƠ⟦Ư⟦Ơ〈Ơľ Ǽľ ǫŌǫ⟧ľ Ơŋľ 〉Ǽ〈ľ Ơľ ⟧Ơľ ơ〉ľ 〈ľ ľ Ǽľ ⟧〉〈ǫ〈ľ 〉ľ � = X¢y£.ľľ‹ľǫǼ〉Ǽǫ〈Ơ〈〉ľƯƠ⟦Ư⟦Ơ〈Ơľľ〈Ơ〈Ơľ„ľ

¡�� = 8 c ¤¥¦¥|�¥|!§(Δ�¨¥)H©� + ª3�¥ ľ ľľľľņţō—Ňľ

Ǽ〈〉ľŴľľľ␢Ơľ〈〉ľ〉ƯƠ⟦Ơŋľ‹ľľľľ␢Ơľ〈〉ľƠơṛŋľŭŬľľľľ␢Ơľ〈〉ľ⟦ƠǫƠṛľ

〉ľŭ〉Ǽŋľ␢Ŭľľľ␢Ơľ〈〉ľ〉ƠŋľūŬľľľ␢Ơľ〈〉ľ⟧⟦ǫ⟦ǫƯǫ〈Ơ〈〉ŋľŬľľľƠľ␢Ǽṛľ

ǫ〉ǼƠṛľ 〉␢〉〉ǼƯǫƠ⟦ŋľ ⁆ņΔθǫŬŇľ ľ ľ Ơľ ␢Ǽṛľ 〉␢ǫ⟦ľ 〉ľ ơǫľ ľ Ơľ ǫǼ〉Ǽǫ〈Ơ〈〉ľ 〈〉ľ

ơƠƯ⚮␣Ǽ〈ōľŰľ␢Ơľ〈〉ľ〉Ơľņ⁅ŬŇŋľľƠľ〉ŋľľ〈〉␢ǫǼǫ〈ľƯ⟧„ľ

�¥ = c «���� exp®2¯U	ℎ±� + |ª� + ²³��´ �±© µ−8¯!¶�!;;; �Uq!�~! ·,ľ ľľľľľņţœŇľ

Ǽ〈〉ľǪŋľ⚮ľ〉ľ⟦ľ฀ľṛľľǼ〈ǫƯ〉ľ〈〉ľ₫ǫ⟦⟦〉ŋľ⚭ŋľ⚭ľ〉ľ⚭ľṛľƠľǫ〉ľƠ⟧ǫƯƠľ〈ľǫŌ

ǫ⟧ľ ⟧ľ ƯǼǫ〈ľ ǼƠľ Ư⟦⟦Ơľ ǼǫǫƠŋľ ¶�!;;; ľľ Ơľ Ơǫľ Ơ〈Ơ〈Ơľ ⟧〈ǫƠľ 〈ľ
〈〉⟦ƯƠ⟧〉Ǽľ⟧ǫƯľ〈ľ⚭Ōǫ⟧ľ⟧ľƠƠ⟦〉⟦ľƠľ〉ľ〈ǫ␢Ơṛŋľ€⚭ľľľ␢Ơľ

〈〉ľ⟧⟦ǫ⟦ǫƯǫ〈Ơ〈〉ľƠƠľľ⚭Ōǫ⟧ľ⟧ľ〉ľ␢⚭ľľľ␢Ơľ〈〉ľ〉Ơ⟦ǪƠ⟧〉ǼľƠ⟧ǫƯōľ

űƠƠľ〉ľƠƠ⟦ǫƠľƠľƠ⟦ǫ〈Ơ〈〉ľ〈〉ľƠ⚭〉ľ〈〉〉Ō〉ľƠƠ⟦ǫƠľľƯǪƠ⟧Ơ〈ľ␢Ơ〉ľ

℗ŋľƯ⚭ƠľƠľ〈〉␢ǫǼǫ〉ľṛľ〈Ơ〈ƠľƠơƠǫ„ľ

J0 = 100 ∑ |¡2� − ¡��|� ∑ ¡2�� ľ

ľ

ņţ‘ƠŇľ

J¸0 = 100 ¹∑  �|¡2� − ¡��|!� ∑  �|¡2�|!� ºX/!
ľ

ľ

ņţ‘ơŇľ

        J» = 100 ∑¼½�X/! − ½�X/!¼∑ ½�X/! ľ

ľ

ņţ‘ƯŇľ

J&¾0 = 100 ¿« − � + u∑  �¡2�� À!,ľ ņţ‘〈Ňľ
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Ǽ〈〉ľ Ūľ ľľ Ơľ ǫǼ〉Ǽǫ〈Ơ〈〉ľ›Ơ␣␣ľ ơ〉Ơ〈Ơŋľ Ǽ〈〉ľ ľ€ľ ľ ľ ľ ľ ľ Ǽ⟧〉ľ ľ Ơ⟦ľ ľ 〈〉ľľ

Ǽľľņơ〉Ơ〈Ňŋľ ľűľľľľľǼ⟧〉ľľ〈〉ľľƠ⟧〉ľľƠ⚭Ơ〈ľľ〉ľľ※ľľľľľľ

Ǽ⟧〉ľľ〈〉ľƯ〉⟦ƠṛľƠ⟦ǫƯƠ〈ōľ℗›Ơ␣␣ľľ〉ľ℗⁅ľṛľ␢Ơ〉ľ〉ľ〉Ǽ〈〉⟧ľƠľ␢Ơ〉Ư〉ľ

ľ ⟧〈〉⟦ľ 〉ľ 〉ľ 〉Ǽ〈ľ ǫ⟦ǫƠ〈ŋľ ⟧Ơľ 〉ľ 〉ľ ľ Ơ⟦ľ 〈〉ľ ľ Ūŏľ ľ 〈〉〉Ǽ〈〉ľ 〈ľ

⟧〈〉⟦ōľ ţľ Ǽľ 〈〉ľ ǫƠľ ⟧Ơ〉⟧ǫƯľ ľ ⟧〉⟦Ǫľ Ưǫǫľ ƠƠľ 〉ľ ƠƠ⟦ǫƠľ Ơľ

Ơ⟦ǫ〈Ơ〈〉ľ 〈ľ Ơ⚭〉ľ ľ ľ ℗ľ ŋľ ǪƠ⚭Ơľ ǫľ 〉ľ Ơľ 〉〉ṛľ 〈〉〉ľ ƯǼ⟧ľ Ǽľ

Ǽ⟧〉Ơ〈ľľ〉〈ľƠľ〉ľľ⟧ǫǼǫ⟧ǫƠ〈ōľŰľ␢Ơľǫ⟧ƠǼ〉ľǼƠľƠƠ⟦ǫƠṛľǼľ

〉␢ǫǼƠ⟧〉Ǽľľľľχ2ľľ〈Ơ〈Ơľ„ľ

Á! = µ J¸0J&¾0·!.ľ ľľľľľņţ’Ňľ

№ƠǼľ⟧Ơǫľǫ⟧ľľχ2 〉ǫ〉ľ〈〉ľŐľ⟧〉⟦Ǫľ〉ľƠľƠ⟦ǫ〈Ơ〈〉ľ〈ľ〉␢ǫǼƠ⟧〉Ǽōľ

Űľχ2ľľƠ⟧ơ⟧ľľƯǼǪ〉Ưǫ〈ľǼƠľ⟦ǫ〉ƠƠľƯ⟧ľľȳ␣〈Ǽ〉ľ␢ľ␢ǫȴōľ€ľƯ〉ľ

〈〉ľ〉␢ǫǼƠ⟧〉ǼľǼ〉Ư〉ǫƠŌ〉ŋľƠǫǼ〈Ơŋľ〉Ư⟦Ǫ〉ľ⟧Ơľ␢Ǽṛľ〉␢ǫ⟦ľƯǼ〉Ǽǫ〉Ǽ〉ľƠƠľ

Ơ⚭ƠľľǫƯľ〈〉ľ〉␢⟦〉ṛľ〉〉ǫ⟧〉ǼƠǫōľ‹ľ␢Ǽ〉ľ〉␢ǫľ⟧Ơǫľǫ⟦ǫƠ〈Ơľṛ„ľ

Ơľ ⁆ƠǫƠǼƠŋľ ŭ〉ǼǫƠǼƠľ 〉ľ ű〉〈ŌΩǫ␣ľ ⟧〈ǫ␢ǫƯƠ〈Ơōľ Ŵ〉Ǽ〈ľ Ơľ ⟦ǫ⟧Ơľ

ƯƠƠƯ〉ǫƠ〈Ơľ〉⟦ƠľƯ⟧ơǫǼƠṛľ〈Ơľ⁆ƠǫƠǼƠľ〉ľŭ〉ǼǫƠǼƠōľŵƠǫľ␢Ǽ〉ľ〉␢ǫľ

Ơ〉〉ǼƠ⟧ľƠ⟧〉ľ〉ľṛľ〉␢ǫǼ〉ǫľľ⟧ľ␣Ơ⟧Ơľ〈〉ľ〉␢ǫǼƠ⟧〉Ǽōľ€ľ

␣Ơ⟧Ơľ⁆Ŵ‹Ŵŋľľ〉〉⟧⟦ŋľŶŋľΩŋ℧ľ〉ľűľṛľƠ⟧〉ľ〉␢ǫǼ〉ǫľ〉␢〉〉Ǽ〉ľ

ľ␢Ǽṛľ⁆ƠǫƠǼƠľƠľƠľ〉ľŹľ〉ľ←ľ〉ṛľ〉⟦ƠƯǫǼƠ〈ľľ␢Ǽṛľŭ〉ǼǫƠǼƠōľ

Ŷ⟧ľ 〉〈ľ ⟧Ơǫľ 〈〉Ơ⟦ǪƠ〈ľ ơ〉ľ 〈ǫ␢Ơṛľ 〈〉ľ Ơǫľ Źľ 〉ľ 〉␢ǫǼƠ⟧〉Ǽľ

℗ǫ〉〉⟦〈ľ〈〉ľ〉ľ␢〉ǫľǼƠľ〉␣ǫǼ〉ľ〉␢〉ǼƯǫƠľ→Őŏ’ȭŐŏ“žōľľľľľľľľ

ľľľľľľľľľ          
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Apêndice E 

Espectroscopia de Absorção de Raios –X (XAS) 
 

‹ľ〉〉ƯƯǫƠľ〈〉ľ ƠǫľŹľņŹ‹ŴŇľ ƯǼǫ〉ľǼƠľƠǼ⟦ǫ〉ľ〈ƠľƠơṛľľ

⟧ľ⟧ľƠơ〉〈ľ〈〉ľƠǫľŹľƯ⟧ľ〉Ǽ〉␣ǫƠľǫ⟧ǫ⟦Ơ〉ľ〉ľ⟧Ơǫ〉ľ〉ľƠľ〉Ǽ〉␣ǫƠľ

〈〉ľ ⟦ǫ␣Ơṛľ 〈ľ 〉⟦Ǽľ ⟧Ơǫľ ǫǼ〉Ǽľ ņŐľ ľ –Ňľ Ư⟧ľ ľ ǼƯ⟦〉ľ 〈ľ 〉␢〉ǫ〈ľ

⟧ōľ№ƠǼ〈ľľ〉⟦Ǽľ〈ľ⟧ľƠơ〉〈ľƠơ〉⟧ľ␢ǼľƯ⟧ľ〉Ǽ〉␣ǫƠľ

␢ǫƯǫ〉Ǽ〉ľ ņ〉Ǽ〉␣ǫƠľ 〈〉ľ ƠơṛŇľ ƠƠľ ƠƠǼƯŌ⟦ľ 〈ľ ⟧ľ Ơơ〉〈ŋľ ľ

〉〉Ưľ〈〉ľƠơṛľ〉ǫơ〉ľ⟧ľƠ⟦ľľƠ⟦ľľƯǪƠ⟧Ơ〈ľ〈〉ľơ〈Ơľ〈〉ľƠơṛōľ‹ľ

Ơơ〉ľľ␢Ǽŋľľ␢〉⟦Ǽľṛľ〉Ơ⟦ǪƠ〈ľƯ⟧ľ⟧Ơľ〉Ǽ〉␣ǫƠľƯǫǼǫƯƠľņ⁄ƯŇľ

〈Ơ〈Ơľ„ľľ 
� = ℎÂ − 
�ľ ņ⁄ŐŇľ

Ǽ〈〉ľℎľľ Ơľ ƯǼƠǼ〉ľ 〈〉ľ ű⟦ƠǼƯ⚮ŋľÂľľ ␢〉ǼƯǫƠľ 〈ľ ␢Ǽľ 〉ľ
�ľľ Ơľ 〉Ǽ〉␣ǫƠľ 〈〉ľ
⟦ǫ␣Ơṛľ〈ľ〉⟦ǼľƠľǼƯ⟦〉ōľ※⟧ľ〉⟧ľ〈Ơľ〉Ơṛľņ⁄ōŐŇľƠľ〉Ǽ〉␣ǫƠľƯǫǼǫƯƠľ

〈ľ ␢〉⟦Ǽľ 〈〉〉Ǽ〈〉⟧ľ 〈Ơľ 〉Ǽ〉␣ǫƠľ 〈ľ ␢Ǽľ ǫǼƯǫ〈〉Ǽ〉ľ 〈〉ľ ␢⟧Ơľ 〉ľ

␢〉⟦Ǽľ〈〉ľơƠǫƠľ〉Ǽ〉␣ǫƠľ〉⟧ľ⟧ľ⟦Ǽ␣ľƯƠ⟧ǫǼǪľ⟧〈ǫľ〉ǼƠǼľľ〈〉ľ

Ơ⟦Ơľ 〉Ǽ〉␣ǫƠľ 〉⟧ľ ⟧ľ ⟦ǫ〉ľ ƯƠ⟧ǫǼǪľ ⟧〈ǫľ ⟧Ơǫľ Ưōľ űľ 〉Ư〉ľ

〈ǫǼƯǫƠľ⟧Ơǫ〉ľ ␢〉⟦Ǽľ〈〉ľơƠǫƠľ〉Ǽ〉␣ǫƠŋľƯ⟧ľƯ⟧ǫ⟧〉Ǽľ〈〉ľǼ〈Ơľ〈Ơľ

〈〉⟧ľ〈Ơľ〈ǫǼƯǫƠľǫǼ〉Ơ⟧ǫƯƠŋľ␢〉⟧ľ⟧⟦ǫ⟦ľ〉Ơ⟦ǪƠ⟧〉Ǽľľ⟧ľ

ǫǫǼǪōľ ŵ〉Ǽ〈ľ 〉⟧ľ ǫƠľ Ơľ 〈ǫ␢〉〉ǼƠľ 〈〉ľ 〉Ǽ〉␣ǫƠľ ƯǫǼǫƯƠľ 〉Ǽ〉ľ ľ ␢〉⟦Ǽľ

〉Ơ⟦ǪƠ〈ŋľľ〉〉ƯľŹ‹Ŵľ〈〉ľ〉ľ〈ǫǫ〈ǫ〈ľ〉⟧ľ〈Ơľ〉␣ǫ〉ľǫǼƯǫƠǫľņǫ〈〉ľ

⁅ǫ␣Ơľ⁄Ōľ ŐŇŋľ Ơľ Ơơ〉ľŹŌƠľ‹ơǫǼľ€〉Ơľ ⁄〈␣〉ľ Ŵ〉ƯƯľ ņŹ‹€⁄ŴŇľ 〉ľ

⁄〉Ǽ〈ľŹŌƠľ‹ơǫǼľ⁅ǫǼ〉ľ ŴƯ〉ľ Ŵ〉ƯƯľ ņ⁄Ź‹⁅ŴŇōľ‹ľ 〉␣ǫṛľ 〈〉ľ

Ź‹€⁄Ŵľ〉ľ〉〉Ǽ〈〉ľƠľƠǫľ〈Ơľơ〈Ơľ〈〉ľƠơṛľƠľ‘ŏľ〉ΩľƠƯǫ⟧Ơľ〈〉Ơōľ€〉Ơľ

〉␣ǫṛľľ␢〉⟦Ǽŋľ〉ľṛľ〈〉ľơƠǫƠľ〉Ǽ〉␣ǫƠŋľ␢〉⟧ľ〉Ơ⟦ǪƠ⟧〉Ǽľ⟧⟦ǫ⟦ľ

〉ľṛľ⟧ǫ〈ľƠƠľǼ〉ǫľ〈〉ľ〉Ǽ〉␣ǫƠľ〈〉ƯƠ〈ľƠľ〉ľ〉Ǽ〉⟧ľƠľ⟧ľ

Ơơ〉〈ōľ űľ 〉〉ľ ⟧ǫľ 〈ľ 〉〉Ưľ Ź‹€⁄Ŵľ 〈〉Ō〉ľ 〉Ơǫľ ⟧Ơľ
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〈ǫ〉ǫ〈Ơ〈〉ľ 〈〉ľ ǫǼ␢⟧Ơ〉ľ ƯǫƠ⟦⟧ǫƯƠľ 〈ľ ⟧ľ Ơơ〉〈ŋľ Ơǫľ Ư⟧„ľ

〉Ơ〈ľ〈〉ľǫ〈Ơṛŋľ〈〉Ǽǫ〈Ơ〈〉ľ〈〉ľ〉Ơ〈ľ〈〉ƯƠ〈ľ〉ľ〉ƠľƯǫƠ⟦ǫǼƠľǼƠľ

Ơ⟦ľ〉ľ〉ǼƯǼƠľľ⟧ľƠơ〉〈ōľľ

€ľ〉ľ〈ǫľ〉〉ǫľľ〉␣ǫṛľ〈〉ľ⁄Ź‹⁅Ŵŋľ〉ƠľľƯ⟧〉〉Ǽ〈ǫƠľ〉Ǽ〉ľ‘ŏľ〉Ωľ

〉ľ Őŏŏŏľ 〉Ωľ ƠƯǫ⟧Ơľ 〈Ơľ ơ〈Ơľ 〈〉ľ Ơơṛōľ €〉Ơľ 〉␣ǫṛľ ƠƠ⟧ľ ␢〉⟦Ǽľ 〈〉ľ

⟧Ơǫľ 〉Ǽ〉␣ǫƠľ 〉Ǽ〈ľ ľ 〉ľ ⟦ǫ〉ľ ƯƠ⟧ǫǼǪľ⟧〈ǫľ Ưŋľ ľ 〉ľ ␢Ơ〉Ư〉ľ Ơ〉ǼƠľ

〉Ơ⟦ǪƠ⟧〉Ǽľ ǫ⟧⟦〉ōľ ŵƠǫľ 〉Ơ⟦ǪƠ⟧〉Ǽľ 〉Ǽ⟦〉⟧ľ ⟧〉Ǽ〉ľ 〈ǫľ ⟧ŋľ ľ

Ơơ〉〈ľ 〉ľ ľ ľ ƯǪƠ⟧Ơ〈ľ 〈〉ľ 〉〉Ơ⟦ǪƠ〈ōľ ‹ľ Ơǫľ 〈Ơľ ƠǼ⟦ǫ〉ľ 〈ľ

〉〉Ưľ ⁄Ź‹⁅Ŵľ 〈〉Ō〉ľ ơ〉ľ ǫǼ␢⟧Ơ〉ľ 〉Ơǫľ 〉⟧ľ Ǽľ 〈ľ ⟧ľ

Ơơ〉〈ŋľƠǫľƯ⟧„ľƠľ〈ǫǼƯǫƠľ〈ľ⟧ľƠơ〉〈ľƠƠľľ〉ľǫǫǼǪŋľ〉ľ

Ǽ⟧〉ľ〈〉ľƯ〈〉ǼƠṛľ〉ľľǫľ〈〉ľ〉⟦〉⟧〉ǼľǫǫǼǪľƠľ〉⟦〉ōľ€ľ〉〉ƯľŹ‹ŴŋľǪľ

ƠǫǼ〈ƠľƠľ〉␣ǫṛľ〈〉ľŌơ〈ƠŋľƠľƠ⟦ľľ〈〉Ǽ⟧ǫǼƠ〈ƠľľƠǼǫ〉ľ〉⟦〉ǼǫƯƠľ〈〉ľ

ơƠǫƠľ ơƠơǫ⟦ǫ〈Ơ〈〉ľ 〈〉ľ ƯǼƯǫƠľ Ư⚭Ơľ 〉Ǽ〉␣ǫƠľ 〈〉ľ Ơơṛľ ľ ⟧〉Ǽľ 〉ľ Ơľ

〉Ǽ〉␣ǫƠľ〈〉ľ⟦ǫ␣Ơṛōľ⁄ƠľƠǼǫ〉ľľƯ〉⟧ľ〉ľľ⟧ľƠơ〉〈ľǫľ

〉Ơ〈ľ Ơǫľ 〉ľ 〉Ơľ Ơ〉ǼƠľ 〈〉⟧ľ 〉〉ǼƠľ Ưǫ⟦Ơ〉ľ Ǽľ 〉〉Ưľ 〈〉ľ

Ơơṛōľ

Ŷ⟧ľ〉〈ľ⟧Ơǫľ〈〉Ơ⟦ǪƠ〈ľ〈〉ľ〉ľ␢〉ǫľǼƠľ℗〉␢ōľľ →‘‚žōľľľ
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Figura E- 1. Espectro XAS na borda K do cobalto. Na figura são identificadas a pré-borda e as regiões XANES e EXAFS  [109]. 
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Apêndice F 

Espectroscopia de Impedância 
 

‹ľƠ⟦ǫƯƠ⟧ľ⟧ľǫǼƠ⟦ľ〈〉ľ〉ǼƠ〈Ơľ〉⟧ľ⟧ľǫ〉⟧Ơŋľľ⟧〉⟧ľ〉Ǽ〈〉ľƠľ

〉⟧⟦ľƯ⟧ľ⟧ľǫǼƠ⟦ľ〈〉ľƠ〈Ơōľ€ľƯƠľ〈〉ľ⟧ľǫ〉⟧Ơľ⟦ǫǼ〉ƠľľǫǼƠ⟦ľ〈〉ľƠ〈Ơľľ

〈〉␢ǫǼǫ〈ľ〉⟦ƠľƯǼ⟦ṛľ〈ľǫǼƠ⟦ľ〈〉ľ〉ǼƠ〈ƠľƯ⟧ľƠľ␢Ǽṛľ〉Ơōľ⁄⟧ľ〉⟧ľ

⟧Ơ〉⟧ǫƯľ〈〉Ō〉ľ〉Ư〉〉„ľľ

Ǽ〈〉ľ    ľľ Ơľ Ơ〈Ơŋľ  Ņ␢  ľľ Ơľ 〉ǼƠ〈Ơľ 〉ľ   Ņ␣   ľľ Ơľ ␢Ǽṛľ 〉Ơľ 〈ľ

ǫ〉⟧ƠŋľƠľƠ⟦ľ〉⟦ƠƯǫǼƠľƠľ␢Ǽ〉ľ〈〉ľ〉ǼƠ〈Ơľ〉ľƠ〈Ơōľţ〉〉Ǽ〈〉Ǽ〈ľ〈ľǫǼƠ⟦ľ〈〉ľ

〉ǼƠ〈ƠľƠľ␢Ǽṛľ〉Ơľ〈〉ľ〉ľǫ〈〉Ǽǫ␢ǫƯƠ〈ƠľƯ⟧ľ〈ǫ〉Ơľ␣ƠǼ〈〉Ơľ␢ǫƯƠľ

Ư⟧ŋľ ľ 〉〉⟧⟦ŋľ Ơ〈⟧ǫǼƯǫƠľ 〉ľ Ư〉ǫơǫ⟦ǫ〈Ơ〈〉ľ 〉⟦ǫƯƠōľ ‹ǫ⟧ľ Ǽľ ƯƠľ 〈ľ

ǫǼƠ⟦ľ 〈〉ľ 〉ǼƠ〈Ơľ 〉ľ ⟧Ơľ ⟦Ơ␣〉⟧ľ  
ľ〉ľ Ơľ Ơ〈Ơľ 〈〉ľ Ư〉Ǽ〉ľ  ǫ  ŋľ Ơľ ␢Ǽṛľ

〉Ơľ〈ľǫ〉⟧Ơľ〉ľƠľƠ〈⟧ǫǼƯǫƠľņľ ǫǼ〉ľ〈Ơľǫ⟧〉〈ǼƯǫƠŇōľ‹Ơľ〈〉ľ

⟧Ơľ ƠǼ␢⟧Ơ〈Ơľ 〈〉ľ ␢ǫ〉ľ 〈ľ 〈⟧Ǽǫľ 〉⟧Ơ⟦ľ ņŇľ ƠƠľ ľ 〈⟧Ǽǫľ 〈Ơľ

␢〉ǼƯǫƠľņωŇŋľ〈〉⟧ľ〉Ư〉〉„ľ

Ǽ〈〉ľ  ↑
ľľ⟧ƠľƠǼǫ〈Ơ〈〉ľƯ⟧⟦〉ƠľƯǼǪ〉Ưǫ〈ƠľǼƠľ⟦ǫ〉ƠƠľľǫ⟧〉〈ǼƯǫƠľ

Ư⚭ƠľǼǫ〈Ơ〈〉ľǼľŴōŪľľľǪ⟧ľņ Ňōľ⁅ǫǫƯƠ⟧〉Ǽ〉ŋľƠľ ǫ⟧〉〈ǼƯǫƠľ〉〉ƠŋľƠľƠṛľ

ƯǼ⚭ǼƠľ 〈Ơľ 〉ǫǼƯǫƠľ 〉ľ 〉ƠǼƯǫƠľ ƠƯǫƠ〈ƠľƠľ ǫ〉⟧Ơōľ‹ľ 〉ǫǼƯǫƠľ ľ Ơľ

〉Ǽ〉⟦ľ〉⟦Ơľ〉〈Ơľ〈〉ľ〉Ǽ〉␣ǫƠľ〉⟦〉⟧Ơ␣ǼǫƯƠľ〉⟧ľ␢⟧Ơľ〈〉ľƯƠ⟦ľ〉ľ〉〉⟦Ơľľ

ƯƠ〉ľ〉ǫǫľ〈ƠľƠ⟧Ơŋľ〉ǼƠǼľƠľ〉ƠǼƯǫƠľ␢ƠľƯ⟧ľ〉ľƠ〉ľ〈Ơľ〉Ǽ〉␣ǫƠľ

〉⟦〉⟧Ơ␣ǼǫƯƠľ 〉⚭Ơľ 〉ǫ〈ǫƯƠ⟧〉Ǽ〉ľ Ơ⟧Ơ〉ǼƠ〈Ơľ 〉⟧ľ ƯƠ⟧ľ 〉⟦ǫƯľ 〉ľ

⟧Ơ␣ǼǫƯŋľ〉Ǽ〈ľƠ〉⟦Ơ〈ƠľƠľƯ⟧Ơ⟧〉ǼľƯƠƠƯǫǫľ〉ľǫǼ〈ǫľ〈ƠľƠ⟧Ơľ

                                           
     





  Ņ Ņ Ņ†  ␣   ␢  〈  ņ⁅ŐŇľ

   
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→ŐŐŏžōľţ〉Ơľ ␢⟧Ơŋľ 〈〉Ō〉ľ ƯǼƯ⟦ǫľ 〉ľ ⟧Ơľ ƠǼƠ⟦␣ǫƠľ 〉Ǽ〉ľ ⟧Ơľ Ơ⟧Ơľ 〈〉ľ

⟧Ơ〉ǫƠ⟦ľ 〉ľ ⟧ľ ƯǫƯǫľ ℗ŭ※ľ ľ 〉␢〉ǫƠ⟧〉Ǽ〉ľ ǫ〉⟦ōľ űľ 〉ľ ⟧Ơľ ƠǼǫ〈Ơ〈〉ľ

Ư⟧⟦〉ƠŋľƠľǫ⟧〉〈ǼƯǫƠľ〈〉ľ〉ľ〉ƯǫƠľƯ⟧ľ

   ňņ Ň Ņņ Ň ŅŅņ Ň†↑ ↑ ⚭↑  ņ⁅—Ňľ

Ǽ〈〉ľ Ņ↑ ľ〉ľ ŅŅ↑ ṛľƠľƠ〉ľ〉Ơ⟦ľ〉ľǫ⟧Ơ␣ǫǼǫƠľ〈Ơľǫ⟧〉〈ǼƯǫƠľŋľ〉〉ƯǫƠ⟧〉Ǽ〉†ľ

Ư⟧ľ  Ő⚭ ōľűƠƠľ⟧ľƯǫƯǫľ℗※ľƠƠ⟦〉⟦ŋľƯ⟧ľľ〈Ơľ⁅ǫ␣Ơľ⁅ŌŐŋľ⟧ƠŌ〉ľ

〉ľľ

Ņ
– – – ľ〉Ő
℗

↑
℗ ※




 ņ⁅œŇľ

 

 

Figura F-1. Circuito RC paralelo. 
ţƠľ〉Ơ〉ľ⁅œľ〉ľ⁅‘ŋľ〉⟧ľ〉„ľ
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űƠƠľ 
Ő

℗※
ŋľ Ņ↑ ľ〉ľ ŅŅ↑ ľṛľ ǫ␣Ơǫľ Ơľ ľ

–
℗
ōľ ľ €Ơľ ⁅ǫ␣Ơľ ⁅Ō–ŋľ 〉⟧ľ ľ ␣␢ǫƯľ

〉␢〉〉Ǽ〉ľƠľ␢Ǽ〉ľ⁅œľ〉ľ⁅‘ō
ľ

 

 

 

Figura F-2. Comportamento das partes real e imaginária da impedância com a frequência. 
ľ

‹ľǫ⟧〉〈ǼƯǫƠľƠ⟧ơ⟧ľ〉ľƠƯǫ〈ƠľƯ⟧ľƠǼǫ〈Ơ〈〉ľ〉⟦ǫƯƠľǫ⟧ƠǼ〉ľ

Ư⟧„ľ ƯǼƠǼ〉ľ 〈ǫ〉⟦ǫƯƠľ ņεŇŋľ ƯǼ〈ǫǫ〈Ơ〈〉ľ ņσŇŋľ ⟧〈⟦ľ 〉⟦ǫƯľ ņ₫Ňľ 〉ľ

Ơ〈⟧ǫǼƯǫƠņ←Ňōľŵ〈Ơľ 〉Ơľ ṛľ 〉Ǽ␣⟦ơƠ〈Ơľ ơľ Ơľ Ǽ⟧〉ǼƯ⟦ƠƠľ 〈〉ľ ǫ⟧ǫǼƯǫƠľ

→Ő“žōľ‹ľǫ⟧ǼƯǫƠľṛľ〉⟦ƠƯǫǼƠ〈Ơľ〉Ǽ〉ľǫľľ〉⟦Ơ〉ľ⟧Ơ〉⟧ǫƯƠľ⟧Ơ〈Ơľ

ǼƠľŵƠơ〉⟦Ơľ⁅ŌŐľƯ⟧ľ  ŏ⚭ ※ ŋľ〉Ǽ〈ľ ŏ※ ľƠľƯƠƠƯǫǼƯǫƠľ〈ƠľƯ⟦⟦ƠľƠǫƠľ〉ľ ľľľ

␢Ơľ〈〉ľ␢⟧ƠŋľľƠ⟦ľƠƠľ⟧ľƯƠƠƯǫľ〈〉ľ⟦ƠƯƠľƠƠ⟦〉⟦Ơľľǫ␣Ơ⟦ľƠľ‹
〈
ōľ ľ

ľ
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Tabela F-1.  Relação entre imitâncias. 

 

Ŷ⟧ľ〉〈ľ⟧Ơǫľ〈〉Ơ⟦ǪƠ〈ľơ〉ľľƠǼľ〈〉ľ〉ľ␢〉ǫľǼƠľ℗〉␢ōľľ →ŐŐŐžō 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 M  Z  Y  1
r
    

M  M  Z  1Y   1
r
  1

0j    

Z  1M  Z  1Y   1 1
r    1( ) 

 

Y  1M   1Z  Y  r    

εr 1M   1 1Z   1Y  r  1
0( )j   

  1
0j M   1( )Z 

 
1Y 

 0 rj     
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Apêndice G 
 

Artigos publicados e em fase de preparação referentes a tese 
 

‹ǫ␣ľ ơ⟦ǫƯƠ〈ľ „ľ Ŵǫ⟦Ơľ ūǼǫŋľ ⁅⟦ǫľ ₫ōľ †ľ űƠƯǪƠ⟦ŋľ ※Ơ⟦ľ ℧ōľ ‹ōľ ŴǫǼŌ

ǪǼǼľƯ⟦ǫǼ␣ľǫǼľ›Ơ⁅〉Ő–ŰŐ”ľ₫Ō〉ľǪ〉Ơ␢〉ǫ〉ōľūǼƠ⟦ľ␢ľ‹⟦ǫ〉〈ľűǪǫƯŋľōľ

ŐŐ’ŋľōľ–œœŐŐŏŋľ–ŏŐœōľ

‹ǫ␣ľ 〉⟧ľ ␢Ơ〉ľ 〈〉ľ〉ƠƠṛ„ľ₫Ơ␣Ǽ〉ǫƯǫǼľƠǼ〈ľǫǼŌǪǼǼľƯ⟦ǫǼ␣ľ ǫǼľ

₫␣–←ľǪ〉Ơ␢〉ǫ〉ľơ〉〈ľơľƠ⟧ƠǼľ〉ƯƯōľ⁅⟦ǫľ₫Ơľ〉ľŴǫ⟦ƠľūǼǫľ〉ľ

Ơ⟦ōľ
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Ŭǫ⟧Ơŋľ€Ơōľ₫Ơ〉ōľ”ŋľ‚”‚ľņ–ŏŐŏŇōľ

→—žľ ľŬōľŵƠǼǫ␣ƯǪǫŋľ€ōľ‹ơ〉ŋľŴōľŰǪƠǼǫŋľũōľŶ⟧〉ŋľƠǼ〈ľŵōľ‹ǫ⟧Ơŋľ‹⟦ōľűǪōľ
⁄〉ľŐŋľņ–ŏŏ“Ňōľ

→œžľ ľŴōľŪǪǫƠƠŋľ←ōľŵƠ␣ƯǪǫŋľũōľ₫Ơ⚮ƠƠŋľ←ōľŰǼ〉ŋľƠǼ〈ľ←ōľŵ⚮Ơŋľ
ŴƯǫ〉ǼƯ〉ľ—Ő”ŋľŐ’œ—ľņ–ŏŏ“Ňōľ

→‘žľ ľūōľ‹␣ǫǼǪľƠǼ〈ľ‹ōľ‹⟦⟧〉ǫ〈ƠŋľǫǼľ⁅〉〉⟦〉ƯōľŌľűǪōľ⁄␢␢ōľņŪǼŵ〉ƯǪŋľ–ŏŐŐŇōľ

→’žľ ľ℗ōľũƠ⟧ǼŋľūōľŬ〉ǫ〉⟦ŋľűōľ›ǫ〉ŋľƠǼ〈ľ⁅ōľũǫ〉ŋľűǪōľ℗〉ōľ›ľ‚—ŋľ
Ő—–ŐŏŐľņ–ŏŏ’Ňōľ

→‚žľ ľ℧ōľŴōľ⁅〉〉ǫƠŋľūōľ‹␣ǫǼǪľ₫〉ǫƠŋľ‹ōľ‹⟦⟧〉ǫ〈Ơŋľ₫ōľ℗ōľ※ǪƠ〉ŋľūōľűōľ
‹Ơ⚭ŋľūōľ›ōľŰ⟦ǫ〉ǫƠŋľūōľ₫ōľ₫ƠƯǪƠ〈ľţƠľŴǫ⟦Ơŋľ₫ōľ‹ōľŴŋľŵōľ₫ōľ
₫〉Ǽ〈ǼƠŋľűōľŴǫ⟧〉ṛľ※ƠƠ⟦ǪŋľūōľŬ〉ǫ〉⟦ŋľūōľŭōľ℗ǫơ〉ǫŋľŭōľ⁆ōľΩǫ〉ǫƠŋľűōľ
›ōľŵƠƠ〉ŋľƠǼ〈ľŴōľ₫〉Ǽ〈ǼƠŋľűǪōľ℗〉ōľ›ľ‚”ŋľŏ‘œ—ŏ—ľņ–ŏŏ”Ňōľ

→“žľ ľ₫ōľ₫ƯǪǫ⚮ǫŋľ€ōľ⁅⚮ƠƠŋľƠǼ〈ľ€ōľ€Ơ␣ƠƠŋľűǪōľ℗〉ōľŭ〉ōľŐŏœŋľ
Ő‚‚–ŏ’ľņ–ŏŐŏŇōľ

→”žľ ľũōľ⁅⚮⟧ƠŋľŴōľ₫ƠǫŋľũōľũƠǫ⟧ƠŋľŬōľŬǫ〈ƠŋľŵōľŵƠ⚮ƠǪƠǪǫŋľŵōľ
←Ǫǫ⟧ƠŋľƠǼ〈ľ€ōľ⁅⚭ǫ⟧ƠŋľūōľűǪōľ※Ǽ〈〉Ǽōľ₫Ơ〉ľŐ”ŋľ—’‘–—”ľ
ņ–ŏŏ‚Ňōľ

→Őŏžľ ľ↑ōľũƠǼ␣ŋľ←ōľ※Ơŋľ←ōľŴǼŋľ←ōľŹ〉ŋľƠǼ〈ľ※ōľ※ǪŋľűǪōľ℗〉ōľ›ľ‘’ŋľ–’–—ľ
ņŐ””‚Ňōľ

→ŐŐžľ ľ⁄ōľ⁆ƠǼƠ〈ŋľ‹ōľ⁆ƠƯǫƠŋľūōľ‹ōľŴƠǼ⚭⚭ŋľ※ōľ℗〉ǫŋľŪōľŵǫƠǼǫŋľ⁅ōľűƠ〈ŋľ
℗ōľţōľŴƠǼƯǪ〉ŋľ‹ōľ※ƠǼ〉ǫŋľƠǼ〈ľŴōľ›ōľŰ〉␢␢ŋľűǪōľ℗〉ōľ›ľ’ŏŋľŐŐ“‚”ľ
ņŐ”””Ňōľ

→Ő–žľ ľ₫ōľ€ōľŪ⟦ǫ〉ŋľũōľ⁆ŋľƠǼ〈ľľƠōľ⁆Ơŋľ‹⟦ōľűǪōľŭ〉ōľ”ŏŋľŐ‘Ő”Őœľņ–ŏŏ‚Ňōľ

→Ő—žľ ľ℗ōľ›ōľ₫ƠƯ〉〈ľ⁅ǫ⟦Ǫŋľ‹ōľű〉〈ľ‹Ơ⟦ƠŋľƠǼ〈ľ※ōľ℧ǫ⟦⟦ǫƠ⟧ľ〈〉ľ‹Ơ⚭ľ
űƠƯǪƠ⟦ŋľ‹⟦ōľűǪōľŭ〉ōľŐŏ–ŋľŐ”–”ŏ–ľņ–ŏŐ—Ňōľ

→Őœžľ ľţōľūōľŭƯ⚮〈ľƠǼ〈ľ₫ōľ⁆ōľ※Ơ⟧ŋľūōľ‹⟦ōľűǪōľ’œŋľ‘“‚’ľņŐ”““Ňōľ

→Ő‘žľ ľ‹ōľ‹Ǫ⟦ƠƠŋľŴōľŴƠƠƠǪŋľΩōľ⁆ōľŴƠǪ〉ŋľ℗ōľūōľ※Ǫ〈ǪƠŋľƠǼ〈ľűōľŬōľ
⁆Ơŋľ‹⟦ōľűǪōľŭ〉ōľŐŏ—ŋľ–‘–”ŏ–ľņ–ŏŐ—Ňōľ
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→Ő’žľ ľ‹ōľ⁅ōľ⁆ƠƯƠŌ⁅⟦〉ŋľ⁄ōľ⁆ƠǼƠ〈ŋľũōľ₫ƠǫǼǪŋľ℗ōľ℗ōľŶơƠǼŋľ※ōľ℗〉ǫŋľ
⁄ōľŪōľ⁆⟦〉ǼƯǪǫŋľΩōľ‹ōľŴƠǼǫǼƠŋľŴōľ›ōľŰ〉␢␢ŋľŴōľűƠ⚮ŋľƠǼ〈ľŴōŌ℧ōľ
※Ǫ〉Ǽ␣ŋľűǪōľ℗〉ōľ›ľ‚—ŋľŐŏœœŐŐľņ–ŏŏ’Ňōľ

→Ő‚žľ ľ℗ōľŹōľŴǫ⟦Ơŋľũōľ℗〉ǫƯǪ⟦ƠŋľŹōľ₫ƠǫŋľţōľƠōľ›ōľ›ƠơƠŋľ₫ōľ℧ōľŭ␢Ơŋľ›ōľ
Ŵōľ‹Ơ⚭ŋľľƠōľűōľ‹Ơ⟦ƠŋľƠǼ〈ľ※ōľ℧ōľƠōľűƠƯǪƠ⟦ŋľūōľ‹⟦ōľűǪōľŐŐœŋľ
Ő”œŐŏ–ľņ–ŏŐ—Ňōľ

→Ő“žľ ľ‹ōľ₫〉␢ƠǪŋľūōľ₫ōľ※ƠǼǫǼǫŋľ€ōľŬǪƠ⟦␢ƠǫŋľŴōľ›〈⚭Ơ〈ƠŋľūōľűōľŴ〉ŋľ
⁅ōľŴ〈〉ŋľƠǼ〈ľ₫ōľŵ⟦〉⟧Ǽ〈〉ŋľ€Ư⟦ōľŪǼ⟧〉Ǽľ₫〉Ǫ〈ľűǪōľ℗〉ōľ
Ŵ〉Ưōľ›Ō›〉Ơ⟧ľŪǼ〉ƠƯōľǫǪľ₫Ơ〉ōľ‹⟧ľ–—‚ŋľ‘’—ľņ–ŏŏ‘Ňōľ

→Ő”žľ ľţōľŬ⟧ƠŋľŴōľŬ⟧ƠŋľƠǼ〈ľΩōľ⁆ōľŴƠǪ〉ŋľŴ⟦ǫ〈ľŴƠ〉ľ※⟧⟧ǼōľŐ”œŋľ‘”ľ
ņ–ŏŐœŇōľ

→–ŏžľ ľ›‹ŭŵ⁄€Ŵűō℧ľƠǼ〈ľūōľŴōľũ〉⟦⟧ƠǼŋľũ〉⟦ōľűǪōľ‹ƯƠľœŐŋľ’’“ľņŐ”’“Ňōľ

→–Őžľ ľũōľŴƯǪ⟧ǫ〈ŋľ⁅〉〉⟦〉ƯǫƯľŐ’–ŋľ—Ő‚ľņŐ””œŇōľ

→––žľ ľ℧ōľ⁄〉〉Ǽ〉ǫǼŋľ€ōľţōľ₫ƠǪŋľƠǼ〈ľūōľ⁅ōľŴƯŋľ€Ơ〉ľœœ–ŋľ‚‘”ľņ–ŏŏ’Ňōľ

→–—žľ ľ←ōľŵ⚮ƠŋľŴōľŴ〉⚮ǫŋľƠǼ〈ľ€ōľ€Ơ␣ƠƠŋľ℗〉ōľű␣ōľűǪōľ‚‚ŋľŏ‚’‘ŏŐľņ–ŏŐœŇōľ

→–œžľ ľŬōľ⁅ōľ℧ƠǼ␣ŋľūōŌ₫ōľŭǫŋľƠǼ〈ľ↑ōľ⁅ōľ℗〉Ǽŋľ‹〈ōľűǪōľ‘“ŋľ—–Őľņ–ŏŏ”Ňōľ

→–‘žľ ľ₫ōľ⁅ǫ〉ơǫ␣ŋľūōľűǪōľţōľ‹⟦ōľűǪōľ—“ŋľ℗Ő–—ľņ–ŏŏ‘Ňōľ

→–’žľ ľ※ōľūǫƠŋľŴōľŰǼ〈Ơŋľ€ōľ€Ơ␣ƠƠŋľƠǼ〈ľūōľũōľũƠǼŋľűǪōľ℗〉ōľ›ľ‚œŋľņ–ŏŏ’Ňōľ

→–‚žľ ľ℧ōľ※ōľŬ〉Ǫ⟦〉ľƠǼ〈ľ⁄ōľŰōľ℧⟦⟦ƠǼŋľűǪōľ℗〉ōľ”‚ŋľŐŐ‚‚ľņŐ”‘‘Ňōľ

→–“žľ ľŪōľ‹ōľŴ〉␣ǫ〉Ǽ⚮ŋľ※ōľŴ〉ǼŋľƠǼ〈ľ⁄ōľţƠ␣ŋľűǪōľ℗〉ōľŭ〉ōľ”‚ŋľņ–ŏŏ’Ňōľ

→–”žľ ľΩōľ←ōľű⟧⚭Ơ⚮ǪǫǼŋľ₫ōľŬ〉Ǽ〉⟦⟧ƠǼǼŋľ‹ōľţǼǼǫŋľ‹ōľ›ōľũƠǫŋľŵōľ
€Ơ⚮Ơ⚭ǫ⟧ƠŋľŴōľ₫ǫ〈Ơŋľ₫ōľŵƠƯǪǫơƠǼƠŋľŭōľŬ〉⟦⟦〉ŋľūōľ₫〉ŋľũōľŬǫƠƠƠŋľ
ƠǼ〈ľ⁄ōľŵƠ⚮ƠƠ⟧ƠŌ₫⟧ƠƯǪǫŋľ€〉ľūōľűǪōľŐŐŋľņ–ŏŏ”Ňōľ

→—ŏžľ ľũōľŬƠƠŋľ€ōľ€Ơ␣ƠƠŋľƠǼ〈ľ‹ōľΩľ›Ơ⟦Ơ⚮ŋľűǪōľ℗〉ōľŭ〉ōľ”‘ŋľņ–ŏŏ‘Ňōľ

→—Őžľ ľŪōľ⁄ōľţƠ⟦ǪǫǼ⚮ǫǫŋľŴōľűǪōľū〉ŌŶľŐŏŋľ’–“ľņŐ”’ŏŇōľ

→—–žľ ľŵōľ₫ǫƠŋľűǪōľ℗〉ōľŭ〉ōľœŋľ––“ľņŐ”’ŏŇōľ

→——žľ ľŵōľũōľ‹ǫ⟧ƠŋľūōľűǪōľŴƯōľūƠƠǼľ‚’ŋľņ–ŏŏ‚Ňōľ

→—œžľ ľŵōľŬǫ⟧Ơŋľūōľ※ōľŭƠǪ⟦〉ŋľƠǼ〈ľ‹ōľűōľ℗Ơ⟧ǫ〉ŋľűǪōľ℗〉ōľ›ľ‚—ŋľņ–ŏŏ’Ňōľ

→—‘žľ ľŵōľ€Ơ⚮Ơ⚭ǫ⟧ƠŋľŴōľ₫ǫ〈ƠŋľŵōľŪǼƠ⟧ǫŋľ€ōľŵ〉Ơ〈ƠŋľũōľŰǪ⟧ǫŋľŬōľű⚮〉ŋľ
ƠǼ〈ľ‹ōľű〈⟦〉ǼƠ⚮ŋľűǪōľ℗〉ōľ›ľ‚“ŋľņ–ŏŏ“Ňōľ
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→—’žľ ľŴōľŴ〉⚮ǫŋľ←ōľŰǼ〉ŋľƠǼ〈ľ←ōľŵ⚮ƠŋľűǪōľ℗〉ōľŭ〉ōľŐŏŐŋľņ–ŏŏ“Ňōľ

→—‚žľ ľ₫ōľŴ〈ƠŋľŬōľŬǫ⟧ƠŋľŵōľŬǫ⟧Ơŋľ₫ōľ₫ƠƠŋľƠǼ〈ľŬōľũǫƠŋľūōľűǪōľ
ŴƯōľūƠƠǼľ‚“ŋľņ–ŏŏ”Ňōľ

→—“žľ ľ‹ōľűōľ℗Ơ⟧ǫ〉ŋľ‹ǼǼōľ℗〉ōľ₫Ơ〉ōľŴƯǫōľ–œŋľœ‘—ľņŐ””œŇōľ

→—”žľ ľ℗ōľ※ōľű⟦⟦Ơŋľű␣ōľ₫Ơ〉ōľŴƯǫōľ‘‚ŋľŐŐ”Őľņ–ŏŐ–Ňōľ

→œŏžľ ľūōľŬ〉ǫ〉⟦ŋľ⁆ōľŭƯƠ〉ƠŋľƠǼ〈ľũōľΩǫǼƯ〉ǼŋľūōľŴ⟦ǫ〈ľŴƠ〉ľ※Ǫ〉⟧ōľŐ—‚ŋľŐ–‚ľ
ņŐ””“Ňōľ

→œŐžľ ľ⁆ōľŭōľŵƠǼľƠǼ〈ľŹōľ€ōľ※Ǫ〉Ǽŋľūōľ₫Ơ␣Ǽōľ₫Ơ␣Ǽōľ₫Ơ〉ōľ—–‚ŋľ“‚ľņ–ŏŐ—Ňōľ

→œ–žľ ľűōľŴōľ℧ƠǼ␣ľƠǼ〈ľũōľūōľŹǫƠǼ␣ŋľűǪōľ℗〉ōľŹľœŋľŏŐŐŏ—‘ľņ–ŏŐœŇōľ

→œ—žľ ľŵōľ₫ōľũōľ€␣〉ǼŋľŬōľũƠǼŋľŹōľ›ōľ※Ǫ〉Ǽŋľūōľ※ōľŴŋľƠǼ〈ľŪōľŴōľ←ƠǼ␣ŋľūōľ
℗Ơ⟧ƠǼľŴ〉ƯƯōľœ—ŋľ–ŏ–ŏľņ–ŏŐ–Ňōľ

→œœžľ ľŹōŌ›ōľ※Ǫ〉Ǽŋľ€ōľŵōľ₫ǫǼǪľũǫ〉ǼŋľŬōľũƠǼŋľūōľ※Ǫ⟦ľŴŋľ€ōľũōľŴǼ␣ŋľ›ōľŬōľ
※ǪŋľƠǼ〈ľŪōŌŴōľ←ƠǼ␣ŋľūōľ‹⟦ōľűǪōľŐŐœŋľŏŐ—”Ő–ľņ–ŏŐ—Ňōľ

→œ‘žľ ľűōľũƠǫŋľ‹Ū※Ǫ⁄ľūōľņŐ”’ŏŇōľ

→œ’žľ ľ⁆ōľ‹ōľŬ⟧ƠǼ〈ǫǼŋľ‹ōľŴōľű⚮ǪŋľΩōľŪōľŵ␣ƠǪ〉ŋľ⁄ōľŴōľ↑Ǫ⚮Ơŋľ›ōľűōľ
⁆ǪǼŋľƠǼ〈ľ‹ōľ‹ōľ›ǪŋľűǪōľŴ⟦ǫ〈ľŴƠ〉ľ‘—ŋľ‚—’ľņ–ŏŐŐŇōľ

→œ‚žľ ľ⁄ōľ℧ōľ⁆〉ŋľűƯōľŪǼōľ⁄⟦〉Ưōľ⁄Ǽ␣ōľŐŏœľ›ŋľ–‘‘ľņŐ”‘‚Ňōľ

→œ“žľ ľ€ōľ₫⟧ƠƠŋľ←ōľ←Ơ⟧Ơ␣ƯǪǫŋľƠǼ〈ľ₫ōľ₫ǫƠŋľūōľűǪōľŴƯōľūƠƠǼľ‘‘ŋľ
Ő—‘ŏľņŐ”“’Ňōľ

→œ”žľ ľŴōľŪǪǫƠƠŋľţōľŰ⚮Ơ⟧ƠŋľŬōľŬƠ⚮Ơǫŋľ₫ōľ€ǫǪǫŋľ←ōľŵƠ␣ƯǪǫŋľƠǼ〈ľ←ōľ
ŵ⚮ƠŋľűǪōľ℗〉ōľ›ľ“Őŋľņ–ŏŐŏŇōľ

→‘ŏžľ ľ€ōľŬǫ〈ƠŋľŴōľŬ⟧Ơ⚮ƠŋľŴōľŪǪǫƠƠŋľ←ōľŵƠ␣ƯǪǫŋľƠǼ〈ľ←ōľŵ⚮ƠŋľűǪōľ
℗〉ōľ›ľ“—ŋľņ–ŏŐŐŇōľ

→‘Őžľ ľŵōľ€Ơ⚮Ơ⚭ǫ⟧Ơŋľ←ōľŵƠ⚮ƠǪƠǪǫŋľŴōľŬǫơƠƠǪǫŋľ₫ōľ₫Ơ〈ƠŋľŬōľŬƠ⚮ƠǫŋľŴōľ
ŪǪǫƠƠŋľ←ōľŵƠ␣ƯǪǫŋľ←ōľŵ⚮ƠŋľƠǼ〈ľŵōľ‹ǫ⟧ƠŋľűǪōľ℗〉ōľ›ľ”—ŋľŏ—‘ŐŐ”ľ
ņ–ŏŐ’Ňōľ

→‘–žľ ľ₫ōľ₫ōľ※Ơŋľ⁆ōľ⁅ōľ₫ōľűǫ〉ŋľ‹ōľūōľŵ〉〉ŋľ₫ōľűōľ⁅ōľ⁆ƠƯƠŋľƠǼ〈ľ‹ōľŴōľ›ōľ
Ŵ⟧ơƠŋľūōľ‹⟦ōľűǪōľŐŐŏŋľņ–ŏŐŐŇōľ

→‘—žľ ľŵōľŬǫ⟧Ơŋľ⁆ōľŭƠ〉ŋľƠǼ〈ľ‹ōľűōľ℗Ơ⟧ǫ〉ŋľűǪōľ℗〉ōľŭ〉ōľ”œŋľņ–ŏŏ‘Ňōľ

→‘œžľ ľ€ōľ₫⟧ƠƠŋľūōľűǪōľŴƯōľūƠƠǼľ‘‘ŋľœŏŏ‚ľņŐ”“’Ňōľ
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→‘‘žľ ľŴōľŶ⟧ǫŋľţōľ←ǪǫơƠŋľƠǼ〈ľ€ōľ₫⟧ƠƠŋľūōľűǪōľŴƯōľūƠƠǼľ‚’ŋľ
ņ–ŏŏ‚Ňōľ

→‘’žľ ľũōľŴōľŴǪǫǼľƠǼ〈ľŴōŌūōľŬǼŋľű〈〉ľţǫ␢␢ōľ“ŋľ”“ľņ–ŏŐ—Ňōľ

→‘‚žľ ľ⁆ōľ›Ǽ⚮〉ŋľŪǼ〈ƯǫǼľľŹ‹⁅Ŵ„ľ‹ľűƠƯǫƯƠ⟦ľ⁆ǫ〈〉ľľŹŌ℗Ơľ

‹ơǫǼľ⁅ǫǼ〉ľŴƯ〉ľŴ〉ƯƯŋľŐľ⁄〈ǫǫǼľņ※Ơ⟧ơǫ〈␣〉ľŶǼǫ〉ǫľ
ű〉ŋľ€〉ľ←⚮ŋľ–ŏŐŏŇōľ

→‘“žľ ľţōľ›ǫ␣␣ŋľŴ␢ōľŪǼ〉␢ƠƯ〉ľ‹ǼƠ⟦ōľ—ŋľņŐ”“ŐŇōľ

→‘”žľ ľ₫ōľ※ōľ›ǫ〉ǫǼ␣〉ŋľ›ōľűōľűƠǼ〉ŋľ‹ōľűōľ⁆〉Ǽŋľŭōľ℧ōľ₫ōľŭƠŋľ‹ōľ℗ōľ
⁆〉ǼŋľƠǼ〈ľ℗ōľŴōľ※ōľŴ⟧Ơŋľ‹⟦ōľŴ␢ōľŴƯǫōľ–‘‚ŋľ–‚Ő‚ľņ–ŏŐŐŇōľ

→’ŏžľ ľţōľŭōľ℗〉Ơŋľ℗ōľűōľ›Ơ⟧ƠǼŋľƠǼ〈ľŴōľűōľŴōľűŋľūōľ℗Ơ⟧ƠǼľŴ〉ƯƯōľ
Őŏŋľ–‘—ľņŐ”“ŐŇōľ

→’Őžľ ľ⁅ōľ⁆〉ƠǫľƠǼ〈ľ›ōľűǫǫŋľűǪōľ℗〉ōľ›ľŐŏŋľņŐ”‚œŇōľ

→’–žľ ľ‹ōľ↑ƠǼ␣ǫ⟦⟦ŋľ₫〈〉Ǽľ⁄⟦〉Ư〈ǼƠ⟧ǫƯľņ※Ơ⟧ơǫ〈␣〉ľŶǼǫ〉ǫľű〉ŋľ
–ŏŐ—Ňōľ

→’—žľ ľŪōľ₫ōľ℗〉ƠǼ〉ľƠǼ〈ľţōľŪ〈〈⟦〉ŋľūōľ‹⟧ōľ※〉Ơ⟧ōľŴƯōľ“”ŋľ–ŏ’“ľņ–ŏŏ’Ňōľ

→’œžľ ľűōľōľ€ǫ⚮⟦ǫƯŋľūōľ↑ǫƠǼŋľŴōľ‹⟦〉⚮ǫƯŋľţōľŴƠ⟧ƠƠŋľ⁆ōľōľ⁆⟦〉〈Ǫǫ⟦⟦ŋľƠǼ〈ľūōľōľ
※⟦⟦ǫǼŋľŪǼ␢Ơ〉〈ľűǪōľ—ŏŋľ–’‘ľņŐ””ŏŇōľ

→’‘žľ ľ₫ōľΩľ℗ƠǼ〉ŋľţōľ›ƠǪƠ〈ŋľƠǼ〈ľ※ōľ₫ōľŴǫƠƠƠŋľūōľűǪōľţōľ‹⟦ōľűǪōľ
—–ŋľ–ŏŏŐľņŐ”””Ňōľ

→’’žľ ľ℧ōľ←ōľ↑ǪƠŋľűōľ℧〉ǫŋľũōľ›ōľ※Ǫ〉Ǽ␣ŋľŹōľ⁅ōľŵƠǼ␣ŋľƠǼ〈ľ№ōľūōľ↑ǪƠǼ␣ŋľūōľ‹⟧ōľ
※〉Ơ⟧ōľŴƯōľ”ŏŋľ–ŏ”‘ľņ–ŏŏ‚Ňōľ

→’‚žľ ľ⁆ōľ›ǫƠǫǼŋľūōľ↑ǫƠǼŋľŴōľ‹⟦〉⚮ǫƯŋľŵōľŴƯǫ〉ǼƯ〉ŋľ⁄ōľ⁄Ǽ␣ǫǼ〉〉ǫǼ␣ŋľ℗ōľ
ũ⟦⟦ƠŋľƠǼ〈ľŭōľŵŋľ—ŏŋľ–’‘ľņŐ””ŏŇōľ

→’“žľ ľŴōľŬƠ⟧ơƠŋľΩōľ⁆ǫƠǼŋľ₫ōľŴƠǫǼŋľ⁄ōľ›ǫƠ〈〉Ơŋľţōľ€ǪǼŋľ₫ōľ
₫ƠĽ⚮ŋľ₫ōľŬ〉⟧ƠŋľΩōľ›Ǽŋľūōľũ⟦ǫǼ⚮ƠŋľŬōľŬǼŘ〉⚮ŋľűōľΩƠǼù⚮ŋľűōľ
€⚮ŋľūōľ›Ľ⚮ŋľ←ōľũǫƠ⚮ƠŋľŵōľŬǫ⟧ƠŋľŬōľŬĵǫ⟦ŋľƠǼ〈ľũōľļùǼ⚮ŋľ
ūōľ‹⟦ōľűǪōľŐŏ‚ŋľŐŏœŐŏ”ľņ–ŏŐŏŇōľ

→’”žľ ľūōľŬ〉ǫ〉⟦ŋľ⁆ōľŭƯƠ〉ƠŋľƠǼ〈ľũōľΩǫǼƯ〉Ǽŋľūōľ℗Ơ⟧ƠǼľŴ〉ƯƯōľ—ŏŋľŐŐ‘ľ
ņŐ”””Ňōľ

→‚ŏžľ ľ₫ōľūōľŴ〉Ǽ␣ŋľ₫ōľ※ōľũƠǼǼƠŋľƠǼ〈ľľƠōľ₫ƠƯƠ〉ǼǪƠŋľ‹⟦ōľűǪōľŭ〉ōľ‚”ŋľ
—”‚œľņ–ŏŏŐŇōľ
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→‚Őžľ ľūōľŴ⟧ǫľƠǼ〈ľũōľűōľūōľ℧Ūū€ŋľ⁅〉ǫ〉ľņűǪǫ⟦⟦ǫľŵ〉ƯǪōľŭǫơōŋľ⁄ǫǼ〈Ǫ〉Ǽŋľ
ŵǪ〉ľ€〉Ǫ〉⟦ƠǼ〈ōŋľŐ”‘”Ňōľ

→‚–žľ ľ‹ōľ⁆⟦〈⟧ƠǼŋľ₫〈〉Ǽľ⁅〉ǫ〉ľŵ〉ƯǪǼ⟦␣ŋľ〉ƯǼ〈ľņŴǫǼ␣〉ŋľűǫơ␣Ǫŋľ
–ŏŏ‘Ňōľ

→‚—žľ ľŴōľ⁆ōľŭ〉〉ľƠǼ〈ľŴōľūōľŬǼŋľūōľ₫Ơ␣Ǽōľ₫Ơ␣Ǽōľ₫Ơ〉ōľŐ‘—ŋľ–‚”ľņŐ””’Ňōľ

→‚œžľ ľ←ōľ›ōľŭ〉〉ŋľūōľŵōľŭǫ⟧ŋľƠǼ〈ľ※ōľŴōľŬǫ⟧ŋľūōľŬ〉ƠǼľűǪōľŴƯōľ’‘ŋľŐœŐ”ľ
ņ–ŏŐœŇōľ

→‚‘žľ ľŵōľŬƠƠŋľŴōľŬ⟦〉ŋľŪōľ€〉〈⚮ŋľŬōľŬ〉ǪŋľţōľŬƠƯǪ〉Ơŋľ›ōľ
›⟦Ơ␣〉ŋľ※ōľ⁆Ǫ〉⟦〉ŋľ※ōľũ〉Ǽǫŋľ℗ōľ※⟦ŋľƠǼ〈ľľƠōľ↑Ơ⟦〉⚮ǫŋľūōľŴ〉ƯǼ〈ōľ
€ōľ₫Ơ␣Ǽōľ–‘ŋľ–’—Őľņ–ŏŐŐŇōľ

→‚’žľ ľŴōľ※ǪƠ〈ǪŋľŴōľŬōľ℗Ơ⚮ǪǫŋľŴōľ※ōľűƠǫ〈Ơŋľ↑ōľŴǫǼ␣ǪŋľŬōľţōľŴōľ₫〈Ǫ〉ŋľ
ƠǼ〈ľΩōľΩ〉Ǽ␣Ơ⟦ŋľūōľ‹⟦⟦ľ※⟧〈ōľœ‘‘ŋľ–‘ľņ–ŏŏ“Ňōľ

→‚‚žľ ľţōľūōľŭƯ⚮〈ľƠǼ〈ľ₫ōľ⁆ōľ※Ơ⟧ŋľūōľ‹⟦ōľűǪōľ’œŋľ‘“‚’ľņŐ”““Ňōľ

→‚“žľ ľ₫ōľ›Ơ⟦⚮ƠǼ⚮ǫŋľ℗ōľ⁅ōľ℧Ơ⟦⟦ǫŋľƠǼ〈ľ⁄ōľũƠŋľűǪōľ℗〉ōľ›ľ–“ŋľŐ”–“ľņŐ”“—Ňōľ

→‚”žľ ľ‹ōľ€ǼƠŋľ›ōľŴōľ‹Ơ⚭ŋľ‹ōľűōľ‹Ơ⟦Ơŋľ‹ōľűōľ₫ƠƯǫ〉⟦ŋľŴōľ←ƠǼ〉ŌΩǫ⟦Ơŋľ₫ōľ
ŴƠǼƯǪ〉Ō‹Ǽ〈⚭Ơŋľ₫ōľ‹ōľŴ〉ǼƠǫŌ℗〈ǫ␣〉ŋľƠǼ〈ľ※ōľ℧ōľ‹ōľűƠƯǪƠ⟦ŋľ‹⟦ōľ
űǪōľŭ〉ōľ–––”ŏ–ŋľŐľņ–ŏŐœŇōľ

→“ŏžľ ľũōľŴōľ€ƠǫŋľţōľŴƠǫǼŋľũōľ€ōŋľŴōľ‹〈ǫ␣Ơŋľ※ōľ€ƠƠƠǼƠŋľƠǼ〈ľŴōľ⁄⟦Ơơ〉Ǫŋľūōľ
‹⟦ōľűǪōľŐŐŏŋľŐ–—”Ő”ľņ–ŏŐŐŇōľ

→“Őžľ ľΩōľŴǫǼľ›ǪƠ〈Ơ⟧ŋľ›ōľ℗Ơ⚭〉ƠƠǼŋľľƠōľŴǼ〈Ơ〉ƠǼŋľƠǼ〈ľ※ōľ€ƠƠƠǼƠŋľ
⁄űŭľņ⁄ǪǫƯľŭ〉ōľŐŏŐŋľŐ‚ŏŏ“ľņ–ŏŐ—Ňōľ

→“–žľ ľūōľŬǫǪǼƠŋľ※ōľ₫ǫƠŋľŴōľ℗Ơ⟧ŋľƠǼ〈ľ‹ōľΩ〉Ǽǫ⟧Ơ〈ǪƠŋľūōľ‹⟦⟦ľ※⟧〈ōľ
‘œ‘ŋľ––‘ľņ–ŏŐ–Ňōľ

→“—žľ ľ←ōľűōľŴƠǼŋľ›ōľ※ōľ‹Ǽ〈Ơ〈〉ŋľ℗ōľ₫ƠƯǪƠ〈ŋľƠǼ〈ľ₫ōľƠōľ₫ƠƯ〈ŋľūōľ₫Ơ␣Ǽōľ
₫Ơ␣Ǽōľ₫Ơ〉ōľ—’œŋľ”‘ľņ–ŏŐœŇōľ

→“œžľ ľŹōľ↑ǪƠǼ␣ŋľ←ōľ⁆ōľ↑ǪƠŋľ←ōľ⁅ōľ※ǫŋľŭōľţōľ←〉ŋľūōľ℧ōľ℧ƠǼ␣ŋľŴōľ↑ǪƠǼ␣ŋľũōľ←ōľ
↑ǪƠǼ␣ŋľƠǼ〈ľ₫ōľũōľ↑Ǫŋľ‹⟦ōľűǪōľŭ〉ōľŐŏŏŋľŏ—–”ŏŐľņ–ŏŐ–Ňōľ

→“‘žľ ľūōľũ〉⟧ơ〉␣〉ŋľŵōľ℗〈⟦␢ŋľũōľŌƠōľŬ␣ľǼľ€ǫ〈〈Ơŋľ⁅ōľ₫ƠŋľľƠōľűǫ⟧〉Ǽŋľ
Ωōľŵ⚮ƠǼŋľƠǼ〈ľľƠōľŭǫ〈⟦ŋľűǪōľ℗〉ōľŭ〉ōľ”‚ŋľŏ“‚–ŏœľņ–ŏŏ’Ňōľ

→“’žľ ľūōľŹŋľūōľűƠ⚮ŋľƠǼ〈ľũōľūƠǼ␣ŋľűǪōľ℗〉ōľ›ľ‚‘ŋľŏŐ–œŏ”ľņ–ŏŏ‚Ňōľ

→“‚žľ ľũōľŬǪƠǼ〈ǫŋľ₫ōľ※ōľţǫ⟧ǫŋľũōľŬ⚮ƠŋľŪōľũ〉ǫǼ⟧ƠƠŋľ⁆ōľΩǫ⟦Ơŋľũōľ€ǫǼ␣ŋľ
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₫ōľūōľ℗〉〉Ư〉ŋľūōľŬ⚮ŋľƠǼ〈ľ℗ōľŴ〉Ǽŋľūōľ‹⟦ōľűǪōľŐŐ–ŋľņ–ŏŐ–Ňōľ

→““žľ ľ‹ōľ⁅ƠǼƯľƠǼ〈ľ₫ōľŴōľŴǫ⟦Ơŋľūōľ‹⟦ōľűǪōľŐŏ”ŋľŏ‚›‘ŏ‘ľņ–ŏŐŐŇōľ

→“”žľ ľŬōľ₫〉⟦〉ŋľūōľŴƠ⟦⚮ǫŋľ₫ōľĞ⚮ƠǫƠ⚮ŋľ›ōľŭǫ⟦〈ŋľƠǼ〈ľ‹ōľ₫ƠǫǼŋľ
ũ〉␢ǫǼ〉ľŪǼ〉ƠƯōľ‘œŋľ’Ő—ľņŐ””ŏŇōľ

→”ŏžľ ľũōľ℗ōľ℗ōľ⁆Ơŋľ⁆ľ⁅ŋľūōľ₫Ơ␣Ǽōľ₫Ơ␣Ǽōľ₫Ơ〉ōľŐ”‚ŋľŐ”ŐľņŐ”””Ňōľ

→”Őžľ ľ←ōľŹŋľ←ōľŭǫƠǼ␣ŋľŭōľūǫƠǼ␣ŋľũōľ℧ŋľũōľ↑ǪƠŋľƠǼ〈ľţōľŹ〉ŋľūōľ€ƠǼ⟧Ơ〉ōľ
–ŏŐŐŋľŐľņ–ŏŐŐŇōľ

→”–žľ ľűōľ℗ǫ⟦⟦ƠǫǼŋľ₫ōľ※ƠƠŋľ←ōľ⁆Ơ⟦⟦ƠǫŋľľƠōľŴƠƯŋľ℗ōľŭơŋľţōľŭ〉ơ〉␣⟦〉ŋľ
ƠǼ〈ľţōľ※⟦ǼŋľűǪōľ℗〉ōľ›ľ‚”ŋľŐ“ŏœŐŐľņ–ŏŏ”Ňōľ

→”—žľ ľ‹ōľ₫ōľ‹ōľ⁄⟦ľ‹Ơŋľ₫ōľŬōľ⁄⟦ľ€ǫ⟧ŋľƠǼ〈ľţōľ⁄⟦ľŬǼŋľūōľ₫Ơ␣Ǽōľ₫Ơ␣Ǽōľ
₫Ơ〉ōľ–ŏœŋľ—’ľņŐ”””Ňōľ

→”œžľ ľ₫ōľ‹ōľ⁄⟦ľũǫǫľƠǼ〈ľ‹ōľ₫ōľ‹ōľ⁄⟦ľ‹ƠŋľŐ”‘ŋľ’’‚ľņŐ”””Ňōľ

→”‘žľ ľ‹ōľ₫ōľ‹ōľ⁄⟦ľ‹Ơŋľ₫ōľŬōľ⁄⟦ľ€ǫ⟧ŋľƠǼ〈ľţōľ⁄⟦ľŬǼŋľūōľ₫Ơ␣Ǽōľ₫Ơ␣Ǽōľ
₫Ơ〉ōľ–ŏ–ŋľ—”‚ľņŐ”””Ňōľ

→”’žľ ľ‹ōľŬōľūǼƯǪ〉ŋľ€Ơ〉ľ–’‚ŋľ’‚—ľņŐ”‚‚Ňōľ

→”‚žľ ľūōľŭǫŋľ※ōŌ⁆ōľţƠǼŋľ℧ōŌ⁆ōľ←ǫǼŋľ℧ōľ€ōľ₫〉ǫŋľ℗ōľ℧ōľŴ⟧ǫǪŋľƠǼ〈ľūōľ℗ōľ
ũƠ〈ŋľūōľ※Ǫ〉⟧ōľűǪōľŐŐ”ŋľ–“Ő–ľņ–ŏŏ—Ňōľ

→”“žľ ľ※ōľ⁆ōľŬŋľűǪōľ℗〉ōľ“—ŋľŐ–ŐľņŐ”‘ŐŇōľ

→””žľ ľūōľ※ōľ₫Ơ〉⟦⟦ŋľŵ〉Ơǫ〉ľǼľ⁄⟦〉ƯǫƯǫľƠǼ〈ľ₫Ơ␣Ǽ〉ǫ⟧ľņţ〉ľ
űơ⟦ǫƯƠǫǼŋľ€〉ľ←⚮ŋľŐ”‘œŇōľ

→Őŏŏžľ ľ⁄ōľũ〉ŋľŴōľŴǼ␣ŋľ←ōľŬŋľƠǼ〈ľũōľ₫ōľūƠǼ␣ŋľ’Őŋľ‚‚ŏ‘ľņ–ŏŐ—Ňōľ

→ŐŏŐžľ ľ›ōľũōľŴƠŋľŪǼ␢Ơ〉〈ľŴ〉ƯƯ„ľ⁅Ǽ〈Ơ⟧〉ǼƠ⟦ľƠǼ〈ľ‹⟦ǫƯƠǫǼľ
ņūǪǼľ℧ǫ⟦〉ľńľŴǼŋľŭ〈ŋľ※ǪǫƯǪ〉〉ŋľŶŬŋľ–ŏŏœŇōľ

→Őŏ–žľ ľŬōľ€Ơ⚮Ơ⟧ŋľŪǼ␢Ơ〉〈ľ‹Ǽ〈ľ℗Ơ⟧ƠǼľŴ〉ƯƠľŰ␢ľŪǼ␣ƠǼǫƯľ‹Ǽ〈ľ

※〈ǫǼƠǫǼľ※⟧Ǽ〈ľŌľŬō€Ơ⚮Ơ⟧ō〈␢ľņūǪǼľǫ⟦〉ľńľǼŋľ
₫ǫ⟦Ơ⚮〉〉ŋľŐ”“’Ňōľ

→Őŏ—žľ ľţōľ‹ōľŭǼ␣ŋľŵǪ〉ľ℗Ơ⟧ƠǼľ⁄␢␢〉ƯľņūǪǼľ℧ǫ⟦〉ľńľŴǼŋľŭ〈ŋľ※ǪǫƯǪ〉〉ŋľ
ŶŬŋľ–ŏŏ–Ňōľ

→Őŏœžľ ľūōľ℗ōľ⁅〉ƠŋľŬōľ€Ơ⚮Ơ⟧ŋľƠǼ〈ľ※ōľ℧ōľ›ǼŋľŪǼ〈Ưľ℗Ơ⟧ƠǼľ

Ŵ〉ƯƯŋľ〉ƯǼ〈ľņ⁄⟦〉ǫ〉ŋľ–ŏŏ—Ňōľ
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→Őŏ‘žľ ľ€ōľţōľ‹ǪƯ␢ŋľ€〉ǫ⟦ľ℧†ľ₫〉⟧ǫǼŋľ‹ǪƯ␢ľ€ō†ľ₫〉⟧ǫǼľ€ōľŌľŴ⟦ǫ〈ľŴƠ〉ľ

űǪǫƯō〈␢ľņũƠƯľƯ⟦⟦〉␣〉ľơ⟦ǫǪ〉ŋľŰ⟦ƠǼ〈ŋľŐ”‚’Ňōľ

→Őŏ’žľ ľ›ōľţōľ※⟦⟦ǫŋľ⁄⟦〉⟧〉Ǽľ␢ľţŪ⁅⁅℗‹※ŵŪŰ€ľņ‹〈〈ǫǼŌ℧〉⟦〉ľűơ⟦ǫǪǫǼ␣ľ
※⟧ƠǼŋľŶŴ‹ŋľŐ”‚“Ňōľ

→Őŏ‚žľ ľūōľ›〉Ǽ〉ǫǼľƠǼ〈ľ⁆ōľ℗ōľţ〉ǫƠ⚭ŋľŪľ€ľŵľ⁄ľ℗ľ€ľ‹ľŵľŪľŰľ€ľ‹ľŭľŶľ€ľŪľŰľ

€ľŰľ⁅ľ※ľ℗←ľŴľŵ‹ľŭľŭľŰľ⁆ľ℗ľ‹ľűľũľ←ľŵľ⁄ľŹľŵľŴľņŰ␢〈ľŶǼǫ〉ǫľ
ű〉ŋľ€〉ľ←⚮ŋľ–ŏŏ”Ňōľ

→Őŏ“žľ ľ℗ōľōľ←Ǽ␣ŋľŵǪ〉ľ℗ǫ〉〉⟦〈ľ₫〉Ǫ〈 ŌŪŶ※ľŌľ₫Ǽ␣ƠǪľǼľ

※Ơ⟦⟦␣ƠǪō〈␢ľņŰ␢〈ľŶǼǫ〉ǫľű〉ŋľ€〉ŋľŐ””—Ňōľ

→Őŏ”žľ ľ‹ōľ₫ǫǪ〉⟦ǫƯŋľŹ‹€⁄ŴľŴ〉ƯƯŋľ–ŏŏ–ōľ

→ŐŐŏžľ ľţōľŭōľ※ǪǫǼƠ␣⟦ǫƠľƠǼ〈ľ⁆ōľ⁆ǫŋľ℗〉ōľ›Ơōľ⁄ǼǫǼľ⁅ǫƯƠľœ‘ŏœŋľņ–ŏŏ”Ňōľ

→ŐŐŐžľ ľ⁄ōľ›Ơ⚮ľƠǼ〈ľūōľ℗ōľ₫ƠƯ〈ǼƠ⟦〈ŋľŪ⟧〉〈ƠǼƯ〉ľŴ〉ƯƯľņ–ŏŏ‘Ňōľ

→ŐŐ–žľ ľ‹ōľ※⟦⟦⟧ơŋľūōľ₫⟦⟦〉ŋľūōľ※ōľ⁆ǫ〉⟦ŋľƠǼ〈ľūōľ₫ōľţ〉ǫ␣Ǽ〉ŋľūōľ₫Ơ␣Ǽōľ
₫Ơ␣Ǽōľ₫Ơ〉ōľ‚“ŋľ‚‚ľņŐ”“”Ňōľ

→ŐŐ—žľ ľţōľΩǫ〉Ǫ⟦ƠǼ〈ŋľŴōľūōľūƠǼ␣ŋľŭōľ⁄ōľ※ŋľƠǼ〈ľ₫ōľ℧ǫ␣ŋľūōľ‹⟦ōľűǪōľ’“ŋľ
–”Ő’ľņŐ””ŏŇōľ

→ŐŐœžľ ľ⁄ōľ※〉ǼŋľűǪōľ℗〉ōľŭ〉ōľ‘–ŋľ’”ľņŐ”“œŇōľ

ľ


