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ɄɅɃȿɃũɃɆ 

ȼ ˊŬɟɞɨůŬ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ŮəˊɞɜɐɗɖəŮ ůŰɞ ȺɟɔŬůŰɐɟɘɞ ȷɜɧɟɔŬɜɖɠ ɉɖɛŮɑŬɠ 

Űɞɡ ɇɞɛɏŬ ūɡůɘəɞɢɖɛŮɑŬɠ, ȷɜɧɟɔŬɜɖɠ  əŬɘ Ʉɡɟɖɜɘəɐɠ ɉɖɛŮɑŬɠ, Űɞɡ ɇɛɐɛŬŰɞɠ 

ɉɖɛŮɑŬɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ɄŬŰɟɩɜ ůŰŬ ˊɚŬɑůɘŬ  Űɞɡ ɀŮŰŬˊŰɡɢɘŬəɞɨ  

ɄɟɞɔɟɎɛɛŬŰɞɠ  Ɇˊɞɡŭɩɜ  çɄɅɃȼũɀȺɁȷ ɄɃȿɈɀȺɅȽȾȷ ȾȷȽ 

ɁȷɁɃȹɃɀȼɀȺɁȷ ɈȿȽȾȷè Űɞɡ ɇɛɐɛŬŰɞɠ ɉɖɛŮɑŬɠ, ɡˊɧ Űɖɜ ŮˊɑɓɚŮɣɖ Űɞɡ 

ȾŬɗɖɔɖŰɞɨ ə. ɆɄɈɅɃɈ  Ʉ. ɄȺɅȿȺɄȺ. ɇɞɜ ŮɡɢŬɟɘůŰɩ ɗŮɟɛɎ ɔɘŬ Űɖɜ ŬɜɎɗŮůɖ Űɞɡ 

ɗɏɛŬŰɞɠ, Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ Űɞɡ ŮˊɑɓɚŮɣɖ, əŬɘ Űɖ ɛŮɔɎɚɖ Űɞɡ ůɡɛɓɞɚɐ ůŰɖɜ 

ɞɚɞəɚɐɟɤůɖ əŬɘ ůɡɔɔɟŬűɐ Űɖɠ ˊŬɟɞɨůŬɠ ȹɘˊɚɤɛŬŰɘəɐɠ ȺɟɔŬůɑŬɠ. 

ȺɡɢŬɟɘůŰɩ ɗŮɟɛɎ ŰŬ ɎɚɚŬ ŭɨɞ ɛɏɚɖ Űɖɠ ȺɝŮŰŬůŰɘəɐɠ ɛɞɡ ȺˊɘŰɟɞˊɐɠ, Űɖɜ Ⱥˊɑəɞɡɟɖ 

ȾŬɗɖɔɐŰɟɘŬ ə. ɉɅɈɆɃȸȷȿȷɁɇɋ ɁɇȺɌɀȺɁɇȺ əŬɘ Űɞɜ ȷɜŬˊɚɖɟɤŰɐ ȾŬɗɖɔɖŰɐ ə. 

ũȺɋɅũȽɃ ɀɄɃȾȽȷ ɔɘŬ Űɖ ŭɘŭŬůəŬɚɑŬ ɛŮŰŬˊŰɡɢɘŬəɩɜ ɛŬɗɖɛɎŰɤɜ əŬɘ Űɖɜ Űɘɛɐ ˊɞɡ 

ɛɞɡ ɏəŬɜŬɜ ɜŬ ŮɑɜŬɘ ɛɏɚɖ Űɖɠ ȺˊɘŰɟɞˊɐɠ. 

ŪŮɟɛɏɠ ŮɡɢŬɟɘůŰɑŮɠ ɞűŮɑɚɤ əŬɘ ůŰɖ ȹɟŬ ɉɅȽɆɇȽɁȷ ȹ. ɄɃȿɈȻɃɈ ɔɘŬ Űɖɜ 

əŬɗɖɛŮɟɘɜɐ Űɖɠ ɓɞɐɗŮɘŬ ůŰɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ, ůŰɞ ůɢŮŭɘŬůɛɧ Űɤɜ 

ŬɜŰɘŭɟɎůŮɤɜ əŬɘ ůŰɖɜ ŮɟɛɖɜŮɑŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ɉɤɟɑɠ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘɎ 

Űɖɠ ɗŬ ɐŰŬɜ ŬŭɨɜŬŰɖ ɖ ˊŮɟɎŰɤůɖ Űɞɡ ɄŮɘɟŬɛŬŰɘəɞɨ  ɀɏɟɞɡɠ Űɖɠ ȺɟɔŬůɑŬɠ. 

Ⱥˊɑůɖɠ Ůˊɘɗɡɛɩ ɜŬ ŮəűɟɎůɤ Űɖɜ Ůɡɔɜɤɛɞůɨɜɖ ɛɞɡ :  

(Ŭ) ɆŰɞɡɠ ȹɘŮɡɗɡɜŰɏɠ ȺɟŮɡɜɩɜ ȹɟŮɠ  ȷȽȾȷɇȺɅȽɁȼ  Ʉ. ɅȷɈɇɃɄɃɈȿɃɈ, 

ȸȷɆȽȿȺȽɃ ɊɈɉȷɅȼ əŬɘ ȷɅȽɆɇȺȽȹȼ  ɇȺɅȻȼ  Űɞɡ ȽɜůŰɘŰɞɨŰɞɡ  çɁŬɜɞŮˊɘůŰɐɛɖɠ 

əŬɘ ɁŬɜɞŰŮɢɜɞɚɞɔɑŬɠè  ůŰɞ Ⱥ.Ⱦ.Ⱥ.ū.Ⱥ. çȹɖɛɧəɟɘŰɞɠè (ȷɔɑŬ ɄŬɟŬůəŮɡɐ, ȷŰŰɘəɐɠ) 

ɔɘŬ Űɖ ůɡɚɚɞɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊŮɟɑɗɚŬůɖɠ əŬɘ Űɖɜ Ůˊɑɚɡůɖ Űɤɜ əɟɡůŰŬɚɚɘəɩɜ 

ŭɞɛɩɜ Űɤɜ ɜɏɤɜ ɢɖɛɘəɩɜ ŮɜɩůŮɤɜ ˊɞɡ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɖ ȹɘˊɚɤɛŬŰɘəɐ 

ȺɟɔŬůɑŬ. 

(ɓ) ɆŰɖɜ ɡˊɞɣɐűɘŬ ȹɘŭɎəŰɞɟŬ ə. Ȼɋȼ ȿȷȹȷ ɔɘŬ Űɖɜ əŬŰŬɔɟŬűɐ  ɞɟɘůɛɏɜɤɜ 

űŬůɛɎŰɤɜ Raman ůŰɞ ȽɜůŰɘŰɞɨŰɞ ȺˊɘůŰɖɛɩɜ ɉɖɛɘəɐɠ ɀɖɢŬɜɘəɐɠ (ȽȺɉɀȼ) Űɞɡ 

ȽɜůŰɘŰɞɨŰɞɡ ɇŮɢɜɞɚɞɔɑŬɠ əŬɘ ȰɟŮɡɜŬɠ (ȽɇȺ) ůŰɞ ɄɚŬŰɎɜɘ ɄŬŰɟɩɜ. ɇŬ űɎůɛŬŰŬ 

əŬŰŬɔɟɎűɖəŬɜ ůŰɞ ȺɟɔŬůŰɐɟɘɞ Űɞɡ ȹɘŮɡɗɡɜŰɞɨ  ȺɟŮɡɜɩɜ ȹɟŬ ũȺɋɅũȽɃɈ 

ȸɃũȽȷɇȻȼ, Űɞɜ ɞˊɞɑɞ ŮɡɢŬɟɘůŰɩ ɗŮɟɛɎ ɔɘŬ Űɖ ůɢŮŰɘəɐ ɎŭŮɘŬ. 

ȷɘəŬŰŮɟɑɜɖ ɄŮŰɟɞˊɞɨɚɞɡ 

ɄɎŰɟŬ, ūɗɘɜɧˊɤɟɞ 2016 
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ɄȺɅȽȿȼɊȼ   

 

ȼ ˊŬɟɞɨůŬ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ ɀ.ȹ.Ⱥ. ŬűɞɟɎ ůŰɖ ůɨɜɗŮůɖ əŬɘ 

ůŰɞ ɢŬɟŬəŰɖɟɘůɛɧ ɄɞɚɡɛŮɟɩɜ ȰɜŰŬɝɖɠ (ɄȺ). ɇŬ ɄȺ ˊɟɞůŮɚəɨɞɡɜ Űɞ ɏɜŰɞɜɞ 

ŮɜŭɘŬűɏɟɞɜ Űɤɜ ŬɜɞɟɔɎɜɤɜ ɢɖɛɘəɩɜ əɡɟɑɤɠ ɚɧɔɤ Űɤɜ ŬɘůɗɖŰɘəɎ ɤɟŬɑɤɜ ŭɞɛɩɜ Űɞɡɠ 

əŬɘ Űɤɜ ůɡɜŬɟˊŬůŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ (ɞˊŰɘəɏɠ, ɛŬɔɜɖŰɘəɏɠ, əŬŰŬɚɡŰɘəɏɠ, 

ˊɟɞůɟɧűɖůɖ ɡɔɟɩɜ əŬɘ ŬŮɟɑɤɜ ə.ɚ.ˊ.). Ƀ ůŰɧɢɞɠ ɛŬɠ ɐŰŬɜ ɖ ˊŬɟŬůəŮɡɐ ɄȺ Hg(II) 

ɛŮ Űɖ ɢɟɖůɘɛɞˊɞɑɖůɖ Űɞɡ ɓŮɜɕɞŰɟɘŬɕɞɚɑɞɡ (btaH) əŬɘ ˊŬɟŬɔɩɔɤɜ Űɞɡ ɤɠ 

ɡˊɞəŬŰŬůŰŬŰɩɜ. ȰɜŬɠ ɘŭɘŬɑŰŮɟɞɠ ůŰɧɢɞɠ Űɖɠ ŮɟɔŬůɑŬɠ ɛŬɠ ɐŰŬɜ ɖ ˊŬɟŬůəŮɡɐ 

ŮŰŮɟɞɛŮŰŬɚɚɘəɩɜ  ɄȺ Co(II)/Hg(II). ȼ Ŭˊɞɛɧɜɤůɖ ŮŰŮɟɞɛŮŰŬɚɚɘəɩɜ  ɄȺ  ŬˊɞŰŮɚŮɑ 

ůɐɛŮɟŬ ůɡɜɗŮŰɘəɐ ˊɟɧəɚɖůɖ. 

                                                 

 

 

Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ Űɤɜ HgX2 (X=Cl, Br, I, SCN) ɛŮ Űɞ 1-ɛŮɗɡɚɞɓŮɜɕɞŰɟɘŬɕɧɚɘɞ (Mebta) 

ɞŭɐɔɖůŬɜ ůŰɘɠ ůɨɛˊɚɞəŮɠ ŮɜɩůŮɘɠ {[ HgX2(Mebta)]} n  (X=Cl, 1 / X=Br, 2), 

[Hg2I4(Mebta)2] (3) əŬɘ {[ Hg2(SCN)4(Mebta)3]} n  (4). Ƀɘ ŮɜɩůŮɘɠ 1 əŬɘ 2 ŮɑɜŬɘ 1D 

ɄȺ. ɇɞ əɎɗŮ ɎŰɞɛɞ Hg
II
 ɔŮűɡɟɩɜŮŰŬɘ ɛŮ Űɞ əŬɗɏɜŬ Ŭˊɧ ŰŬ ŭɨɞ ɔŮɘŰɞɜɘəɎ ɛŮŰŬɚɚɘəɎ 

əɏɜŰɟŬ ɛɏůɤ ŭɨɞ ɛ2 Ŭɚɧɔɞɜɞ ɡˊɞəŬŰŬůŰŬŰɩɜ.  ȰɜŬɠ ɛɞɜɞŭɞɜŰɘəɧɠ ɡˊɞəŬŰŬůŰɎŰɖɠ 

Mebta ůɡɛˊɚɖɟɩɜŮɘ Ŭɟɘɗɛɧ ɏɜŰŬɝɖɠ 5 ůŮ əɎɗŮ ɎŰɞɛɞ Hg
II
. ɇɞ ɎŰɞɛɞ-ŭɧŰɖɠ Űɞɡ   

Mebta ŮɑɜŬɘ Űɞ ɎŰɞɛɞ ŬɕɩŰɞɡ Űɖɠ ɗɏůɖɠ 3 Űɞɡ Ŭɕɞɚɘəɞɨ ŭŬəŰɡɚɑɞɡ. Ƀɘ ɔŮɤɛŮŰɟɑŮɠ 

ɏɜŰŬɝɖɠ Űɤɜ ŭɡɞ ɛŮŰŬɚɚɞɥɧɜŰɤɜ ŮɑɜŬɘ ˊɞɚɨ ˊŬɟŬɛɞɟűɤɛɏɜŮɠ əŬɘ ɛˊɞɟɞɨɜ ɜŬ 

ˊŮɟɘɔɟŬűɞɨɜ ŮɑŰŮ ɤɠ ˊŬɟŬɛɞɟűɤɛɏɜŮɠ Űɟɘɔɤɜɘəɏɠ ŭɘˊɡɟŬɛɘŭɘəɏɠ ŮɑŰŮ ɤɠ 

ˊŬɟŬɛɞɟűɤɛɏɜŮɠ ŰŮŰɟŬɔɤɜɘəɏɠ ˊɡɟŬɛɘŭɘəɏɠ. ɇŬ ŭɘˊɡɟɖɜɘəɎ ɛɧɟɘŬ Űɞɡ 3 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ Űɖ ɟɞɛɓɘəɐ ɛɞɜɎŭŬ {Hg2(ɛ2-I)2}
2+
, ɛŮ ɏɜŬ ŰŮɟɛŬŰɘəɧ ɘɤŭɑŭɘɞ əŬɘ 

ɏɜŬ ɛɞɜɞŭɞɜŰɘəɧ  ɡˊɞəŬŰŬůŰɎŰɖ  Mebta (ˊɞɡ ŮɜŰɎůůŮŰŬɘ ɛɏůɤ Űɞɡ Ɂ3) ɜŬ 

ůɡɛˊɚɖɟɩɜɞɡɜ ɛɑŬ ˊɞɚɨ ˊŬɟŬɛɞɟűɤɛɏɜɖ ŰŮŰɟŬŮŭɟɘəɐ ɔŮɤɛŮŰɟɑŬ ůŰŬ ɛŮŰŬɚɚɘəɎ 

əɏɜŰɟŬ. ȼ ɏɜɤůɖ 4 ŮɑɜŬɘ ɏɜŬ 1D ɄȺ. ɇŬ ɔŮɘŰɞɜɘəɎ ɎŰɞɛŬ Hg
II
 ɔŮűɡɟɩɜɞɜŰŬɘ Ŭˊɧ ŭɨɞ 

Mebta btaH 
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ɛ2-S,N ɗŮɘɞəɡŬɜɎŰɞ ɡˊɞəŬŰŬůŰɎŰŮɠ. Ƀɘ ɔŮɤɛŮŰɟɑŮɠ ɏɜŰŬɝɖɠ Űɤɜ ɛŮŰŬɚɚɘəɩɜ əɏɜŰɟɤɜ 

ŮɜŬɚɚɎůůɞɜŰŬɘ ɛŮŰŬɝɨ ɞəŰŬŮŭɟɘəɐɠ (ɛŮ ɏɜŰŬɝɖ ŭɨɞ ɛɞɟɑɤɜ Mebta) əŬɘ ŰŮŰɟŬŮŭɟɘəɐɠ 

(ɛŮ ɏɜŰŬɝɖ Ůɜɧɠ ɛɞɟɑɞɡ Mebta). 

Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ Űɤɜ HgBr2 əŬɘ  HgI2 ɛŮ Űɞ btaH ůŮ DMF əŬɘ DMF/Me2CO, 

ŬɜŰɑůŰɞɘɢŬ, ɞŭɐɔɖůŬɜ ůŰɘɠ ˊŮɜŰŬˊɡɟɖɜɘəɏɠ ˊɚŮɘɎŭŮɠ ɏɜŰŬɝɖɠ  [Hg5Br4(bta)6] (5) əŬɘ 

[Hg5Ƚ4(bta)6]ĿHgȽ2 (6). Ƀɘ ɛɞɟɘŬəɏɠ ŭɞɛɏɠ Űɤɜ ůɡɛˊɚɧəɤɜ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɛɑŬ 

ŰŮŰɟŬŮŭɟɘəɐ ŭɘŮɡɗɏŰɖůɖ ŰŮůůɎɟɤɜ ɛŮŰŬɚɚɘəɩɜ ɘɧɜŰɤɜ. ɆŰɞ əɏɜŰɟɞ Űɞɡ ŰŮŰɟŬɏŭɟɞɡ 

ɡˊɎɟɢŮɘ Űɞ ˊɏɛˊŰɞ ɎŰɞɛɞ Hg
II
. ȾɎɗŮ ɘɧɜ btaĖ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ɤɠ ɡˊɞəŬŰŬůŰɎŰɖɠ  

ɖ
1
:ɖ

1
:ɖ

1
:ɛ3. ɇŬ əŮɜŰɟɘəɎ ɎŰɞɛŬ Űɤɜ ɏɝɘ ɡˊɞəŬŰŬůŰŬŰɩɜ  btaĖ ŮɜŰɎůůɞɜŰŬɘ ɛŮ Űɞ 

əŮɜŰɟɘəɧ ɎŰɞɛɞ Hg
II
. ȰɜŬɠ ŰŮɟɛŬŰɘəɧɠ Ŭɚɧɔɞɜɞ ɡˊɞəŬŰŬůŰɎŰɖɠ ůɡɛˊɚɖɟɩɜŮɘ ɛɑŬ 

ˊŬɟŬɛɞɟűɤɛɏɜɖ ŰŮŰɟŬŮŭɟɘəɐ ůŰŮɟŮɞɢɖɛŮɑŬ ůŰŬ ˊŮɟɘűŮɟŮɘŬəɎ ɛŮŰŬɚɚɞɥɧɜŰŬ. ȼ 

ůűŬɑɟŬ ɏɜŰŬɝɖɠ Űɞɡ əŮɜŰɟɘəɞɨ/ŮůɤŰŮɟɘəɞɨ ŬŰɧɛɞɡ Hg
II
 ŮɑɜŬɘ Űɞɡ Űɨˊɞɡ {Hg

II
Ɂ6} əŬɘ 

ɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ ŮɑɜŬɘ ɞəŰŬŮŭɟɘəɐ. ɇɞ ůɨɛˊɚɞəɞ 6 ˊŮɟɘɏɢŮɘ ɏɜŬ Ůˊɘˊɚɏɞɜ ɔɟŬɛɛɘəɧ 

ˊɚŮɔɛŬŰɘəɧ ɛɧɟɘɞ HgI2. 

ȺəɛŮŰŬɚɚŮɡɧɛŮɜɞɘ Űɞ ůəɚɖɟɧ ɧɝɘɜɞ ɢŬɟŬəŰɐɟŬ Űɞɡ Co
II
, Űɞ ɛŬɚŬəɧ ɧɝɘɜɞ ɢŬɟŬəŰɐɟŬ 

Űɞɡ Hg
II
 əŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ɘɧɜ SCNĖ ɏɢŮɘ əŬɘ ůəɚɖɟɐ ɓŬůɘəɐ ɗɏůɖ (Űɞ ɎŰɞɛɞ Ɂ) 

əŬɘ ɛŬɚŬəɐ ɓŬůɘəɐ ɗɏůɖ (Űɞ ɎŰɞɛɞ S) [ɞɘ ɧɟɞɘ  ''ůəɚɖɟɎ əŬɘ ɛŬɚŬəɎ ɞɝɏŬ əŬɘ ɓɎůŮɘɠ'' 

ŬɜŬűɏɟɞɜŰŬɘ ůŰɞ ɛɞɜŰɏɚɞ HSAB], ŬˊɞɛɞɜɩůŬɛŮ ŰŬ ŮŰŮɟɞɛŮŰŬɚɚɘəɎ ɄȺ Co
II
/Hg

II
  

{[ HgCo(SCN)4(Mebta)2]} n (7), {[ CoHg(SCN)2Cl2(Mebta)2(H2O)2]} n (8) əŬɘ  

{[ CoHg(SCN)2Br2(Mebta)2(DMF)2]} n  (9) Ŭˊɧ ɛɑɔɛŬŰŬ ŬɜŰɘŭɟɎůŮɤɜ ˊɞɡ ˊŮɟɘŮɑɢŬɜ 

Co
II
, Hg

II
, SCNĖ əŬɘ Mebta. ȼ ɏɜɤůɖ 7 ŮɑɜŬɘ ɏɜŬ 3D ɄȺ. ȾɎɗŮ Co

II
 ˊŮɟɘɓɎɚɚŮŰŬɘ Ŭˊɧ 

ŰɏůůŮɟŬ ɎŰɞɛŬ Hg
II
 əŬɘ əɎɗŮ Hg

II
 ˊŮɟɘɓɎɚɚŮŰŬɘ Ŭˊɧ ŰɏůůŮɟŬ ɎŰɞɛŬ Co

II
 ůŮ ŮˊɑˊŮŭŮɠ 

ŰŮŰɟŬɔɤɜɘəɏɠ əŬɘ ŰŮŰɟŬŮŭɟɘəɏɠ ŭɘŮɡɗŮŰɐůŮɘɠ, ŬɜŰɑůŰɞɘɢŬ. ɇŬ ɘɧɜŰŬ SCNĖ 

ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ɤɠ ɔŮűɡɟɤŰɘəɞɑ S, N-ɡˊɞəŬŰŬůŰɎŰŮɠ. ɇɞ ɎŰɞɛɞ Ɂ ŮɜŰɎůůŮŰŬɘ ɛŮ Űɞ 

Co
II
 əŬɘ Űɞ ɎŰɞɛɞ S ŮɜŰɎůůŮŰŬɘ ɛŮ Űɞ ɎŰɞɛɞ Hg

II
. Ƀɘ ɡˊɞəŬŰŬůŰɎŰŮɠ Mebta ɡɘɞɗŮŰɞɨɜ 

Űɞ ůɡɜɐɗɖ ɛɞɜɞŭɞɜŰɘəɧ Ɂ3 Űɟɧˊɞ ɏɜŰŬɝɖɠ əŬɘ ŮɜŰɎůůɞɜŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ ɛŮ Űɞ Co
II
. 

ȰŰůɘ, ɞɘ ůűŬɑɟŮɠ ɏɜŰŬɝɖɠ Űɤɜ ɛŮŰŬɚɚɘəɩɜ ɘɧɜŰɤɜ ŮɑɜŬɘ {Hg
II
S4} (ˊŬɟŬɛɞɟűɤɛɏɜɖ 

ŰŮŰɟŬŮŭɟɘəɐ) əŬɘ {Co
II
Ɂ6} (ɞəŰŬŮŭɟɘəɐ). ɇŬ ůɨɛˊɚɞəŬ 8 əŬɘ 9 ŮɑɜŬɘ 1D zigzag ɄȺ 

ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŮɜŬɚɚŬůůɧɛŮɜŬ əɏɜŰɟŬ Co
II
 əŬɘ Hg

II
. ȾɎɗŮ ɎŰɞɛɞ Hg

II
 

ŮɜŰɎůůŮŰŬɘ ɛŮ ŭɨɞ ŰŮɟɛŬŰɘəɞɨɠ Ŭɚɧɔɞɜɞ ɡˊɞəŬŰŬůŰɎŰŮɠ (ClĖ ůŰɞ 8 əŬɘ BrĖ ůŰɞ 9) əŬɘ 

ŭɨɞ ɎŰɞɛŬ S Ŭˊɧ Űɞɡɠ ɖ
1
:ɖ

1
:ɛ2 ɡˊɞəŬŰŬůŰɎŰŮɠ SCNĖ ůŮ ŰŮŰɟŬŮŭɟɘəɐ ŭɘŮɡɗɏŰɖůɖ. 

ȾɎɗŮ ɎŰɞɛɞ  Co
II
 ŮɜŰɎůůŮŰŬɘ ɛŮ ŭɨɞ ŰŮɟɛŬŰɘəɎ ɛɧɟɘŬ ŭɘŬɚɨŰɖ (H2O ůŰɞ 8 əŬɘ DMF 

ůŰɞ 9), ŭɨɞ ɎŰɞɛŬ Ɂ Ŭˊɧ Űɞɡɠ ɖ
1
:ɖ

1
:ɛ2 ɡˊɞəŬŰŬůŰɎŰŮɠ SCNĖ əŬɘ ɛŮ ŭɨɞ 
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ɛɞɜɞŭɞɜŰɘəɞɨɠ ɡˊɞəŬŰŬůŰɎŰŮɠ  Mebta ůŮ ɞəŰŬŮŭɟɘəɐ ŭɘŮɡɗɏŰɖůɖ. ȰŰůɘ, ŰŬ ɎŰɞɛŬ 

Co
II
 əŬɘ Hg

II
 ɔŮűɡɟɩɜɞɜŰŬɘ ɛɧɜɞ Ŭˊɧ ɏɜŬ SCNĖ ɡˊɞəŬŰŬůŰɎŰɖ. 

Ƀɘ ŭɞɛɏɠ ˊɞɡ ˊŮɟɘɔɟɎűɖəŬɜ ˊŬɟŬˊɎɜɤ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɛŮ əɟɡůŰŬɚɚɞɔɟŬűɑŬ 

ŬəŰɑɜɤɜ ɉ ɛɞɜɞəɟɡůŰɎɚɚɞɡ. ȳɚŮɠ ɞɘ ůɨɛˊɚɞəŮɠ ŮɜɩůŮɘɠ ɢŬɟŬəŰɖɟɑůŰɖəŬɜ ɛŮ 

ɛɘəɟɞŬɜŬɚɨůŮɘɠ (C, ȼ, Ɂ) əŬɘ IR űŬůɛŬŰɞůəɞˊɑŬ, Ůɜɩ ŮˊɘɚŮɔɛɏɜŮɠ ŮɜɩůŮɘɠ 

ɛŮɚŮŰɐɗɖəŬɜ ɛŮ űŬůɛŬŰɞůəɞˊɑŬ Raman ůŰɖ ůŰŮɟŮɎ əŬŰɎůŰŬůɖ əŬɘ űŬůɛŬŰɞůəɞˊɑŬ 

1
ȼ NMR ůŮ d6-DMSO. ɇŬ ŭɞɜɖŰɘəɎ űɎůɛŬŰŬ (IR, Raman) ůɡůɢŮŰɑůŰɖəŬɜ ɛŮ Űɞɡɠ 

Űɟɧˊɞɡɠ ɏɜŰŬɝɖɠ Űɤɜ ɞɟɔŬɜɘəɩɜ ɡˊɞəŬŰŬůŰŬŰɩɜ. ȼ ɛŮɚɏŰɖ Űɤɜ űŬůɛɎŰɤɜ 
1
ȼ NMR 

ŬˊɞəŬɚɨˊŰŮɘ ɧŰɘ ɞɘ ŭɞɛɏɠ ůŰŮɟŮɎɠ əŬŰɎůŰŬůɖɠ Űɤɜ 1, 2, 3 əŬɘ 4 ŭŮɜ ŭɘŬŰɖɟɞɨɜŰŬɘ ůŰɞ 

DMSO. 

ɄɘůŰŮɨɞɡɛŮ ɧŰɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊŬɟɞɨůɖɠ ȹɘˊɚɤɛŬŰɘəɐɠ ȺɟɔŬůɑŬɠ ŬˊɞŰŮɚɞɨɜ 

Ŭɝɘɧɚɞɔɖ ůɡɜŮɘůűɞɟɎ ůŰɘɠ ˊŮɟɘɞɢɏɠ Űɤɜ ɄȺ Űɞɡ Hg(II) əŬɘ Űɤɜ ŮŰŮɟɞɛŮŰŬɚɚɘəɩɜ ɄȺ 

Hg(II)/Co(II), Űɤɜ ˊɚŮɘɎŭɤɜ ɏɜŰŬɝɖɠ Űɞɡ Hg(II) əŬɘ Űɖɠ ɢɖɛŮɑŬɠ ɏɜŰŬɝɖɠ Űɤɜ 

ɡˊɞəŬŰŬůŰŬŰɩɜ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɞ ɓŮɜɕɞŰɟɘŬɕɧɚɘɞ. 
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ȿȺɂȺȽɆ-ȾȿȺȽȹȽȷ 

 

ȺŰŮɟɞɛŮŰŬɚɚɘəɎ  ɄɞɚɡɛŮɟɐ ȰɜŰŬɝɖɠ  ȾɞɓŬɚŰɑɞɡ(ȽȽ)-ɈŭɟŬɟɔɨɟɞɡ(ȽȽ) 

ŪŮɘɞəɡŬɜɎŰɞ(-1) ɈˊɞəŬŰŬůŰɎŰŮɠ 

ȾɟɡůŰŬɚɚɞɔɟŬűɑŬ ȷəŰɑɜɤɜ ɉ ɀɞɜɞəɟɡůŰɎɚɚɞɡ 

ɄɚŮɘɎŭŮɠ ȰɜŰŬɝɖɠ ɈŭɟŬɟɔɨɟɞɡ(ȽȽ) 

ɄɞɚɡɛŮɟɐ ȰɜŰŬɝɖɠ ɈŭɟŬɟɔɨɟɞɡ(ȽȽ) 

ɈˊɞəŬŰŬůŰɎŰŮɠ  ȸŮɜɕɞŰɟɘŬɕɞɚɘəɞɨ ɇɨˊɞɡ 

ūŬůɛŬŰɞůəɞˊɘəɏɠ ɇŮɢɜɘəɏɠ (IR, Raman, 
1
ȼ NMR) 

ɉɖɛŮɑŬ ȰɜŰŬɝɖɠ 
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ABSTRACT  

 

The content of the present MSc Thesis concerns the synthesis and characterization of 

Coordination Polymers (CPs). CPs attract the intense interest of inorganic chemists 

mainly due to their aesthetically pleasing structures and exciting properties (optical, 

magnetic, catalytic, gas and liquid adsorption, etc.). Our goal was to prepare Hg(II) 

CPs using benzotriazole (btaH) and its derivatives as ligands. A specific goal of our 

work was the preparation of heterometallic Co(II)/Hg(II) CPs. The isolation of 

heterometallic CPs presents a synthetic challenge. 

                                                

 

 

Reactions of  HgX2 (X= Cl, Br, I, SCN) and 1-methylbenzotriazole (Mebta) led to 

complexes {[ HgX2(Mebta)]} n  (X=Cl, 1 ; X=Br, 2), [Hg2I4(Mebta)2] (3) and 

{[ Hg2(SCN)4(Mebta)3]} n  (4). Compounds 1 and 2 are 1D CPs. Each Hg
II
 atom  is 

bridged to each of  its two neighboring metal centers through two ɛ2 halogenido 

groups. A monodentate  Mebta ligand completes five-coordination at each Hg
II
 atom. 

The donor atom of Mebta is the nitrogen atom located at the position 3 of the azole 

ring. The coordination geometries of the metal ions are very distorted and can be 

described either as distorted trigonal bipyramidal or as distorted square pyramidal. 

The dinuclear molecules of 3 consist of the rhombic { Hg2(ɛ2-I)2}
2+

 unit, a terminal 

iodide and a monodentate Mebta ligand (coordinating through N3) completing a very 

distorted tetrahedral geometry at the metal centers. Compound 4 is an 1D CP. 

Neighboring Hg
II
 atoms are bridged by two ɛ2-S,N thiocyanato ligands. The 

coordination geometries of the metal centers alternate between octahedral (with 

coordination of two Mebta molecules) and tetrahedral (with coordination of one 

Mebta molecule). 

btaH 

 

Mebta 
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The reactions of HgBr2 and HgI2 with btaH in DMF and DMF/Me2CO, respectively, 

gave the pentanuclear Coordination Clusters (CCs)  [Hg5Br4(bta)6] (5) and 

[Hg5Ƚ4(bta)6]ĿHgȽ2 (6). The molecular structures of the complexes consist of a 

tetrahedral arrangement of four metal ions centered on the fifth. Each btaĖ  behaves as 

an ɖ
1
:ɖ

1
:ɖ

1
:ɛ3 ligand ; the six central nitrogen atoms are coordinated to the central Hg

II
 

atom. A terminal halogenido ligand completes a distorted tetrahedral stereochemistry 

at  the peripheral metal ions. The coordination sphere of the central/inner  Hg
II
 atom is 

of the { Hg
II
Ɂ6} type and its geometry is octahedral. Complex 6 contains an extra 

linear lattice HgI2 molecule. 

Exploiting the hard acid character of Co
II
, the soft acid character of Hg

II
 and the fact 

that the SCNĖ ion has both a hard base site (its N atom) and a soft base site (its S 

atom) [the hard and soft acid and base characters are defined according  to the HSAB 

model], we were able to isolate the Co
II
/Hg

II
 heterometallic CPs 

{[ HgCo(SCN)4(Mebta)2]} n (7), {[ CoHg(SCN)2Cl2(Mebta)2(H2O)2]} n (8) and 

{[ CoHg(SCN)2Br2(Mebta)2(DMF)2]} n  (9) from reaction mixtures containing Co
II
, 

Hg
II
, SCNĖ and Mebta. Compound 7 is a 3D CP. Each Co

II
 is surrounded by four Hg

II
 

atoms and each Hg
II
 is surrounded by four Co

II
 atoms in square planar and tetrahedral 

arrangements, respectively. The SCNĖ ions behave as bridging S, N-ligands ; the N 

atom is coordinated to Co
II
 and the S atom is coordinated to Hg

II
. The Mebta ligands 

adopt their usual monodentate N3 coordination mode and are exclusively bonded to 

Co
II
. Thus, the coordination spheres of  the metal ions are { Hg

II
S4}  (distorted 

tetrahedral) and { Co
II
Ɂ6}  (octahedral). Complexes 8 and 9 are 1D zigzag CPs 

consisting of alternating Co
II
 and Hg

II
 centers. Each Hg

II
 atom is coordinated by two 

terminal halogenido groups (ClĖ in 8 and BrĖ in 9) and two S atoms from the ɖ
1
:ɖ

1
:ɛ2 

SCNĖ ligands in a tetrahedral fashion. Each Co
II
 atom is coordinated by two terminal 

solvate molecules (H2O in 8 and DMF in 9), two N atoms from the ɖ
1
:ɖ

1
:ɛ2 SCNĖ 

ligands and two monodentate Mebta ligands in an octahedral fashion. Thus, the Co
II
 

and Hg
II
 atoms are singly bridged through a SCNĖ ligand. 

The above described structures have been determined by single-crystal X-ray 

crystallography. All the complexes were characterized by microanalyses (C, H, N) 

and IR spectroscopy, while selected compounds were studied by Raman spectroscopy 

in the solid state and 
1
ȼ NMR spectroscopy in d6-DMSO. The vibrational spectra (IR, 

Raman) have been discussed in terms of the coordination modes of the organic and 
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inorganic ligands. The study of the 
1
ȼ NMR spectra reveals that the solid-state 

structures of 1, 2, 3 and 4 are not retained in DMSO. 

We believe that the results included in the present MSc Thesis are a significant 

contribution in the areas of Hg(II) and mixed-Hg(II)/Co(II) CPs, in the chemistry of 

Hg(II)  CCs and in the coordination chemistry of  benzotriazole-based ligands. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



18 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



19 
 

KEYWORDS 

 

Benzotriazole-type Ligands 

Coordination Chemistry 

Heterometallic Cobalt(II)-Mercury(II) Coordination Polymers 

Mercury(II) Coordination Clusters 

Mercury(II) Coordination Polymers 

Single-Crystal  X-ray Crystallography 

Spectroscopic Techniques (IR, Raman, 
1
ȼ NMR) 

Thiocyanato(-1) Ligand  

 

 

 

 

 

 

 

 



20 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɀȺɅɃɆ Ƚ 

 

 

ȺȽɆȷũɋũȼ 

 

 

 

 



21 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



22 
 

ȷ. ɄɃȿɈɀȺɅȼ  ȺɁɇȷɂȼɆ
[1-6]

 

 

ȷ1. ȺɘůŬɔɤɔɐ 

 

Ƀ ŭɘŬɢɤɟɘůɛɧɠ ŬɜɎɛŮůŬ ůŰɖ ɉɖɛŮɑŬ Űɖɠ ɆŰŮɟŮɎɠ ȾŬŰɎůŰŬůɖɠ (ɛŮ əŬŰŮɨɗɡɜůɖ ˊɟɞɠ 

Űɖɜ ȺˊɘůŰɐɛɖ Űɤɜ Ɉɚɘəɩɜ) əŬɘ ůŰɖ ɀɞɟɘŬəɐ ɉɖɛŮɑŬ (ɛŮ əŬŰŮɨɗɡɜůɖ ˊɟɞɠ Űɖ ɢɖɛɘəɐ 

ŭɟŬůŰɘəɧŰɖŰŬ, Űɖɜ ɞɛɞɔŮɜɐ əŬŰɎɚɡůɖ əŬɘ Űɘɠ ɓɘɞŮˊɘůŰɐɛŮɠ), ɐŰŬɜ ŬɜŰɘɚɖˊŰɐ ˊɟɘɜ Ŭˊɧ 

əɎˊɞɘŬ ɢɟɧɜɘŬ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɏŰɖ, ɞ ŭɘŬɢɤɟɘůɛɧɠ ŬɡŰɧɠ ŰŮɑɜŮɘ ɜŬ ŮɝɞɛɞɘɤɗŮɑ Ŭˊɧ ɏɜŬ 

ɜɏɞ ŰɞɛɏŬ, Űɖɜ ȺˊɘůŰɐɛɖ Űɤɜ ɀɞɟɘŬəɩɜ əŬɘ Űɤɜ ɈˊŮɟɛɞɟɘŬəɩɜ Ɉɚɘəɩɜ. 

ȹɘŮɗɜɩɠ ɏɜŰɞɜɞ ŮɟŮɡɜɖŰɘəɧ ŮɜŭɘŬűɏɟɞɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɟɞɠ Űɖ ŭɖɛɘɞɡɟɔɑŬ ñɚɞɔɘəɩɜò 

ůɡɜɗŮŰɘəɩɜ ɛŮɗɧŭɤɜ ɔɘŬ Űɖ ůɨɜɗŮůɖ ˊɞɚɡˊɡɟɖɜɘəɩɜ əŬɘ ˊɞɚɡɛŮɟɘəɩɜ ŮɜɩůŮɤɜ. ɇŬ 

ɡˊŮɟɛɞɟɘŬəɎ ɡɚɘəɎ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɐ ɓŬůɑɕɞɜŰŬɘ ůŮ ɛɧɟɘŬ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛŮ 

Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŬɡŰɞůɡɜŬɟɛɞɚɧɔɖůɖɠ (self-assembly) Ŭˊɧ ŰŬ ůɡůŰŬŰɘəɎ Űɞɡɠ. ȼ 

ŬɡŰɞůɡɜŬɟɛɞɚɧɔɖůɖ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ: Ŭ) ŬɡɗɧɟɛɖŰŬ ɐ ɛɖ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜŬ 

(spontaneous or non programmed assembly) əŬɘ ɓ) ŭɘŬŭɞɢɘəɎ ɐ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜŬ 

(stepwise or programmed assembly). Ⱥˊɑůɖɠ ŮɜŭɘŬűɏɟɞɜ ˊɟɞəŬɚɞɨɜ əŬɘ ɡɚɘəɎ ɛŮ 

ɞɟɔŬɜɤɛɏɜɖ ŭɞɛɐ əŬɘ ɧɢɘ ɛɧɜɞ ɔɘŬ ŬɘůɗɖŰɘəɞɨɠ ɚɧɔɞɡɠ, ŬɚɚɎ ɔɘŬŰɑ ɡˊɎɟɢŮɘ ɖ 

ŭɡɜŬŰɧŰɖŰŬ Ůˊɘɚɞɔɐɠ əŬɘ ɟɨɗɛɘůɖɠ Űɤɜ ŰŮɚɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ (bulk properties) 

ɧˊɤɠ ɖɚŮəŰɟɘəɏɠ, ɛŬɔɜɖŰɘəɏɠ, ɞˊŰɘəɏɠ ə.ɚ.ˊ., ŮˊɘɚɏɔɞɜŰŬɠ ŰŬ əŬŰɎɚɚɖɚŬ ŬɟɢɘəɎ 

ɛɧɟɘŬ. ȼ ŬɜɎˊŰɡɝɖ Űɤɜ ɛŮɗɧŭɤɜ ůɨɜɗŮůɖɠ ɔɘŬ Űɖ ɟɨɗɛɘůɖ Űɖɠ əŬŰɎɚɚɖɚɖɠ 

əŬŰŬɜɞɛɐɠ Űɤɜ ɛɞɟɑɤɜ ůŰɞ ˊɚɏɔɛŬ, ɩůŰŮ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ ɜŬ ɏɢɞɡɜ 

Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰŬˊɧəɟɘůɖ, ŬˊɞŰŮɚŮɑ Ɏɚɚɖ ɛɑŬ ˊɟɧəɚɖůɖ. 

ɇŬ ́ɞɚɡɛŮɟɐ ɏɜŰŬɝɖɠ (coordination polymers) ŮɑɜŬɘ Űɞ ɜŮɧŰŮɟɞ ɛɏɚɞɠ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ 

Űɤɜ ɡˊŮɟɛɞɟɘŬəɩɜ ɡɚɘəɩɜ. ȷˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɘɧɜŰŬ ɛŮŰɎɚɚɤɜ ɛŮŰɎˊŰɤůɖɠ (ɤɠ Ůˊɑ 

Űɞ ˊɚŮɑůŰɞɜ), ŬɜɧɟɔŬɜŬ ɘɧɜŰŬ (ɡˊɞəŬŰŬůŰɎŰŮɠ  ɐ ŬɜŰɘůŰŬɗɛɘůŰɘəɎ ɘɧɜŰŬ) əŬɘ 

ŭɡɜɖŰɘəɎ ɔŮűɡɟɤŰɘəɞɨɠ ɞɟɔŬɜɘəɞɨɠ ɡˊɞəŬŰŬůŰɎŰŮɠ, əŬɘ ˊŬɟŬůəŮɡɎɕɞɜŰŬɘ ɛŮ 

ŬɡŰɞůɡɜŬɟɛɞɚɧɔɖůɖ  ˊɟɧŭɟɞɛɤɜ Ŭɟɢɘəɩɜ ŬɜŰɘŭɟŬůŰɐɟɘɤɜ (precursor starting 

materials), ɧˊɤɠ ɎɚŬŰŬ ɛŮŰɎɚɚɤɜ ɛŮŰɎˊŰɤůɖɠ əŬɘ Ůɜ ŭɡɜɎɛŮɘ ɔŮűɡɟɤŰɘəɞɨɠ 

ɡˊɞəŬŰŬůŰɎŰŮɠ ɐ ůɨɛˊɚɞəŮɠ ŮɜɩůŮɘɠ ˊɞɡ ŭɟɞɡɜ ɤɠ ŬɟɢɘəɎ ŬɜŰɘŭɟŬůŰɐɟɘŬ. ȼ 

ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ (ŬɡŰɞůɡɜŬɟɛɞɚɧɔɖůɖ)  ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɘɎűɞɟŬ ůŰɎŭɘŬ,  Ůə  Űɤɜ 

ɞˊɞɑɤɜ ɖ ŬɜŬɔɜɩɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ůɡůŰŬŰɘəɩɜ Űɖɠ ŬɜŰɑŭɟŬůɖɠ (molecular 

recognition) əŬɘ ɖ əŬŰɎɚɚɖɚɖ ŭɘŮɡɗɏŰɖůɐ Űɞɡɠ ɔɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ŬɜɎˊŰɡɝɖ 
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əŬɘ ɞ ŰŮɟɛŬŰɘůɛɧɠ  Űɖɠ, ˊɞɡ ɗŬ ɞŭɖɔɐůŮɘ ůŰɞ ˊɟɞůɢŮŭɘŬůɛɏɜɞ ɡɚɘəɧ, ŮɑɜŬɘ ɛɑŬ 

ůɖɛŬɜŰɘəɐ űɎůɖ. ɇŬ ˊɞɚɡɛŮɟɐ ɏɜŰŬɝɖɠ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ əɡɟɑɤɠ ɛɏůɤ ŭŮůɛɩɜ 

ɏɜŰŬɝɖɠ. Ⱥˊɑůɖɠ, ɞɘ ŭɘŬɛɞɟɘŬəɏɠ ŭɡɜɎɛŮɘɠ (ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ ŬɟɤɛŬŰɘəɩɜ 

ɖɚŮəŰɟɞɜɑɤɜ - ''aromatic stackings'' ɐ ''ˊ-ˊ interactions'', ŭŮůɛɞɑ ɡŭɟɞɔɧɜɞɡ, 

ɖɚŮəŰɟɞůŰŬŰɘəɏɠ ɏɚɝŮɘɠ, ŭɡɜɎɛŮɘɠ Van der Waals  əŬɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ  

''ɞɘəɞŭŮůˊɧŰɖ-űɘɚɞɝŮɜɞɨɛŮɜɞɡ'' (host-guest interactions)), ˊɞɡ ŭɘɏˊɞɡɜ ŬɡŰɎ ŰŬ 

ůŰɎŭɘŬ, ŮɑɜŬɘ ŬɟəŮŰɎ ŬůɗŮɜŮɑɠ əŬɘ ɛɖ ɘəŬɜɞˊɞɘɖŰɘəɎ əŬŰŮɡɗɡɜŰɘəɏɠ, ɧˊɞɡ ŮɚŬűɟɎ 

ɛŮŰŬɓɞɚɐ Űɤɜ ůɡɜɗɖəɩɜ Űɖɠ ŬɜŰɑŭɟŬůɖɠ  ɛŮŰŬɓɎɚɚŮɘ Űɖɜ ŰŬɡŰɧŰɖŰŬ Űɤɜ ˊɟɞɥɧɜŰɤɜ. 

Ƀɘ ŭɞɛɏɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛɑŬɠ (1D), ŭɨɞ (2D) ɐ əŬɘ Űɟɘɩɜ (3D) 

ŭɘŬůŰɎůŮɤɜ. ȼ ŭɞɛɘəɐ ŰɞˊɞɚɞɔɑŬ (structural topology) Űɤɜ ˊɞɚɡɛŮɟɩɜ ɏɜŰŬɝɖɠ  

ůɢŮŭɘɎɕŮŰŬɘ əŬɘ ɟɡɗɛɑɕŮŰŬɘ ŮˊɘɚɏɔɞɜŰŬɠ əŬŰɎɚɚɖɚŬ Űɖ ɔŮɤɛŮŰɟɑŬ ɏɜŰŬɝɖɠ Űɞɡ 

ɛŮŰɎɚɚɞɡ, Űɖ ŭɞɛɐ Űɞɡ ɞɟɔŬɜɘəɞɨ ɡˊɞəŬŰŬůŰɎŰɖ, Űɞɡ ŬɜɧɟɔŬɜɞɡ ŬɜɘɧɜŰɞɠ əŬɘ Űɘɠ 

ůɡɜɗɐəŮɠ ŬɜŰɑŭɟŬůɖɠ, ɧˊɤɠ ŭɘŬɚɨŰɖɠ, ɗŮɟɛɞəɟŬůɑŬ, ɔɟŬɛɛɞɛɞɟɘŬəɐ ŬɜŬɚɞɔɑŬ ə.ɚ.ˊ. 

ɇŬ ˊɞɚɡɛŮɟɐ ɏɜŰŬɝɖɠ ˊŬɟɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ůɨɜɗŮůɖɠ əŬɘ ŬɜɎˊŰɡɝɖɠ 

ɚŮɘŰɞɡɟɔɘəɩɜ ɡɚɘəɩɜ (functional materials). Ƀɘ ɘŭɘɧŰɖŰɏɠ Űɞɡɠ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ 

ɡˊŮɟɛɞɟɘŬəɐ ŭɞɛɐ Űɞɡɠ əŬɘ Ůűɧůɞɜ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŬɡŰɐ ɜŬ ůɢŮŭɘŬůɗŮɑ əŬɘ ɜŬ 

ɟɡɗɛɘůŰŮɑ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ, ŰɧŰŮ ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ əŬŰɎɚɚɖɚŮɠ ˊɟɧŭɟɞɛŮɠ ŮɜɩůŮɘɠ ɔɘŬ 

Űɖɜ  ''əŬŰŬůəŮɡɐ''  ɡɚɘəɩɜ ɛŮ  ŮˊɘɗɡɛɖŰɏɠ ɘŭɘɧŰɖŰŮɠ, ɎɟŬ əŬɘ ŮűŬɟɛɞɔɏɠ.  ɀŮɟɘəɏɠ Ŭˊɧ 

ŬɡŰɏɠ ŮɑɜŬɘ ɖ ŮűŬɟɛɞɔɐ Űɞɡɠ ůŰɖ ɉɖɛŮɑŬ Űɤɜ ɀɞɟɘŬəɩɜ ɀŬɔɜɖŰɘəɩɜ Ɉɚɘəɩɜ, ůŰɖɜ 

ȾŬŰɎɚɡůɖ, ůŮ ŭɘŮɟɔŬůɑŮɠ ŭɘŬɢɤɟɘůɛɞɨ ɘɧɜŰɤɜ, ɞɡŭɏŰŮɟɤɜ ɛɞɟɑɤɜ, ŬŮɟɑɤɜ əŬɘ ɡɔɟɩɜ, 

əŬɗɩɠ əŬɘ ůŰɖ ůɨɜɗŮůɖ ɡɚɘəɩɜ ɛŮ ɛɖ ɔɟŬɛɛɘəɏɠ ɞˊŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ (NLO). 

ɇŬ ́ɞɚɡɛŮɟɐ ɏɜŰŬɝɖɠ ɗŮɤɟɞɨɜŰŬɘ ɖ ůɡɜɏɢŮɘŬ Űɤɜ ɞɟɔŬɜɘəɩɜ ˊɞɚɡɛŮɟɩɜ (ˊɞɡ 

ˊŮɟɘɏɢɞɡɜ əɡɟɑɤɠ  C, H, O, N əŬɘ  -ůŮ ɛɘəɟɧŰŮɟɖ ɏəŰŬůɖ- B,Si, P əŬɘ S), Űɤɜ ɞˊɞɑɤɜ 

ɖ ŬɜɎˊŰɡɝɖ ɝŮəɑɜɖůŮ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ 1960  əŬɘ ɎɚɚŬɝŮ Űɞɜ  Űɟɧˊɞ ɕɤɐɠ Űɞɡ 

ůɨɔɢɟɞɜɞɡ  Ŭɜɗɟɩˊɞɡ.  ɇŬ ɛŮŰŬɚɚɘəɎ ůŰɞɘɢŮɑŬ, ˊɞɡ ŬˊɞŰŮɚɞɨɜ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɞ 

50%  Űɞɡ  ɄŮɟɘɞŭɘəɞɨ  ɄɑɜŬəŬ, ŭŮɜ ŮɑɢŬɜ ůɡɜŮɘůűɏɟŮɘ əŬɗɧɚɞɡ ůŰɞɜ əɚɎŭɞ Űɤɜ 

ˊɞɚɡɛŮɟɩɜ ɛɏɢɟɘ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ 1990, ŮəŰɧɠ Ŭˊɧ Űɖ ɢɟɐůɖ Űɞɡɠ ɛŮɟɘəɏɠ űɞɟɏɠ ɤɠ 

əŬŰŬɚɡŰɩɜ ɔɘŬ Űɖ ůɨɜɗŮůɖ Űɤɜ ɞɟɔŬɜɘəɩɜ ˊɞɚɡɛŮɟɩɜ.  ȷɡŰɐ ɖ əŬŰɎůŰŬůɖ ɎɚɚŬɝŮ 

ŭɟŬɛŬŰɘəɎ ɛŮŰɎ Űɞ 1995. ȼ ŬɘŰɑŬ ɐŰŬɜ ɧŰɘ ŰŬ ɛŮŰŬɚɚɘəɎ ɘɧɜŰŬ ɏɢɞɡɜ ŮɚəɡůŰɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ ɜɏŬɠ ɔŮɜɘɎɠ ɛɏŰŬɚɚɞ-ɞɟɔŬɜɘəɩɜ ˊɞɚɡɛŮɟɩɜ 

(ŭɖɚ. ˊɞɚɡɛŮɟɩɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɛŮŰŬɚɚɞɥɧɜŰŬ), ˊɞɡ Ůˊɑůɖɠ ɞɜɞɛɎɕɞɜŰŬɘ ˊɞɚɡɛŮɟɐ 

ɏɜŰŬɝɖɠ,  ɛɏŰŬɚɚɞ-ɞɟɔŬɜɘəɎ  ŭɑəŰɡŬ  ɏɜŰŬɝɖɠ, ɛɏŰŬɚɚɞ-ɞɟɔŬɜɘəɞɑ ůəŮɚŮŰɞɑ (metal-

organic frameworks, MOFs) ɐ ɞɟɔŬɜɘəɎ-ŬɜɧɟɔŬɜŬ ɡɓɟɘŭɘəɎ ˊɞɚɡɛŮɟɐ ɏɜŰŬɝɖɠ (ůŰɘɠ 
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ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɖ ɛɏŰŬɚɚɞ-ɞɟɔŬɜɘəɐ ůɨɜŭŮůɖ ŭɘŬəɧˊŰŮŰŬɘ Ŭˊɧ ''ŬɜɧɟɔŬɜŮɠ'' 

ɔɏűɡɟŮɠ ɐ ɧŰŬɜ ɏɜŬ ŮəŰŮŰŬɛɏɜɞ ŬɜɧɟɔŬɜɞ ŭɑəŰɡɞ ˊɞɡ ˊŮɟɘɏɢŮɘ ɛŮŰŬɚɚɞɥɧɜŰŬ ŭɘŬɗɏŰŮɘ 

ŰŮɟɛŬŰɘəɞɨɠ  ɡˊɞəŬŰŬůŰɎŰŮɠ). 

 

ȷ2. ɆɡɜɗŮŰɘəɏɠ ɆŰɟŬŰɖɔɘəɏɠ 

 

ȼ  ůŰɟŬŰɖɔɘəɐ ůɨɜɗŮůɖɠ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ůɐɛŮɟŬ ɔɘŬ Űɖɜ ˊŬɟŬɚŬɓɐ Űɤɜ ˊɞɚɡɛŮɟɩɜ 

ɏɜŰŬɝɖɠ ŭŮɜ ŭɘɏˊŮŰŬɘ ɔŮɜɘəɎ Ŭˊɧ əŬɗɞɟɘůɛɏɜɞɡɠ əŬɜɧɜŮɠ. ȺɑɗɘůŰŬɘ ɜŬ ŬəɞɚɞɡɗŮɑŰŬɘ ɖ 

ɚɞɔɘəɐ  '' ŭɞəɘɛɎɕɞɡɛŮ əŬɘ ɓɚɏˊɞɡɛŮ ''  (''try and see''  exercise), əŬɗɩɠ ůɡɜɐɗɤɠ ŭŮɜ 

ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ Ŭəɟɘɓɐɠ ˊɟɧɓɚŮɣɖ Űɤɜ ŰŮɚɘəɩɜ ˊɟɞɥɧɜŰɤɜ əŬɘ Űɤɜ ɘŭɘɞŰɐŰɤɜ ŬɡŰɩɜ. 

ɄŬɟŬŰɖɟŮɑŰŬɘ ɚɞɘˊɧɜ ɛɑŬ ŬŭɡɜŬɛɑŬ, ɧˊɞɡ ɞ ɛɧɜɞɠ Űɟɧˊɞɠ ɔɘŬ ɜŬ ɛɎɗɞɡɛŮ ŮɑɜŬɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ˊɞɚɚɏɠ əŬɘ ŭɘŬűɞɟŮŰɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ, ɛŮŰŬɓɎɚɚɞɜŰŬɠ ɛɑŬ 

ˊŬɟɎɛŮŰɟɞ əɎɗŮ űɞɟɎ. ȼ ɔɜɩůɖ ˊɞɡ ɏɢŮɘ ŬˊɞəŰɖɗŮɑ ɛɏɢɟɘ ůɐɛŮɟŬ, ůɢŮŰɘəɎ ɛŮ ŰŬ 

ˊɞɚɡɛŮɟɐ ɏɜŰŬɝɖɠ, ůŰɖɟɑɕŮŰŬɘ ůŮ ˊɟɞɥɧɜŰŬ ˊɞɡ ɏɢŮɘ ˊɟɞůŭɘɞɟɘůŰŮɑ ɖ əɟɡůŰŬɚɚɘəɐ 

Űɞɡɠ  ŭɞɛɐ,  Ůɜɩ ŭŮɜ ɡˊɎɟɢɞɡɜ ůɖɛŬɜŰɘəɏɠ ɛɖɢŬɜɘůŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ. 

Ƀɘ ůˊɞɡŭŬɘɧŰŮɟŮɠ ůɡɜɗŮŰɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬɓɚɖɗɞɨɜ əŬɘ ɜŬ 

ɟɡɗɛɘůŰɞɨɜ  ɔɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ůɨɜɗŮůɖ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ˊɞɚɡɛŮɟɞɨɠ ŮɑɜŬɘ: 

Ŭ) ɇɞ ɛŮŰŬɚɚɞɥɧɜ. ȼ ɔŮɤɛŮŰɟɑŬ ɏɜŰŬɝɖɠ, ɖ ɞɝŮɘŭɤŰɘəɐ ɓŬɗɛɑŭŬ əŬɘ ɖ űɨůɖ Űɞɡ 

ɛŮŰɎɚɚɞɡ  ŮɑɜŬɘ  ˊŬɟɎɛŮŰɟɞɘ  ˊɞɡ  ůɡɢɜɎ  ɛˊɞɟɞɨɜ  ɜŬ  ˊɟɞŮˊɘɚŮɔɞɨɜ.  

ɓ) Ƀ ɔŮűɡɟɤŰɘəɧɠ ɞɟɔŬɜɘəɧɠ ɡˊɞəŬŰŬůŰɎŰɖɠ. ɀŮɟɘəɎ Ŭˊɧ ŰŬ ɓŬůɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ŭɘŬűɞɟɞˊɞɘɞɨɜ Űɞɡɠ ɔŮűɡɟɤŰɘəɞɨɠ ɡˊɞəŬŰŬůŰɎŰŮɠ ŮɑɜŬɘ: ɖ űɨůɖ 

Űɤɜ ŬŰɧɛɤɜ ŭɞŰɩɜ, ɖ ŭɡɜŬŰɧŰɖŰŬ ɔŮűɨɟɤůɖɠ ˊŮɟɘůůɞŰɏɟɤɜ Ŭˊɧ ŭɡɞ ɛŮŰŬɚɚɞɥɧɜŰɤɜ, 

Űɞ űɞɟŰɑɞ Űɞɡɠ, ɖ ůŰŮɟŮɞɢɖɛŮɑŬ Űɞɡɠ, ɖ ɘəŬɜɧŰɖŰɎ Űɞɡɠ ɜŬ ůɢɖɛŬŰɑɕɞɡɜ ɢɖɚɘəɞɨɠ 

ŭŬəŰɡɚɑɞɡɠ ɛŮ ŰŬ ɛŮŰŬɚɚɞɥɧɜŰŬ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰɎ Űɞɡɠ ɜŬ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ 

ŭŮɡŰŮɟŮɨɞɜŰŮɠ ŭŮůɛɞɨɠ, Űɧůɞ ɛŮ Űɞɡɠ Ɏɚɚɞɡɠ ɡˊɞəŬŰŬůŰɎŰŮɠ, ɧůɞ əŬɘ ɛŮ ŰŬ 

ŬɜɧɟɔŬɜŬ ŬɜɘɧɜŰŬ ɐ ɛɧɟɘŬ Űɞɡ ŭɘŬɚɨŰɖ. 

ɔ) ɇɞ ŬɜɧɟɔŬɜɞ Ŭɜɘɧɜ. ɀŮɟɘəɎ Ŭˊɧ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŬɜɧɟɔŬɜɤɜ ŬɜɘɧɜŰɤɜ 

ɧˊɤɠ ɖ ɘəŬɜɧŰɖŰŬ ɏɜŰŬɝɐɠ Űɞɡɠ, ɖ ŭɡɜŬŰɧŰɖŰŬ ɔŮűɨɟɤůɖɠ ŭɨɞ ɐ ˊŮɟɘůůɞŰɏɟɤɜ 

ɛŮŰŬɚɚɞɥɧɜŰɤɜ, Űɞ űɞɟŰɑɞ Űɞɡɠ, ɞ ɧɔəɞɠ Űɞɡɠ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ Űɞɡɠ ɜŬ ůɢɖɛŬŰɑůɞɡɜ 

ɏɜŬɜ ɐ ˊŮɟɘůůɞŰɏɟɞɡɠ ŭŮůɛɞɨɠ ɡŭɟɞɔɧɜɞɡ, ɛŬɠ ŭɑɜɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŰŬ 
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ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɤɠ ñŮɟɔŬɚŮɑŬò ɔɘŬ Űɖ ůɨɜɗŮůɖ ˊɞɚɡɛŮɟɩɜ ɏɜŰŬɝɖɠ ɛŮ ŮˊɘɗɡɛɖŰɏɠ 

ŭɞɛɏɠ əŬɘ ůɡɢɜɎ ɘŭɘɧŰɖŰŮɠ. 

ŭ) ȼ űɨůɖ Űɞɡ ŭɘŬɚɨŰɖ. Ƀ ŭɘŬɚɨŰɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ɛɘŬɠ 

ŬɜŰɑŭɟŬůɖɠ ˊŬɑɕŮɘ ɛŮɔɎɚɞ ɟɧɚɞ ůŰɖɜ ŰŬɡŰɧŰɖŰŬ Űɞɡ ɐ Űɤɜ ˊɟɞɥɧɜŰɤɜ əŬɘ ŭŮɜ 

ŬˊɞŰŮɚŮɑ ŬˊɚɎ Űɞ ɛɏůɞɜ ůŰɞ ɞˊɞɑɞ ɗŬ ɏɟɗɞɡɜ ůŮ ŮˊŬűɐ ŰŬ ŬɜŰɘŭɟɩɜŰŬ ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ ůɢɖɛŬŰɘůɗŮɑ Űɞ (ɐ ŰŬ) ˊɟɞɥɧɜ(ŰŬ). ȰŰůɘ ˊɞɚɚɏɠ űɞɟɏɠ ɞ ŭɘŬɚɨŰɖɠ ůɡɜŬɜŰɎŰŬɘ ůŰɞɜ 

ŮɛŮ́ɘɟɘəɧ Űɨˊɞ Űɞɡ ˊɟɞɥɧɜŰɞɠ ɛɘŬɠ ŬɜŰɑŭɟŬůɖɠ. ȷɟəŮŰɏɠ űɞɟɏɠ ŮɜŰɎůůŮŰŬɘ ůŮ əɎˊɞɘɞ 

ɛŮŰŬɚɚɞɥɧɜ ɐ ŬˊɚɎ əŬŰŬɚŬɛɓɎɜŮɘ Űɞɡɠ əŮɜɞɨɠ ɢɩɟɞɡɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ůŰɞ 

əɟɡůŰŬɚɚɘəɧ ˊɚɏɔɛŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ, ůɡɛɛŮŰɏɢɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ ůŰɞ ůɢɖɛŬŰɘůɛɧ 

ŭŮůɛɩɜ ɡŭɟɞɔɧɜɞɡ ɐ ŬɚɚɖɚŮˊɘŭɟɩɜŰŬɠ ɛŮ Ɏɚɚɞɡ Űɨˊɞɡ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮ Űɞɡɠ 

ɡˊɞəŬŰŬůŰɎŰŮɠ ɐ ŰŬ ŬɜɧɟɔŬɜŬ ŬɜɘɧɜŰŬ. ȼ Ůˊɘɚɞɔɐ Űɞɡ ŭɘŬɚɨŰɖ ˊɞɡ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɑɜŮŰŬɘ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɤɜ ŬɜŰɘŭɟɩɜŰɤɜ ůŰɞ 

ůɡɔəŮəɟɘɛɏɜɞ ŭɘŬɚɨŰɖ, Űɖɜ ˊɞɚɘəɧŰɖŰɎ Űɞɡ, Űɖ ŭɡɜŬŰɧŰɖŰɎ Űɞɡ ɜŬ ůɡɛɛŮŰɏɢŮɘ ůŰɞ 

ůɢɖɛŬŰɘůɛɧ  ŭŮůɛɩɜ ɡŭɟɞɔɧɜɞɡ ɐ ɜŬ ŬɚɚɖɚŮˊɘŭɟɎ ɛŮ ŰŬ ɡˊɧɚɞɘˊŬ ůɡůŰŬŰɘəɎ Űɞɡ 

ɛŮɑɔɛŬŰɞɠ ɛɘŬɠ ŬɜŰɑŭɟŬůɖɠ, Űɖɜ ɘəŬɜɧŰɖŰŬ Űɞɡ ɜŬ ŮɜŰɎůůŮŰŬɘ, Űɖɜ ˊŰɖŰɘəɧŰɖŰɎ Űɞɡ 

əŬɘ Űɞɜ ɧɔəɞ Űɞɡ. 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɏŰɖ ɞɘ ŮɟŮɡɜɖŰɏɠ ůɡɜɗɏŰɞɡɜ ˊɞɚɡɛŮɟɐ ɏɜŰŬɝɖɠ əŬɘ ůŰɖ ůŰŮɟŮɎ űɎůɖ ɛŮ 

ɛŮɔɎɚŮɠ (ɛɏɢɟɘ əŬɘ 100%) ŬˊɞŭɧůŮɘɠ. ɇɞ ɛŮɘɞɜɏəŰɖɛŬ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɖ ŬŭɡɜŬɛɑŬ 

ɚɐɣɖɠ ɛɞɜɞəɟɡůŰɎɚɚɤɜ (single crystals) ˊɞɡ ɗŬ ŮˊɘŰɟɏˊɞɡɜ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ 

ŭɞɛɐɠ Űɞɡɠ. ȯɚɚŮɠ ɛɏɗɞŭɞɘ ůɨɜɗŮůɖɠ ŮɑɜŬɘ ɞɘ ɡŭɟɞ(ůɞɚɓɞ)ɗŮɟɛɘəɏɠ, ɞɘ 

ɖɚŮəŰɟɞɢɖɛɘəɏɠ,  əŬɘ ŰŮɢɜɘəɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɡˊŮɟɐɢɞɡɠ ɐ ɛɘəɟɞəɨɛŬŰŬ. 

 

ȷ3. ȾŬŰɖɔɞɟɑŮɠ ɄɞɚɡɛŮɟɩɜ ȰɜŰŬɝɖɠ 

 

 ȼ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ˊɞɚɡɛŮɟɩɜ ɏɜŰŬɝɖɠ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ, ɧˊɤɠ 

ɞ ŭɞɛɘəɧɠ Űɨˊɞɠ Űɞɡɠ (ŰŬ ˊŮɟɘůůɧŰŮɟŬ ˊɞɚɡɛŮɟɐ ɏɢɞɡɜ ůɡɜŬűŮɑɠ ŭɞɛɘəɏɠ ŰɞˊɞɚɞɔɑŮɠ 

ɛŮ Ŭˊɚɏɠ ŬɜɧɟɔŬɜŮɠ ŮɜɩůŮɘɠ) əŬɘ ɖ ŭɘɎůŰŬůɐ Űɞɡɠ (ɛɑŬɠ, ŭɨɞ ɐ Űɟɘɩɜ ŭɘŬůŰɎůŮɤɜ). 

Ⱥˊɑůɖɠ, Ŭɜ ŰŬ ''űɨɚɚŬ  Űɞɡ ˊɞɚɡɛŮɟɞɨɠ'' ŭɘŮɘůŭɨɞɡɜ Űɞ ɏɜŬ ůŰɞ Ɏɚɚɞ (interpenetrating) 

ɐ ŭŮɜ ŭɘŮɘůŭɨɞɡɜ (non-interpenetrating), əŬɗɩɠ əŬɘ  Űɞ űɞɟŰɑɞ Űɖɠ ŭɞɛɘəɐɠ ɛɞɜɎŭŬɠ 

ˊɞɡ ˊŬɟɎɔŮɘ Űɞ ˊɞɚɡɛŮɟɏɠ, ˊɞɡ ŰŬ ŭɘŬɢɤɟɑɕŮɘ ůŮ ɞɡŭɏŰŮɟŬ əŬɘ űɞɟŰɘůɛɏɜŬ 

(əŬŰɘɞɜŰɘəɎ  ɐ  ŬɜɘɞɜŰɘəɎ), Ŭɜɐəɞɡɜ ůŰɞɡɠ Űɟɧˊɞɡɠ ŰŬɝɘɜɧɛɖůɖɠ. 
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ɇŬ ˊɞɚɡɛŮɟɐ ɏɜŰŬɝɖɠ ˊɞɡ ŬˊŬɜŰɩɜŰŬɘ ůɡɢɜɧŰŮɟŬ ŮɑɜŬɘ ŰŬ əŬŰɘɞɜŰɘəɎ, ɧˊɞɡ ɖ 

ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɐɠ Űɞɡɠ ɞűŮɑɚŮŰŬɘ ůŰɞɜ Ůɨəɞɚɞ əŬɘ Ŭˊɚɧ Űɟɧˊɞ ůɨɜɗŮůɐɠ Űɞɡɠ. Ƀ 

ůɡɜŭɡŬůɛɧɠ ɞɡŭɏŰŮɟɤɜ ɔŮűɡɟɤŰɘəɩɜ ɡˊɞəŬŰŬůŰŬŰɩɜ əŬɘ ñŬɚɎŰɤɜò Űɤɜ ɛŮŰɎɚɚɤɜ 

ɛŮŰɎˊŰɤůɖɠ ɛŮ ŬɜɘɧɜŰŬ ˊɞɡ ŭŮɜ ŮɜŰɎůůɞɜŰŬɘ (ɐ ˊɞɡ ŭŮɜ ɏɢɞɡɜ ɛŮɔɎɚɖ ŰɎůɖ ɜŬ 

ŮɜŰɎůůɞɜŰŬɘ) ɞŭɖɔŮɑ ůɢŮŭɧɜ ˊɎɜŰŬ ůŰɖɜ Ŭˊɞɛɧɜɤůɖ əŬŰɘɞɜŰɘəɩɜ ˊɞɚɡɛŮɟɩɜ 

ɏɜŰŬɝɖɠ. ɇɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ ŬɡŰɩɜ Űɤɜ ˊɞɚɡɛŮɟɩɜ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ ɘɧɜŰŬ Űɤɜ 

ɛŮŰɎɚɚɤɜ ɛŮŰɎˊŰɤůɖɠ əŬɘ Űɞɜ ɞɡŭɏŰŮɟɞ ɞɟɔŬɜɘəɧ ɡˊɞəŬŰŬůŰɎŰɖ, ɛŮ ŰŬ 

ŬɜŰɘůŰŬɗɛɘůŰɘəɎ ŬɜɘɧɜŰŬ  ɜŬ ŭɘŬɢɏɞɜŰŬɘ ůŰɞɡɠ əŮɜɞɨɠ ɢɩɟɞɡɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ 

ɛɏůŬ ɐ/əŬɘ ɔɨɟɤ Ŭˊɧ Űɞ ŭɑəŰɡɞ. 

ɇŬ ŬɜɘɞɜŰɘəɎ ˊɞɚɡɛŮɟɐ ɏɜŰŬɝɖɠ ůɡɜŬɜŰɩɜŰŬɘ ůˊŬɜɘɧŰŮɟŬ əŬɘ ˊŬɟŬůəŮɡɎɕɞɜŰŬɘ 

ůɡɜɐɗɤɠ ɛŮ Űɞ ůɡɜŭɡŬůɛɧ ŬɚɎŰɤɜ ŬɜɘɞɜŰɘəɩɜ ɔŮűɡɟɤŰɘəɩɜ ɞɟɔŬɜɘəɩɜ 

ɡˊɞəŬŰŬůŰŬŰɩɜ əŬɘ  ''ŬɚɎŰɤɜ'' ɛŮŰɎɚɚɤɜ ɛŮŰɎˊŰɤůɖɠ. ɇɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ ŬɡŰɩɜ 

Űɤɜ ˊɞɚɡɛŮɟɩɜ ŬˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ ŰŬ ɘɧɜŰŬ Űɤɜ ɛŮŰɎɚɚɤɜ ɛŮŰɎˊŰɤůɖɠ əŬɘ Űɞɜ 

ŬɜɘɞɜŰɘəɧ ɔŮűɡɟɤŰɘəɧ ɡˊɞəŬŰŬůŰɎŰɖ, ɛŮ ŰŬ ŬɜŰɘůŰŬɗɛɘůŰɘəɎ əŬŰɘɧɜŰŬ ɜŬ ŭɘŬɢɏɞɜŰŬɘ 

ůŰɞɡɠ əŮɜɞɨɠ ɢɩɟɞɡɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛɏůŬ ɐ/əŬɘ ɔɨɟɤ Ŭˊɧ Űɞ ŭɑəŰɡɞ. 

ɆɡɢɜɎ, ɞɘ ˊɟɞůˊɎɗŮɘŮɠ ůɨɜɗŮůɖɠ  ɘɞɜŰɘəɩɜ ˊɞɚɡɛŮɟɩɜ ɏɜŰŬɝɖɠ ɞŭɖɔɞɨɜ ůŰɖɜ 

Ŭˊɞɛɧɜɤůɖ ɞɡŭɏŰŮɟɤɜ ɢɖɛɘəɩɜ ŮɜɩůŮɤɜ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɛŮŰŬɚɚɞɥɧɜŰŬ, 

ŬɜɘɞɜŰɘəɞɨɠ  ɞɟɔŬɜɘəɞɨɠ ɡˊɞəŬŰŬůŰɎŰŮɠ,  əŬɘ ˊɚŮɔɛŬŰɘəɎ ɐ ŮɜŰŬɔɛɏɜŬ ɛɧɟɘŬ ŭɘŬɚɨŰɖ.  

ȾŬŰŬɚɐɔɞɜŰŬɠ, ůɖɛŬɜŰɘəɐ ŮɑɜŬɘ ɖ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ˊɞɚɡɛŮɟɩɜ ɏɜŰŬɝɖɠ ɛŮ ɓɎůɖ Űɘɠ 

ɘŭɘɧŰɖŰɏɠ Űɞɡɠ. ɈˊɎɟɢɞɡɜ ɚɞɘˊɧɜ ˊɞɚɡɛŮɟɐ ɏɜŰŬɝɖɠ ˊɞɡ ɏɢɞɡɜ ŮɜŭɘŬűɏɟɞɡůŮɠ 

ɛŬɔɜɖŰɘəɏɠ, ɞˊŰɘəɏɠ əŬɘ ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŰŬ ɛɞɟɘŬəɎ ɛŬɔɜɖŰɘəɎ 

ɡɚɘəɎ ˊŬɟɞɡůɘɎɕɞɡɜ ŬɡɗɧɟɛɖŰɖ ɛŬɔɜɖŰɘəɐ ŰɎɝɖ əɎŰɤ Ŭˊɧ ɛɑŬ əɟɑůɘɛɖ ɗŮɟɛɞəɟŬůɑŬ 

ˊɞɡ ůɡɛɓɞɚɑɕŮŰŬɘ TC (ɗŮɟɛɞəɟŬůɑŬ Curie). Ƀɘ ɛɞɟɘŬəɞɑ ɛŬɔɜɐŰŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ 

ŮɜŭɘŬűɏɟɞɜ ɚɧɔɤ Űɞɡ ɛɘəɟɞɨ ɓɎɟɞɡɠ Űɞɡɠ (ˊɚŬůŰɘəɞɑ ɛŬɔɜɐŰŮɠ), Űɖɠ əŬɚɐɠ 

ŭɘŬɚɡŰɧŰɖŰɎɠ Űɞɡɠ ůŮ ɞɟɔŬɜɘəɞɨɠ ŭɘŬɚɨŰŮɠ əŬɘ Űɖɠ ɞˊŰɘəɐɠ ŭɘŬˊŮɟŬŰɧŰɖŰɎɠ Űɞɡɠ, 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɢɟɐůɘɛŬ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ɜɏɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ůɡůəŮɡɩɜ. Ⱥˊɘˊɚɏɞɜ 

ŭɑɜɞɡɜ əŬɘ Űɞ ɏɜŬɡůɛŬ ɔɘŬ Űɖ ůɨɜɗŮůɖ ŮɜɩůŮɤɜ ɛŮ ɜɏɞɡɠ ŭɞɛɘəɞɨɠ Űɨˊɞɡɠ. 

ȼ ɘŭɘɧŰɖŰŬ Űɞɡ ɀŬɔɜɖŰɘůɛɞɨ ˊŬɟɞɡůɘɎɕŮɘ ˊɞɚɚɏɠ ůɡɛˊŮɟɘűɞɟɏɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɞ 

ŭɘŬɛŬɔɜɖŰɘůɛɧɠ, ɞ ˊŬɟŬɛŬɔɜɖŰɘůɛɧɠ, ɞ ŬɜŰɘůɘŭɖɟɞɛŬɔɜɖŰɘůɛɧɠ, ɞ 

ůɘŭɖɟɞɛŬɔɜɖŰɘůɛɧɠ əŬɘ ɞ ůɘŭɖɟɘɛŬɔɜɖŰɘůɛɧɠ ɏɢɞɡɜ ɘŭɘŬɑŰŮɟɖ ůɖɛŬůɑŬ. Ƀɘ ŰɟŮɑɠ 

ŰŮɚŮɡŰŬɑŮɠ ůɡɛˊŮɟɘűɞɟɏɠ ůŰɖɟɑɕɞɜŰŬɘ ůŰɖ ůɡɜŮɟɔŬŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ spins. 

Ⱥˊɑůɖɠ, əŬɘ ɞ ůɘŭɖɟɞɛŬɔɜɖŰɘůɛɧɠ əŬɘ ɞ ůɘŭɖɟɘɛŬɔɜɖŰɘůɛɧɠ ɞŭɖɔɞɨɜ ůŮ ŬɡɗɧɟɛɖŰɖ 
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ɛŬɔɜɖŰɘəɐ ŰɎɝɖ əɎŰɤ Ŭˊɧ ɛɑŬ əɟɑůɘɛɖ ɗŮɟɛɞəɟŬůɑŬ. ɄŬɟŬŭŮɑɔɛŬŰŬ ɛɖ-ɛɞɟɘŬəɞɨ 

ůɘŭɖɟɞɛŬɔɜɐŰɖ əŬɘ ůɘŭɖɟɘɛŬɔɜɐŰɖ ŬˊɞŰŮɚɞɨɜ ɞ ůɑŭɖɟɞɠ (Fe) əŬɘ ɞ ɛŬɔɜɖŰɑŰɖɠ 

(Fe3O4), ŬɜŰɑůŰɞɘɢŬ. ȾŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ, ŰŬ spins ůŰɞ ˊɚɏɔɛŬ ŬɚɚɖɚŮˊɘŭɟɞɨɜ 

ɘůɢɡɟɎ Űɞ ɏɜŬ ɛŮ Űɞ Ɏɚɚɞ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ ɛŬɔɜɖŰɘəɐ ŰɎɝɖ ɛŬəɟɎɠ ŮɛɓɏɚŮɘŬɠ (long-

range order). 

ȼ ůɢŮŭɑŬůɖ ɛɞɟɘŬəɩɜ ɛŬɔɜɖŰɩɜ ŬˊŬɘŰŮɑ Űɖɜ çəŬŰŬůəŮɡɐè ɛŬɔɜɖŰɘəɩɜ ɛɞɟɘŬəɩɜ 

ɛɞɜɎŭɤɜ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɖ ŬɚɚɖɚŮˊɑŭɟŬůɖ ŬɜɎɛŮůŬ ůŰɞɡɠ űɞɟŮɑɠ Űɤɜ spins 

ůŰɖɜ əɚɑɛŬəŬ Űɖɠ ɛɞɟɘŬəɐɠ ɛɞɜɎŭɞɠ ɜŬ ɞŭɖɔŮɑ ůŮ ɛɖ-ɛɖŭŮɜɘəɧ ůɡɜɞɚɘəɧ spin. ȷɡŰɧ 

Űɞ ŬˊɞŰɏɚŮůɛŬ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ (ɆɢɐɛŬ 1) əŬɘ  

ůɡɔəŮəɟɘɛɏɜŬ: (i) ȳɚŮɠ ɞɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ˊɘɞ əɞɜŰɘɜɩɜ ɔŮɘŰɧɜɤɜ ɜŬ 

ŮɑɜŬɘ ůɘŭɖɟɞɛŬɔɜɖŰɘəɏɠ (1). ȷɜ ŬɡŰɧ ůɡɛɓŬɑɜŮɘ, ŰŬ ŰɞˊɘəɎ spins ɏɢɞɡɜ Űɖɜ ŰɎůɖ ɜŬ 

ˊɟɞůŬɜŬŰɞɚɑɕɞɜŰŬɘ əŬŰɎ ɛɐəɞɠ Űɖɠ ɑŭɘŬɠ əŬŰŮɨɗɡɜůɖɠ əŬɘ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ůɡɛɓŬɑɜŮɘ 

ůɘŭɖɟɞɛŬɔɜɖŰɘəɐ ɛŮŰɎˊŰɤůɖ əɎŰɤ Ŭˊɧ ɛɘŬ əɟɑůɘɛɖ ɗŮɟɛɞəɟŬůɑŬ ɇC. (ii) ȳɚŮɠ ɞɘ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ˊɘɞ əɞɜŰɘɜɩɜ ɔŮɘŰɧɜɤɜ ɜŬ ŮɑɜŬɘ ŬɜŰɘůɘŭɖɟɞɛŬɔɜɖŰɘəɏɠ, 

ŬɚɚɎ ŮɝŬɘŰɑŬɠ Űɞɡ ŭɘŬűɞɟŮŰɘəɞɨ ɛŮɔɏɗɞɡɠ Űɤɜ ŬɚɚɖɚŮˊɘŭɟɩɜŰɤɜ Űɞˊɘəɩɜ spins, Űɞ 

ůɡɜɞɚɘəɧ spin ɜŬ ɛɖɜ ŮɑɜŬɘ ɛɖŭɏɜ (2). ȷɡŰɧ Űɞ ůɨůŰɖɛŬ ŮɑɜŬɘ ůɘŭɖɟɘɛŬɔɜɐŰɖɠ əŬɘ 

ŬɜŬɛɏɜŮŰŬɘ ˊɎɚɘ ɛɘŬ əŬŰɎůŰŬůɖ ɛŬɔɜɖŰɘəɐɠ ŰɎɝɖɠ ɛŮ ɛɘŬ ŬɡɗɧɟɛɖŰɖ ɛŬɔɜɐŰɘůɖ əɎŰɤ 

Ŭˊɧ ɛɘŬ əɟɑůɘɛɖ ɗŮɟɛɞəɟŬůɑŬ ɇC. (iii) ȳɚɞɘ ɞɘ űɞɟŮɑɠ Űɤɜ spins ɜŬ ŮɑɜŬɘ ˊŬɟɧɛɞɘɞɘ 

əŬɘ ɜŬ ůɡɕŮɨɔɜɡɜŰŬɘ ŬɜŰɘůɘŭɖɟɞɛŬɔɜɖŰɘəɎ ɛŮ ɛɘŬ ɛɘəɟɐ əɚɑůɖ (canting), ɏŰůɘ ɩůŰŮ Űɞ 

spin ˊɞɡ ˊɟɞəɨˊŰŮɘ ɜŬ ɛɖɜ ŮɑɜŬɘ ɛɖŭɏɜ (3). ȷɜ ŬɡŰɧ ůɡɛɓŬɑɜŮɘ, ŬɜŬɛɏɜŮŰŬɘ ɛɘŬ 

ŬůɗŮɜɐɠ ůɘŭɖɟɞɛŬɔɜɖŰɘəɐ ɛŮŰɎˊŰɤůɖ ůŰɖ ɗŮɟɛɞəɟŬůɑŬ TC. (iv) ɇɏɚɞɠ, ɏɜŬ ɛɖ-

ɛɖŭŮɜɘəɧ spin ɛˊɞɟŮɑ ɜŬ ˊɟɞɏɚɗŮɘ Ŭˊɧ ˊɞɚɨˊɚɞəŮɠ ŭɞɛɏɠ spin (4) ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

əŬɘ ůɘŭɖɟɞɛŬɔɜɖŰɘəɏɠ əŬɘ ŬɜŰɘůɘŭɖɟɞɛŬɔɜɖŰɘəɏɠ ůɡɕŮɨɝŮɘɠ, əŬɘ ˊɘɗŬɜɎ əɚɑůŮɘɠ. 

 

 

ɆɢɐɛŬ 1: ɇɟɧˊɞɘ ŭɘůŭɘɎůŰŬŰɖɠ (2D) ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮŰŬɝɨ Űɤɜ űɞɟɏɤɜ Űɤɜ spins ůŰɖɜ əɚɑɛŬəŬ Űɖɠ    

ɛɞɟɘŬəɐɠ ɛɞɜɎŭɞɠ ˊɞɡ ɞŭɖɔŮɑ ůŮ ɛɖ-ɛɖŭŮɜɘəɧ spin. 
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ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɖ ŮɛűɎɜɘůɖ ŬɡɗɧɟɛɖŰɖɠ ɛŬɔɜɐŰɘůɖɠ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ 

ŰɟɘůŭɘɎůŰŬŰŮɠ (3D) ŮɜɩůŮɘɠ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɡˊɎɟɢŮɘ ɏɜŰɞɜɞ ŮɟŮɡɜɖŰɘəɧ 

ŮɜŭɘŬűɏɟɞɜ ɔɘŬ Űɖɜ Ŭˊɞɛɧɜɤůɖ əŬɘ ɛŮɚɏŰɖ ɛŬɔɜɖŰɩɜ ɛɞɜŬŭɘəɐɠ-ŬɚɡůɑŭŬɠ (single-

chain magnets). 

ȯɚɚŮɠ ŮűŬɟɛɞɔɏɠ Űɤɜ ˊɞɚɡɛŮɟɩɜ ɏɜŰŬɝɖɠ ŮɑɜŬɘ ɖ ŬˊɞɗɐəŮɡůɖ ŬŮɟɑɤɜ, ˊ.ɢ. H2  ɐ  

CH4, ůŰɞɡɠ ˊɧɟɞɡɠ Űɤɜ ˊɞɚɡɛŮɟɩɜ ɏɜŰŬɝɖɠ, ɖ ůɡɜŮˊŬəɧɚɞɡɗɖ ɘəŬɜɧŰɖŰɎ Űɞɡɠ ɜŬ 

ŮˊɘŰɡɔɢɎɜɞɡɜ ŭɘŬɢɤɟɘůɛɞɨɠ ŬŮɟɑɤɜ, əŬɗɩɠ əŬɘ ɖ ɢɟɖůɘɛɞˊɞɑɖůɐ Űɞɡɠ ɤɠ 

ŬɘůɗɖŰɐɟɤɜ, ɞˊŰɘəɩɜ əŬɘ əŬŰŬɚɡŰɘəɩɜ ɛɞɟɘŬəɩɜ ɡɚɘəɩɜ. 
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ȸ. ȼ ɉȼɀȺȽȷ ɇɃɈ ɈȹɅȷɅũɈɅɃɈ
[7-11]

 

 

ȸ1. ȺɘůŬɔɤɔɐ 

 

ȷɟɢŬɘɧŰɖŰŬ 

Ƀ ɡŭɟɎɟɔɡɟɞɠ ŮɑɜŬɘ ɔɜɤůŰɧ ɛɏŰŬɚɚɞ Ŭˊɧ Űɖɜ ŬɟɢŬɘɧŰɖŰŬ, Űɞɡ ɞˊɞɑɞɡ ɞɘ ŬůɡɜɐɗɘůŰŮɠ 

ɘŭɘɧŰɖŰŮɠ, ɧˊɤɠ ɖ Ůɨəɞɚɖ ŮɝŬɔɤɔɐ Űɞɡ əŬɘ ɧŰɘ ůɡɜŬɜŰɎŰŬɘ əŬɘ ŮɚŮɨɗŮɟɞɠ, 

ˊɟɞəɎɚŮůŬɜ Űɞ ŮɜŭɘŬűɏɟɞɜ Űɤɜ ŮɟŮɡɜɖŰɩɜ . ȷˊɧ Űɞɜ ȷɟɘůŰɞŰɏɚɖ (350 ˊ.ɉ.) 

ŬɜŬűɏɟŮŰŬɘ ɤɠ "ɢɡŰɧɠ Ɏɟɔɡɟɞɠ" əŬɘ Ŭˊɧ Űɞɜ ȹɘɞůəɞɡɟɑŭɖ (50 ɛ.ɉ.) ɞɜɞɛɎůɗɖəŮ 

"ɡŭɟɎɟɔɡɟɞɠ". Ƀɘ ɚŬŰɘɜɘəɏɠ ɞɜɞɛŬůɑŮɠ Űɞɡ ŮɑɜŬɘ "hydrargyrum" (Ŭˊɧ Űɖɜ ɞˊɞɑŬ 

ˊɟɞɏɟɢŮŰŬɘ əŬɘ Űɞ ůɨɛɓɞɚɧ Űɞɡ Hg) əŬɘ "mercurius", ŮˊŮɘŭɐ ůɡɜŭŮɧŰŬɜ Ŭˊɧ Űɞɡɠ 

ŬɚɢɖɛɘůŰɏɠ ɛŮ Űɞɜ ˊɚŬɜɐŰɖ Ⱥɟɛɐ. 

ɆŰŬ ũŮɟɛŬɜɘəɎ ɞɜɞɛɎɕŮŰŬɘ Quecksilber, ŭɖɚ. ɕɤɜŰŬɜɧɠ Ɏɟɔɡɟɞɠ. ȱŰŬɜ ɔɜɤůŰɧɠ 

ůŰɞɡɠ ŬɟɢŬɑɞɡɠ Ⱦɘɜɏɕɞɡɠ əŬɘ Ƚɜŭɞɨɠ ˊɟɘɜ Űɞ 2000 ˊ.ɉ., ɧˊɞɡ ůŰɖɜ ŬɟɢŬɑŬ ȾɑɜŬ ɞɘ 

ŰŬɞɥůŰɏɠ ˊɟɞůˊɎɗɖůŬɜ ɜŬ ˊŬɟŬůəŮɡɎůɞɡɜ Ůɚɘɝɑɟɘɞ (űɎɟɛŬəɞ) ɔɘŬ Űɖɜ ɛŬəɟɞɓɘɧŰɖŰŬ 

əŬɘ ŬɗŬɜŬůɑŬ, ɛŮ ɛɞɘɟŬɑŮɠ ɓɏɓŬɘŬ ůɡɜɏˊŮɘŬ ɔɘŬ Űɞɡɠ ɢɟɐůŰŮɠ, ɚɧɔɤ Űɖɠ ŰɞɝɘəɧŰɖŰŬɠ 

Űɤɜ əŬŰɘɧɜŰɤɜ Hg
2+

. ɄɞůɧŰɖŰɏɠ Űɞɡ Ůˊɑůɖɠ ɏɢɞɡɜ ɓɟŮɗŮɑ ůŮ ůɤɚɐɜŮɠ ůŮ 

ȷɘɔɡˊŰɘŬəɞɨɠ ŰɎűɞɡɠ Űɞɡ 1500 ˊ.ɉ. ũɨɟɤ ůŰŬ 500 ˊ.ɉ. ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛŮ Űɖ 

ɛɞɟűɐ ŬɛŬɚɔɎɛŬŰɞɠ Ɏɚɚɤɜ ɛŮŰɎɚɚɤɜ. Ƀɘ ŬɟɢŬɑɞɘ ȰɚɚɖɜŮɠ Űɞɜ ɢɟɖůɘɛɞˊɞɑɖůŬɜ ůŮ 

Ŭɚɞɘűɏɠ əŬɘ ɞɘ ɅɤɛŬɑɞɘ ůŮ əŬɚɚɡɜŰɘəɎ ˊɟɞůɩˊɞɡ ɛŮ ɗŮŰɘəɎ ůŰɖɜ Ŭɟɢɐ, ŬɚɚɎ ɓɚŬɓŮɟɎ 

ůŰɖ  ůɡɜɏɢŮɘŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ɇɞ əɘɜɜɎɓŬɟɘ ŮɑɜŬɘ Űɞ əɨɟɘɞ ɛŮŰɎɚɚŮɡɛɎ Űɞɡ, Űɞ ɞˊɞɑɞ ɢɟɞɜɞɚɞɔŮɑŰŬɘ Ŭˊɧ Űɞ 500 ˊ.ɉ. 

ɆɨɛűɤɜŬ ɛŮ ŬɜŬűɞɟɏɠ  Űɞɡ ɄŬɡůŬɜɑŬ,  ''ůŰɖ ūŮɚɚɧɖ Űɖɠ ȷɢŬȶŬɠ ɡˊɐɟɢŮ ɎɔŬɚɛŬ Űɞɡ 

ȹɘɧɜɡůɞɡ ɓŬɛɛɏɜɞ əɧəəɘɜɞ''  əŬɘ ''ůŰɖ ūɘɔŬɚɑŬ Űɖɠ ȷɟəŬŭɑŬɠ ɡˊɎɟɢŮɘ ɜŬɧɠ Űɞɡ 

ȹɘɧɜɡůɞɡ  ɞ ɞˊɞɑɞɠ  ɞɜɞɛɎɕŮŰŬɘ Ŭˊɧ Űɞɡɠ ɜŰɧˊɘɞɡɠ  óŬəɟŬŰɞűɧɟɞɠô. ɇɞ əɎŰɤ ɛɏɟɞɠ 

Űɞɡ ɚŬŰɟŮɡŰɘəɞɨ ŬɔɎɚɛŬŰɞɠ ŭŮɜ ŮɑɜŬɘ ɞɟŬŰɧ ŮɝŬɘŰɑŬɠ Űɤɜ űɨɚɚɤɜ ŭɎűɜɖɠ əŬɘ Űɤɜ 

əɘůůɩɜ. ɇɞ ɞɟŬŰɧ ɛɏɟɞɠ Űɞɡ ŬɔɎɚɛŬŰɞɠ ŮɑɜŬɘ ŬɚŮɘɛɛɏɜɞ ɛŮ əɘɜɜŬɓɎɟɘ ɔɘŬ ɜŬ ɏɢŮɘ ɛɑŬ 

ɚɎɛɣɖ. ȿɏɜŮ ˊɤɠ ŬɡŰɧ Űɞ ɓɟɑůəɞɡɜ ɞɘ ȲɓɖɟŮɠ ɛŬɕɑ ɛŮ Űɞ ɢɟɡůɎűɘ.'' ɇɞ ɑŭɘɞ 

ɢɟɖůɘɛɞˊɞɘɞɨůŬɜ ɔɘŬ ɜŬ ɓɎɣɞɡɜ ŰŬ ˊɚɞɑŬ əɧəəɘɜŬ əŬɘ ɔɘŬ ɜŬ əɎɜɞɡɜ Űɞ ɝɨɚɞ 

ŬŭɘɎɓɟɞɢɞ. Ⱥˊɑůɖɠ ɏɢŮɘ ɓɟŮɗŮɑ ůŮ ŰɞˊɞɗŮůɑŬ Űɤɜ ɀɎɔɘŬ əŬɘ ůŰɖɜ ȽŰŬɚɑŬ ɏɢɞɡɜ 
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ŬɜŬəŬɚɡűɗŮɑ ˊɟɞɥůŰɞɟɘəɎ əɟŬɜɑŬ ɓŬɛɛɏɜŬ ɛŮ əɘɜɜɎɓŬɟɘ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɞɡɠ 

Ŭɜɗɟɩˊɞɡɠ Űɤɜ ůˊɖɚŬɑɤɜ ˊɟɘɜ 20000 ɢɟɧɜɘŬ ɧˊɤɠ ɓɚɏˊɞɡɛŮ ůŰɘɠ  ȺɘəɧɜŮɠ 1 əŬɘ 2. 

 

                                                     

ȺɘəɧɜŬ 1: ɆˊɐɚŬɘɞ ȿŬůəɩ, ũŬɚɚɑŬ.                ȺɘəɧɜŬ 2: ɆˊɐɚŬɘɞ ȷɚŰŬɛɑɟŬ, ȽůˊŬɜɑŬ. 

  

ȷɚɢɖɛŮɑŬ 

Ƀ ɡŭɟɎɟɔɡɟɞɠ ŮɑɜŬɘ ɏɜŬ Ŭˊɧ ŰŬ 7 ɛɏŰŬɚɚŬ Űɖɠ ŬɚɢɖɛŮɑŬɠ, ɞ ɞˊɞɑɞɠ ɛŬɕɑ ɛŮ Űɞ ɎɚŬɠ 

əŬɘ Űɞ ɗŮɑɞ ɐŰŬɜ ŰŬ 3 ůɖɛŬɜŰɘəɧŰŮɟŬ ůŰɞɘɢŮɑŬ Űɖɠ ŬɚɢɖɛŮɑŬɠ Űɖɠ ȹɨůɖɠ. Ƀ 

əɡɟɘɧŰŮɟɞɠ ůŰɧɢɞɠ Űɤɜ ŬɚɢɖɛɘůŰɩɜ ɐŰŬɜ ɖ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ űɘɚɞůɞűɘəɐɠ ɚɑɗɞɡ, ɧˊɞɡ 

ɓŬůɘəɧ ůɡůŰŬŰɘəɧ ɐŰŬɜ ɞ ɡŭɟɎɟɔɡɟɞɠ. Ƀ ůəɞˊɧɠ Űɖɠ űɘɚɞůɞűɘəɐɠ ɚɑɗɞɡ ɐŰŬɜ ɖ 

ɛŮŰŬŰɟɞˊɐ Űɤɜ ɛŮŰɎɚɚɤɜ ůŮ ɢɟɡůɧ, ɔɘŬ Űɖɜ ɞˊɞɑŬ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŮ ˊɞɚɚɎ 

ȺɚɚɖɜɘəɎ əŮɑɛŮɜŬ Űɞɡ 5
ɞɡ

 ˊ.ɉ. ŬɘɩɜŬ, əŬɗɩɠ əŬɘ ůŰɞɜ əŬŰɎɚɞɔɞ Űɞɡ ŬɚɢɖɛɘůŰɐ 

ɆŰŮűɎɜɞɡ, ɔɘŬŰɟɞɨ Ŭˊɧ Űɖɜ ȷɚŮɝɎɜŭɟŮɘŬ. Ƀɘ ŬɚɢɖɛɘůŰɏɠ Űɞɜ ŬɜŬűɏɟɞɡɜ ɤɠ 

''ɡŭɟɎɟɔɡɟɞ Űɤɜ űɘɚɞůɧűɤɜ'', ɛɘɚɩɜŰŬɠ ɔɘŬ Űɘɠ ŭɘɎűɞɟŮɠ ŮɜɩůŮɘɠ Űɞɡ ɐ Űɞ ɞɟɡəŰɧ 

əɘɜɜɎɓŬɟɘ əŬɘ ɧɢɘ ɔɘŬ Űɞ əŬɗŬɟɧ ɛɏŰŬɚɚɞ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ Ŭˊɚɧɠ ɛŮɜ ŬɚɚɎ ɏɢŮɘ 

ŭɘŬűɞɟŮŰɘəɏɠ ɛɞɟűɏɠ. ȺɑɜŬɘ ˊɏŰɟŬ əŬɘ ŭŮɜ ŮɑɜŬɘ ˊɏŰɟŬ, ŮɑɜŬɘ ˊɜŮɨɛŬ, ɣɡɢɐ əŬɘ ůɩɛŬ. 

ȺɑɜŬɘ ˊŰɖŰɘəɧɠ əŬɘ əŬɗŬɟɧɠ ůŬɜ ŭɎəɟɡ əŬɘ ŮɝŮɚɑůůŮŰŬɘ əŬɘ ůŮ əɑŰɟɘɜɞ ŬɚŬŰɩŭŮɠ 

ˊɟɞɥɧɜ. ȺɑɜŬɘ əɎŰɘ ůŰɞ ɞˊɞɑɞ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŰŮɗŮɑ ŰɑˊɞŰŬ əŬŰɎ Űɞɜ űɘɚɧůɞűɞ 

ŬɚɢɖɛɘůŰɐ Arnold Villanova, ɞɘ űɘɚɧůɞűɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɞɜ ŭɘəɧ Űɞɡɠ ɡŭɟɎɟɔɡɟɞ 

ɔɘŬ ɜŬ ŭɘŬɚɨůŮɘ Űɞɜ ŭɘəɧ Űɞɡɠ ''Ŭɜɩɟɘɛɞ'' ɢɟɡůɧ əŬŰɎ Űɞɜ ŬɚɢɖɛɘůŰɐ  Eirenaeus əŬɘ ɞ 

''Ŭˊɚɧɠ ɡŭɟɎɟɔɡɟɞɠ'', Űɞ ɢɖɛɘəɧ ůŰɞɘɢŮɑɞ, ŮɑɜŬɘ ůɢŮŭɧɜ ɎɢɟɖůŰɞɠ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɡɠ 

űɘɚɞůɞűɘəɞɨɠ ɡŭɟŬɟɔɨɟɞɡɠ ůŰɘɠ ŬɜŬűɞɟɏɠ Ŭɚɢɖɛɘəɩɜ ŭɘŬŰɟɘɓɩɜ. 
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ȽůŰɞɟɘəɏɠ ŬɜŬűɞɟɏɠ 

Ƀɘ ɢɟɐůŮɘɠ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ Ŭˊɧ Űɖɜ ŬɜŬəɎɚɡɣɐ Űɞɡ ɛɏɢɟɘ ůɐɛŮɟŬ ɏɢɞɡɜ 

ŭɘŬűɞɟɞˊɞɘɖɗŮɑ əŬŰɎ ˊɞɚɨ. ɇɞɜ ɢɟɖůɘɛɞˊɞɘɞɨůŬɜ ŬɟɢɘəɎ ɔɘŬ Űɘɠ ˊŬɟŬɢŬɟɎɝŮɘɠ 

ɜɞɛɘůɛɎŰɤɜ. Ƀɘ ˊŬɟŬɢŬɟɎəŰŮɠ ɏŰɟɘɓŬɜ ˊɎɜɤ ůŮ ŬůűɟɎɔɘůŰɞ əɞɛɛɎŰɘ Ŭɟɔɨɟɞɡ ɐ 

ɢɎɚəɘɜɞɡ ɜɞɛɑůɛŬŰɞɠ ɏɜŬ ɛɑɔɛŬ ɢɟɡůɞɨ əŬɘ ɡŭɟŬɟɔɨɟɞɡ, Űɞ  ɞˊɞɑɞ ůŰɖ ůɡɜɏɢŮɘŬ Űɞ 

ɗɏɟɛŬɘɜŬɜ ɔɘŬ ɜŬ ŮɝŬŰɛɘůŰŮɑ ɞ ɡŭɟɎɟɔɡɟɞɠ ɞˊɧŰŮ ɜŬ ɛŮɑɜŮɘ Űɞ ůŰɟɩɛŬ ɢɟɡůɞɨ əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ Űɞ ɛɞɟűɞˊɞɘɞɨůŬɜ ɛŮ Űɖɜ ˊɚŬůŰɐ ɛɐŰɟŬ. 

ɆŰɖɜ Ůˊɞɢɐ ˊɞɡ ŰŬ ůŮɝɞɡŬɚɘəɩɠ ɛŮŰŬŭɘŭɧɛŮɜŬ ɜɞůɐɛŬŰŬ ɐŰŬɜ ɗŬɜŬŰɖűɧɟŬ əŬɘ ŰŬ 

ŬɜŰɘɓɘɞŰɘəɎ ŭŮɜ ŮɑɢŬɜ ŬɜŬəŬɚɡűɗŮɑ, ɛŮ Űɖɜ ůɨűɘɚɖ ɜŬ ɗŮɤɟŮɑŰŬɘ Űɞ ˊɘɞ ůɞɓŬɟɧ 

ɘŬŰɟɘəɧ ˊɟɧɓɚɖɛŬ Űɞɡ ˊɟɩŰɞɡ ɛɘůɞɨ Űɞɡ 16
ɞɡ

 ŬɘɩɜŬ, ɐŰŬɜ ůɢŮŭɧɜ ŬɜŬˊɧűŮɡəŰɞ ůŰɘɠ 

ɗŮɟŬˊŮɑŮɠ ˊɞɡ ŬɜŬɕɖŰɞɨůŬɜ ɜŬ ŭɞəɑɛŬɕŬɜ Űɞɜ ɡŭɟɎɟɔɡɟɞ. ȼ ɗŮɟŬˊŮɑŬ űɎɜɖəŮ ɜŬ ɏɢŮɘ 

ɗŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ɞɟɘůɛɏɜɞɡɠ ŬůɗŮɜŮɑɠ, ɖ ɢɟɐůɖ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ůɡɜŮɢɑůŰɖəŮ 

ɤɠ Űɘɠ Ŭɟɢɏɠ Űɞɡ 20
ɞɡ

 ŬɘɩɜŬ, ˊŬɟɧɚɞ ˊɞɡ ŭŮɜ ɐŰŬɜ ůŬűɏɠ Ŭɜ ɧɜŰɤɠ ɞ ɡŭɟɎɟɔɡɟɞɠ 

ɗŮɟɎˊŮɡŮ Űɖ ůɨűɘɚɖ. 

ɇɞɜ  17
ɞ
 ŬɘɩɜŬ ɞ ɡŭɟɎɟɔɡɟɞɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ əŬˊɏɚɤɜ ˊɞɡ 

ŮɜŰɞˊɑɕŮŰŬɘ ůŰɖ  ũŬɚɚɑŬ ɛŮ ˊɘɗŬɜɐ ŮɘůŬɔɤɔɐ Űɞɡ əŬɘ ůŰɖɜ ȷɔɔɚɑŬ ˊŮɟɑ Űɞ 1830. ɀɑŬ 

Ɏɚɚɖ ɢɟɐůɖ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ɐŰŬɜ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ ɡűŬůɛɎŰɤɜ. ɆŰɖɜ ɇɞɡɟəɑŬ 

ɢɟɖůɘɛɞˊɞɘɞɨůŬɜ Űɞ ŰɟɑɢɤɛŬ əŬɛɐɚŬɠ ɤɠ ɡɚɘəɧ ɔɘŬ ɨűŬůɛŬ əŬɘ ŭɘŬˊɑůŰɤůŬɜ ɧŰɘ ɖ 

ŭɘŬŭɘəŬůɑŬ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ ɡűɎůɛŬŰɞɠ ŮˊɘŰŬɢɡɜɧŰŬɜ ɧŰŬɜ ŬɡŰɧ ŬˊɞɟɟɞűɞɨůŮ ɞɨɟŬ 

əŬɛɐɚŬɠ. ɆŰɖ ũŬɚɚɑŬ ɢɟɖůɘɛɞˊɞɘɞɨůŬɜ ŰŬ ɞɨɟŬ Űɤɜ ŮɟɔŬŰɩɜ ɔɘŬ Űɖɜ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ, 

ɧˊɞɡ ɏɜŬɠ ŮɟɔɎŰɖɠ ɏɛɞɘŬɕŮ ɜŬ ˊŬɟɎɔŮɘ ŬɜɩŰŮɟɖɠ ˊɞɘɧŰɖŰŬɠ ɨűŬůɛŬ. Ƀ ŮɟɔɎŰɖɠ ŬɡŰɧɠ 

ɚɎɛɓŬɜŮ ɗŮɟŬˊŮɑŬ əŬŰɎ Űɖɠ ůɨűɘɚɖɠ ˊɞɡ ˊŮɟɘŮɑɢŮ ɡŭɟɎɟɔɡɟɞ, ɞˊɧŰŮ əŬɘ ɏɔɘɜŮ 

ůɡůɢŮŰɘůɛɧɠ Űɖɠ ˊŬɟɞɡůɑŬɠ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ɛŮ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ɡűɎůɛŬŰɞɠ. ɇŮɚɘəɎ 

ɖ ɢɟɐůɖ Űɞɡ ɜɘŰɟɘəɞɨ ɡŭɟŬɟɔɨɟɞɡ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ ˊŬɟŬɔɤɔɐɠ ɡűŬůɛɎŰɤɜ ŮɑɢŮ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ ɛŬɕɘəɏɠ ŭɖɚɖŰɖɟɘɎůŮɘɠ, ɔɜɤůŰɏɠ ɤɠ ŬůɗɏɜŮɘŬ Űɤɜ ˊɖɚɞˊɞɘɩɜ 

(əŬˊŮɚɎŭɤɜ), ɛŮ ŰɡˊɘəɎ ůɡɛˊŰɩɛŬŰŬ ɛŬəɟɞɢɟɧɜɘŬɠ ŭɖɚɖŰɖɟɑŬůɖɠ ɛŮ ɡŭɟɎɟɔɡɟɞ. 

ȷəɞɚɞɡɗŮɑ ɛɑŬ ůɡɜɞˊŰɘəɐ ɘůŰɞɟɘəɐ ŬɜŬűɞɟɎ ůŰɖ ɢɖɛŮɑŬ Űɞɡ Hg (ɛŮŰŬɚɚɞɡɟɔɑŬ əŬɘ 

ɘŭɘɧŰɖŰŮɠ)  ɛɏɢɟɘ Űɞɜ 19
ɞ
 ŬɘɩɜŬ, əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰɞ ŮɟɔŬůŰɐɟɘɞ: 

Á 50 ɛ.ɉ.: Ƀ ȹɘɞůəɞɡɟɑŭɖɠ ˊŮɟɘɔɟɎűŮɘ ˊŬɟŬůəŮɡɐ Hg ɛŮ Űɖ ɗɏɟɛŬɜůɖ 

əɘɜɜŬɓɎɟŮɤɠ əŬɘ ůɡɛˊɨəɜɤůɖ Űɤɜ ŬŰɛɩɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ. 
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Á 1566 : Ƀ Hg ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞ ɀŮɝɘəɧ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Ŭɟɔɨɟɞɡ Ŭˊɧ 

ɗɟɡɛɛŬŰɘůɛɏɜŬ ɛŮŰŬɚɚŮɨɛŬŰŬ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɞ Hg ˊŬɟŬɚŬɛɓɎɜŮŰŬɘ ɛŮ 

ŬˊɧůŰŬɝɖ. 

Á 1730 :  Ƀ ɃɚɚŬɜŭɧɠ ɘŬŰɟɧɠ əŬɘ ɢɖɛɘəɧɠ Herman Boerhaave (1668-1738), ůŰɞɜ 

ɞˊɞɑɞ ˊɞɚɚɞɑ Ŭˊɞŭɑŭɞɡɜ Űɖɜ ɞɟɘůŰɘəɐ Ŭˊɞəɞˊɐ Űɖɠ ɢɖɛŮɑŬɠ Ŭˊɧ Űɖɜ ŬɚɢɖɛŮɑŬ, 

ŭɘŬəɐɟɡɝŮ "Ƀ ɡŭɟɎɟɔɡɟɞɠ ˊŬɟŬɛɏɜŮɘ ɡŭɟɎɟɔɡɟɞɠ". ɆŰɞ ůɡɛˊɏɟŬůɛŬ ŬɡŰɧ 

əŬŰɏɚɖɝŮ Ŭűɞɨ ŮɑɢŮ ɡˊɞɓɎɚŮɘ Űɞ ůŰɞɘɢŮɑɞ ůŮ ɐˊɘŬ ɗɏɟɛŬɜůɖ ɔɘŬ 15 ɢɟɧɜɘŬ  əŬɘ 

Ŭəɧɛɖ ůŮ ɗɏɟɛŬɜůɖ ɛŮ əɎɗŮŰɞ ɣɡəŰɐɟŬ ɔɘŬ 6 ɛɐɜŮɠ. 

Á 1774 : Ƀ  Priestley ˊŬɟŬůəŮɨŬůŮ Űɞ ɞɝɡɔɧɜɞ Ŭˊɧ Űɞ ȼgO, Űɞ ɞˊɞɑɞ ɗɏɟɛŬɜŮ 

ɛŮ ɛɘŬ əŬɗŬɟɐ ˊɖɔɐ ɗŮɟɛɧŰɖŰŬɠ, Űɘɠ ɖɚɘŬəɏɠ ŬəŰɑɜŮɠ, ɛŮ Űɖ ɓɞɐɗŮɘŬ Ůɜɧɠ 

ůɡɔəɚɑɜɞɜŰŬ űŬəɞɨ. ɃɜɧɛŬůŮ Űɞ ɜɏɞ Ŭɏɟɘɞ Ŭˊɞűɚɞɔɘůɛɏɜɞ ŬɏɟŬ, ŮˊŮɘŭɐ ŭŮɜ 

ˊŮɟɘŮɑɢŮ űɚɞɔɘůŰɧɜ, əŬɘ Ůˊɞɛɏɜɤɠ ɐŰŬɜ ůŮ ɗɏůɖ ɜŬ ŬˊɞɟɟɞűɐůŮɘ ɛŮɔɎɚŮɠ 

ˊɞůɧŰɖŰŮɠ űɚɞɔɘůŰɞɨ Ŭˊɧ Űɘɠ əŬɘɧɛŮɜŮɠ ɞɡůɑŮɠ. ɄɟɎɔɛŬŰɘ, ŮɑɢŮ ŭɘŬˊɘůŰɩůŮɘ 

ɧŰɘ Űɞ ɜɏɞ Ŭɏɟɘɞ ɏɛɞɘŬɕŮ ɛŮ Űɞɜ ŬŰɛɞůűŬɘɟɘəɧ ŬɏɟŬ, ŬɚɚɎ ɐŰŬɜ əŬɗŬɟɧŰŮɟɞ, 

Ŭűɞɨ ɞɘ əŬɨůŮɘɠ ůô ŬɡŰɧ ɔɑɜɞɜŰŬɜ ɏɜŰɞɜŬ əŬɘ ŰŬ ɕɩŬ ŮˊɘɕɞɨůŬɜ ˊŮɟɘůůɧŰŮɟɞ 

Ŭˊô ɧŰɘ ůŰɞɜ əɞɘɜɧ ŬɏɟŬ. 

Á 1775 : ȼ ˊŬɟŬůəŮɡɐ ɞɝɡɔɧɜɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ əɡɟɑɤɠ ɛŮ ɗɏɟɛŬɜůɖ ɞɝŮɘŭɑɞɡ 

Űɞɡ ɡŭɟŬɟɔɨɟɞɡ. 

Á 1792-3 : ɇɏůůŮɟŮɘɠ  ũŮɟɛŬɜɞɑ ŮˊɘůŰɐɛɞɜŮɠ, ŮɟɔŬɕɧɛŮɜɞɘ ŬɜŮɝɎɟŰɖŰŬ ɞ ɏɜŬɠ 

Ŭˊɧ Űɞɜ Ɏɚɚɞɜ, ŬɜɏűŮɟŬɜ ɧŰɘ əŬɜɏɜŬ Ŭɏɟɘɞ ŭŮɜ ˊɟɞəɨˊŰŮɘ ɛŮ ɗɏɟɛŬɜůɖ 

ɞɝŮɘŭɑɞɡ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ. ȷɡŰɧ ˊɘɗŬɜɩɠ ɞűŮɘɚɧŰŬɜ ůŰɞɜ ŬɜŮˊŬɟəɐ 

ŮɟɔŬůŰɖɟɘŬəɧ Ůɝɞˊɚɘůɛɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɑɖůŬɜ, ɞ ɞˊɞɑɞɠ ŮˊɖɟɏŬůŮ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ. 

Á 1800 : Ƀ E.C. Howard ˊŬɟŬůəŮɡɎɕŮɘ əɟɞŰɘəɧ ɡŭɟɎɟɔɡɟɞ əŬɘ ŬɜŬűɏɟŮɘ ɧŰɘ ɞɘ 

ŮəɟɖəŰɘəɏɠ Űɞɡ ɘŭɘɧŰɖŰŮɠ ŮɑɜŬɘ Űɧůɞ ɛŮɔɎɚŮɠ ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ŮəɟɖəŰɘəɧ ɡɚɘəɧ. 

Á 1801 : Ƀ Berthollet ŮˊɘŰɡɔɢɎɜŮɘ Űɖɜ ˊŬɟŬůəŮɡɐ ŭɘŬűɧɟɤɜ ɗŮɘɞɨɢɤɜ ŮɜɩůŮɤɜ 

Űɞɡ ɡŭɟŬɟɔɨɟɞɡ. ɄŬɟɧɚŬ ŬɡŰɎ, ŬɜŰɑ ɜŬ ɢŬɟŬəŰɖɟɑůŮɘ Űɘɠ ˊŬɟŬˊɎɜɤ ŮɜɩůŮɘɠ 

ɤɠ ɛɑɔɛŬŰŬ, ůɡɛˊŮɟŬɑɜŮɘ ɧŰɘ ŰŬ ɎɚŬŰŬ ŬɡŰɎ Űɞɡ ɛɞɜɞůɗŮɜɞɨɠ əŬɘ ŭɘůɗŮɜɞɨɠ 

ɡŭɟŬɟɔɨɟɞɡ ɐŰŬɜ ɛɏɟɞɠ ɛɘŬɠ ɛŮɔɎɚɖɠ əŬŰɖɔɞɟɑŬɠ ŬɚɎŰɤɜ. 

Á 1804 : Ƀ Proust ŬˊɞŭŮɘəɜɨŮɘ ɧŰɘ ŰŬ ŭɘɎűɞɟŬ ɗŮɘɞɨɢŬ əŬɘ ɜɘŰɟɘəɎ ɎɚŬŰŬ Űɞɡ 

ɡŭɟŬɟɔɨɟɞɡ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɐŰŬɜ ɛɑɔɛŬŰŬ ŬɚɎŰɤɜ 

ɛɞɜɞůɗŮɜɞɨɠ əŬɘ ŭɘůɗŮɜɞɨɠ ɡŭɟŬɟɔɨɟɞɡ. 

Á 1867. Ƀ əɟɞŰɘəɧɠ ɡŭɟɎɟɔɡɟɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ˊɡɟɞəɟɞŰɖŰɐɠ. 
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ȳŰɘ ɗŬ ˊŮɟɘɔɟŬűŮɑ ůŰɞ ɡˊɞəŮűɎɚŬɘɞ ȸ2,  ŮɑɜŬɘ ˊɟɞɥɧɜ ŮɟŮɡɜɩɜ Űɤɜ 19
ɞɡ

 əŬɘ 20
ɞɡ

 

Ŭɘɩɜɤɜ. 

 

ȸ2. ɇɞ ɆŰɞɘɢŮɑɞ 

 

****** ȼ ɗɏůɖ Űɞɡ ɈŭɟŬɟɔɨɟɞɡ ůŰɞɜ ɄŮɟɘɞŭɘəɧ ɄɑɜŬəŬ 

  

 

Ƀ ɡŭɟɎɟɔɡɟɞɠ ɓɟɑůəŮŰŬɘ ůŰɖɜ 6
ɖ
 ˊŮɟɑɞŭɞ əŬɘ 12

ɖ
 (ɐ ȽȽȸ) ɞɛɎŭŬ Űɞɡ ɄŮɟɘɞŭɘəɞɨ 

ɄɑɜŬəŬ, ȺɘəɧɜŬ 3. ɇɞ ůɨɛɓɞɚɧ Űɞɡ ŮɑɜŬɘ Hg. ȺɑɜŬɘ ɏɜŬ ŬɟɔɡɟɧɚŮɡəɞ, ɚŬɛˊŮɟɧ 

ɛɏŰŬɚɚɞ ɛŮ ŬŰɞɛɘəɧ Ŭɟɘɗɛɧ Ȼ=80, ɖɚŮəŰɟɞɜɘəɐ ŭɘŬɛɧɟűɤůɖ [Xe]4f
14

5d
10

6s
2
 əŬɘ 

ůɢŮŰɘəɐ ŬŰɞɛɘəɐ ɛɎɕŬ 200.59. ũɜɤɟɑɕɞɡɛŮ 40 Ŭˊɧ ŰŬ ɘůɧŰɞˊɎ Űɞɡ Ŭˊɧ ŰŬ ɞˊɞɑŬ 

əɎˊɞɘŬ ŮɑɜŬɘ ůŰŬɗŮɟɎ əŬɘ ɎɚɚŬ ɟŬŭɘŮɜŮɟɔɎ (ɄɑɜŬəŬɠ 1).  

 

 

 

 

 

ȺɘəɧɜŬ 3: Ƀ Hg ůŰɞɜ Ʉ.Ʉ. 
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ɄɑɜŬəŬɠ 1: ȽůɧŰɞˊŬ Űɞɡ Hg. 

 

ȹŮɜ ɗŮɤɟŮɑŰŬɘ ŰɡˊɘəɎ ůŰɞɘɢŮɑɞ ɛŮŰɎˊŰɤůɖɠ, ŮˊŮɘŭɐ ůŰɘɠ ŮɜɩůŮɘɠ Űɞɡ ŰŬ d ŰɟɞɢɘŬəɎ 

ŮɑɜŬɘ ůɡɛˊɚɖɟɤɛɏɜŬ. ɀɞɘɎɕŮɘ ɛŮ ŰŬ ůŰɞɘɢŮɑŬ ɛŮŰɎˊŰɤůɖɠ ůŰɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ 

ůɢɖɛŬŰɑɕŮɘ ůɨɛˊɚɞəŬ. ȼ ɢɖɛŮɑŬ Űɞɡ ŭɘŬűɏɟŮɘ Ŭˊɧ ŬɡŰɐ Űɤɜ Zn əŬɘ Cd, ˊŬɟɧɚɞ ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ɑŭɘŬ ɞɛɎŭŬ. ȺɑɜŬɘ ŭɘŬɛŬɔɜɖŰɘəɧɠ. 

 

ȸ3. ɄɟɞɏɚŮɡůɖ, ɀŮŰŬɚɚɞɡɟɔɑŬ, ȽŭɘɧŰɖŰŮɠ əŬɘ ɉɟɐůŮɘɠ 

 

ȸ3-1. ɄɟɞɏɚŮɡůɖ əŬɘ ɛŮŰŬɚɚɞɡɟɔɑŬ 

 

ȷˊɧ Űɞ ɔɟŬɛɛɘəɧ űɎůɛŬ Ůəˊɞɛˊɐɠ əŬɘ Ŭˊɞɟɟɧűɖůɖɠ Űɤɜ ɛŮůɞŬůŰɟɘəɩɜ ɜŮűɩɜ əŬɘ 

Űɤɜ ŬůŰɏɟɤɜ, əŬɗɩɠ əŬɘ Ŭˊɧ ɢɖɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ŰɛɖɛɎŰɤɜ Űɖɠ ŮɝɤŰŮɟɘəɐɠ ŮˊɘűɎɜŮɘŬɠ 

Űɖɠ ũɖɠ əŬɘ ɛŮŰŮɤɟɘŰɩɜ, ˊɟɞəɨˊŰŮɘ ɖ Ŭəɧɚɞɡɗɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ: 

Ƀ ɡŭɟɎɟɔɡɟɞɠ ŮɑɜŬɘ ůˊɎɜɘɞɠ ůŰɞ ůŰŮɟŮɧ űɚɞɘɧ Űɖɠ ũɐɠ (6.7x10
-6
%). ɇɞɜ ɓɟɑůəɞɡɛŮ 

ůŰɞɜ ɐɚɘɞ ůŮ ˊɞůɞůŰɧ 2x10
-6
%, ůŰɞ ůɨɛˊŬɜ 1x10

-7
%, ůŰɞɡɠ ɤəŮŬɜɞɨɠ 5x10

-9
% əŬɘ 
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196
Hg 195.965807 (5) 0.15 (1) 0  

194
Hg 193.9653 520 y EC

194
Au 0  

198
Hg 197.966743 (4) 9.97 (20) 0  

195
Hg 194.9666 9.5 h EC

195
Au 1/2 0.541475 

199
Hg 198.968254 (4) 16.87 (22) 1/2 0.505885 

197
Hg 196.9671 2.672 d EC

197
Au 1/2 0.527374 

200
Hg 199.968300 (4) 23.10 (19) 0  

203
Hg 202.9728 46.61 d ɓ-ôô

203
Tl 1/2 0.8489 

201
Hg 200.970277 (4) 13.18 (9) 3/2 -0.560225       

202
Hg 201.970617 (4) 29.86 (26) 0         

204
Hg 203.973467 (5) 6.87 (15) 0         
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ůŰɞɡɠ ɛŮŰŮɤɟɑŰŮɠ 2.5x10
-5

%. ɆˊɎɜɘŬ ŮɡɟɑůəŮŰŬɘ əŬɘ ɤɠ ŮɚŮɨɗŮɟɞɠ ɡŭɟɎɟɔɡɟɞɠ, 

"ŬɡŰɞűɡɐɠ" (ȺɘəɧɜŬ 4),  ůŮ ůɢɘůɛɏɠ əŬɘ əɞɘɚɩɛŬŰŬ Ɏɚɚɤɜ ɞɟɡəŰɩɜ əŬɘ 

ɛŮŰŬɚɚŮɡɛɎŰɤɜ, ɛŮ ɛɏůɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ 1% əŬɘ ůŮ ɓɎɗɞɠ Ůɝɧɟɡɝɖɠ ˊŮɟɑˊɞɡ 800 m.  

 

     ȺɘəɧɜŬ 4: ''ȷɡŰɞűɡɐɠ ɈŭɟɎɟɔɡɟɞɠ''. 

Ƀ Hg, ɧˊɤɠ əŬɘ ɧɚŬ ŰŬ ɓŬɟɏŬ ůŰɞɘɢŮɑŬ, ůɢɖɛŬŰɑůɗɖəŮ ůŮ ɛɘŬ ˊɟɞɢɤɟɖɛɏɜɖ űɎůɖ Űɖɠ 

Ůɝɏɚɘɝɖɠ Űɞɡ ůɨɛˊŬɜŰɞɠ, ůɡɔəŮəɟɘɛɏɜŬ ɛŮŰɎ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŬůŰɏɟɤɜ əŬɘ ɔŬɚŬɝɘɩɜ.  

ɆɨɛűɤɜŬ ɛŮ Űɘɠ ůɨɔɢɟɞɜŮɠ əɞůɛɞɚɞɔɘəɏɠ ɗŮɤɟɑŮɠ, Űɞ ůɨɛˊŬɜ ŭɖɛɘɞɡɟɔɐɗɖəŮ ˊɟɘɜ 

Ŭˊɧ 13.8 ŭɘůŮəŬŰɞɛɛɨɟɘŬ ɢɟɧɜɘŬ. ȿɏɔɞɜŰŬɠ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ůɨɛˊŬɜŰɞɠ ŮɜɜɞɞɨɛŮ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ ɢɩɟɞɡ, ɢɟɧɜɞɡ əŬɘ ŮɜɏɟɔŮɘŬɠ. ȳŰŬɜ Űɞ ůɨɛˊŬɜ ŮɑɢŮ ɖɚɘəɑŬ Ůɜɧɠ ɛɧɜɞɜ 

ŭŮɡŰŮɟɞɚɏˊŰɞɡ, ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ Űɖɜ ŮɜɏɟɔŮɘŬ, ɨɚɖ ɛŮ Űɖ ɛɞɟűɐ ɖɚŮəŰɟɞɜɑɤɜ əŬɘ 

ˊɟɤŰɞɜɑɤɜ, ŭɖɚŬŭɐ ˊɡɟɐɜɤɜ Űɞɡ ŬˊɚɞɨůŰŮɟɞɡ ŬŰɧɛɞɡ Űɞɡ ɡŭɟɞɔɧɜɞɡ. ɆŰɘɠ 

ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨůŬɜ əŬŰɎ Űɖɜ ˊɟɩɘɛɖ űɎůɖ Ůɝɏɚɘɝɖɠ Űɞɡ ůɨɛˊŬɜŰɞɠ, 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛɘəɟɐ ˊɞůɧŰɖŰŬ He əŬɘ ɑɢɜɖ Li.  ȳɚŬ ŰŬ ɢɖɛɘəɎ ůŰɞɘɢŮɑŬ ɡˊɐɟɢŬɜ Ŭˊɧ 

Űɖɜ Ŭɟɢɐ Űɞɡ ȼɚɘŬəɞɨ ɛŬɠ ɆɡůŰɐɛŬŰɞɠ, ɧˊɞɡ ŬɟɢɘəɎ ůɢɖɛŬŰɑůŰɖəŮ ɛɘəɟɧɠ Ŭɟɘɗɛɧɠ 

ɞɟɡəŰɩɜ, ɧɢɘ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ 500 ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ, ŰŬ ˊɟɩŰŬ ŭɘůŮəŬŰɞɛɛɨɟɘŬ 

ɢɟɧɜɘŬ. ɆŰɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ŮŰɩɜ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɜɏɞɘ ůɡɜŭɡŬůɛɞɑ ůŰɞɘɢŮɑɤɜ ɞɘ 

ɞˊɞɑɞɘ ůɢɖɛɎŰɘůŬɜ ɜɏŬ ɞɟɡəŰɎ. ɀɞɚɞɜɧŰɘ Űɞ 50% Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ɢɎɗɖəŮ Ŭˊɧ Űɖɜ 

ɢɖɛɘəɐ ŮˊŮɝŮɟɔŬůɑŬ, əŬŰɎ Űɖɜ 4.5 ŭɘůŮəŬŰɞɛɛɡɟɑɤɜ ŮŰɩɜ Ůɝɏɚɘɝɖ Űɤɜ ɞɟɡəŰɩɜ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŰɞɡɚɎɢɘůŰɞɜ 90 ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ ɞɟɡəŰɩɜ, ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

ɡŭɟɎɟɔɡɟɞ ůŰɖ ũɖ. 

ȼ ȸɘɞɚɞɔɑŬ ŮɑɜŬɘ ɏɜŬɠ ŰɞɛɏŬɠ əɟɑůɘɛɞɠ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ ɞɟɡəŰɩɜ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ. 

ɄŬɟɧɚɞ ˊɞɡ ɞ ɡŭɟɎɟɔɡɟɞɠ ŭŮɜ ŮɛˊɚɏəŮŰŬɘ ůɡɜɐɗɤɠ ůŰɘɠ ɓɘɞɚɞɔɘəɏɠ ŭɘŮɟɔŬůɑŮɠ, ɛŮ 

ŮɝŬɑɟŮůɖ əɎˊɞɘŬ ůˊɎɜɘŬ ɓŬəŰɐɟɘŬ, ɡˊɐɟɝŬɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮ Űɞ ɞɝɡɔɧɜɞ əŬŰɎ Űɖɜ 

ŮɛűɎɜɘůɖ Űɖɠ ŭɘŮɟɔŬůɑŬɠ Űɖɠ űɤŰɞůɨɜɗŮůɖɠ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ŰŬ űɡŰɎ əŬɘ ɞɟɘůɛɏɜŬ 

ɓŬəŰɐɟɘŬ ɛŮŰŬŰɟɏˊɞɡɜ Űɞ ɖɚɘŬəɧ űɤɠ ůŮ ɢɖɛɘəɐ ŮɜɏɟɔŮɘŬ. Ⱥˊɑůɖɠ ˊŬɟɞɡůɘɎɕŮɘ ɛɑŬ 
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ɘůɢɡɟɐ ůɡɔɔɏɜŮɘŬ ɛŮ ɞɡůɑŮɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɞɜ ɎɜɗɟŬəŬ əŬɘ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

ɓɘɞɚɞɔɘəɧ ɡɚɘəɧ, ɧˊɤɠ ɞ ůɢɘůŰɧɚɘɗɞɠ, Űɞ ˊŮŰɟɏɚŬɘɞ ə.Ŭ. 

 ɆŰɖɜ Űɤɟɘɜɐ űɎůɖ Ůɝɏɚɘɝɖɠ Űɞɡ ůɨɛˊŬɜŰɞɠ, ŰŬ ɢɖɛɘəɎ ůŰɞɘɢŮɑŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ: 

Ŭ) ɆŰɞɡɠ ŬůŰɏɟŮɠ. 

ɓ) ȾŬŰɎ Űɘɠ ŮəɟɐɝŮɘɠ ŬůŰɏɟɤɜ Űɨˊɞɡ supernova. 

ɔ) ȾŬŰɎ Űɖ ůɨɔəɟɞɡůɖ ŬůŰɟɘəɩɜ ɚŮɘɣɎɜɤɜ, ˊɚɖɜ ɛŮɚŬɜɩɜ ɞˊɩɜ, ɐ əŬŰɎ Űɖ 

ůɨɔəɟɞɡůɖ ŬůŰɟɘəɩɜ ɚŮɘɣɎɜɤɜ ɛŮ ŬůŰɏɟŮɠ.  

ŭ) ȾŬŰɎ Űɖ ɛŮŰŬůŰɞɘɢŮɑɤůɖ əɎˊɞɘɤɜ ɢɖɛɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɞɡ ɛŮůɞŬůŰɟɘəɞɨ əɞɜɘɞɟŰɞɨ 

Ŭˊɧ Űɖɜ əɞůɛɘəɐ ŬəŰɘɜɞɓɞɚɑŬ. 

Ƀ Hg ŭɖɛɘɞɡɟɔŮɑŰŬɘ ůŰɘɠ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ əŬŰɎ Űɘɠ ŮəɟɐɝŮɘɠ 

supernova. Ƀɘ əɞůɛɞɚɞɔɘəɏɠ ɗŮɤɟɑŮɠ ůɢɖɛŬŰɘůɛɞɨ Űɤɜ ɢɖɛɘəɩɜ ůŰɞɘɢŮɑɤɜ 

ůɡɛűɤɜɞɨɜ ɘəŬɜɞˊɞɘɖŰɘəɎ ɛŮ Űɖɜ ˊŬɟŬŰɖɟɞɨɛŮɜɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɤɜ ɢɖɛɘəɩɜ 

ůŰɞɘɢŮɑɤɜ ůŰɞ ůɨɛˊŬɜ. 

ȾɡɟɘɧŰŮɟɞ ɞɟɡəŰɧ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ŮɑɜŬɘ Űɞ əɘɜɜɎɓŬɟɘ (ȺɘəɧɜŬ 5), ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əŬŰɎ Űɞ ˊŬɟŮɚɗɧɜ (Ŭˊɧ Űɖɜ ŬɟɢŬɘɧŰɖŰŬ ɏɤɠ Űɞɜ ɀŮůŬɑɤɜŬ) əŬɘ ɤɠ 

Ŭəɟɘɓɧ Ůɟɡɗɟɧ ɢɟɩɛŬ (vermilion). ɇɞ ɧɜɞɛɎ Űɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ˊŮɟůɘəɐ ɚɏɝɖ 

zinjifrah, ɖ ɞˊɞɑŬ, ˊɘɗŬɜɩɠ, ůɐɛŬɘɜŮ "Űɞ ŬɑɛŬ Űɞɡ ŭɟɎəɞɜŰŬ".  ȰɢŮɘ ɢɖɛɘəɧ Űɨˊɞ HgS 

(ɗŮɘɞɨɢɞɠ ɡŭɟɎɟɔɡɟɞɠ). ȷˊŬɜŰɎŰŬɘ ůŮ ˊɞɚɚɏɠ ˊŮɟɘɞɢɏɠ Űɖɠ ũɖɠ. ɀŮŰŬɝɨ ŬɡŰɩɜ ŮɑɜŬɘ 

ɞɘ ˊɞɚɘŰŮɑŮɠ ȳɟŮɔəɞɜ, ɇɏɝŬɠ, ȷɟəɎɜůŬɠ əŬɘ ȾŬɚɘűɧɟɜɘŬ Űɤɜ ȼɄȷ, ɖ ˊŮɟɘɞɢɐ 

Almaden ůŰɖɜ ȽůˊŬɜɑŬ, ɖ ȲŭɟɘŬ (Idrija) ůŰɖ ɆɚɞɓŮɜɑŬ əŬɘ ŰŬ ɧɟɖ ȯɓŬɚŬ əɞɜŰɎ ůŰɞ 

ȸŮɚɘɔɟɎŭɘ (ɆŮɟɓɑŬ). Ⱥˊɑůɖɠ ɓɟɑůəŮŰŬɘ ůŰɖɜ ŮˊŬɟɢɑŬ ɉɘɞɡɜɎɜ Űɖɠ ȾɑɜŬɠ əŬɘ ůŰɖɜ 

ˊŮɟɘɞɢɐ ɁŰɧɜŮŰůə Űɖɠ ɃɡəɟŬɜɑŬɠ. ɆŰɖɜ ȺɚɚɎŭŬ ŬɜŮɡɟɑůəŮŰŬɘ ůŰŬ ɛŮŰŬɚɚŮɑŬ 

ȿŬɡɟɑɞɡ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞ ɞɟɡɢŮɑɞ ȾŬɛɎɟɘɕŬɠ əŬɘ ůŰɞ ɛŮŰŬɚɚŮɑɞ "ȷŭɎɛɖ Ɂɞ 2". 

Ƀ əŬɚɞɛɏɚŬɠ (calomel,  ȺɘəɧɜŬ 6) ŮɑɜŬɘ ɏɜŬ Ɏɚɚɞ ɢɚɤɟɘɞɨɢɞ ɞɟɡəŰɧ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ, 

ůɢŮŰɘəɎ ůˊɎɜɘɞ.  ȹŮɜ ŬˊŬɜŰɎŰŬɘ ůŮ ˊɞɚɚɏɠ ˊŮɟɘɞɢɏɠ Űɞɡ əɧůɛɞɡ əŬɘ ůɢŮŭɧɜ ˊɞŰɏ ůŮ 

ɛŮɔɎɚŮɠ ˊɞůɧŰɖŰŮɠ. ȺɑɜŬɘ ŭŮɡŰŮɟɞɔŮɜɏɠ ɞɟɡəŰɧ, ˊɟɞŮɟɢɧɛŮɜɞ Ŭˊɧ ŮɝŬɚɚɞɘɩůŮɘɠ 

Ɏɚɚɤɜ ɡŭɟŬɟɔɡɟɞɨɢɤɜ ɞɟɡəŰɩɜ, ɧˊɤɠ ɞ əɘɜɜŬɓŬɟɑŰɖɠ. ɃɟɡəŰɎ ɛŮ ŰŬ ɞˊɞɑŬ 

ůɢŮŰɑɕŮŰŬɘ ŮɑɜŬɘ ɞ ŬɡŰɞűɡɐɠ ɡŭɟɎɟɔɡɟɞɠ əŬɘ ŰŬ űɡůɘəɎ ŬɛŬɚɔɎɛŬŰɎ Űɞɡ, ɞ 

əɘɜɜŬɓŬɟɑŰɖɠ, ɞ ŰŮŰɟŬŮŭɟɑŰɖɠ, ɞ ɛɞɜŰɟɞɦŭɟɑŰɖɠ, ɞ ŬůɓŮůŰɑŰɖɠ əŬɘ ŰŬ ˊɞɚɨ ůˊŬɜɘɧŰŮɟŬ 
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əɚŬɥɜɑŰɖɠ, əŮɚɡŬɜɑŰɖɠ, ɛɞůɢŮɚɑŰɖɠ əŬɘ əɞɡɕɛɘɜɑŰɖɠ. ȷˊŬɜŰɎŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ 

Landsberg (ɅɖɜŬɜɑŬ-ɄŬɚŬŰɘɜɎŰɞ), ůŰɖɜ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɞɟɡəŰɧ 

(type locality), ůŰɖɜ ˊŮɟɘɞɢɐ Alva ůŰɖ ɆŮɟɓɑŬ, ůŰɞ Almaden Űɖɠ ȽůˊŬɜɑŬɠ, ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɞɡ ɀɞɜˊŮɚɘɏ ůŰɖ ũŬɚɚɑŬ, ůŰɖɜ ɇɞɨɓŬ Űɖɠ ɆɘɓɖɟɑŬɠ ůŰɖ ɅɤůɑŬ, ůŰɞ 

Zacatecas Űɞɡ ɀŮɝɘəɞɨ  əŬɘ Űɘɠ ɄɞɚɘŰŮɑŮɠ  ȷɟɘɕɧɜŬ, ɇɏɝŬɠ əŬ ɁŮɓɎŭŬ Űɤɜ ȼɄȷ. ȹŮɜ 

ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ɨˊŬɟɝɐ Űɞɡ ůŰɖɜ ȺɚɚɎŭŬ. 

                                 

ȺɘəɧɜŬ 5: ȾɘɜɜɎɓŬɟɘ, HgS .                                                                ȺɘəɧɜŬ 6: ȾŬɚɞɛɏɚŬɠ.                                                                                             

ȼ ŭɘŬŭɘəŬůɑŬ ŮɝŬɔɤɔɐɠ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ (ɆɢɐɛŬ 2) Ŭˊɧ ŰŬ ɛŮŰŬɚɚŮɨɛŬŰɎ Űɞɡ ŭŮɜ 

ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔɎɚŮɠ ŭɘŬűɞɟɏɠ Ŭˊɧ Űɞɜ Űɟɧˊɞ ˊɞɡ ɏɢŮɘ ˊŮɟɘɔɟɎɣŮɘ ɞ ȷɟɘůŰɞŰɏɚɖɠ 

2300 ɢɟɧɜɘŬ ˊɟɘɜ. ɇɞ əɘɜɜɎɓŬɟɘ ůɡɜɗɚɑɓŮŰŬɘ əŬɘ ɗŮɟɛŬɑɜŮŰŬɘ ŬˊŮɚŮɡɗŮɟɩɜɞɜŰŬɠ ɏŰůɘ 

Űɞɜ ɡŭɟɎɟɔɡɟɞ ɡˊɧ ɛɞɟűɐ ŬŰɛɞɨ, ɢɖɛɘəɐ Ůɝɑůɤůɖ (1). Ƀ ŬŰɛɧɠ ɏˊŮɘŰŬ ɣɨɢŮŰŬɘ, 

ůɡɛˊɡəɜɩɜŮŰŬɘ əŬɘ ůɡɚɚɏɔŮŰŬɘ. ɇɞ 95% ůɢŮŭɧɜ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɞɡ əɘɜɜŬɓŬɟɑŰɖ 

ůŮ ɡŭɟɎɟɔɡɟɞ ůɡɚɚɏɔŮŰŬɘ ɛŮ ŬɡŰɐɜ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ. 

HgS  +  O2  Hg  +  SO2                              (1) 

Ƀ ɡŭɟɎɟɔɡɟɞɠ ŭŮɜ ŮɑɜŬɘ ŭɟŬůŰɘəɧ ɛɏŰŬɚɚɞ, ɞˊɧŰŮ ˊŬɟɞɡůɑŬ ɞɝɡɔɧɜɞɡ ŭŮɜ ůɢɖɛŬŰɑɕŮɘ 

ɞɝŮɑŭɘŬ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ˊɚɞɨůɘɤɜ ɛŮŰŬɚɚŮɡɛɎŰɤɜ ɚŬɛɓɎɜŮɘ ɢɩɟŬ űɟɨɝɖ ɛŮ 

ɟɘɜɑůɛŬŰŬ  Fe ɐ ŬůɓɏůŰɘɞ, ŮɝɘůɩůŮɘɠ (2), (3) əŬɘ (4). 

HgS  +  Fe    Hg  +  FeS                            (2) 

4 HgS  +  4 CaO    4 Hg  +  3 CaS  +  CaSO4         (3) 

HgS  +  CaO  +  3/2 O2    Hg  +  CaSO4               (4) 

ȷɜŰɑ ɛŮŰŬɚɚɘəɞɨ Fe, ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɞɝŮɑŭɘŬ Űɞɡ ůɘŭɐɟɞɡ. 

http://el.wikipedia.org/wiki/%CE%A1%CE%B7%CE%BD%CE%B1%CE%BD%CE%AF%CE%B1-%CE%A0%CE%B1%CE%BB%CE%B1%CF%84%CE%B9%CE%BD%CE%AC%CF%84%CE%BF
http://el.wikipedia.org/wiki/%CE%A3%CE%B5%CF%81%CE%B2%CE%AF%CE%B1
http://el.wikipedia.org/wiki/%CE%99%CF%83%CF%80%CE%B1%CE%BD%CE%AF%CE%B1
http://el.wikipedia.org/wiki/%CE%9C%CE%BF%CE%BD%CF%80%CE%B5%CE%BB%CE%B9%CE%AD
http://el.wikipedia.org/wiki/%CE%93%CE%B1%CE%BB%CE%BB%CE%AF%CE%B1
http://el.wikipedia.org/wiki/%CE%A3%CE%B9%CE%B2%CE%B7%CF%81%CE%AF%CE%B1
http://el.wikipedia.org/wiki/%CE%A1%CF%89%CF%83%CE%AF%CE%B1
http://el.wikipedia.org/wiki/%CE%9C%CE%B5%CE%BE%CE%B9%CE%BA%CF%8C
http://el.wikipedia.org/wiki/%CE%91%CF%81%CE%B9%CE%B6%CF%8C%CE%BD%CE%B1
http://el.wikipedia.org/wiki/%CE%A4%CE%AD%CE%BE%CE%B1%CF%82
http://el.wikipedia.org/wiki/%CE%9D%CE%B5%CE%B2%CE%AC%CE%B4%CE%B1
http://el.wikipedia.org/wiki/%CE%97%CE%A0%CE%91
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7 HgS  +  2 Fe2O3     4 FeS  +  3 SO2  +  7 Hg                                     

 (5) 

 

ɆɢɐɛŬ 2: ȺˊŮɝŮɟɔŬůɑŬ ɡŭɟŬɟɔɨɟɞɡ. 

 

ȸ3-2. ȽŭɘɧŰɖŰŮɠ 

 

Ƀ ɡŭɟɎɟɔɡɟɞɠ ŮɑɜŬɘ Űɞ ɛɞɜŬŭɘəɧ ɛɏŰŬɚɚɞ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŮ ɡɔɟɐ əŬŰɎůŰŬůɖ ůŮ 

ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ, Űɞ ɛɞɜŬŭɘəɧ ůŰɞɘɢŮɑɞ, ɛŮ ŮɝŬɑɟŮůɖ ŰŬ ŮɡɔŮɜɐ ŬɏɟɘŬ, ˊɞɡ ɞɘ 

ŬŰɛɞɑ Űɞɡ ŮɑɜŬɘ ɛɞɜɞŬŰɞɛɘəɞɑ əŬɘ ˊŬɟŬɛɏɜŮɘ ŬɜŬɚɚɞɑɤŰɞɠ ůŰɖɜ ɡɔɟŬůɑŬ Űɞɡ ŬɏɟŬ. ȼ 

ůɢŮŰɘəɐ ůɡůŰɞɚɐ Űɖɠ 6s ɡˊɞůŰɘɓɎŭŬɠ ŮɡɗɨɜŮŰŬɘ ɔɘŬ Űɞ ˊɞɚɨ ɢŬɛɖɚɧ ů.Ű. Űɞɡ Hg (-8.9 

ɞ
C). ȼ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ Űɞɡ ɡɔɟɞɨ Hg ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ɛŮɔɎɚɖ ɔɘŬ ɛɏŰŬɚɚɞ, 

ɔŮɔɞɜɧɠ Űɞ ɞˊɞɑɞ ŭɘŮɡəɞɚɨɜŮɘ Űɖ ɢɟɐůɖ Űɞɡ ɤɠ ɖɚŮəŰɟɘəɐ ůŰŬɗŮɟɎ (ɖ ɛɞɜɎŭŬ ohm 

ɞɟɑɕŮŰŬɘ ɤɠ ɖ ŬɜŰɑůŰŬůɖ 14.4521 g Hg ůŮ ůŰɐɚɖ ɛɐəɞɡɠ 106.300 cm əŬɘ ŮɛɓŬŭɞɨ 1 

mm
2
 ůŰɞɡɠ   0 

ɞ
C əŬɘ ˊɑŮůɖ 760 mm Hg). ɄŬɟɞɡůɘɎɕŮɘ ɛɘəɟɐ ŭɘŬɓɟŮɝɘɛɧŰɖŰŬ ůŰɞ 

ɜŮɟɧ Ŭűɞɨ ɖ ŮˊɘűŬɜŮɘŬəɐ ŰɎůɖ Űɞɡ ŮɑɜŬɘ 6 űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ ŬɡŰɐɜ Űɞɡ ɜŮɟɞɨ. ȼ 

ŭɘŬɚɡŰɧŰɖŰɎ Űɞɡ ůŰɞ ɜŮɟɧ ŮɝŬɟŰɎŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ, ɖ ɞˊɞɑŬ 

ŮɑɜŬɘ 60 ɛg/L ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ, 250 ɛg/L ůŰɞɡɠ 50 ÁC əŬɘ 1100 ɛg/L ůŰɞɡɠ 
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90 ÁC. ȼ ˊɟɞůɗɐəɖ NaCl, ůŮ ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ, ɛŮɘɩɜŮɘ Űɖ ŭɘŬɚɡŰɧŰɖŰɎ Űɞɡ. Ƀ 

Hg ˊŬɟɞɡůɘɎɕŮɘ ůɢŮŰɘəɎ ɡɣɖɚɐ ŰɎůɖ ŬŰɛɩɜ əŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ. ȼ ŰɎůɖ 

Űɤɜ əɞɟŮůɛɏɜɤɜ ŬŰɛɩɜ ůŮ 0 - 100 ÁC (ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɞɟɘůɛɏɜɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ 

ůŰɞɜ ŬɏɟŬ) ŭɑɜŮŰŬɘ ůŰɞɜ ŮˊɧɛŮɜɞ ˊɑɜŬəŬ: 

ɄɑɜŬəŬɠ 2: ɀŮŰŬɓɞɚɐ ŰɎůɖɠ ŬŰɛɩɜ Hg ɛŮ Űɖ ɗŮɟɛɞəɟŬůɑŬ. 

 

t, 
ɞ
C p, Pa Hg , g/m 

3
 

0 0.026 0.00238 

10 0.070 0.00604 

20 0.170 0.01406 

30 0.190 0.03144 

100 36.841 2.40400 

ɀŮɟɘəɎ Ŭˊɧ ŰŬ űɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ŭɑɜɞɜŰŬɘ ůŰɞɜ Ŭəɧɚɞɡɗɞ 

ˊɑɜŬəŬ: 

ɄɑɜŬəŬɠ 3: ūɡůɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ Hg. 

 

 

 

 

 

 

 

 

 

 

ȼ ŮɝɎɟŰɖůɖ Űɖɠ ˊɡəɜɧŰɖŰŬɠ Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ  ŭɑɜŮŰŬɘ ůŰɞɜ Ŭəɧɚɞɡɗɞ ˊɑɜŬəŬ: 

ɆɖɛŮɑɞ Űɐɝɖɠ -38.89 ÁC 

ɆɖɛŮɑɞ ɕɏůɖɠ 356.6 ÁC 

ɄɡəɜɧŰɖŰŬ (0 ÁC) 13.5956 g cm
-3
 

Ⱥɘŭɘəɐ ɗŮɟɛɞɢɤɟɖŰɘəɧŰɖŰŬ, Cp  0.1397 J g
-1
 K

-1
 

ŪŮɟɛɧŰɖŰŬ Űɐɝɖɠ 11.807 J g
-1
 

ŪŮɟɛɧŰɖŰŬ ŮɝɎŰɛɘůɖɠ (357.3 ÁC) 59.453 kJ mol
-1
 

ŪŮɟɛɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ (17 ÁC) 0.082 W cm
-1
 K

-1
 

ɆɡɜŰŮɚŮůŰɐɠ ɗŮɟɛɘəɐɠ ŭɘŬůŰɞɚɐɠ (0-100 ÁC) 1.826x10
-4
 K

-1
 

ȼɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ (0 ÁC) 1.063x10
-4 
mɋ

-1 
mm

-2
 

ȾɟɡůŰŬɚɚɘəɐ ŭɞɛɐ ɅɞɛɓɞŮŭɟɘəɐ 

ȽɝɩŭŮɠ (0 ÁC) 1.685 mPa s 

ȺˊɘűŬɜŮɘŬəɐ ŰɎůɖ 480.3x10
-5 

N cm
-1
 



40 
 

 

 

ɄɑɜŬəŬɠ 4: ɄɡəɜɧŰɖŰŬ Űɞɡ Hg ůŮ ŭɘɎűɞɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ. 

 

 

Ƀɘ ɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ Hg ŬɜŬűɏɟɞɜŰŬɘ ˊŬɟŬəɎŰɤ: 

 ȼ ŬŰɞɛɘəɐ ŬəŰɑɜŬ Űɞɡ ŮɑɜŬɘ 1.71 ¡, ɖ ɞɛɞɘɞˊɞɚɘəɐ 1.49 ¡ əŬɘ ɖ ŬəŰɑɜŬ Van 

der Vaals 1.55 ¡. 

 ȺɛűŬɜɑɕŮŰŬɘ ůŮ ɞɝŮɘŭɤŰɘəɏɠ ɓŬɗɛɑŭŮɠ 0, +1, +2. 

 Ƀ ɛɞɜɞůɗŮɜɐɠ Hg ɓɟɑůəŮŰŬɘ ɛɧɜɞ ůŮ ŭŮůɛɞɨɠ  HgïHg. 

 ɇŬ ŰɡˊɘəɎ ŭɡɜŬɛɘəɎ ŬɜŬɔɤɔɐɠ ŭŮɑɢɜɞɡɜ ɧŰɘ ɞ Hg ŮɑɜŬɘ ůɢŮŰɘəɎ ŮɡɔŮɜɏɠ 

ɛɏŰŬɚɚɞ. 

 Ƀ ɛŮŰŬɚɚɘəɧɠ Hg ŭɘŬɚɨŮŰŬɘ ůŮ ɜɘŰɟɘəɧ ɞɝɨ, ɗŮɟɛɧḯ ɡəɜɧ ɡŭɟɞɢɚɤɟɘəɧ ɞɝɨ 

əŬɘ ɗŮɘɘəɧ ɞɝɨ, ŮɑɜŬɘ ŮɚɎɢɘůŰŬ ŭɘŬɚɡŰɧɠ ůŮ ŬɟŬɘɎ ɡŭŬŰɘəɎ HCl, HBr, HI əŬɗɩɠ 

əŬɘ ůŮ ɣɡɢɟɧ ɗŮɘɘəɧ ɞɝɨ. 

 Ƀɘ ŮɜɩůŮɘɠ Űɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖ d
10  
ŭɘŬɛɧɟűɤůɖ, əŬɘ ɛŮ ŮɝŬɑɟŮůɖ Űɘɠ 

ŮɜɩůŮɘɠ Űɞɡ Hg2
2+

, ˊɞɡ ŰɡˊɘəɎ ŮɛűŬɜɑɕŮŰŬɘ  ɤɠ Hg(I), ˊŮɟɘɚŬɛɓɎɜɞɡɜ Hg(II). 

 Ƀɘ ŮɜɏɟɔŮɘŮɠ ɘɞɜŰɘůɛɞɨ ŭŮɑɢɜɞɡɜ Űɖɜ ŮɡəɞɚɑŬ ɛŮ Űɖɜ ɞˊɞɑŬ ŰŬ s
 
 ɖɚŮəŰɟɧɜɘŬ 

ŬˊɞɛŬəɟɨɜɞɜŰŬɘ ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ˊɘɞ ůŰŬɗŮɟɎ ůɡɜŭŮŭŮɛɏɜŬ  d ɖɚŮəŰɟɧɜɘŬ. 

Ƀɘ ˊɟɩŰŮɠ ŭɨɞ ŮɜɏɟɔŮɘŮɠ ŮɑɜŬɘ ɛŮɔɎɚŮɠ (1007 KJ/mol, 1809 KJ/mol), ɧˊɤɠ əŬɘ 

ůŰɞɜ Au, ŬɜŰɘəŬŰɞˊŰɟɑɕɞɜŰŬɠ Űɖ  ''űŰɤɢɐ''  ˊɡɟɖɜɘəɐ ɗɤɟɎəɘůɖ ˊɞɡ ˊŬɟɏɢŮŰŬɘ 

Ŭˊɧ ŰŬ ůɡɛˊɚɖɟɤɛɏɜŬ 4f ŰɟɞɢɘŬəɎ, Ůɜɩ ɖ 3
ɖ
 ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɤɜ 3300 

KJ/mol.   

t, ÁC ˊɡəɜɧŰɖŰŬ g/cm
3
 t, ÁC ˊɡəɜɧŰɖŰŬ g/cm 

3
 

-20 1.855 60 1.367 

-10 1.764 80 1.298 

0 1.685 100 1.240 

10 1.615 200 1.052 

20 1.554 300 0.950 

30 1.499 340 0.921 

40 1.450   
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 ȰɢŮɘ ɖɚŮəŰɟŬɟɜɖŰɘəɧŰɖŰŬ 1.9, ɔŮɔɞɜɧɠ ˊɞɡ ŬɘŰɘɞɚɞɔŮɑ Űɞɜ ɞɛɞɘɞˊɞɚɘəɧ  

ɢŬɟŬəŰɐɟŬ ůŰɘɠ ŮɜɩůŮɘɠ Űɞɡ. 

 ȼ ˊɞɚɤŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ Hg
2+

 ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊô ŬɡŰɐɜ ˊɞɡ ˊɟɞəɨˊŰŮɘ 

ůɡɔəɟɑɜɞɜŰŬɠ Űɖɜ ŬəŰɑɜŬ ɛŮ ŬɡŰɏɠ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɖɠ ɞɛɎŭŬɠ Mg-Ra, ɔŮɔɞɜɧɠ 

ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ ŮɡəɞɚɑŬ ˊŬɟŬɛɧɟűɤůɖɠ Űɤɜ 

ůɡɛˊɚɖɟɤɛɏɜɤɜ d ŰɟɞɢɘŬəɩɜ. 

 ȼ ŮɜɏɟɔŮɘŬ ˊɟɞɩɗɖůɖɠ ns
2
Ÿ nsnp, ˊɞɡ ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɞ ůɢɖɛŬŰɘůɛɧ ŭɨɞ 

ɞɛɞɘɞˊɞɚɘəɩɜ ŭŮůɛɩɜ, ŮɑɜŬɘ 524 KJ/mol, ɛŮ ůɡɜɏˊŮɘŬ ɖ ˊŮɟŬɘŰɏɟɤ ůɨɜŭŮůɖ 

ɡˊɞəŬŰŬůŰŬŰɩɜ ɜŬ ɔɑɜŮŰŬɘ ɛŮ ůɢŮŰɘəɐ ŭɡůəɞɚɑŬ. ȷɡŰɧɠ ŮɑɜŬɘ ɞ əɨɟɘɞɠ ɚɧɔɞɠ 

ˊɞɡ ɞ Ŭɟɘɗɛɧɠ ɏɜŰŬɝɖɠ 2 ŮɑɜŬɘ ŬɟəŮŰɎ  əɞɘɜɧɠ ɔɘŬ Űɞɜ ɡŭɟɎɟɔɡɟɞ. 

 ȼ ɘəŬɜɧŰɖŰŬ Űɞɡ ɛŮŰɎɚɚɞɡ ɜŬ ŬˊɞɟɟɞűɎ ɞɝɡɔɧɜɞ Ŭˊɧ Űɞɜ ŬɏɟŬ əŬɘ ɜŬ Űɞ 

ŬˊɞŭɑŭŮɘ əŬɗŬɟɧ ɏˊŬɘɝŮ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖ ɛŮɚɏŰɖ Űɞɡ ɞɝɡɔɧɜɞɡ Ŭˊɧ Űɞɡɠ 

Lavoisier əŬɘ Priestley. 

 ȷɜŰɘŭɟɎ ɎɛŮůŬ ɛŮ ŬɚɞɔɧɜŬ əŬɘ ŬɛɏŰŬɚɚŬ, ɧˊɤɠ S əŬɘ Se. 

 

ȸ3-3. ɉɟɐůŮɘɠ 

 

Ƀ ɡŭɟɎɟɔɡɟɞɠ ŮɛűŬɜɑɕŮɘ ˊɞɚɚɏɠ ŮűŬɟɛɞɔɏɠ ŮɝŬɘŰɑŬɠ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ɛŮ Űɖɜ ˊɘɞ 

ůɡɛɓŬŰɘəɐ Űɞ ɡŭɟŬɟɔɡɟɘəɧ ɗŮɟɛɧɛŮŰɟɞ,  Űɞ ɞˊɞɑɞ ɓɏɓŬɘŬ ɛŮ ɞŭɖɔɑŬ Űɖɠ ɖ  Ⱥ.Ⱥ. Ŭˊɧ 

1/1/2011 ŬˊŬɔɧɟŮɡůŮ Űɖɜ ɢɟɐůɖ Űɞɡ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖ ɛɖɢŬɜɞɚɞɔɑŬ ɔɘŬ ŬɜŰɚɑŮɠ 

əŮɜɞɨ əŬɘ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ űɤŰɘůɛɞɨ ůŮ ˊɞɚɚɞɨɠ Űɨˊɞɡɠ ɚŬɛˊŰɐɟɤɜ. Ⱥˊɑůɖɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ əŬŰŬůəŮɡɐ ɖɚŮəŰɟɘəɩɜ ŮɝŬɟŰɖɛɎŰɤɜ ɧˊɤɠ ŭɘŬəɧˊŰŮɠ, 

ŰŬɚŬɜŰɤŰɏɠ, ŬɜɞɟɗɤŰɏɠ əŬɘ ɛˊŬŰŬɟɑŮɠ ɛŮ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɛɏɢɟɘ 30% ɡŭɟɎɟɔɡɟɞ. ɀɑŬ 

Ɏɚɚɖ ɢɟɐůɖ Űɞɡ ŮɑɜŬɘ ɤɠ əɎɗɞŭɞɠ ůŰɖ ɓɘɞɛɖɢŬɜɘəɐ ˊŬɟŬɔɤɔɐ ɢɚɤɟɑɞɡ əŬɘ 

ɡŭɟɞɝŮɘŭɑɞɡ Űɞɡ ɜŬŰɟɑɞɡ. ȷɜŬűɏɟɞɜŰŬɘ ŮűŬɟɛɞɔɏɠ ůŮ ɓŬɟɧɛŮŰɟŬ, ɤɠ əŬŰŬɚɨŰɖɠ ůŮ 

ˊɞɚɚɏɠ ɞɟɔŬɜɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ, ɤɠ ɛɡəɖŰɞəŰɧɜɞ, əŬɗɩɠ əŬɘ ůŰɖ ɛŮŰŬɚɚɞɡɟɔɑŬ ɢɟɡůɞɨ 

əŬɘ Ŭɟɔɨɟɞɡ. ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ  HgCl2 ɓɟɑůəŮɘ ŮűŬɟɛɞɔɏɠ ɤɠ ŬɜŰɘůɖˊŰɘəɧ əŬɘ ůŮ 

ɓŮɟɜɑəɘŬ ɝɨɚɞɡ əŬɘ Űɞ Hg2Cl2 ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ŭɘɞɡɟɖŰɘəɧ əŬɘ əŬɗŬɟŰɘəɧ. Ƀ 

ɡŭɟɎɟɔɡɟɞɠ ŮɑɜŬɘ ŭɖɚɖŰɖɟɘɩŭɖɠ ɔɘŬ Űɞ ˊɟɤŰɧˊɚŬůɛŬ əŬɘ ŮəŮɑ ɞűŮɑɚŮŰŬɘ ɖ 

ŬɜŰɘůɖˊŰɘəɐ  ŭɟɎůɖ Űɞɡ əŬɘ ɖ ɡɣɖɚɐ ŰɞɝɘəɧŰɖŰŬ ɔɘŬ Űɞɜ Ŭɜɗɟɩˊɘɜɞ  ɞɟɔŬɜɘůɛɧ əŬɘ 

Űɞ ɞɘəɞůɨůŰɖɛŬ. ȾɎˊɞɘŮɠ Ŭˊɧ Űɘɠ ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ Űɞɡ ɏɢɞɡɜ ɢɟɐůɖ ůŰɖɜ ŮɝɤŰŮɟɘəɐ 
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ŬˊɞɚɨɛŬɜůɖ əŬɘ ůɡɜŰɐɟɖůɖ ɘŬŰɟɘəɞɨ ɡɚɘəɞɨ əŬɘ ůŮ űŬɟɛŬəŮɡŰɘəɎ ŭɘŬɚɨɛŬŰŬ. ȹŮɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɚɏɞɜ ɤɠ ŬɜɗŮɚɛɘɜɗɘəɧ, ŬɜŰɘˊŬɟŬůɘŰɘəɧ əŬɘ əŬɗŬɟŰɘəɧ əŬɘ ɏɢŮɘ 

ŮɚŬŰŰɤɗŮɑ ɖ ɢɟɐůɖ Űɞɡ ůŰɖ ɗŮɟŬˊŮɑŬ Űɖɠ ůɨűɘɚɖɠ, ɧˊɞɡ ŮɗŮɤɟŮɑŰɞ ɖ ɛɧɜɖ ɗŮɟŬˊŮɑŬ, 

ɩůˊɞɡ ŬɜŬəŬɚɨűɗɖəŮ ɖ ɢɟɐůɖ Űɤɜ ŬɟůŮɜɘəɞɨɢɤɜ ɞɡůɘɩɜ. ɀɏɢɟɘ ˊɟɘɜ Ŭˊɧ ɛŮɟɘəɎ 

ɢɟɧɜɘŬ ɏɔɘɜŮ ɖ ŬɜŰɘəŬŰɎůŰŬůɐ Űɞɡɠ ɛŮ űɎɟɛŬəŬ ɚɘɔɧŰŮɟɞ ŰɞɝɘəɎ əŬɘ Ŭűɞɨ ŮɑɢŬɜ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ɛŮɟɘəɏɠ ɡŭɟŬɟɔɡɟɘəɏɠ ŮɜɩůŮɘɠ ɛŮ ŭɘɞɡɟɖŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ.  

ɇɞ ˊɡɟɞəɟɞŰɘəɧ ɎɚŬɠ Hg(ONC)2, ˊɞɡ ˊŬɟŬůəŮɡɎůŰɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɞ 1799 Ŭˊɧ 

Űɞɜ ȯɔɔɚɞ ɢɖɛɘəɧ ȰɜŰɞɡŬɟɜŰ ɉɎɞɡŬɟɜŰ, ɛŮ ɗɏɟɛŬɜůɖ ɛɑɔɛŬŰɞɠ Ŭɘɗɡɚɘəɐɠ Ŭɚəɞɧɚɖɠ, 

ɜɘŰɟɘəɞɨ ɞɝɏɞɠ əŬɘ ɡŭɟŬɟɔɨɟɞɡ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ˊŬɟŬɔɤɔɐ ŮəɟɖəŰɘəɩɜ 

ɛɘɔɛɎŰɤɜ. ɀŮ əɟɞɨůɖ ɐ  ɗɏɟɛŬɜůɖ  ˊɟɞəŬɚŮɑŰŬɘ ɏəɟɖɝɖ, ŮɝŬɟŰɩɛŮɜɖ Ŭˊɧ Űɞɜ ɓŬɗɛɧ 

ůɡɛˊɑŮůɖɠ Űɤɜ əɟɡůŰɎɚɚɤɜ Űɞɡ. Ⱥˊɑůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ˊɟɩŰɖ ɨɚɖ, ɛŬɕɑ ɛŮ 

əɎˊɞɘɞ ɞɝŮɘŭɤŰɘəɧ ůɩɛŬ (ˊ.ɢ. ɢɚɤɟɘəɧ əɎɚɘɞ) əŬɘ əŬɨůɘɛɖ ɏɜɤůɖ (ˊ.ɢ. ɗŮɘɞɨɢɞ 

ŬɜŰɘɛɧɜɘɞ), ɔɘŬ ˊɡɟɞŭɧŰɖůɖ. ȼ ˊɡɟɞəɟɞŰɘəɐ  ɢɟɐůɖ Űɞɡ ɝŮəɘɜɎ Űɞ 1814, ɛŮ 

ŬɜŰɘəŬŰɎůŰŬůɐ Űɞɡ Ŭˊɧ Ŭɕɑŭɘɞ Űɞɡ ɛɞɚɨɓŭɞɡ ůɐɛŮɟŬ. Ƀɘ ɗŮɟɛɞɖɚŮəŰɟɘəɞɑ ůŰŬɗɛɞɑ 

ˊɞɡ əŬŰŬůəŮɡɎůŰɖəŬɜ Ŭˊɧ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ 1950 əŬɘ ɛŮŰɎ ůɢŮŭɘɎůŰɖəŬɜ ɛŮ ɢɟɐůɖ 

ɡŭɟŬɟɔɨɟɞɡ ŬɜŰɑ ɜŮɟɞɨ, ŰŬ ˊɚŮɞɜɏəŰɖɛŬŰŬ Űɤɜ ɞˊɞɑɤɜ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ɡɣɖɚɧŰŮɟɖ 

ɗŮɟɛɞəɟŬůɑŬ ɚŮɘŰɞɡɟɔɑŬɠ ɛŮ Űɘɠ ɑŭɘŮɠ ˊɘɏůŮɘɠ əŬɘ ůŰɖ ŭɡɜŬŰɧŰɖŰŬ ˊŬɟŬɚŬɓɐɠ  ɛŮ 

ɛɞɟűɐ ŬŰɛɞɨ ɧɚɖɠ Űɖɠ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ Űɤɜ ŬŰɛɩɜ Űɞɡ  ůŰɖɜ ɏɝɞŭɧ Űɞɡɠ 

Ŭˊɧ Űɞɡɠ ůŰɟɞɓɑɚɞɡɠ. ɆɐɛŮɟŬ, ɔɑɜŮŰŬɘ ɢɟɐůɖ ˊɡɟɖɜɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ŮɘŭɘəɎ Űɞɡ 

ɘůɞŰɧˊɞɡ 
204
ȼg,  ůŮ ŬɡŰɞɨɠ Űɞɡɠ ůŰŬɗɛɞɨɠ, Űɞ ɞˊɞɑɞ ˊŬɟɞɡůɘɎɕŮɘ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ 

Űɖɠ ɢŬɛɖɚɐɠ ɛŮɟɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ. 

ɇŬ ŬɛŬɚɔɎɛŬŰŬ, əɟɎɛŬŰŬ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ɛŮ ˊɞɚɚɎ ɛɏŰŬɚɚŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ɡɔɟɎ, 

ůŰŮɟŮɎ ɐ ˊɚŬůŰɘəɎ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ, ŮɑɜŬɘ ɛɑŬ Ɏɚɚɖ Ůɡɟɏɤɠ ŭɘŬŭŮŭɞɛɏɜɖ 

ɢɟɐůɖ Űɞɡ. ɇŬ əɟɎɛŬŰŬ ŬɡŰɎ, əɡɟɑɤɠ ɛŮ  Sn əŬɘ Au, ŮɛűŬɜɑɕɞɡɜ ɢɟɐůɖ ůŰɖ 

ůɡɜŰɖɟɖŰɘəɐ ɞŭɞɜŰɘŬŰɟɘəɐ ɗŮɟŬˊŮɑŬ. Ⱥˊɑůɖɠ ŬɛŬɚɔɎɛŬŰŬ ɛŮ Au, Ag əŬɘ Sn ɓɟɑůəɞɡɜ 

ɢɟɐůɖ ůŰɘɠ ŮˊŬɟɔɡɟɩůŮɘɠ, ŮˊɘɢɟɡůɩůŮɘɠ əŬɘ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɞɟɘůɛɏɜɤɜ Űɨˊɤɜ 

əŬŰɧˊŰɟɤɜ. ɇɞ Ůɨɟɞɠ ɛɏŰɟɖůɖɠ Űɤɜ ɗŮɟɛɞɛɏŰɟɤɜ ɛˊɞɟŮɑ ɜŬ ŮˊŮəŰŬɗŮɑ ůŰɞɡɠ -58 
ɞ
C 

ɛŮ ˊɟɞůɗɐəɖ ɗŬɚɚɑɞɡ ůŰɞɜ ɡŭɟɎɟɔɡɟɞ. 
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ȸ4. ȼ ɃɝŮɘŭɤŰɘəɐ  ȸŬɗɛɑŭŬ +Ƚ 

 

ȸ4-1 ȺɘůŬɔɤɔɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ 

 

ɆŰŬ ůŰɞɘɢŮɑŬ Űɖɠ ȽȽȸ (12) ɞɛɎŭŬɠ Űɞɡ ɄŮɟɘɞŭɘəɞɨ ɄɑɜŬəŬ, ɖ ɞɝŮɘŭɤŰɘəɐ ɓŬɗɛɑŭŬ +Ƚ 

ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɛɧɜɞ ɔɘŬ Űɞ ɘɧɜ Űɞɡ Hg2
2+
. ɇŬ űɎůɛŬŰŬ Raman ɏŭŮɘɝŬɜ ɧŰɘ ɖ ɘůɢɨɠ 

Űɞɡ ŭŮůɛɞɨ ŬəɞɚɞɡɗŮɑ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ ůŮɘɟɎ Zn2
2+

<Cd2
2+

<Hg2
2+
. ɄɞɘɞŰɘəɎ ɖ 

ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ Hg2
2+

 ɞűŮɑɚŮŰŬɘ ůŰɖ ɛŮɔɎɚɖ ŮɜɗŬɚˊɑŬ ůɨɜŭŮůɖɠ Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ 

Űɞɡ Hg
+
, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɑůɖ ɛŮ Űɖɜ ŮɜɗŬɚˊɑŬ ˊɟɩŰɞɡ ɘɞɜŰɘůɛɞɨ Űɞɡ ɛŮŰɎɚɚɞɡ. ȼ 

ɛŮɔɎɚɖ Űɘɛɐ ɞűŮɑɚŮŰŬɘ ůŰɖ ɛɘəɟɐ ɗɤɟɎəɘůɖ ˊɞɡ ˊɟɞůűɏɟɞɡɜ ŰŬ 4f ŰɟɞɢɘŬəɎ Űɞɡ Hg 

ůŰŬ 6s ɖɚŮəŰɟɧɜɘŬ. Ⱥˊɑůɖɠ, ɖ ɛŮɔɎɚɖ ŮɜɗŬɚˊɑŬ ɘɞɜŰɘůɛɞɨ Űɞɡ Hg ůɡɜŭɏŮŰŬɘ ɛŮ Űɞ 

űŬɘɜɧɛŮɜɞ Űɞɡ ŬŭɟŬɜɞɨɠ ɕŮɨɔɞɡɠ, ŭɖɚŬŭɐ Űɞɜ çŮɡɔŮɜɐè ɢŬɟŬəŰɐɟŬ Űɞɡ Hg əŬɘ Űɖ 

ɛɘəɟɐ ŮɜɏɟɔŮɘŬ ŬŰɛɞˊɞɑɖůɖɠ. ɆŰɘɠ ŮɜɩůŮɘɠ Űɞɡ Hg2
2+

, ŭɨɞ ɘɧɜŰŬ Hg
+
 ŭɘŬɛɞɘɟɎɕɞɜŰŬɘ 

ɏɜŬ ɕŮɨɔɞɠ  6s ɖɚŮəŰɟɞɜɑɤɜ. 

 

ȸ4-2. ɇɞ ɘɧɜ Űɞɡ ŭɘɡŭɟŬɟɔɨɟɞɡ(Ƚ) əŬɘ ɞɘ ŮɜɩůŮɘɠ Űɞɡ 

 

ɇɞ ɘɧɜ Hg2
2+

 ˊɟɞəɨˊŰŮɘ ɛŮ ŬɜŬɔɤɔɐ Űɤɜ ŬɚɎŰɤɜ Űɞɡ Hg(ȽȽ) ůŮ ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ. 

ȺɑɜŬɘ ůŰŬɗŮɟɧ ůŮ ŭɘŬɚɨɛŬŰŬ ɞɝɏɤɜ əŬɘ ŬˊɞɡůɑŬ ɡˊɞəŬŰŬůŰŬŰɩɜ, ɧˊɤɠ OHĖ, FĖ, CNĖ, 

ˊɞɡ ˊɟɞɎɔɞɡɜ ŬɡŰɞɞɝŮɘŭɞŬɜŬɔɤɔɐ. ȼ ŭɘˊɡɟɖɜɘəɧŰɖŰŬ ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ɛŮ űɎůɛŬ 

Raman, ɖɚŮəŰɟɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ əŬɘ ɎɚɚŮɠ ɛŮɗɧŭɞɡɠ, Ůɜɩ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ɎűɗɞɜŬ 

ŭŮŭɞɛɏɜŬ ŬəŰɑɜɤɜ ɉ (ɄɑɜŬəŬɠ 5). 

 

ɄɑɜŬəŬɠ 5: ɀɐəɖ ŭŮůɛɩɜ Hg-Hg ůŮ ŮɜɩůŮɘɠ Űɞɡ ŭɘɡŭɟŬɟɔɨɟɞɡ(Ƚ). 

 

ȯɚŬɠ Hg-Hg (¡) ȯɚŬɠ Hg-Hg (¡) 

Hg2F2        2.51 Hg2(NO3)2Ŀ2H2O      2.54 

Hg2Cl2        2.53 Hg2(BrO3)2      2.51 

Hg2Br2        2.58 Hg2SO4 
Ŭ
      2.50 

Hg2I2        2.69   

Ŭ ˊɞɚɡɛŮɟɏɠ 
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ȽůɞɟɟɞˊɑŬ Hg
Ƚ
- Hg

ȽȽ
 

ɀŮŰɟɐůŮɘɠ ɛŬɔɜɖŰɘəɐɠ ŮˊɘŭŮəŰɘəɧŰɖŰŬɠ ɏŭŮɘɝŬɜ ɧŰɘ ŰŬ ɎɚŬŰŬ Űɞɡ ɘɧɜŰɞɠ Hg2
2+

 ŮɑɜŬɘ 

ŭɘŬɛŬɔɜɖŰɘəɎ, Ůɜɩ Űɞ ɘɧɜ Hg
+ 

([Xe]4f
14

5d
10

6s
1
) ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ˊŬɟŬɛŬɔɜɖŰɘəɧ. 

Ⱥˊɑůɖɠ, Űɞ űɎůɛŬ Raman ŭɘŬɚɨɛŬŰɞɠ Hg2(NO3)2 ŭŮɑɢɜŮɘ ɛɘŬ ɘůɢɡɟɐ əɞɟɡűɐ (172  

cm
-1
) ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖ ŭɧɜɖůɖ ŰɎůɖɠ Űɞɡ ŭŮůɛɞɨ Hg-Hg. 

ȼ ˊŬɟɞɡůɑŬ Űɞɡ Hg2
2+ 

 ŭɘŬˊɘůŰɩɜŮŰŬɘ Ŭˊɧ ɛŮɚɏŰɖ Űɤɜ əŬɜɞɜɘəɩɜ ŭɡɜŬɛɘəɩɜ 

ɞɝŮɘŭɞŬɜŬɔɤɔɐɠ. ȺˊŮɘŭɐ ɞɘ Űɘɛɏɠ Ⱥ
ɞ 
Űɤɜ əŬɜɞɜɘəɩɜ ŭɡɜŬɛɘəɩɜ ɖɚŮəŰɟɞŭɑɤɜ ɔɘŬ ŰŬ 

ɕŮɨɔɖ
 
Hg

2+
/Hg əŬɘ Hg2

2+
/Hg ŮɑɜŬɘ ůɢŮŭɧɜ ɑŭɘŮɠ, ɧɚŬ ŰŬ ɞɝŮɘŭɤŰɘəɎ ŬɜŰɘŭɟŬůŰɐɟɘŬ ˊɞɡ 

ŮɑɜŬɘ ɘəŬɜɎ ɜŬ ɞɝŮɘŭɩůɞɡɜ Űɞɜ ɡŭɟɎɟɔɡɟɞ ůŮ Hg(Ƚ) ˊɟɞɢɤɟɞɨɜ əŬɘ ůŮ ˊŬɟŬˊɏɟŬ 

ɞɝŮɑŭɤůɖ ůŰɖɜ əŬŰɎůŰŬůɖ Hg(ȽȽ). 

 

Hg2
2+ 

 +  2e  2 Hg(Ƚ)  E
ɞ
= 0.7960 V                                       (6) 

2 Hg
2+ 

 +  2e   Hg2
2+

  E
ɞ
= 0.9110 V                                       (7) 

Hg
2+ 

 +  2e   Hg(Ƚ)  E
ɞ
= 0.8535 V                                       (8) 

 

ũɘŬ Űɖɜ ɞɝŮɘŭɞŬɜŬɔɤɔɘəɐ ŬɜŰɑŭɟŬůɖ (9), ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɔɟɐɔɞɟɖ əŬɘ Ŭɛűɑŭɟɞɛɖ, 

Hg2
2+

   Hg(Ƚ)  +  Hg
2+

   E
ɞ
= -0.115 V                                         (9) 

ɏɢɞɡɛŮ ɔɘŬ Űɖ ůŰŬɗŮɟɎ ɘůɞɟɟɞˊɑŬɠ 

 

          [Hg
2+

] 

K=   =1.14 x 10
-2
 

          [Hg2
2+

] 

 

ɇɞ ůɡɛˊɏɟŬůɛŬ ˊɞɡ ŮɝɎɔŮŰŬɘ ŮɑɜŬɘ ˊɩɠ ɞ ɡŭɟɎɟɔɡɟɞɠ ɛˊɞɟŮɑ ɜŬ ɞɝŮɘŭɤɗŮɑ ůŮ Hg2
2+

 

(ŬɚɚɎ ɧɢɘ ůŮ Hg
2+
) ɛŮ ɞɝŮɘŭɤŰɘəɎ ɛɏůŬ ɛŮ ŭɡɜŬɛɘəɎ ŰɎɝɖɠ -0.79 ɏɤɠ -0.85 V. ɀŮ 

ŭŮŭɞɛɏɜɞ ɧŰɘ ŭŮɜ ɡˊɎɟɢŮɘ ůɡɜɐɗɖɠ ɞɝŮɘŭɤŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ɜŬ ŬɜŰŬˊɞəɟɑɜŮŰŬɘ 

ůŰɖɜ ŬˊŬɑŰɖůɖ ŬɡŰɐ, ɓɟɏɗɖəŮ ɧŰɘ ɧŰŬɜ ɞ ɡŭɟɎɟɔɡɟɞɠ əŬŰŮɟɔɎɕŮŰŬɘ ɛŮ ˊŮɟɑůůŮɘŬ 

ɞɝŮɘŭɤŰɘəɞɨ ɛŮŰŬŰɟɏˊŮŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ ůŮ Hg
ȽȽ
. ȺɜŰɞɨŰɞɘɠ, ɧŰŬɜ ɞ ɡŭɟɎɟɔɡɟɞɠ ŮɑɜŬɘ 

ůŮ ˊŮɟɑůůŮɘŬ ŰɞɡɚɎɢɘůŰɞɜ 50%, ɚŬɛɓɎɜŮŰŬɘ ɛɧɜɞ Hg
Ƚ
, ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ (9). 
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Ƀ ŭŮůɛɧɠ Hg-Hg ɗŮɤɟŮɑŰŬɘ Ŭˊɚɧɠ ů ŭŮůɛɧɠ. ȷəŰɘɜɞɓɧɚɖůɖ ŭɘŬɚɨɛŬŰɞɠ Hg2
2+

 ůŰŬ 

250 nm, ˊŬɟɞɡůɑŬ O2, ŮˊɘűɏɟŮɘ ŭɘɎůˊŬůɖ Űɞɡ ŭŮůɛɞɨ əŬɘ ůɢɖɛŬŰɘůɛɧ Hg
2+

 ůɨɛűɤɜŬ 

ɛŮ Űɖɜ ŬɜŰɑŭɟŬůɖ: 

Hg2
2+ 

 +  O2  +  2 H
+
  2 Hg

2+
  +  H2O2                                                                         (10) 

 

ȺɜɩůŮɘɠ Űɞɡ ŭɘɡŭɟŬɟɔɨɟɞɡ(Ƚ) 

ȳɚŬ ŰŬ ŬɚɞɔɞɜɑŭɘŬ Űɞɡ Hg2
2+

 ŮɑɜŬɘ ɔɜɤůŰɎ. ɇɞ ɢɚɤɟɑŭɘɞ, Űɞ ɓɟɤɛɑŭɘɞ əŬɘ Űɞ ɘɤŭɑŭɘɞ 

ŮɑɜŬɘ ŬŭɘɎɚɡŰŬ ůŮ H2O. ɄŬɟŬůəŮɡɎɕɞɜŰŬɘ əŬŰɎ Űɖɜ ŮˊɑŭɟŬůɖ Ŭɚɞɔɞɜɞɨɢɤɜ ɘɧɜŰɤɜ 

ůŮ ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ Hg2(NO3)2 ɐ Hg2(ClO4)2. 

 

Hg2(NO3)2  +  2 ȼCl  Hg2Cl2  +  2 HNO3                                            (11) 

 

ɆŮ ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ Űɞ ɘɧɜ Hg2
2+

 ɚŬɛɓɎɜŮŰŬɘ ɛŮ ŬɜŬɔɤɔɐ ŮɜɩůŮɤɜ Űɞɡ Hg
2+

 ɛŮ 

ɛŮŰŬɚɚɘəɧ Hg ɐ ɗŮɘɩŭŮɠ ɞɝɨ. 

 

2 HgCl2  +  2 H2O  +  SO2  Hg2Cl2  +  2 HCl  +  H2SO4                               (12) 

 

Ƀ ŭɘűɗɞɟɘɞɨɢɞɠ ŭɘɡŭɟɎɟɔɡɟɞɠ ɡŭɟɞɚɨŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ: 

 

Hg2F2   +  2 H2O  2 HF  +  [Hg2](OH)2                                                  (13) 

                                                                    ŬůŰŬɗɏɠ 

[Hg2](OH)2   Hg  +  HgO  +  H2O                                     (14) 

 

O ɜɘŰɟɘəɧɠ ŭɘɡŭɟɎɟɔɡɟɞɠ Hg2(NO3)2Ŀ2H2O, ˊŮɟɘɏɢŮɘ Űɞ ɘɧɜ [H2OˈHgˈHgˈOH2]
2+

. 

ȺɑɜŬɘ ɔɜɤůŰɧ, Ůˊɑůɖɠ, Űɞ ɡˊŮɟɢɚɤɟɘəɧ ɎɚŬɠ Hg2(ClO4)2Ŀ4H2O. ȾŬɘ ŰŬ ŭɨɞ ŮɑɜŬɘ 

ŮɡŭɘɎɚɡŰŬ ůŰɞ ɜŮɟɧ. ɇŬ ŬɚɞɔɞɜɑŭɘŬ əŬɘ ɎɚɚŬ ůɢŮŰɘəɎ ŬŭɘɎɚɡŰŬ ɎɚŬŰŬ Űɞɡ Hg2
2+

 

ɛˊɞɟɞɨɜ ɜŬ ˊŬɟŬůəŮɡŬůŰɞɨɜ ɛŮ ˊɟɞůɗɐəɖ əŬŰɎɚɚɖɚɞɡ ŬɜɘɧɜŰɞɠ ůŰŬ ŭɘŬɚɨɛŬŰɎ 

Űɞɡɠ. ȯɚɚŬ ɔɜɤůŰɎ ɎɚŬŰŬ ŮɑɜŬɘ ŰŬ ɗŮɘɥəɎ, ŰŬ ɢɚɤɟɘəɎ, ŰŬ ɓɟɤɛɘəɎ, ŰŬ ɘɤŭɘəɎ əŬɘ ŰŬ 

ɞɝɘəɎ. ȷɕɤŰɞɨɢɞɘ ɡˊɞəŬŰŬůŰɎŰŮɠ ɛɘəɟɐɠ ŬɚəŬɚɘəɧŰɖŰŬɠ ŭŮɑɢɜɞɡɜ ˊɟɞŰɑɛɖůɖ ůŰɞ 

Hg2
2+

 əŬɘ ɡˊɎɟɢɞɡɜ ůŰŬɗŮɟɎ ůɨɛˊɚɞəŬ ɛŮ Ŭɜɘɚɑɜɖ, [Hg2(PhNH2)2]
2+

 əŬɘ ɛŮ 1, 10-
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űŬɘɜŬɜɗɟɞɚɑɜɖ. ɆɨɛˊɚɞəŬ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟŬɚɖűɗɞɨɜ ůŮ ŭɘɎɚɡɛŬ ɛŮ ɡˊɞəŬŰŬůŰɎŰŮɠ 

ŭɧŰŮɠ ɞɝɡɔɧɜɞɡ, ɞˊɧŰŮ ůɢɖɛŬŰɑɕɞɜŰŬɘ  ŭŮůɛɞɑ ɛŮŰɎɚɚɞɡ-ɡˊɞəŬŰŬůŰɎŰɖ. ɇɏŰɞɘɞɘ 

ɡˊɞəŬŰŬůŰɎŰŮɠ ŮɑɜŬɘ ɞɝŬɚɘəɎ, ůɞɡəɘɜɘəɎ, ˊɡɟɞűɤůűɞɟɘəɎ əŬɘ ˊɞɚɡűɤůűɞɟɘəɎ ɘɧɜŰŬ. 

ɇɞ ɘɧɜ Űɞɡ ŭɘɡŭɟŬɟɔɨɟɞɡ ůɢɖɛŬŰɑɕŮɘ ɚɑɔŬ ůɨɛˊɚɞəŬȚ ŬɡŰɧ, Ůɜ ɛɏɟŮɘ, ɞűŮɑɚŮŰŬɘ ůŰɖ 

ɛɘəɟɐ ŰɎůɖ Űɞɡ Hg2
2+

 ɜŬ ŭɖɛɘɞɡɟɔŮɑ ŭŮůɛɞɨɠ ɏɜŰŬɝɖɠ, ŬɚɚɎ, əɡɟɑɤɠ, ůŰɖɜ ŰɎůɖ Űɞɡ 

Hg
2+

 ɜŬ ŭɖɛɘɞɡɟɔŮɑ ˊɘɞ ůŰŬɗŮɟɎ ůɨɛˊɚɞəŬ ɛŮ ˊɞɚɚɞɨɠ ɡˊɞəŬŰŬůŰɎŰŮɠ (CNĖ, IĖ, 

ŬɛɑɜŮɠ, ŬɚəɡɚɞůɞɡɚűɑŭɘŬ) ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɡŰɞɞɝŮɘŭɞŬɜŬɔɤɔɐ Űɞɡ Hg2
2+

. 

ɀˊɞɟɞɨɜ ɜŬ Ŭˊɞɛɞɜɤɗɞɨɜ ɛŮɟɘəɎ ůɨɛˊɚɞəŬ ɛŮ ŭɧŰɖ ɞɝɡɔɧɜɞɡ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɞ 

[Hg2(OPPh3)6]
2+

. 

 

ȸ5. ȼ ɃɝŮɘŭɤŰɘəɐ ȸŬɗɛɑŭŬ +ȽȽ 

 

ȸ5-1. ȹɡŬŭɘəɏɠ ŮɜɩůŮɘɠ 

 

ɃɝŮɑŭɘŬ əŬɘ ůɞɡɚűɑŭɘŬ 

ɈˊɎɟɢɞɡɜ ŭɨɞ ɛɞɟűɏɠ Űɞɡ ɞɝŮɘŭɑɞɡ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ(ȽȽ), ɖ əɧəəɘɜɖ əŬɘ ɖ əɑŰɟɘɜɖ 

(ȺɘəɧɜŬ 7). ȼ ˊɟɩŰɖ ˊŬɟŬůəŮɡɎɕŮŰŬɘ ɛŮ ˊɡɟɧɚɡůɖ, ůɨɛűɤɜŬ ɛŮ Űɖɜ ŬɜŰɑŭɟŬůɖ: 

 

Hg(NO3)2  HgO  +  2 NO2  +  1/2 O2                                                        (15) 

 

ɐ ɛŮ ŬˊŮɡɗŮɑŬɠ ŬɜŰɑŭɟŬůɖ ɡŭɟŬɟɔɨɟɞɡ əŬɘ ɞɝɡɔɧɜɞɡ ůŰɞɡɠ 300-350 
ɞ
C, ɐ ɛŮ 

ɗɏɟɛŬɜůɖ ŬɚəŬɚɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ K2[HgI4], ɤɠ əɧəəɘɜɞɘ əɟɨůŰŬɚɚɞɘ. Ʉɟɞůɗɐəɖ OH
-
 

ůŮ ɡŭŬŰɘəɧ ŭɘɎɚɡɛŬ Hg
2+

 ŭɑɜŮɘ əɑŰɟɘɜɞ ɑɕɖɛŬ HgO. ɇɞ ŭɘŬűɞɟŮŰɘəɧ ɢɟɩɛŬ Űɤɜ ŭɨɞ 

ɛɞɟűɩɜ ɞűŮɑɚŮŰŬɘ ůŰɞ ɛɏɔŮɗɞɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɞɡɠ əɟɡůŰɎɚɚɞɡɠ 

(ŭɘɎɛŮŰɟɞɠ: əɑŰɟɘɜɞɘ <2 ɛm, əɧəəɘɜɞɘ >8 ɛm). ȹŮɑɔɛŬ ɛŮ ɛŮɔɏɗɖ əɟɡůŰɎɚɚɤɜ ɛŮŰŬɝɨ 

Űɤɜ Űɘɛɩɜ ŬɡŰɩɜ űŬɑɜŮŰŬɘ əɑŰɟɘɜɞ ɛŮ əɧəəɘɜɞ-ˊɞɟŰɞəŬɚɑ. Ƀ ůɡɜɐɗɖɠ Űɨˊɞɠ Űɞɡ 

ɞɝŮɘŭɑɞɡ ɏɢŮɘ ŭɞɛɐ ɛŮ ŬɚɡůɑŭŬ zigzag īHgīOīHgī (HgīO=2.03 ¡, HgOHg=109 
o
, 

OHgO=179 
o
)Ț ɡˊɎɟɢɞɡɜ ɛɧɜɞ ŬůɗŮɜŮɑɠ ŭŮůɛɞɑ ɛŮŰŬɝɨ Űɤɜ Ŭɚɡůɑŭɤɜ, ɛŮ Űɖ 

ɛɘəɟɧŰŮɟɖ ŬˊɧůŰŬůɖ HgīO ɜŬ ŮɑɜŬɘ 2.82 ¡. ɆŮ ůŰŮɟŮɎ əŬŰɎůŰŬůɖ ŮɑɜŬɘ ɔɜɤůŰɎ 
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ɛɘəŰɎ ɞɝŮɑŭɘŬ, ɧˊɤɠ Hg2Nb2O7. ȳɚŬ ŬɡŰɎ ˊŮɟɘɏɢɞɡɜ ɔɟŬɛɛɘəɏɠ ɞɛɎŭŮɠ OīHgīO. ȹŮɜ 

ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŬˊɞɛɞɜɤɗŮɑ Űɞ Hg(OH)2. 

 

 

ȺɘəɧɜŬ 7: ȼ əɧəəɘɜɖ əŬɘ ɖ əɑŰɟɘɜɖ ɛɞɟűɐ Űɞɡ HgO. 

 

O ɗŮɘɞɨɢɞɠ ɡŭɟɎɟɔɡɟɞɠ(ȽȽ) (HgS) əŬɗɘɕɎɜŮɘ Ŭˊɧ ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ ɤɠ ɛŬɨɟɖ, 

ŬŭɘɎɚɡŰɖ ɏɜɤůɖ. ɇɞ ɔɘɜɧɛŮɜɞ ŭɘŬɚɡŰɧŰɖŰŬɠ Űɞɡ ˊɟɞɥɧɜŰɞɠ ŮɑɜŬɘ 10
-54
, ŬɚɚɎ Űɞ 

ůɞɡɚűɑŭɘɞ ŮɛűŬɜɑɕŮɘ ɚɑɔɞ ɡɣɖɚɧŰŮɟɖ ŭɘŬɚɡŰɧŰɖŰŬ ŮɝŬɘŰɑŬɠ Űɖɠ ɡŭɟɧɚɡůɖɠ Űɤɜ ɘɧɜŰɤɜ 

Hg
2+

  əŬɘ S
2-

. ɇɞ ɛŬɨɟɞ ůɞɡɚűɑŭɘɞ ŮɑɜŬɘ ŬůŰŬɗɏɠ ůŮ ůɢɏůɖ ɛŮ ɛɘŬ əɧəəɘɜɖ ɛɞɟűɐ əŬɘ 

ɛŮŰŬŰɟɏˊŮŰŬɘ ůô ŬɡŰɐ ɛŮ ɗɏɟɛŬɜůɖ ɐ əŬŰŮɟɔŬůɑŬ ɛŮ ŬɚəŬɚɘəɎ ˊɞɚɡůɞɡɚűɑŭɘŬ ɐ 

ɢɚɤɟɑŭɘŬ Űɞɡ Hg(I). Ƀ əɧəəɘɜɞɠ HgS ɏɢŮɘ ˊŬɟŬɛɞɟűɤɛɏɜɖ ŭɞɛɐ NaCl, ɛŮ ŬɚɡůɑŭŮɠ 

HgīS. KŬɘ ɞɘ ŭɨɞ ɛɞɟűɏɠ ɏɢɞɡɜ ŮɝŬɘɟŮŰɘəɎ ɢŬɛɖɚɐ ŭɘŬɚɡŰɧŰɖŰŬ ůŰɞ ɜŮɟɧ, ŮɑɜŬɘ 

ŬŭɘɎɚɡŰŮɠ ůŮ ŬɜɧɟɔŬɜŬ ɞɝɏŬ əŬɘ əŬɡůŰɘəɎ ŬɚəɎɚɘŬ. ȹɘŬɚɨɞɜŰŬɘ ɛɧɜɞ ůŮ óɓŬůɘɚɘəɧ 

ɨŭɤɟô əŬɘ ŬˊŮɚŮɡɗŮɟɩɜɞɡɜ ɗŮɑɞ ůŮ ɗŮɘɞɨɢŬ ŬɚəɎɚɘŬ, ůɢɖɛŬŰɑɕɞɜŰŬɠ  ɘɧɜŰŬ, ɧˊɤɠ 

[HgS2]
2-

. 

 

AɚɞɔɞɜɑŭɘŬ 

Ƀ űɗɞɟɘɞɨɢɞɠ ɡŭɟɎɟɔɡɟɞɠ (HgF2) (ɆɢɐɛŬ 3) ŮɑɜŬɘ ɘɞɜŰɘəɐ ɏɜɤůɖ, ɚŮɡəɧ, 

əɟɡůŰŬɚɚɘəɧ ůŰŮɟŮɧ.  ȹɘŬůˊɎŰŬɘ  ŬəɧɛŬ əŬɘ ůŰɞ əɟɨɞ ɜŮɟɧ, ɛŮ ůɡɜɏˊŮɘŬ ɜŬ ɛŬɡɟɑɕŮɘ 

ůŰɞɜ ŬɏɟŬ. 
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ɆɢɐɛŬ 3: ūɗɞɟɘɞɨɢɞɠ ɡŭɟɎɟɔɡɟɞɠ. 

ȷɜŰɑɗŮŰŬ, ŰŬ ɎɚɚŬ ŬɚɞɔɞɜɑŭɘŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɛɞɘɞˊɞɚɘəɧ ɢŬɟŬəŰɐɟŬ. Ƀ ɢɚɤɟɘɞɨɢɞɠ 

ɡŭɟɎɟɔɡɟɞɠ (HgCl2) ŮɑɜŬɘ ɔɜɤůŰɧɠ ɤɠ ůɞɡɛˊɚɘɛɏ, ɏɢŮɘ ɚŮɡəɧ ɢɟɩɛŬ əŬɘ ŮɑɜŬɘ ɘůɢɡɟɧ 

ŭɖɚɖŰɐɟɘɞ. Ƀ ɘɤŭɘɞɨɢɞɠ ɡŭɟɎɟɔɡɟɞɠ (HgI2) ŬˊŬɜŰɎŰŬɘ ůŮ ŭɨɞ ɛɞɟűɏɠ, əɧəəɘɜɞɠ 

(ɗ<120 
o
C) əŬɘ əɑŰɟɘɜɞɠ (ɗ>120 

o
C). ɀŮ ˊŮɟɑůůŮɘŬ KI ŭɑɜŮɘ Űɞ ůɨɛˊɚɞəɞ K2[HgI4] 

ˊɞɡ ůŮ ŬɚəŬɚɘəɧ ŭɘɎɚɡɛŬ ŮɑɜŬɘ ɔɜɤůŰɧ ɤɠ ŬɜŰɘŭɟŬůŰɐɟɘɞ Nessler, əŬɘ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ əŬɘ Űɞɜ ˊɞůɞŰɘəɧ ˊɟɞůŭɘɞɟɘůɛɧ ůŰɞ ˊɧůɘɛɞ ɜŮɟɧ 

Űɖɠ ŬɛɛɤɜɑŬɠ əŬɘ Űɤɜ NH4
+
. 

 

2 K2[HgI4]  +  NH3  +  3 KOH  [Hg2N]I  +  7 KI  +  3 H2O            (16) 

 

ɆŮ ɢŬɛɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ NH3 ŭɑɜŮɘ əɑŰɟɘɜɞ ɢɟɩɛŬ, Ůɜɩ ůŮ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ 

əŬŰŬɓɡɗɑɕŮŰŬɘ ɤɠ əŬůŰŬɜɧɢɟɤɛŬ ɑɕɖɛŬ. 

ɆŰɞɜ ɄɑɜŬəŬ 6 ŭɑɜɞɜŰŬɘ ɛŮɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ Ŭɚɞɔɞɜɘŭɑɤɜ əŬɘ ůŰɞɜ ɄɑɜŬəŬ 7 ɛŮɟɘəɎ 

ŭɞɛɘəɎ ŭŮŭɞɛɏɜŬ. 

ɄɑɜŬəŬɠ 6: ȽŭɘɧŰɖŰŮɠ Űɤɜ Ŭɚɞɔɞɜɘŭɑɤɜ Űɞɡ Hg(II ). 

 

ȷɚɞɔɞɜɑŭɘɞ   ů.Ű 

 (
o
C) 

     ů.ɕ 

    (
o
C) 

ȹɘŬɚɡŰɧŰɖŰŬ (mol/100 mol ůŰɞɡɠ 25 
o
C) 

H2O                 C2H5OH       C2H5OCOCH3        C6H6 

HgF2 645(ŭɘŬůˊɎŰŬɘ)  ɡŭɟɞɚɨŮŰŬɘ ŬŭɘɎɚɡŰɞ ŬŭɘɎɚɡŰɞ ŬŭɘɎɚɡŰɞ 

HgCl2 280 303 0.48 8.14 9.42 0.152 

HgBr2 238 318 0.031 3.83   

HgI2 257 351 0.00023 0.396 0.566 0.067 

 
 

ɄɑɜŬəŬɠ 7: ȷˊɞůŰɎůŮɘɠ Hg-X ůŰŬ ŬɚɞɔɞɜɑŭɘŬ Űɞɡ Hg(II ) [¡]. 
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ɆŰŮɟŮɧ 

ɃɡůɑŬ ŭɨɞ ůŰŬ ŭɨɞ ůŰŬ ŭɨɞ ůŰŬ ȷŰɛɧɠ 

HgF2  ɃɢŰɩ ůŰŬ 2.40   

HgCl2     2.25 3.34 3.63 2.28Ñ0.04 

HgBr2     2.48 3.23 3.23 2.40Ñ0.04 

HgI2  ŰɏůůŮɟɘɠ ůŰŬ 2.78  2.57Ñ0.04 

 

 

 

 

 

ȳɝɡ ɎɚŬŰŬ  

ɇŬ ɜɘŰɟɘəɎ, ɗŮɘɘəɎ əŬɘ ɡˊŮɟɢɚɤɟɘəɎ ɎɚŬŰŬ Űɞɡ Hg(IȽ) ŮɑɜŬɘ ɘɞɜŰɘəɎ əŬɘ ŭɘŬůˊɩɜŰŬɘ 

ŮɨəɞɚŬ ůŮ ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ. ȺɝŬɘŰɑŬɠ Űɖɠ ŬůŰɎɗŮɘŬɠ Űɞɡ ɡŭɟɞɝŮɘŭɑɞɡ Űɞɡ 

ɡŭɟŬɟɔɨɟɞɡ, ŰŬ ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ ŬɡŰɩɜ Űɤɜ ŬɚɎŰɤɜ ɏɢɞɡɜ Űɖɜ ŰɎůɖ ɜŬ 

ɡŭɟɞɚɨɞɜŰŬɘ əŬɘ ˊɟɏˊŮɘ ɜŬ ɞɝɡɜɑɕɞɜŰŬɘ ɔɘŬ ɜŬ ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɎ. ɇɞ ɘɧɜ ůŮ 

ɡŭŬŰɘəɧ ŭɘɎɚɡɛŬ ŮɑɜŬɘ Űɞ [Hg(H2O)6]
2+

 əŬɘ ɛŮ ɡŭɟɧɚɡůɖ ˊɟɩŰŬ ůɢɖɛŬŰɑɕŮŰŬɘ HgOH
+
, 

ɛŮŰɎ Hg(OH)2(Ŭq) ůŰɞ ɞˊɞɑɞ ŭɨɞ ŭŮůɛɞɑ HgīO ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞɘ Ŭˊɧ Űɞɡɠ Ɏɚɚɞɡɠ 

ŰɏůůŮɟɘɠ. Ʉɟɞůɗɐəɖ CO3
2-

 ůŮ ŭɘɎɚɡɛŬ Hg
2+

 ŭɑɜŮɘ Hg(OH)
+
, Hg(OH)CO3Ė ə.ɞ.ə. 

ɆŮ ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ Űɞɡ Hg(NO3)2, ŰŬ əɡɟɘɧŰŮɟŬ ɢɖɛɘəɎ Ůɑŭɖ ŮɑɜŬɘ Hg(NO3)2, 

HgNO3
+
 əŬɘ Hg

2+
, ŬɚɚɎ ůŮ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ NO3Ė ůɢɖɛŬŰɑɕŮŰŬɘ [Hg(NO3)4]

2-
 . 

ɇŬ əŬɟɓɞɝɡɚɘəɎ ɎɚŬŰŬ, əɡɟɑɤɠ Űɞ ɞɝɘəɧ əŬɘ Űɞ Űɟɘűɗɞɟɞɞɝɘəɧ, ˊɟɞůɓɎɚɚɞɡɜ Űɞɡɠ 

ŬəɧɟŮůŰɞɡɠ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ. ɄŬɟŬůəŮɡɎɕɞɜŰŬɘ ɛŮ ŭɘɎɚɡůɖ HgO ůŮ ɗŮɟɛɧ ɞɝɨ əŬɘ 

əɟɡůŰɎɚɚɤůɖ. ɇɞ Űɟɘűɗɞɟɞɞɝɘəɧ ɎɚŬɠ ŮɑɜŬɘ ŭɘŬɚɡŰɧ ůŮ ɓŮɜɕɧɚɘɞ, ŬəŮŰɧɜɖ əŬɘ THF, 

ŬɡɝɎɜɞɜŰŬɠ Űɖ ɢɟɖůɘɛɧŰɖŰɎ Űɞɡ, Ůɜɩ Űɞ ɞɝɘəɧ ŮɑɜŬɘ ŭɘŬɚɡŰɧ ůŮ ɜŮɟɧ əŬɘ Ŭɚəɞɧɚɖ. 

ȯɚɚŬ ɎɚŬŰŬ, ɧˊɤɠ Űɞ ɞɝŬɚɘəɧ əŬɘ Űɞ űɤůűɞɟɘəɧ, ŮɑɜŬɘ ŮɚɎɢɘůŰŬ ŭɘŬɚɡŰɎ ůŰɞ ɜŮɟɧ. 

ɇɞ ɘɧɜ Űɞɡ Hg(II) əŬŰŬɚɨŮɘ ŬɜŰɘŭɟɎůŮɘɠ ůɡɛˊɚɧəɤɜ, ɧˊɤɠ ɖ ŮɜɡŭɎŰɤůɖ Űɞɡ 

[Cr(NH3)5X]
2+
. ŪŮɤɟŮɑŰŬɘ ɧŰɘ ůŰɖ ɛŮŰŬɓŬŰɘəɐ əŬŰɎůŰŬůɖ ŮɜɏɢɞɜŰŬɘ ɔɏűɡɟŮɠ, ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ 

 

[(ȼ2Ƀ)5CrCl]
2+

  +   Hg
2+

 
 

   [(ȼ2Ƀ)5CrīClīHg]
4+

                        (17) 
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ȸ5-2. ɆɨɛˊɚɞəŮɠ ŮɜɩůŮɘɠ Űɞɡ Hg(II ) 

 

ɇɞ ɘɧɜ Hg
2+

 ˊŬɟɞɡůɘɎɕŮɘ ɘůɢɡɟɐ ŰɎůɖ ůɡɛˊɚɞəɞˊɞɑɖůɖɠ ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ : Ŭɟɘɗɛɧ 

ɏɜŰŬɝɖɠ 2 əŬɘ ɔŮɤɛŮŰɟɑŬ ɔɟŬɛɛɘəɐ, Ŭɟɘɗɛɧ ɏɜŰŬɝɖɠ 4 əŬɘ ɔŮɤɛŮŰɟɑŬ ŰŮŰɟŬŮŭɟɘəɐ. ȼ 

ɞəŰŬŮŭɟɘəɐ ɔŮɤɛŮŰɟɑŬ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ůɡɜɖɗɘůɛɏɜɖ, Ůɜɩ ŮɑɜŬɘ ɔɜɤůŰɎ ɚɑɔŬ ůɨɛˊɚɞəŬ 

ɛŮ Ŭɟɘɗɛɧ ɏɜŰŬɝɖɠ 3 əŬɘ 5. ȺəŰɧɠ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ůɨɛˊɚɞəŬ, ɞ ɡŭɟɎɟɔɡɟɞɠ 

ůɢɖɛŬŰɑɕŮɘ ŬɟəŮŰɎ ɢɖɚɘəɎ ůɨɛˊɚɞəŬ. ȼ ɛɘəɟɐ ŭɘŬűɞɟɎ ŮɜɏɟɔŮɘŬɠ Űɤɜ 5d əŬɘ  6s 

ŰɟɞɢɘŬəɩɜ ůŰɞɜ Hg
2+

 ˊɟɞɓɚɏˊŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɡɓɟɘŭɘůɛɞɨ d-s ˊɞɡ əŬŰŬɚɐɔŮɘ ůŮ 

ˊŬɟŬɛɧɟűɤůɖ Űɖɠ ŭɞɛɐɠ. ɇŬ ˊɘɞ ůŰŬɗŮɟɎ ůɨɛˊɚɞəŬ ŮɑɜŬɘ ɛŮ ɡˊɞəŬŰŬůŰɎŰŮɠ- ŭɧŰŮɠ 

C, N, P əŬɘ S. 

 

ɆɨɛˊɚɞəŬ ɛŮ ŬɚɞɔɞɜɑŭɘŬ əŬɘ ɣŮɡŭɞŬɚɞɔɞɜɑŭɘŬ 

ɆŰŬ ŬɚɞɔɞɜɑŭɘŬ ŬɜɎɚɞɔŬ ɛŮ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɘɧɜŰɞɠ ɉĖ ŬˊɞəŬɗɑůŰŬɜŰŬɘ 

ɘůɞɟɟɞˊɑŮɠ, ˊ.ɢ. 

 

HgX
+
  HgX2  HgX3Ė  HgX4

2-   
            (18) 

 

ɆŰɞ ůɨɛˊɚɞəɞ Me3S
+
HgCl3Ė, Űɞ ɘɧɜ ŮɑɜŬɘ ˊɞɚɡɛŮɟɏɠ ɛŮ Űɟɘɔɤɜɘəɐ ŭɘˊɡɟŬɛɘŭɘəɐ 

ɔŮɤɛŮŰɟɑŬ. ɇŬ ɘůɖɛŮɟɘɜɎ ɎŰɞɛŬ Cl ŮɑɜŬɘ ŰŮɟɛŬŰɘəɎ, Ůɜɩ ŰŬ ŬɝɞɜɘəɎ ɔŮűɡɟɤŰɘəɎ. ɆŮ 

ɡŭŬŰɘəɎ ŭɘŬɚɨɛŬŰŬ, Űɞ HgCl3Ė ŮɛűŬɜɑɕŮɘ ŮˊɑˊŮŭɖ ɔŮɤɛŮŰɟɑŬ əŬɘ ŮˊɘŭɘŬɚɡŰɩɜŮŰŬɘ ɛŮ 

ŬɝɞɜɘəɎ ɛɧɟɘŬ ɜŮɟɞɨ ŬˊɞəŰɩɜŰŬɠ Űɟɘɔɤɜɘəɐ ŭɘˊɡɟŬɛɘŭɘəɐ ŭɞɛɐ, Ůɜɩ Űɞ HgȽ3Ė ɛŮ ɏɜŬ 

ɛɧɜɞ ɛɧɟɘɞ ɜŮɟɞɨ ŬˊɞəŰɩɜŰŬɠ ŰŮŰɟŬŮŭɟɘəɐ ŭɘŬɛɧɟűɤůɖ. Ƀ Hg
2+

 ůɢɖɛŬŰɑɕŮɘ ŮɨəɞɚŬ 

ůɨɛˊɚɞəŬ Űɞɡ Űɨˊɞɡ M2[HgI4]. ɀŮɟɘəɎ Ŭˊɧ ŰŬ ŬŭɘɎɚɡŰŬ ɎɚŬŰŬ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ 

ɏɢɞɡɜ ɗŮɟɛɞŰɟɞˊɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ŭɖɚŬŭɐ ŬɚɚɎɕɞɡɜ ɢɟɩɛŬ ɛŮ ɗɏɟɛŬɜůɖ, ɧˊɤɠ: 

 

Cu2[HgI4]  Cu2[HgI4]                                                             (19) 

  Ůɟɡɗɟɧ               ɛŬɨɟɞ 

71 
ɞ
C 

35 
o
C 
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Ƀ əɡŬɜɘɞɨɢɞɠ ɡŭɟɎɟɔɡɟɞɠ(ȽȽ) [Hg(CN)2], ˊɞɡ ˊŮɟɘɏɢŮɘ  ŭɘŬəɟɘŰɎ ɛɧɟɘŬ ɛŮ 

ɔɟŬɛɛɘəɞɨɠ ŭŮůɛɞɨɠ CīHgīC, ŮɑɜŬɘ ŭɘŬɚɡŰɧɠ ůŮ CNĖ əŬɘ ůɢɖɛŬŰɑɕŮɘ Hg(CN)3Ė əŬɘ 

Hg(CN)4
2-

. 

 

Hg(CN)2 + 2 KCN  K2[Hg(CN)4]                                     (20) 

 

 

ɆɨɛˊɚɞəŬ ɛŮ Oï əŬɘ Sï ɡˊɞəŬŰŬůŰɎŰŮɠ 

ɈˊɎɟɢɞɡɜ ŬɟəŮŰɎ ŰɏŰɞɘŬ ůɨɛˊɚɞəŬ, ɧˊɤɠ [Hg(SO3)2]
2-

 əŬɘ [Hg(ox)2]
2-
. ɀŮ ˊɟɞůɗɐəɖ 

KNO2 ůŮ ŭɘɎɚɡɛŬ Hg(NO3)2 ɚŬɛɓɎɜɞɜŰŬɘ əɑŰɟɘɜɞɘ əɟɨůŰŬɚɚɞɘ K2[Hg(NO2)4]ĿKNO3, 

ɧˊɞɡ Űɞ ɜɘŰɟɑŰɞ ɘɧɜ ŮɜŰɎůůŮŰŬɘ ŭɘŭɞɜŰɘəɎ əŬɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɞəŰŬŮɜŰŬɔɛɏɜɞ, ˊɞɚɨ 

ˊŬɟŬɛɞɟűɤɛɏɜɞ  ŰŮŰɟŬɔɤɜɘəɧ ŬɜŰɑˊɟɘůɛŬ. ɇɞ ɞɝɘəɧ ɎɚŬɠ ɏɢŮɘ ŭŮůɛɞɨɠ OīHgīO, 

ŬɚɚɎ ɛŮ ɚɘɔɧŰŮɟɞ ɘůɢɡɟɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ Űɞ Ɏɚɚɞ ɎŰɞɛɞ ɞɝɡɔɧɜɞɡ Űɞɡ 

ɡˊɞəŬŰŬůŰɎŰɖ. 

Ƀ Hg(ȽȽ) ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔŬɚɨŰŮɟɖ ůɡɔɔɏɜŮɘŬ ɛŮ ɡˊɞəŬŰŬůŰɎŰŮɠ ˊɞɡ ɏɢɞɡɜ ɎŰɞɛŬ-

ŭɧŰŮɠ S, Se əŬɘ Te. ɇɞ ɧɜɞɛŬ ɛŮɟəŬˊŰɎɜɖ ɔɘŬ Űɘɠ ɗŮɘɧɚŮɠ (RSH) ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɘɠ 

ɚɏɝŮɘɠ çmercurium aptansè ˊɞɡ ůɖɛŬɑɜɞɡɜ ŭŮůɛŮɡŰɏɠ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ. ũɜɤůŰɎ 

ůɨɛˊɚɞəŬ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ ŮɑɜŬɘ [Hg(SPh)3]Ė əŬɘ [Hg2(SMe)6]
2-

. ɇɞ ɘɧɜ [Hg(S6)2]
2-
 

ɏɢŮɘ ŮˊŰŬɛŮɚŮɑɠ ŭŬəŰɡɚɑɞɡɠ (HgS6)Ț ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛŮ ˊɟɞůɗɐəɖ Sn
2-

 ůŮ ɞɝɘəɧ Hg(II) 

ůŮ MeOH. Ⱥˊɞɛɏɜɤɠ ɏɜŬ ɘɧɜ ůɞɡɚűɘŭɑɞɡ, ˊɘɗŬɜɧɜ, ŮɡɗɨɜŮŰŬɘ ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ Űɞɡ 

Hg ɛŮ ˊŮɟɑůůŮɘŬ ɗŮɑɞɡ əɎŰɤ Ŭˊɧ ɔŮɤɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ. 

Ƀ ŭɘɗŮɘɞəŬɟɓŬɛɘŭɘəɧɠ ɡŭɟɎɟɔɡɟɞɠ, Hg(Et2dtc)2, ɓɟɑůəŮŰŬɘ ɛŮ ŭɨɞ ɛɞɟűɏɠȚ ɖ ɛɘŬ ɏɢŮɘ 

Űɖɜ ɑŭɘŬ ŭɞɛɐ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ŮɜɩůŮɘɠ Űɞɡ Zn əŬɘ Űɞɡ Cd, Ůɜɩ ɖ Ɏɚɚɖ ŮɑɜŬɘ 

ˊɞɚɡɛŮɟɐɠ. 

Ƀ ɗŮɘɞəɡŬɜɘɞɨɢɞɠ ɡŭɟɎɟɔɡɟɞɠ(ȽȽ), Hg(SCN)2, ˊŬɟŬůəŮɡɎɕŮŰŬɘ ɛŮ ˊɟɞůɗɐəɖ 

ŭɘŬɚɡŰɩɜ ɗŮɘɞəɡŬɜɘɞɨɢɤɜ ŬɚɎŰɤɜ ůŮ ŭɘŬɚɡŰɎ ɎɚŬŰŬ Űɞɡ Hg
2+

 ɤɠ ɚŮɡəɧ ɑɕɖɛŬ. ȺɑɜŬɘ 

ɗŮɟɛɘəɎ ŬůŰŬɗɐɠ. ȼ ŭɘɎůˊŬůɖ ɝŮəɘɜɎ ůŰɞɡɠ 110 
ɞ
C əŬɘ ɔɑɜŮŰŬɘ ŬɡɗɧɟɛɖŰŬ ůŰɞɡɠ 165 

ɞ
C. ȷɜ Űɞ ɑɕɖɛŬ ɝɖɟŬɜɗŮɑ ˊɟɞůŮəŰɘəɎ əŬɘ Űɞ ŬɜɎɣɞɡɛŮ ɛŮ ůˊɑɟŰɞ əŬɑɔŮŰŬɘ əŬɘ ŬűɐɜŮɘ 
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ůŰɎɢŰɖ ŰŮɟŬůŰɑɤɜ ŭɘŬůŰɎůŮɤɜ. ȼ ɞɡůɑŬ ŬɡŰɐ ŮɑɜŬɘ ɔɜɤůŰɐ ɤɠ çūɑŭɘ Űɞɡ ūŬɟŬɩè 

(ȺɘəɧɜŬ 8). 

 

 

ȺɘəɧɜŬ 8: ūɑŭɘ Űɞɡ ūŬɟŬɩ. 

 

ɆɨɛˊɚɞəŬ ɛŮ űɤůűɑɜŮɠ 

ɄɞɚɚɎ ůɨɛˊɚɞəŬ ɛŮ űɤůűɑɜŮɠ (ɆɢɐɛŬ 4) ˊŮɟɘɏɢɞɡɜ ŬɚɞɔɞɜɞɥɧɜŰŬ ɐ ɜɘŰɟɘəɎ ɘɧɜŰŬ əŬɘ 

ɏɢɞɡɜ ɢŬɟŬəŰɖɟɘůŰŮɑ ɛŮ űŬůɛŬŰɞůəɞˊɑŮɠ 
31

P NMR, 
199

Hg NMR, ŮɑɜŬɘ Űɞɡ Űɨˊɞɡ 

HgX2(PR3)n, n=1 ɐ 2, əŬɘ ůŮ 1:1 ŬɜŬɚɞɔɑŬ ɡˊɎɟɢɞɡɜ ŭɘɛŮɟɐ ɐ ˊɞɚɡɛŮɟɐ ɛŮ 

ɔŮűɡɟɤŰɘəɎ ŬɚɞɔɞɜɑŭɘŬ. 
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ɆɢɐɛŬ 4: ȼ ŭɞɛɐ Űɞɡ ůɡɛˊɚɧəɞɡ [(PhCH2CH2CHC6H2)4(O2CR)4(OPPh2HgBr2)4]. 

ɆɨɛˊɚɞəŬ ɛŮ ŬɛɑɜŮɠ 

ȼ ˊɡɟɘŭɑɜɖ ůɢɖɛŬŰɑɕŮɘ ůɨɛˊɚɞəŬ, ɧˊɤɠ [HgI2(py)2], ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ŭɘŬəɟɘŰɎ ɛɧɟɘŬ 

əŬɘ HgCl2(py)2, ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ŬɚɡůɑŭŮɠ ɛŮ ɞəŰŬŮŭɟɘəɧ Hg
II
. ɃəŰŬŮŭɟɘəɧɠ Hg

II
 

ɓɟɑůəŮŰŬɘ Ůˊɑůɖɠ ůŰɞ ɘɧɜ [Hg(en)3]
2+

. 

 

ɆɨɛˊɚɞəŬ ɛŮ ŬɛɛɤɜɑŬ 

Ƀ ɡŭɟɎɟɔɡɟɞɠ ɏɢŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ŭɖɛɘɞɡɟɔŮɑ ůŰŬɗŮɟɞɨɠ ŭŮůɛɞɨɠ ɛŮ Űɞ ɎɕɤŰɞ, 

ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ ɡŭɟɞɔɧɜŬ. ȳŰŬɜ Ɂȼ3 ŬɜŰɘŭɟɎ ɛŮ HgCl2 ˊŬɟɎɔɞɜŰŬɘ ůəɞɡɟɧɢɟɤɛŬ 

ˊɟɞɥɧɜŰŬ, ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ. 

 

HgCl2  +  2 Ɂȼ3    Hg(NH3)2Cl2(s)                          (21) 

HgCl2  +  2 Ɂȼ3    HgNH2Cl(s)  +  NH4
+
  +  ClĖ             (22) 

2 HgCl2  +  4 Ɂȼ3  + H2O    Hg2NClĿH2O +3 NH4
+
 + 3 ClĖ

 
              (23) 
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ɇɞ Ŭɛɘŭɞɢɚɤɟɑŭɘɞ Űɞɡ Hg(ȽȽ) (ɆɢɐɛŬ 5), HgNH2Cl, ŮɑɜŬɘ ɛɘŬ ɚŮɡəɐ, ɚŮˊŰɐ 

əɟɡůŰŬɚɚɘəɐ ůəɧɜɖ. ȺɑɜŬɘ ŬŭɘɎɚɡŰɞ ůŮ ɜŮɟɧ əŬɘ ŬɘɗŬɜɧɚɖ əŬɘ ŭɘŬɚɡŰɧ ůŮ ɗŮɟɛɧ ɞɝɨ, 

ŭɘɎɚɡɛŬ ŬɜɗɟŬəɘəɞɨ Ŭɛɛɤɜɑɞɡ əŬɘ ɗŮɘɞɗŮɘɥəɞɨ ɜŬŰɟɑɞɡ. ɀŮ ɗɏɟɛŬɜůɖ ŬˊɞůɡɜŰɑɗŮŰŬɘ 

ɢɤɟɑɠ Űɐɝɖ. 

ȼ ɓɎůɖ Millon (Hg2NOHĿ2H2O) ˊŬɟŬůəŮɡɎɕŮŰŬɘ Ŭˊɧ ŬɜŰɑŭɟŬůɖ Ɂȼ3 ɛŮ əɑŰɟɘɜɞ 

HgO. ȰɢŮɘ ŰɟɘůŭɘɎůŰŬŰɞ ůəŮɚŮŰɧ ɛŮ ůɨůŰŬůɖ Hg2N ɛŮ ɃȼĖ əŬɘ ɛɧɟɘŬ ɜŮɟɞɨ ɜŬ 

əŬŰŬɚŬɛɓɎɜɞɡɜ ŮɡɟɨɢɤɟŮɠ əɞɘɚɧŰɖŰŮɠ əŬɘ əŬɜɎɚɘŬ. ȺɑɜŬɘ ɔɜɤůŰɎ ˊɞɚɚɎ ɎɚŬŰŬ Űɖɠ 

ɓɎůɖɠ Millon, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Hg2NXĿnH2O (X=NO3Ė, ClO4Ė, ClĖ, BrĖ,IĖ / n=0 - 2). Ƀ 

ůəŮɚŮŰɧɠ Űɞɡɠ ˊŬɟŬɛɏɜŮɘ ɞɡůɘŬůŰɘəɎ ŬɜŬɚɚɞɑɤŰɞɠȚ ɏŰůɘ ŮɑɜŬɘ ɘɞɜŰɞŬɜŰŬɚɚɎəŰŮɠ, 

ˊŬɟɧɛɞɘɞɘ ɛŮ Űɞ ɕŮɧɚɘɗɞ. 

 

 

ɆɢɐɛŬ 5: ȼ ŭɞɛɐ Űɞɡ HgNH2Cl(s). 

 

 

ȸ6. ȼ ɄŮɟɘɓŬɚɚɞɜŰɘəɐ ɉɖɛŮɑŬ Űɞɡ Hg 

 

ȸ6-1. Ƀ əɨəɚɞɠ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ 

 

Ƀ ɡŭɟɎɟɔɡɟɞɠ ŮɘůɏɟɢŮŰŬɘ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ŭɘŬɛɏůɞɡ űɡůɘəɩɜ əŬɘ ŬɜɗɟɤˊɞɔŮɜɩɜ 

ˊɖɔɩɜ ɧˊɞɡ ůɡɛɛŮŰɏɢŮɘ ůŮ ɛɑŬ ůŮɘɟɎ ˊɞɚɨˊɚɞəɤɜ ɓɘɞɔŮɤɢɖɛɘəɩɜ ŭɘŮɟɔŬůɘɩɜ, ɞɘ 

ɞˊɞɑŮɠ ɟɡɗɛɑɕɞɡɜ Űɖɜ əŬŰŬɜɞɛɐ Űɞɡ ůŰɘɠ ŭɘɎűɞɟŮɠ ŬɜɧɟɔŬɜŮɠ-ɞɟɔŬɜɘəɏɠ, ŭɘŬɚɡŰɏɠ-

ŬŭɘɎɚɡŰŮɠ ɛɞɟűɏɠ Űɞɡ. ɇŬ ŰŮɚŮɡŰŬɑŬ 10 ɛŮ 15 ɢɟɧɜɘŬ ɏɢŮɘ ŮɛˊɚɞɡŰɘůɗŮɑ ůɖɛŬɜŰɘəɎ ɖ 

ɔɜɩůɖ Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ əɞɘɜɧŰɖŰŬɠ ɔɘŬ Űɞ ɓɘɞɔŮɤɢɖɛɘəɧ əɨəɚɞ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ 

(ȺɘəɧɜŬ 9). Ƀ  əɨəɚɞɠ ŬɡŰɧɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɏůůŮɟŬ ŰɛɐɛŬŰŬ ɎɛŮůŬ ůɡɜŭŮɧɛŮɜŬ, 



55 
 

ŬŰɛɞůűŬɘɟɘəɧ, ɢŮɟůŬɑɞ, ɡŭɎŰɘɜɞ əŬɘ ɓɘɞŰɘəɧ. ɆŰɞ ŬŰɛɞůűŬɘɟɘəɧ ŰɛɐɛŬ ůɡɜŬɜŰɎɛŮ Űɞɜ 

Ŭɏɟɘɞ ůŰɞɘɢŮɘŬəɧ ɡŭɟɎɟɔɡɟɞ (Hg
0
), Ůɜɩ ůŰɘɠ ɟɞɏɠ ˊɟɞɠ Űɞ ɢŮɟůŬɑɞ əŬɘ ɡŭɎŰɘɜɞ ŰɛɐɛŬ 

ɓɟɑůəŮŰŬɘ ɞ ŭɘůɗŮɜɐɠ, Hg(II). ɆŰɞ ɢŮɟůŬɑɞ ŰɛɐɛŬ ɓɟɑůəɞɡɛŮ Űɞ ŭɘůɗŮɜɐ, Hg(II), ɞ 

ɞˊɞɑɞɠ ŮɑɜŬɘ Ŭˊɞɟɟɞűɖɛɏɜɞɠ Ŭˊɧ Űɖɜ ɞɟɔŬɜɘəɐ ɨɚɖ. ɇɞ ɡŭɎŰɘɜɞ ŰɛɐɛŬ ˊŮɟɘɚŬɛɓɎɜŮɘ  

Hg(II), Hg(OH)2 ɐ HgCl2, ɧˊɞɡ ůŰɞ ɜŮɟɧ əŬɘ ůŰŬ ɘɕɐɛŬŰŬ ɡˊŮɟŰŮɟŮɑ ɖ ŭŮɨŰŮɟɖ 

ɛɞɟűɐ, əŬɘ Űɞ ɓɘɞŰɘəɧ ŰɛɐɛŬ əɡɟɘŬɟɢŮɑŰŬɘ Ŭˊɧ ɛŮɗɡɚɞɦŭɟɎɟɔɡɟɞ   (CH3Hg
+
). 

Ƀ ˊŬɔəɧůɛɘɞɠ əɨəɚɞɠ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɛɑŬ Ŭɛűɑŭɟɞɛɖ 

ŭɘŬŭɘəŬůɑŬ ŬɜŰŬɚɚŬɔɐɠ, ůŰɖɜ ɞˊɞɑŬ ɞɘ ˊɖɔɏɠ Ůəɚɨɞɡɜ Hg
0
 əŬɘ Hg(II) ůŰɖɜ 

ŬŰɛɧůűŬɘɟŬ, ɖ ɞˊɞɑŬ ɛŮ Űɖɜ ůŮɘɟɎ Űɖɠ ɢɎɜŮɘ ɡŭɟɎɟɔɡɟɞ əŬŰɎ Űɖɜ ɞɝŮɑŭɤůɖ Űɞɡ Hg
0
 

ůŮ Hg(II) əŬɘ Űɖ ɔɟɐɔɞɟɖ ŬˊɞÕɎəɟɡɜůɖ ŬŮɟɑɞɡ əŬɘ ůɤÕŬŰɘŭɘŬəɩɜ Õɞɟűɩɜ Hg(II) ÕŮ 

ɡɔɟɐ əŬɘ ɝɖɟɐ ŬˊɧɗŮůɖ. Ɇ' ŬɡŰɏɠ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ, ɞɘ ŬŰɛɞůűŬɘɟɘəɏɠ ŭɘŮɟɔŬůɑŮɠ əŬɘ 

ŭɑɞŭɞɘ ŮəŰŮɚɞɨɜ Űɖ ɛŮŰŬűɞɟɎ ɡŭɟŬɟɔɨɟɞɡ Ŭˊɧ Űɘɠ ˊɖɔɏɠ ůŰɞɡɠ ɡˊɞŭɞɢŮɑɠ. ȼ 

ˊɞůɧŰɖŰŬ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ˊɞɡ ŮɜŬˊɞŰɑɗŮŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ũɐɠ Ŭˊɧ Űɖɜ 

ŬŰɛɧůűŬɘɟŬ ɓɟɑůəŮŰŬɘ ůŰŬ ɢŮɟůŬɑŬ ŮŭɎűɖ əɡɟɑɤɠ ɛŮ Űɖ ɛɞɟűɐ Hg(II), ŭɘŬɚɡɧɛŮɜɞɡ 

ůŰɖɜ ɞɟɔŬɜɘəɐ ɨɚɖ Űɞɡ ɢɞɨÕɞɡ. ɆŮ ˊŬɔəɧůɛɘɞ ŮˊɑˊŮŭɞ, ɖ ˊɞůɧŰɖŰŬ ɡŭɟŬɟɔɨɟɞɡ ˊɞɡ 

ɓɟɑůəŮŰŬɘ ůŰŬ ŮˊɘűŬɜŮɘŬəɎ ŮŭɎűɖ ɝŮˊŮɟɜɎ əŬŰɎ ˊɞɚɨ Űɖɜ ˊɞůɧŰɖŰɎ Űɞɡ ůŰŬ ɡŭɎŰɘɜŬ 

əŬɘ ŬŰɛɞůűŬɘɟɘəɎ ŰɛɐɛŬŰŬ Űɞɡ ˊɚŬɜɐŰɖ. ɇɞ ÕŮɔŬɚɨŰŮɟɞ Õɏɟɞɠ (947 Mmol) Űɖɠ 

ɞɚɘəɐɠ ÕɎɕŬɠ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ, ˊɞɡ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŬˊŮɚŮɡɗŮɟɩɗɖəŮ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ 

əŬŰɎ Űɞɜ ˊŮɟŬůɛɏɜɞ ŬɘɩɜŬ, ɓɟɑůəŮŰŬɘ ůŰŬ ŮˊɘűŬɜŮɘŬəɎ ŮŭɎűɖ, ůŮ ůɨɔəɟɘůɖ ÕŮ Űɖɜ 

ŬŰɛɧůűŬɘɟŬ əŬɘ Űɞɡɠ ɤəŮŬɜɞɨɠ, ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ ɖ ɛɎɕŬ Űɞɡ ŮɑɜŬɘ 17 Mmol əŬɘ  

36 Mmol, ŬɜŰɑůŰɞɘɢŬ. ɇɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊŬɟŬɛɞɜɐɠ Űɞɡ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ əŬɘ 

ůŰɞɡɠ ɤəŮŬɜɞɨɠ ŮɑɜŬɘ ŬɟəŮŰɎ ɛɘəɟɧŰŮɟɞ (ɛŮɟɘəɎ ɢɟɧɜɘŬ) Ŭˊɧ Űɞɜ ɢɟɧɜɞ ˊŬɟŬɛɞɜɐɠ 

Űɞɡ ůŰɞ ɏŭŬűɞɠ. ɆɡɜŮˊɩɠ, Űɞ ɢŮɟůŬɑɞ ŰɛɐɛŬ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ŭɡɜɖŰɘəɐ ˊɖɔɐ 

ɓɟŬŭŮɑŬɠ ŬˊŮɚŮɡɗɏɟɤůɖɠ ɡŭɟŬɟɔɨɟɞɡ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɞ Hg(II)  

ɛ́ ɞɟŮɑ ɜŬ ŬɜŬɢɗŮɑ əŬɘ ɜŬ ŮɚŮɡɗŮɟɤɗŮɑ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ɤɠ Hg
0
 ɐ ɜŬ ɛŮŰŬűŮɟɗŮɑ 

ŬɟɔɎ ůŰŬ ɡŭɎŰɘɜŬ ůɡůŰɐÕŬŰŬ ɚɧɔɤ əɚɑůɖɠ. 
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ȺɘəɧɜŬ 9: Ⱦɨəɚɞɠ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ůŰɖ űɨůɖ. 

 

Ƀɘ Ɏɜɗɟɤˊɞɘ ŬˊŮɚŮɡɗŮɟɩɜɞɡɜ, ɛɏůɤ Űɤɜ ɛɡəɖŰɞəŰɧɜɤɜ, Űɖɜ əŬɨůɖ ɞɟɡəŰɩɜ 

əŬɡůɑɛɤɜ, Űɖɜ Ůɝɧɟɡɝɖ ɛŮŰɎɚɚɤɜ əŬɘ Ɏɚɚɤɜ ɓɘɞɛɖɢŬɜɘəɩɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ (ȺɘəɧɜŬ 

10), ɢɘɚɘɎŭŮɠ Űɧɜɞɡɠ ŬŰɛɞˊɞɘɖɛɏɜɞɡ ɡŭɟŬɟɔɨɟɞɡ. Ƀɘ ɛŮɔŬɚɨŰŮɟŮɠ ˊɞůɧŰɖŰŮɠ, ɓɏɓŬɘŬ, 

ŬˊŮɚŮɡɗŮɟɩɜɞɜŰŬɘ  Ŭˊɧ űɡůɘəɏɠ ŭɘŮɟɔŬůɑŮɠ, ɖűŬɘůŰŮɘŬəɐ əŬɘ ɡŭɟɞɗŮɟɛɘəɐ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ, ŭŬůɘəɏɠ ˊɡɟəŬɔɘɏɠ, ŮɝɎŰɛɘůɖ əŬɘ ŭɘɎɓɟɤůɖ ˊŮŰɟɤɛɎŰɤɜ. ɇŬ 2/3 Űɖɠ 

ˊɞůɧŰɖŰŬɠ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ˊɞɡ ŮɚŮɡɗŮɟɩɜɞɜŰŬɘ Ŭˊɧ Űɘɠ űɡůɘəɏɠ ŭɘŮɟɔŬůɑŮɠ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞɜ Ɏɜɗɟɤˊɞ, ɏˊŮɘŰŬ Ŭˊɧ Űɖɜ ɓɘɞɛɖɢŬɜɘəɐ Űɞɡ ŮɜŬˊɧɗŮůɖ. ɀŮ ɡɔɟɐ 

əŬɘ ɝɖɟɐ ŬˊɧɗŮůɖ, ɞ ɡŭɟɎɟɔɡɟɞɠ əŬŰŬɚɐɔŮɘ ŮɑŰŮ ŬˊŮɡɗŮɑŬɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ 

ɗɎɚŬůůŬɠ, ŮɑŰŮ ůŰŬ ŮŭŬűɘəɎ əŬɘ ɡŭɎŰɘɜŬ ɞɘəɞůɡůŰɐɛŬŰŬ Űɖɠ ɝɖɟɎɠ, ɧˊɞɡ əŬɘ ˊɎɚɘ 

əŬŰŬɚɐɔŮɘ ůŰɖ ɗɎɚŬůůŬ ɛɏůɤ Űɤɜ ˊɞŰŬɛɩɜ, Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɟŮɧɜŰɤɜ ɡŭɎŰɤɜ, Űɤɜ 

ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ əŬɘ Űɖɠ ˊŬɟɎəŰɘŬɠ ŭɘɎɓɟɤůɖɠ. ȼ ŭɘɎɚɡůɖ əŬɘ ɖ ŭɘŬůˊɞɟɎ ŮɑɜŬɘ 

űɡůɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ɔɑɜɞɜŰŬɘ ɧŰŬɜ ɓŬɟɏŬ ɛɏŰŬɚɚŬ ŮɘůɏɟɢɞɜŰŬɘ ůŰɞ ɜŮɟɧ, Ůɜɩ 

ŰŬɡŰɧɢɟɞɜŬ, ɚɧɔɤ ɟŮɡɛɎŰɤɜ əŬɘ ŭɘɎɢɡůɖɠ, ɛŮŰŬűɏɟɞɜŰŬɘ ůŮ ɛŮɔɎɚŮɠ ŬˊɞůŰɎůŮɘɠ. Ƀ 

ɡŭɟɎɟɔɡɟɞɠ ůŮ ɛŮɔɎɚɞ ˊɞůɞůŰɧ ˊɟɞůɟɞűɎŰŬɘ ůŰɖ ůɤɛŬŰɘŭɘŬəɐ ɨɚɖ, əŬɗɘɕɎɜŮɘ əŬɘ 

ŮɜŬˊɞŰɑɗŮŰŬɘ ůŰɞ ɑɕɖɛŬ. ɀŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ ɡűɑůŰŬŰŬɘ ŬɜɎɛɘɝɖ ɐ 

ŮˊŬɜŬŬɘɩɟɖůɖ Űɞɡ ɘɕɐɛŬŰɞɠ Ŭˊɧ ŰŬ ɟŮɨɛŬŰŬ əŬɘ Űɞɡɠ ɓŮɜɗɘəɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ, ɛŮɟɘəɐ 

Ŭˊɞŭɧɛɖůɖ Űɖɠ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ Ŭˊɧ Űɞɡɠ ɛɘəɟɞɞɟɔŬɜɘůɛɞɨɠ, ŭɘɎɚɡůɖ əŬɘ 

ŮˊŬɜŬəŬɗɑɕɖůɐ Űɞɡ.     
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ȺɘəɧɜŬ 10: Ʉɖɔɏɠ ɡŭɟŬɟɔɨɟɞɡ. 

 

ɆŰɞɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɧ əɨəɚɞ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ,  ɖ ˊɘɞ Ůˊɘəɑɜŭɡɜɖ ɛŮŰŬŰɟɞˊɐ ŮɑɜŬɘ ɖ 

ɛŮɗɡɚɑɤůɖ Űɞɡ ŬɜɧɟɔŬɜɞɡ Hg(II), ŭɘɧŰɘ ŬɡɝɎɜŮŰŬɘ ɖ ɓɘɞŭɘŬɗŮůɘɛɧŰɖŰɎ əŬɘ ɖ 

ŰɞɝɘəɧŰɖŰɎ Űɞɡ əŬɗɩɠ əŬɘ ɖ ɏəɗŮůɖ Űɞɡ Ŭɜɗɟɩˊɞɡ ůŰɞ ɛŮɗɡɚɞɦŭɟɎɟɔɡɟɞ. ȼ 

ɛŮŰŬŰɟɞˊɐ Űɞɡ ɛŮɗɡɚɞɦŭɟŬɟɔɨɟɞɡ ůŮ ŬɜɧɟɔŬɜɞ ɡŭɟɎɟɔɡɟɞ, ŬɜŮɝŬɟŰɐŰɤɠ 

ɛɖɢŬɜɘůɛɞɨ, əŬɚŮɑŰŬɘ ŬˊɞɛŮɗɡɚɑɤůɖ. ȷɡŰɏɠ ɞɘ ŭɨɞ ŭɘŬŭɘəŬůɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ 

ŰŬɡŰɧɢɟɞɜŬ ůŰɞ ɡŭɎŰɘɜɞ ůɨůŰɖɛŬ.  ȼ ŬɜɑɢɜŮɡůɖ ÕŮɗɡɚɞɦŭɟŬɟɔɨɟɞɡ ůŮ ŭŮɑɔÕŬŰŬ 

ɘɕɐÕŬŰɞɠ ɔŮɜɘəɎ ɡˊɞŭɖɚɩɜŮɘ ɏɜŬ ɗŮŰɘəɧ  əŬɗŬɟɧ ɟɡɗÕɧ ÕŮɗɡɚɑɤůɖɠ, ɤůŰɧůɞ ɖ 

ŬűɗɞɜɑŬ Űɞɡ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ əŬɚɧɠ ŭŮɑəŰɖɠ Űɞɡ in situ ɟɡɗÕɞɨ ÕŮɗɡɚɑɤůɖɠ, 

əŬɗɩɠ ɞɘ Ůɘůɟɞɏɠ ÕŮɗɡɚɞɦŭɟŬɟɔɨɟɞɡ Ŭˊɧ ŮɝɤŰŮɟɘəɏɠ ˊɖɔɏɠ ŮɑɜŬɘ ůɖÕŬɜŰɘəɏɠ ůŮ 

əɎˊɞɘŬ ˊŮɟɘɓɎɚɚɞɜŰŬ.  ɄŬɟɧɚɞ ˊɞɡ ɖ ɛɘəɟɞɓɘŬəɐ ɛŮɗɡɚɑɤůɖ ɗŮɤɟŮɑŰŬɘ 

ůɖɛŬɜŰɘəɧŰŮɟɖ, ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ əŬɘ ɛɏůɤ ɓɘɞŰɘəɩɜ əŬɘ ŬɓɘɞŰɘəɩɜ çŭɘɧŭɤɜè. 

ȽŭɘŬɑŰŮɟŬ, ɞɘ ˊɘɞ ůɖɛŬɜŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ɛŮɗɡɚɑɤůɖɠ ůŰɞ ɡŭɎŰɘɜɞ ŰɛɐɛŬ ŮɑɜŬɘ ŰŬ 

ɓŬəŰɐɟɘŬ ŬɜŬɔɤɔɐɠ ɗŮɑɞɡ, ɧˊɞɡ ɖ ŬɜɎˊŰɡɝɐ Űɞɡɠ ŮɡɜɞŮɑŰŬɘ Ŭˊɧ Űɘɠ ŬɜŬŮɟɧɓɘŮɠ 

ůɡɜɗɐəŮɠ. ɇŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ŰɛɐɛŬŰŬ ůŰŬ ɘɕɐɛŬŰŬ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ 

ɛŮɗɡɚɑɤůɖ Ŭˊɧ ŰŬ ɓŬəŰɐɟɘŬ ɗŮɤɟɞɨɜŰŬɘ ɞɘ ɞɝɘəɏɠ-Ŭɜɞɝɘəɏɠ ŮˊɘűɎɜŮɘŮɠ. ɀŮɗɡɚɑɤůɖ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ůˊɑůɖɠ ůŮ ŬŮɟɧɓɘɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ, ɗŬɚɎůůɘɞɡɠ əŬɘ ɔɚɡəɞɨ ɜŮɟɞɨ, 

ůŮ ŮˊɘˊɚɏɞɜŰŬ űɨəɘŬ (periphyton), əŬɗɩɠ əŬɘ ůŰɘɠ ɟɑɕŮɠ ɡŭɟɧɓɘɤɜ űɡŰɩɜ ˊɞɡ 

Ůˊɘˊɚɏɞɡɜ, ůŰɘɠ ɓɟŬɔɢɘŬəɏɠ ɓɚɏɜɜŮɠ, Űɖɜ əɞɘɚɘɎ əŬɘ Űɞ ůɡəɩŰɘ ɣŬɟɘɩɜ. Ƀɘ ŰŮɚŮɡŰŬɑŮɠ 

ɗɏůŮɘɠ ɛŮɗɡɚɑɤůɖɠ ŭŮɜ ŮɑɜŬɘ Űɖɠ ɑŭɘŬɠ ůɖɛŬůɑŬɠ, ɛŮ əɟɘŰɐɟɘɞ Űɖɜ ˊɞůɧŰɖŰŬ, 

ůɡɔəɟɘŰɘəɎ ɛŮ ŰŬ ŬɜŬŮɟɧɓɘŬ ɘɕɐɛŬŰŬ, ůŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŰŬɢɨŰŮɟɖ ůŰŬ ˊɟɩŰŬ 5 cm 

ɓɎɗɞɡɠ, əŬɘ ŬɡŰɧ ɔɘŬŰɑ ɞ ɟɡɗɛɧɠ ŬɜŬɔɤɔɐɠ Űɞɡ ɗŮɑɞɡ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ
.
 ůŮ 
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ɛŮɔŬɚɨŰŮɟɞ ɓɎɗɞɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ ɖ ˊŬɟŬɔɤɔɐ ɛŮɗɡɚɞɦŭɟŬɟɔɨɟɞɡ. ȼ ɛŮɗɡɚɑɤůɖ 

Űɞɡ  Hg(II) Ŭˊɧ ŰŬ ɓŬəŰɐɟɘŬ ŬɜŬɔɤɔɐɠ ɗŮɑɞɡ ɔɑɜŮŰŬɘ Ŭűɞɨ ˊɟɩŰŬ ŭɘɏɚɗŮɘ ɛɏůŬ Ŭˊɧ 

Űɖɜ əɡŰŰŬɟɘəɐ ɛŮɛɓɟɎɜɖ Ůɜɧɠ ŰɏŰɞɘɞɡ ɓŬəŰɖɟɑɞɡ, ˊɘɗŬɜɎ ɤɠ ŭɘŬɚɡɛɏɜɖ ɞɡŭɏŰŮɟɖ 

ɏɜɤůɖ. 

 ɆŮ ůŰŬɗŮɟɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ŰŬ ɢɚɩɟɘɞ əŬɘ ɗŮɑɞ űŬɑɜŮŰŬɘ ɜŬ ŬɡɝɎɜɞɡɜ Űɖ 

ɓɘɞŭɘŬɗŮůɘÕɧŰɖŰŬ, ŭɘɧŰɘ ŭŮůÕŮɨɞɡɜ Űɞɜ Hg
2+

 ůŰŬ ɞɡŭɏŰŮɟŬ HgCl2 əŬɘ HgS. ɆŮ 

ɡɣɖɚɧŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ůɡɛˊɚɧəɤɜ ɓɏɓŬɘŬ, ŬɡŰɎ ŰŬ ɕŮɨɔɖ ɘɧɜŰɤɜ űɞɟŰɑɕɞɜŰŬɘ 

ɞˊɧŰŮ əŬɘ ɛŮɘɩɜŮŰŬɘ ɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ ɔɘŬ ɛŮɗɡɚɑɤůɖ. ɄŬɟɧɛɞɘŬ,  ɞ Hg
2+

 ɧŰŬɜ ŮɑɜŬɘ 

ŭŮůɛŮɡɛɏɜɞɠ ůŮ ɛŮɔɎɚŬ ɛɧɟɘŬ ŭɘŬɚɡɛɏɜɖɠ ɞɟɔŬɜɘəɐɠ ɞɡůɑŬɠ ɐ ůɤɛŬŰɑŭɘŬ (ɞɟɔŬɜɘəɐ 

ɞɡůɑŬ ɐ Ɏɟɔɘɚɞɠ), ŭŮɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞɠ. ɆŰɞ ŮůɤŰŮɟɘəɧ Űɤɜ ɛɘəɟɞɓɘŬəɩɜ əɡŰŰɎɟɤɜ, ɖ 

ɛŮɗɡɚɑɤůɖ ŭɘŮɡəɞɚɨɜŮŰŬɘ Ŭˊɧ ŮɜɕɡɛŬŰɘəɏɠ əŬɘ ɛɖ ŭɘŮɟɔŬůɑŮɠ, ɞɘ ɞˊɞɑŮɠ ŭɘŬəɟɑɜɞɜŰŬɘ 

Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ ɐ ŬˊɞɡůɑŬ Űɞɡ ŮɜŮɟɔɞɨ ɛɘəɟɞɓɘŬəɞɨ ɛŮŰŬɓɞɚɘůɛɞɨ, ɧˊɞɡ əŬɘ ɞɘ 

ŭɨɞ ŭɘŬŭɘəŬůɑŮɠ ɢɟŮɘɎɕɞɜŰŬɘ ɛŮɗɡɚɞəɞɓɞɚŬɛɑɜɖ, ɏɜɤůɖ ŬɜɎɚɞɔɖ Űɖɠ ɓɘŰŬɛɑɜɖɠ ȸ12, 

ɖ ɞˊɞɑŬ ˊɟɞɛɖɗŮɨŮɘ Űɖ ɛŮɗɡɚɞɛɎŭŬ ůŰɞ ɘɧɜ Hg
2+

. ȼ ŬɓɘɞŰɘəɐ ɛŮɗɡɚɑɤůɖ, ɔɘŬ Űɖɜ 

ɞˊɞɑŬ ŭŮɜ ɔɜɤɟɑɕɞɡɛŮ ˊɞɚɚɎ, ɛŮ Ŭˊɚɞɨɠ ɢɖɛɘəɞɨɠ ɧɟɞɡɠ, ŭɖɚɩɜŮɘ Űɖɜ ˊŬɟɞɡůɑŬ Ůɜɧɠ 

ŭɧŰɖ ɛŮɗɡɚɞɞɛɎŭŬɠ ůŰɞɜ ˊŮɟɘɓɎɚɚɞɜŰŬ ɢɩɟɞ. ɈˊɎɟɢɞɡɜ ŬɟəŮŰɏɠ ŮɜɩůŮɘɠ-ŭɧŰŮɠ 

ɛŮɗɡɚɞɛɎŭŬɠ  ɛŮ ˊɟɞɏɚŮɡůɖ əɡɟɑɤɠ Ŭˊɧ ɓɘɞɛɖɢŬɜɘəɏɠ ˊɖɔɏɠ, ɘəŬɜɏɠ ɜŬ ɛŮɗɡɚɘɩůɞɡɜ 

ɡŭɟɎɟɔɡɟɞ ŬɓɘɞŰɘəɎ, Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ŰŮəɛɖɟɑɤůɖ ɡˊɎɟɢŮɘ ɛɧɜɞ ɔɘŬ ɚɑɔŮɠ ɞɘəɞɗɏůŮɘɠ. 

ɆŮ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, ɛŮɗɡɚɘɤɛɏɜŮɠ ŮɜɩůŮɘɠ əŬůůɘŰɏɟɞɡ əŬɘ Õɞɚɨɓŭɞɡ Õˊɞɟɞɨɜ 

ɜŬ ÕŮŰŬűɏɟɞɡɜ ÕɘŬ ÕŮɗɡɚɞÕɎŭŬ ůŰɞɜ Hg(II) əŬɘ ɜŬ ˊŬɟŬɢɗŮɑ  ÕŮɗɡɚɞɦŭɟɎɟɔɡɟɞɠ.  

ɇŬ ɞɟɔŬɜɘəɎ ɞɝɏŬ ŬˊɞůɨɜɗŮůɖɠ űɡŰɩɜ ɗŮɤɟɞɨɜŰŬɘ ɞɘ ˊɘɞ ůɖɛŬɜŰɘəɞɑ ŭɧŰŮɠ. Ƀ 

ŬɓɘɞŰɘəɧɠ ůɢɖɛŬŰɘůɛɧɠ Űɞɡ ɛŮɗɡɚɞɦŭɟŬɟɔɨɟɞɡ ůɡɜŭɏŮŰŬɘ ɎɛŮůŬ ɛŮ Űɖ ɗŮɟɛɞəɟŬůɑŬ, 

ɞˊɧŰŮ ůŮ ůɡɜɗɐəŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɞɘ ɟɡɗɛɞɑ ɛŮɗɡɚɑɤůɖɠ ɛŮɘɩɜɞɜŰŬɘ. ȼ 

ŬˊɞɛŮɗɡɚɑɤůɖ əŬɘ ɖ ɛŮɗɡɚɑɤůɖ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŰŬ ɘɕɐɛŬŰŬ əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ 

Űɖɠ ũɖɠ ŮɝŬɘŰɑŬɠ Űɖɠ ɓŬəŰɖɟɘŬəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ əŬɘ ůŮ ůŰɐɚɖ ɜŮɟɞɨ, ɚɧɔɤ Űɤɜ 

ɓɘɞŰɘəɩɜ əŬɘ ŬɓɘɞŰɘəɩɜ ŭɘŮɟɔŬůɘɩɜ. 

Ƀ ɡŭɟɎɟɔɡɟɞɠ ɓɘɞůɡůůɤɟŮɨŮŰŬɘ ůŰɞɡɠ ɡŭɟɧɓɘɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ əŬɘ ɓɘɞɛŮɔŮɜɗɨɜŮŰŬɘ 

ůŰɘɠ ɡŭɎŰɘɜŮɠ Űɟɞűɘəɏɠ ŬɚɡůɑŭŮɠ. ɆŰɞɡɠ ɡŭɎŰɘɜɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ,  ɞ 

ɛŮɗɡɚɞɦŭɟɎɟɔɡɟɞɠ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ Űɟɞűɐ, Űɞ ɜŮɟɧ əŬɘ Űɞ ɑɕɖɛŬ, ɞ ɞˊɞɑɞɠ 

ŬɡɝɎɜŮŰŬɘ ɛŮ ůɡɜŮɢɘɕɧɛŮɜɖ ɏəɗŮůɖ, ŮɝŬɘŰɑŬɠ Űɞɡ ɧŰɘ ɖ Ŭˊɏəəɟɘůɖ ŮɑɜŬɘ ˊɞɚɨ Ŭɟɔɐ ůŮ 

ůɢɏůɖ ɛŮ Űɞɜ ɟɡɗɛɧ ɚɐɣɖɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ŬɡŰɧɠ ŭɘŬˊŮɟɜɎ Űɘɠ ɓɘɞɚɞɔɘəɏɠ ɛŮɛɓɟɎɜŮɠ 

ɛŮ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɓɘɞɛŮɔŮɗɡɜɗŮɑ ůŮ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ůŰɖɜ Űɟɞűɘəɐ ŬɚɡůɑŭŬ 

(ȺɘəɧɜŬ 11), ˊŬɟɧɚɞ ˊɞɡ ůŰŬ ˊŮɟɘůůɧŰŮɟŬ ŮˊɘűŬɜŮɘŬəɎ ɡɔɟɎ ɓɟɑůəɞɡɛŮ ɢŬɛɖɚɏɠ 
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ůɡɔəŮɜŰɟɩůŮɘɠ (<1 ng Hg/L). ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰɞ ɣɎɟɘ ɖ ůɡɔəɏɜŰɟɤůɖ ŮɑɜŬɘ 10
6
-10

7
 

űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ ŮəŮɑɜɖ ůŰɞ ɜŮɟɧ Űɖɠ ŮˊɘűɎɜŮɘŬɠ. 

 

 

 

ȺɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ ɖ ˊŬɟɞɡůɑŬ ŬůűŬɚɘůŰɘəɩɜ ŭɘəɚŮɑŭɤɜ ůŮ ɞɟɘůɛɏɜŬ ɗŬɚɎůůɘŬ 

Ůɑŭɖ ŰŬ ɞˊɞɑŬ ŮəŰɑɗŮɜŰŬɘ ůŰɞɜ ɡŭɟɎɟɔɡɟɞ. ɉŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ ŰŬ 

ˊŰɖɜɎ ˊɞɡ ŬɚɚɎɕɞɡɜ ˊŮɟɘɞŭɘəɎ ŰŬ űŰŮɟɎ Űɞɡɠ əŬɗɩɠ əŬɘ ɖ ˊŬɟɞɡůɑŬ Űɞɡ ůŮɚɖɜɑɞɡ 

(Se) ˊɞɡ ŮɑɜŬɘ ɏɜŬ Ůɑŭɞɠ ɛɖɢŬɜɘůɛɞɨ ŬˊɞŰɞɝɑɜɤůɖɠ ůŰŬ ɗŬɚɎůůɘŬ ɗɖɚŬůŰɘəɎ. 

ȸ6-2. ȼ ŰɞɝɘəɧŰɖŰŬ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ əŬɘ ɖ əŬŰŬˊɞɚɏɛɖůɐ Űɖɠ 

 

Ƀ ɡŭɟɎɟɔɡɟɞɠ əŬɘ ɞɘ ŮɜɩůŮɘɠ Űɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɘŭɘŬɑŰŮɟŬ Űɞɝɘəɐ ŭɟɎůɖ ůŰɞɜ 

Ɏɜɗɟɤˊɞ, Űɖɜ ˊŬɜɑŭŬ əŬɘ Űɖ ɢɚɤɟɑŭŬ. ȼ ɚɐɣɖ Űɞɡ ɔɑɜŮŰŬɘ ɛɏůɤ Űɖɠ əŬŰŬɜɎɚɤůɖɠ 

ɣŬɟɘɩɜ əŬɘ ɗŬɚŬůůɘɜɩɜ, əŬɘ ŭŮɡŰŮɟŮɡɧɜŰɤɠ ŭɘŬ ɛɏůɞɡ Űɖɠ ŬɜŬˊɜɞɐɠ ɛŮ ɏəɗŮůɖ ůŮ 

ŭɘŬɟɟɞɐ ɡŭɟŬɟɔɨɟɞɡ ɐ ɛɘəɟɞɓɘɞəŰɧɜŬ, ɚɧɔɤ ŮˊŬɔɔɏɚɛŬŰɞɠ, əŬɘ ɔŮɜɘəɧŰŮɟŬ Ŭˊɧ 

ɞɡůɑŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŬˊŮɡɗŮɑŬɠ ůŰɞ ŭɏɟɛŬ. Ƀɘ ˊŬɟɎɔɞɜŰŮɠ Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ 

ŮɝŬɟŰɎŰŬɘ ɖ ŮɛűɎɜɘůɖ ɐ ɛɖ ɓɚŬɓŮɟɩɜ  ŮˊɘˊŰɩůŮɤɜ ŮɑɜŬɘ ɖ ŭɧůɖ, ɖ ɖɚɘəɑŬ ɤɠ ůŰɎŭɘɞ 

ŬɜɎˊŰɡɝɖɠ, ɖ ŭɘɎɟəŮɘŬ ɏəɗŮůɖɠ, ɞ Űɟɧˊɞɠ ɏəɗŮůɖɠ-Ůɘůˊɜɞɐɠ, ɖ əŬŰɎˊɞůɖ əŬɘ ɖ 

ŭŮɟɛŬŰɘəɐ ŮˊŬűɐ. ȰɜŬ Ŭˊɧ ŰŬ ˊɟɩŰŬ ɗɨɛŬŰŬ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ɗŮɤɟŮɑŰŬɘ ɞ Ⱦɘɜɏɕɞɠ 

ŬɡŰɞəɟɎŰɞɟŬɠ Qin Shihuang (259-210 ˊ.ɉ.), Ůɜɩ ůŰɖ ůɨɔɢɟɞɜɖ ɘůŰɞɟɑŬ ŰɟŮɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ ˊɡɟɞŭɧŰɖůŬɜ ŭɘŮɗɜɐ əɘɜɖŰɞˊɞɑɖůɖ: 

ȺɘəɧɜŬ 11: ȸɘɞůɡůůɩɟŮɡůɖ Űɞɡ Hg 
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¶ ɃɝŮɑŬ ŭɖɚɖŰɖɟɑŬůɖ Ŭˊɧ ɣɎɟɘŬ ůŰɘɠ ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ Minamata 

(Minamata disease, 1953-1960) əŬɘ Niigata (Niigata disease, 1960-1965) 

Űɖɠ ȽŬˊɤɜɑŬɠ (ȺɘəɧɜŬ 12). 

¶ ȽɟɎə (1971-1972), ŭɖɚɖŰɖɟɑŬůɖ Ŭˊɧ ɣɤɛɑ ˊɟɞŮɟɢɧɛŮɜɞ Ŭˊɧ ůˊɧɟɞɡɠ, 

ůŰɞɡɠ ɞˊɞɑɞɡɠ ŮɑɢŬɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɡŭɟŬɟɔɡɟɞɨɢŬ ɛɡəɖŰɞəŰɧɜŬ (ȺɘəɧɜŬ 

13). 

                                                      

 

ȺɘəɧɜŬ 12: ȷůɗŮɜɐɠ Ŭˊɧ Űɖ ɀɘɜŬɛɎŰŬ.          ȺɘəɧɜŬ 13: ɆɘŰɎɟɘ ɛɞɚɡůɛɏɜɞ Ŭˊɧ ɡŭɟɎɟɔɡɟɞ ůŰɞ ȽɟɎə. 

 

ȼ ˊŬɟŬŰŮŰŬɛɏɜɖ ɏəɗŮůɖ ůŮ ůɢŮŰɘəɎ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɡŭɟŬɟɔɨɟɞɡ ůŰɞɜ ŬɏɟŬ 

ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ɓɚɎɓɖ ůŰɞ ɜŮɡɟɘəɧ ůɨůŰɖɛŬ (ȺɘəɧɜŬ 14) əŬɘ ŰŬ ɜŮűɟɎ, ŬɚɚɎ 

ůˊɎɜɘŬ ˊɟɞəŬɚŮɑ Űɞ ɗɎɜŬŰɞ. ɋůŰɧůɞ, ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ ɗŬɜŬŰɖűɧɟŬ ůɡɛɓɎɜŰŬ ɛŮŰɎ 

Ŭˊɧ ŰɡɢŬɑŬ ɏəɗŮůɖ. ȼ Ůɘůˊɜɞɐ ɛɏŰɟɘɤɜ ˊɞůɞŰɐŰɤɜ ɡŭɟŬɟɔɨɟɞɡ ɔɘŬ ɛŮɔɎɚŬ ɢɟɞɜɘəɎ 

ŭɘŬůŰɐɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ Ůˊɑůɖɠ ŮˊɘˊŰɩůŮɘɠ ůŰɞ əŮɜŰɟɘəɧ ɜŮɡɟɘəɧ ůɨůŰɖɛŬ 

əŬɘ ůŰŬ ɜŮűɟɎ. ȼ ɢɖɛɘəɐ ɛɞɟűɐ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ Űɞɝɘəɐɠ Űɞɡ ŮˊɑŭɟŬůɖɠ. Ƀ ůŰɞɘɢŮɘŬəɧɠ ɡŭɟɎɟɔɡɟɞɠ 

ŭŮɜ ŭɘŬˊŮɟɜɎ Űɞɜ ŬɘɛŬŰɞŮɔəŮűŬɚɘəɧ űɟŬɔɛɧ, ůɡɜŮˊɩɠ ɏɢŮɘ ˊŮɟɘɞɟɘůɛɏɜɖ ŭɟɎůɖ ůŰɞɜ 

ŮɔəɏűŬɚɞ, ŬɚɚɎ ŮˊɘŭɟɎ ɎɛŮůŬ ůŰŬ ɜŮűɟɎ. ɋɠ Ůə ŰɞɨŰɞɡ, ɞ ůŰɞɘɢŮɘŬəɧɠ ɡŭɟɎɟɔɡɟɞɠ 

ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞɠ Űɞɝɘəɧɠ ɔɘŬ ŰŬ ɜŮűɟɎ Ŭˊɧ ɧŰɘ ɔɘŬ Űɞɜ ŮɔəɏűŬɚɞ. Ƀɘ ɞɟɔŬɜɘəɏɠ 

ɛɞɟűɏɠ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ŭɘŬˊŮɟɜɞɨɜ ŮɨəɞɚŬ Űɞɜ ŬɘɛɞŰɞŮɔəŮűŬɚɘəɧ űɟŬɔɛɧ əŬɘ 

ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəŬɚɏůɞɡɜ, ŮəŰɧɠ Ŭˊɧ ɜŮűɟɘəɐ, əŬɘ ŮɔəŮűŬɚɘəɐ ɓɚɎɓɖ (ȺɘəɧɜŬ 15). Ƀ 

ɛŮɗɡɚɞɦŭɟɎɟɔɡɟɞɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ˊɏɜŰŮ űɞɟɏɠ ˊɘɞ Ůˊɘəɑɜŭɡɜɞɠ Ŭˊɧ Űɞɜ ŬɜɧɟɔŬɜɞ əŬɘ 

Űɘɠ ɛŮŰŬɚɚɘəɏɠ Űɞɡ ɛɞɟűɏɠ. Ƀɘ ɢŬɛɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɡŭɟŬɟɔɨɟɞɡ űŬɑɜŮŰŬɘ ˊɤɠ ŭŮɜ 

ɏɢɞɡɜ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ ɡɔŮɑŬ. ȰŰůɘ ŰŬ ůɖɛɎŭɘŬ Űɖɠ ŰɞɝɘəɧŰɖŰŬɠ ɔɑɜɞɜŰŬɘ ŬɘůɗɖŰɎ ɛŮ 

Űɖ ŭɘŬɟəɐ ɏəɗŮůɖ ůŮ ŬɡŰɧɜ. ɈˊɎɟɢŮɘ ɛɘŬ ˊŮɟɑɞŭɞɠ ɚŬɜɗɎɜɞɡůŬɠ əŬŰɎůŰŬůɖɠ ɛŮŰŬɝɨ 

Űɖɠ ɏəɗŮůɖɠ əŬɘ Űɖɠ ŮɛűɎɜɘůɖɠ Űɤɜ əɚɘɜɘəɩɜ ŮəŭɖɚɩůŮɤɜ Űɖɠ ŭɖɚɖŰɖɟɑŬůɖɠ. ȼ 

əŬɗɡůŰɏɟɖůɖ ŬɡŰɐ ɞŭɖɔŮɑ ůŰɖ ɛɖ ɏɔəŬɘɟɖ ŭɘɎɔɜɤůɖ Űɖɠ ɓɚɎɓɖɠ əŬɘ Űɖɜ 

əŬɗɡůŰŮɟɖɛɏɜɖ, ɤɠ Ůə ŰɞɨŰɞɡ, ŮűŬɟɛɞɔɐ Űɖɠ ɗŮɟŬˊŮɑŬɠ. ȼ ɖɛɘˊŮɟɑɞŭɞɠ ɕɤɐɠ Űɤɜ 



61 
 

ŮɜɩůŮɤɜ Űɞɡ CH3Hg
+
 ůŰɞɜ Ɏɜɗɟɤˊɞ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 70 ɖɛɏɟŮɠ əŬɘ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ 

Ŭɧ́ ŬɡŰɐɜ Űɤɜ ŬɚɎŰɤɜ Űɞɡ Hg
2+ 
(ɞ ɓɘɞɚɞɔɘəɧɠ ɢɟɧɜɞɠ ɖÕɘɕɤɐɠ Űɤɜ ŬɜɧɟɔŬɜɤɜ 

ŮɜɩůŮɤɜ Űɞɡ Hg ŬɜɏɟɢŮŰŬɘ ůŮ 40 - 60 ɖɛɏɟŮɠ). ȼ ŮˊŬəɟɘɓɐɠ ŭɧůɖ Űɤɜ ŬɜɧɟɔŬɜɤɜ 

ŮɜɩůŮɤɜ Űɞɡ ɡŭɟŬɟɔɨɟɞɡ ˊɞɡ ˊɟɞəŬɚŮɑ ŭɖɚɖŰɖɟɑŬůɖ ŭŮɜ ŮɑɜŬɘ ɔɜɤůŰɐ, ɞɘ ŭŮ 

ŬɜŬűŮɟɧɛŮɜŮɠ Űɞɝɘəɏɠ ŭɧůŮɘɠ Ŭˊɧ Űɞɡɠ ŭɘŬűɧɟɞɡɠ ůɡɔɔɟŬűŮɑɠ ŭɘŬűɏɟɞɡɜ ůɖɛŬɜŰɘəɎ. 

ɆɨɛűɤɜŬ ɛŮ Űɞɜ ɄŬɔəɧůɛɘɞ ɃɟɔŬɜɘůɛɧ ɈɔŮɑŬɠ, ˊɟɞŰŮɑɜŮŰŬɘ ɤɠ ŬɜŮəŰɐ ŮɓŭɞɛŬŭɘŬɑŬ 

ˊɟɧůɚɖɣɖ ŰŬ 0.3 ɛg Hg ŬɜɎ ɎŰɞɛɞ Ŭˊɧ ŰŬ ɞˊɞɑŬ ɛɧɜɞ ŰŬ 0.02 ɛg ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ 

ɛŮɗɡɚɘəɧɠ ɡŭɟɎɟɔɡɟɞɠ, ɐ ˊɟɧůɚɖɣɖ 0.005 ɛg ɞɚɘəɞɨ ɡŭɟŬɟɔɨɟɞɡ/ kg ůɤɛŬŰɘəɞɨ 

ɓɎɟɞɡɠ Űɖɜ ŮɓŭɞɛɎŭŬ, Ŭˊɧ ŰŬ ɞˊɞɑŬ ŰŬ 0.0033 ɛg/kg ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ 

ɛŮɗɡɚɞɦŭɟɎɟɔɡɟɞɠ. Ƀ HgCl2 ůŮ ŭɧůɖ 0.15 - 0.20 g ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ɞɝŮɑŬ 

ŭɖɚɖŰɖɟɑŬůɖ əŬɘ ůŮ ŭɧůɖ 1 g ɜŬ ŮˊɘűɏɟŮɘ Űɞ ɗɎɜŬŰɞ. Ƀ ŭɘɘɤŭɘɞɨɢɞɠ ɡŭɟɎɟɔɡɟɞɠ ŮɑɜŬɘ 

Űɞɝɘəɧɠ ůŰɘɠ ɑŭɘŮɠ ˊŮɟɑˊɞɡ ŭɧůŮɘɠ ÕŮ Űɞ ŭɘɢɚɤɟɘɞɨɢɞ. ȷɜŰɑɗŮŰŬ, ɞ ɢɚɤɟɘɞɨɢɞɠ 

ɡűɡŭɟɎɟɔɡɟɞɠ (Hg2Cl2) ŮˊŮɜŮɟɔŮɑ ŰɞɝɘəɎ ůŮ ɛŮɔɎɚŮɠ ŭɧůŮɘɠ, ɏŰůɘ ɩůŰŮ ɖ ˊɞůɧŰɖŰŬ 

ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ Űɞ ɗɎɜŬŰɞ ɜŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ 10 - 15 g. ȼ ɛɏůɖ 

ɗŬɜŬŰɖűɧɟɞɠ ŭɧůɖ Űɞɡ əɡŬɜɘɞɨɢɞɡ ɡŭɟŬɟɔɨɟɞɡ ɏɢŮɘ ɡˊɞɚɞɔɘůɗŮɑ ůŮ 0.15 - 0.20 g 

(ɚɐɣɖ Ŭˊɧ Űɞ ůŰɧɛŬ). 

                

ȺɘəɧɜŬ 14:  ȺˊɑŭɟŬůɖ Hg ůŰɞ ɜŮɡɟɘəɧ ůɨůŰɖɛŬ.                                ȺɘəɧɜŬ 15: ȺˊɑŭɟŬůɖ ɞɟɔŬɜɘəɩɜ   

ɛɞɟűɩɜ   Hg  ůŰɞɜ 

ŮɔəɏűŬɚɞ. 
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ũ. ȼ ɉȼɀȺȽȷ ȺɁɇȷɂȼɆ ɇɃɈ ȸȺɁȻɃɇɅȽȷȻɃȿȽɃɈ 

ȾȷȽ ɇɋɁ ɄȷɅȷũɋũɋɁ ɇɃɈ
[12-18] 

 

ũ1. ȺɘůŬɔɤɔɐ əŬɘ ɉɟɐůɖ Űɤɜ ȸŮɜɕɞŰɟɘŬɕɞɚɑɤɜ ɤɠ ȷɜŬůŰɞɚɏɤɜ 

Űɖɠ ȹɘɎɓɟɤůɖɠ ɀŮŰɎɚɚɤɜ 

 

ɇŬ ŰŮɚŮɡŰŬɑŬ 50 ɢɟɧɜɘŬ, Űɞ ɓŮɜɕɞŰɟɘŬɕɧɚɘɞ (btaH, A) əŬɘ Ɏɚɚɞɘ ɞɟɔŬɜɘəɞɑ ŬɜŬůŰɞɚŮɑɠ 

Űɖɠ ŭɘɎɓɟɤůɖɠ ɛŮɚŮŰɐɗɖəŬɜ ɚɧɔɤ Űɖɠ ɘəŬɜɧŰɖŰɎɠ Űɞɡɠ ɜŬ ˊɟɞůŰŬŰŮɨɞɡɜ Ŭˊɧ Űɖ 

ŭɘɎɓɟɤůɖ Űɘɠ ŮˊɘűɎɜŮɘŮɠ ɛŮŰɎɚɚɤɜ əŬɘ əɟŬɛɎŰɤɜ, ɔŮɔɞɜɧɠ ˊɞɡ Űɞɡɠ əŬɗɘůŰɎ 

ŬˊŬɟŬɑŰɖŰɞɡɠ ɔɘŬ ˊɞɚɚɏɠ ŰŮɢɜɞɚɞɔɘəɏɠ ŮűŬɟɛɞɔɏɠ. ɇɞ ɓŮɜɕɞŰɟɘŬɕɧɚɘɞ ŮɑɜŬɘ ɏɜŬɠ Ŭˊɧ 

Űɞɡɠ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɞɨɠ ŬɜŬůŰɞɚŮɑɠ Űɖɠ ŭɘɎɓɟɤůɖɠ Űɞɡ ɢŬɚəɞɨ əŬɘ Űɤɜ əɟŬɛɎŰɤɜ 

Űɞɡ, əŬɘ ŬˊɞŰŮɚŮɑ çˊŬŰɏɜŰŬè Ůŭɩ əŬɘ 60 ɢɟɧɜɘŬ. ȰɢŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ŬˊɞŰɟɏˊŮɘ Űɖɜ 

ŬŰɛɞůűŬɘɟɘəɐ ŬɛŬɨɟɤůɖ Űɞɡ ɢŬɚəɞɨ, ɜŬ ŮɚŬŰŰɩɜŮɘ Űɖɜ ŰŬɢɨŰɖŰŬ ɞɝŮɑŭɤůɐɠ Űɞɡ 

ůŰɞɜ ŬɏɟŬ, əŬɘ ɏŰůɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ŭɘŬɚɨɛŬŰŬ əŬɗŬɟɘůɛɞɨ, ŬˊɞɟɟɡˊŬɜŰɘəɎ, 

ůɡůŰɐɛŬŰŬ ɗɏɟɛŬɜůɖɠ əŬɘ ɣɨɝɖɠ, əŬɗɩɠ əŬɘ ůŮ ɓŮɟɜɑəɘŬ ɔɘŬ Űɖɜ ŮˊɘəɎɚɡɣɖ 
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ŬɜŰɘəŮɘɛɏɜɤɜ. ɇɞ 1967 ɞ Madsen ɢɟɖůɘɛɞˊɞɑɖůŮ ˊɟɩŰɞɠ Űɞ ɓŮɜɕɞŰɟɘŬɕɧɚɘɞ ɔɘŬ Űɖ 

ůɡɜŰɐɟɖůɖ ŬɜŰɘəŮɘɛɏɜɤɜ ŬɟɢŬɘɞɚɞɔɘəɐɠ əŬɘ ɘůŰɞɟɘəɐɠ ŬɝɑŬɠ. ɆɐɛŮɟŬ ŮɑɜŬɘ Ůɡɟɏɤɠ 

ŭɘŬŭŮŭɞɛɏɜɖ ɖ ɢɟɐůɖ Űɞɡ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ ŭɘŬɓɟɤɛɏɜɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ əŬɘ Űɖ 

ůɡɜŰɐɟɖůɖ ŬɟɢŬɘɞŰɐŰɤɜ. 
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ɄɘůŰŮɨŮŰŬɘ ɧŰɘ Űɞ ɓŮɜɕɞŰɟɘŬɕɧɚɘɞ əŬɘ əɎˊɞɘŬ Ŭˊɧ ŰŬ ɡˊɞəŬŰŮůŰɖɛɏɜŬ ˊŬɟɎɔɤɔɎ Űɞɡ, 

ˊ.ɢ. Űɞ 5-ɛŮɗɡɚɞɓŮɜɕɞŰɟɘŬɕɧɚɘɞ (5MebtaH), ŬɜŬůŰɏɚɚɞɡɜ Űɖ ŭɘɎɓɟɤůɖ 

ůɢɖɛŬŰɑɕɞɜŰŬɠ ɏɜŬ ɢɖɛɘəɎ ˊɟɞůɟɞűɖɛɏɜɞ űɘɚɛ ůŰɖ ɛŮŰŬɚɚɘəɐ ŮˊɘűɎɜŮɘŬ, ˊŬɟɧɚɞ ˊɞɡ 

ɞ Ŭəɟɘɓɐɠ ɛɖɢŬɜɘůɛɧɠ ɓɟɑůəŮŰŬɘ ɡˊɧ ŬɛűɘůɓɐŰɖůɖ. ũŮɜɘəɎ ŮɑɜŬɘ ŬˊɞŭŮəŰɧ ɧŰɘ ɞ 

ɛɖɢŬɜɘůɛɧɠ Űɖɠ ŬɜŬůŰɞɚɐɠ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞ ůɢɖɛŬŰɘůɛɧ ɞɚɘɔɞɛŮɟɩɜ ɐ ˊɞɚɡɛŮɟɩɜ 

ůɡɛˊɚɧəɤɜ ɛŮŰŬɝɨ ɘɧɜŰɤɜ ɛɞɜɞůɗŮɜɞɨɠ ɢŬɚəɞɨ əŬɘ ɓŮɜɕɞŰɟɘŬɕɞɚɎŰɞ 

ɡˊɞəŬŰŬůŰŬŰɩɜ (btaĖ) ˊɎɜɤ ůŰɖ ɛŮŰŬɚɚɘəɐ ŮˊɘűɎɜŮɘŬ. ɆɢɖɛŬŰɑɕŮŰŬɘ űɘɚɛ Űɞ ɞˊɞɑɞ 

ˊɟɞůŰŬŰŮɨŮɘ Űɖ ɛŮŰŬɚɚɘəɐ ŮˊɘűɎɜŮɘŬ Ŭˊɧ ŰŬ çŮˊɘɗŮŰɘəɎè ɛɧɟɘŬ (Ƀ2, ȼ2Ƀ) ɐ ɘɧɜŰŬ, 

ˊ.ɢ. ClĖ, ůŮ ŭɘɎɚɡɛŬ. ȺˊɘŰɡɔɢɎɜŮŰŬɘ ɚɞɘˊɧɜ ˊɟɞůŰŬůɑŬ ŮɑŰŮ ɛŮ ŬɜŬůŰɞɚɐ Űɖɠ 

ŬɜŬɔɤɔɐɠ Űɞɡ ɞɝɡɔɧɜɞɡ ŮɑŰŮ ɛŮ əɎɚɡɣɖ Űɤɜ ɘɧɜŰɤɜ Cu
I
, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ 

ˊɟɞůŰŬŰŮɡŰɘəɧ űɑɚɛ. ɈˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ůɢɖɛŬŰɘůɗɞɨɜ ůɨɛˊɚɞəŬ Űɞɡ Cu
II
  

ůŰɞ űɑɚɛ, ŬɚɚɎ ŭŮɜ űŬɑɜŮŰŬɘ ɜŬ ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ. 

ɀŮɚɏŰŮɠ ɓŬůɘůɛɏɜŮɠ ůŮ ESCA əŬɘ IR ŭŮŭɞɛɏɜŬ ɡˊɞůŰɖɟɑɕɞɡɜ ɧŰɘ Űɞ ˊɟɞůŰŬŰŮɡŰɘəɧ 

űɘɚɛ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞ 1:1 ůɨɛˊɚɞəɞ Űɞɡ Cu
I
 ɛŮ Űɞ ŬˊɞˊɟɤŰɞɜɘɤɛɏɜɞ 

ɓŮɜɕɞŰɟɘŬɕɧɚɘɞ. ɇɞ btaĖ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 6, ůɡɛˊɚɞəɞˊɞɘŮɑŰŬɘ ɛɏůɤ Űɞɡ 

Ŭɕɞɚɘəɞɨ Űɞɡ ŭŬəŰɡɚɑɞɡ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɛŮ ŰŬ ɎŰɞɛŬ-ŭɧŰŮɠ ɕŮɡɔɩɜ ɖɚŮəŰɟɞɜɑɤɜ 

Ɂ(1) əŬɘ Ɂ(3). ɇɞ ŮˊɑˊŮŭɞ Űɞɡ btaĖ əŬŰɎ Űɖ ůɨɜŭŮůɐ Űɞɡ ůŰɞ űɘɚɛ ˊɟɞůŬɜŬŰɞɚɑɕŮŰŬɘ 

ˊŬɟɎɚɚɖɚŬ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɛŮŰɎɚɚɞɡ. ȼ ŭɞɛɐ ŬɡŰɐ ŮɑɜŬɘ ŬɟəŮŰɎ ůɡɛˊŬɔɐɠ 

əŬɘ Ůˊɞɛɏɜɤɠ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ ŬɜŬůŰɞɚɐ Űɖɠ ŭɘɎɓɟɤůɖɠ.  
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ɆɢɐɛŬ  6: ȼ ˊɟɞŰŮɘɜɧɛŮɜɖ ŭɞɛɐ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ ŮˊɘűŬɜŮɘŬəɞɨ ůɡɛˊɚɧəɞɡ [Cu(bta)]n. 

 

ɇɞ ůɡɛˊɏɟŬůɛŬ ŬɡŰɧ ɏɟɢŮŰŬɘ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ ɛɞɜŰɏɚɞ ˊɞɡ ˊɟɧŰŮɘɜŮ ɞ Fang əŬɘ ɞɘ 

ůɡɜŮɟɔɎŰŮɠ Űɞɡ, ɓŬůɘɕɧɛŮɜɞɘ ůŮ ˊŮɘɟɎɛŬŰŬ űɤŰɞɖɚŮəŰɟɞɜɘŬəɐɠ űŬůɛŬŰɞůəɞˊɑŬɠ 

ŬəŰɑɜɤɜ ɉ ˊɎɜɤ ůŮ əŬɗŬɟɏɠ ŮˊɘűɎɜŮɘŮɠ ɢŬɚəɞɨ əŬɘ Cu2O. ɇɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ŬűɞɟɎ Űɞ 

ˊɟɩŰɞ ɢɖɛŮɘɞɟɞűɖɛɏɜɞ ůŰɟɩɛŬ Űɞɡ btaĖ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɛŮŰɎɚɚɞɡ ɐ Űɞɡ Cu2O. 

ɆɨɛűɤɜŬ ɛŮ Űɖɜ ˊɟɧŰŬůɐ Űɞɡɠ ŰŬ ŬɜɘɧɜŰŬ Űɞɡ ɓŮɜɕɞŰɟɘŬɕɞɚɑɞɡ ůɡɜŭɏɞɜŰŬɘ ůŰɞ 

ˊɟɩŰɞ ŮˊɑˊŮŭɞ Űɞɡ űɘɚɛ ɛŮ ŭŮůɛɞɨɠ ɏɜŰŬɝɖɠ ɛɏůɤ ŭɨɞ ɔŮɘŰɞɜɘəɩɜ ŬŰɧɛɤɜ Ɂ, ɛŮ ɧɚŬ 

ŰŬ ŮˊɘűŬɜŮɘŬəɎ ɎŰɞɛŬ ɢŬɚəɞɨ ɐ ŰŬ ɛɞɜɞůɗŮɜɐ əŬŰɘɧɜŰŬ Űɞɡ. ɇɞ ŰɟɑŰɞ ɎŰɞɛɞ Ɂ əɎɗŮ 

ŬɜɘɧɜŰɞɠ btaĖ ůɢɖɛŬŰɑɕŮɘ ŭɘŬɛɞɟɘŬəɧ ŭŮůɛɧ ɡŭɟɞɔɧɜɞɡ (ɆɢɐɛŬ 7) əŬɘ ɏŰůɘ ůɡɜŭɏŮŰŬɘ 

ɛŮ Űɞ ɔŮɘŰɞɜɘəɧ Űɞɡ ɘɧɜ btaĖ. ȼ ŬɜŬɚɞɔɑŬ Cu
I
:btaĖ ůŰɞ ůɨɛˊɚɞəɞ ŬɡŰɧ ŮɑɜŬɘ 2:1 əŬɘ 

ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 7 ɞɘ ŭŮůɛɞɑ ɡŭɟɞɔɧɜɞɡ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɘ ɔɘŬ Űɞ ůɢɖɛŬŰɘůɛɧ 

ˊɞɚɡɛŮɟɞɨɠ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ůŰŬɗŮɟɧ əŬɘ ŬŭɘɎɚɡŰɞ ůŰɞ ȼ2Ƀ əŬɘ ůŮ ɞɟɔŬɜɘəɞɨɠ 

ŭɘŬɚɨŰŮɠ. ɇɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ŮɝɖɔŮɑ ɘəŬɜɞˊɞɘɖŰɘəɎ ɔɘŬŰɑ ˊŬɟɧɛɞɘŬ ɛŮ Űɞ ɓŮɜɕɞŰɟɘŬɕɧɚɘɞ 

ɛɧɟɘŬ, ɧˊɤɠ ŰŬ ɘɛɘŭŬɕɧɚɘɞ, ɓŮɜɕɘɛɘŭŬɕɧɚɘɞ, ɘɜŭɧɚɘɞ əŬɘ 1-ɛŮɗɡɚɞɓŮɜɕɞŰɟɘŬɕɧɚɘɞ, ŭŮɜ 

ŮɑɜŬɘ ɘəŬɜɞˊɞɘɖŰɘəɞɑ ŬɜŬůŰɞɚŮɑɠ Űɖɠ ŭɘɎɓɟɤůɖɠ Űɞɡ Cu. 

 

 

 

 

ɆɢɐɛŬ 7: ɇɞ ɛɞɜŰɏɚɞ Űɞɡ Fang ɔɘŬ Űɞ ɢɖɛɘəɎ ˊɟɞůɟɞűɖɛɏɜɞ btaĖ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ Cu. ɇŬ ɘɧɜŰŬ 

bta
-
 ŭŮɜ ŮɑɜŬɘ ůɡɜŮˊɑˊŮŭŬ. 

 

Ƀɘ Hollander əŬɘ May Űɞ 1985  ˊɟɧŰŮɘɜŬɜ ɏɜŬ ɜɏɞ ɛɞɜŰɏɚɞ, ůɨɛűɤɜŬ ɛŮ Űɞ ɞˊɞɑɞ ɞ 

ŭŮůɛɧɠ ɛŮŰŬɝɨ Űɞɡ ɛŮŰŬɚɚɞɥɧɜŰɞɠ əŬɘ Űɞɡ btaĖ ŮɑɜŬɘ Űɨˊɞɡ ˊ-ɞɝɏɞɠ, ɧˊɞɡ Űɞ btaĖ 

ŬˊɞŭɏɢŮŰŬɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ -́ɖɚŮəŰɟɞɜɘŬəɐɠ ˊɡəɜɧŰɖŰŬɠ Ŭˊɧ ŰŬ 

ůɡɛˊɚɖɟɤɛɏɜŬ 3d ŰɟɞɢɘŬəɎ Űɞɡ Cu(I) ůŮ əŮɜɎ ˊ
*
 ŰɟɞɢɘŬəɎ Űɞɡ. Ƀ ŭŮůɛɧɠ ŬɡŰɧɠ, ˊɞɡ 

ůɡɜɡˊɎɟɢŮɘ ɛŮ Űɞ ů-ŭŮůɛɧ ɁĄCu(Ƚ), ůŰŬɗŮɟɞˊɞɘŮɑ Űɞ ůɨɛˊɚɞəɞ ɛŮŰŬɚɚɞɥɧɜŰɞɠ-

ŬɜŬůŰɞɚɏŬ ŮɛˊɞŭɑɕɞɜŰŬɠ Űɞ ůɢɖɛŬŰɘůɛɧ Űɞɡ ɛɖɢŬɜɘəɎ ŬůŰŬɗɞɨɠ Cu2O. ɆɨɛűɤɜŬ ɛŮ 

Űɞɡɠ ɑŭɘɞɡɠ, ɖ ɘůɢɨɠ Űɞɡ ˊ-ŭŮůɛɞɨ ɛˊɞɟŮɑ ɜŬ ŬɡɝɖɗŮɑ ɛŮ əŬŰɎɚɚɖɚɖ ɡˊɞəŬŰɎůŰŬůɖ 
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ůŰɞ ɓŮɜɕɞɚɘəɧ ŭŬəŰɨɚɘɞ, ɔŮɔɞɜɧɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŰɖɜ ŬɜɎˊŰɡɝɖ ɜɏɤɜ 

ŬɜŬůŰɞɚɏɤɜ ŭɘɎɓɟɤůɖɠ. 

ȷɟəŮŰɏɠ ŮɟŮɡɜɖŰɘəɏɠ ɞɛɎŭŮɠ  ˊɞɡ ŭɟŬůŰɖɟɘɞˊɞɘɞɨɜŰŬɘ ůŰɞ ˊŮŭɑɞ Űɖɠ ɢɖɛŮɑŬɠ ɏɜŰŬɝɖɠ, 

ɏɢɞɡɜ ŬɟɢɑůŮɘ ɜŬ ŭɘŮɟŮɡɜɞɨɜ Űɞɡɠ ˊɘɗŬɜɞɨɠ Űɟɧˊɞɡɠ ůɡɛˊɚɞəɞˊɞɑɖůɖɠ Űɞɡ btaH əŬɘ 

Űɤɜ ɡˊɞəŬŰŮůŰɖɛɏɜɤɜ ˊŬɟŬɔɩɔɤɜ Űɞɡ ɛŮ ŰŬ ɛŮŰŬɚɚɘəɎ ɘɧɜŰŬ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ůŮ 

ɞɝŮɘŭɤɛɏɜŮɠ ŮˊɘűɎɜŮɘŮɠ ɛŮŰŬɚɚɘəɞɨ ɢŬɚəɞɨ, ůɡɜɗɏŰɞɜŰŬɠ əŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɠ 

ůɨɛˊɚɞəŬ Űɞɡ ɢŬɚəɞɨ əŬɘ Ɏɚɚɤɜ ɛŮŰɎɚɚɤɜ ɛŮ Űɞ ɓŮɜɕɞŰɟɘŬɕɧɚɘɞ əŬɘ ŰŬ ˊŬɟɎɔɤɔɎ 

Űɞɡ. ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɟŮŬɚɘůŰɘəɩɜ ɛɞɜŰɏɚɤɜ ɐŰŬɜ ŬˊŬɟŬɑŰɖŰɖ əŬɘ ɖ ŰŬɡŰɧɢɟɞɜɖ 

ɢɟɖůɘɛɞˊɞɑɖůɖ ɡˊɞəŬŰŬůŰŬŰɩɜ ɛŮ ɎŰɞɛŬ ŭɧŰŮɠ ɞɝɡɔɧɜŬ, ŭɘɧŰɘ ůŰɘɠ ɞɝŮɘŭɤɛɏɜŮɠ 

ɛŮŰŬɚɚɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ŰŬ ɘɧɜŰŬ ɢŬɚəɞɨ ŮɑɜŬɘ ɐŭɖ ůɡɜŭŮŭŮɛɏɜŬ ɛŮ ɘɧɜŰŬ Ƀ
2-

 əŬɘ ɃȼĖ, 

ŬɚɚɎ əŬɘ ɛɧɟɘŬ ȼ2Ƀ. ɆŮ ɧɚŬ ŰŬ ůɨɛˊɚɞəŬ-ɛɞɜŰɏɚŬ  Űɞ btaĖ ɔŮűɡɟɩɜŮɘ ŰɟɑŬ 

ŭɘŬűɞɟŮŰɘəɎ ɛŮŰŬɚɚɘəɎ ɘɧɜŰŬ (ȸ), ŭɨɞ Ŭˊɧ ŰŬ ɞˊɞɑŬ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɑŭɘɞ ŮˊɑˊŮŭɞ ɛŮ 

ŬɡŰɧ Űɞɡ btaĖ. ȼ ˊɞɘəɘɚɑŬ əŬɘ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɤɜ Űɟɧˊɤɜ ůɡɛˊɚɞəɞˊɞɑɖůɖɠ Űɞɡ btaĖ, 

ˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŮ ůŰŬ ůɨɛˊɚɞəŬ-ɛɞɜŰɏɚŬ ˊɞɡ ɢŬɟŬəŰɖɟɑůɗɖəŬɜ,  ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ 

Űɞ ɓŮɜɕɞŰɟɘŬɕɧɚɘɞ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŬɟɛɧɕŮŰŬɘ ůŰɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ɔŮɤɛŮŰɟɑŮɠ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŭɘŮɡɗŮŰɖɛɏɜŬ ŰŬ ɛŮŰŬɚɚɘəɎ ɘɧɜŰŬ ůŰɘɠ ɞɝŮɘŭɤɛɏɜŮɠ ŮˊɘűɎɜŮɘŮɠ. Ƀɘ 

ɛŮɚɏŰŮɠ ŬɡŰɏɠ ɏŭŮɘɝŬɜ Ůˊɑůɖɠ ɧŰɘ ŰŬ ŬɜɘɧɜŰŬ Űɞɡ ŬɜŬůŰɞɚɏŬ ɔŮűɡɟɩɜɞɡɜ ɛŮŰŬɚɚɘəɎ 

ɘɧɜŰŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ɏɜŬ, ŭɨɞ ɐ ŰɟɑŬ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ-ŮˊɘűɎɜŮɘŮɠ Ŭˊɧ Űɞ 

ŮˊɑˊŮŭɞ Űɞɡ ŬɜŬůŰɞɚɏŬ. ȷɡŰɐ ɖ çŮɡɚɡɔɘůɑŬè (flexibility) ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Űɞ btaĖ 

ŮˊɘŰɟɏˊŮɘ Űɖɜ ɘůɢɡɟɐ ŬɚɚɖɚŮˊɑŭɟŬůɐ Űɞɡ ɛŮ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ Cu ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ 

ɓŬɗɛɑŭŮɠ əŬɘ ɔŮɤɛŮŰɟɑŮɠ / ŭɞɛɏɠ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞ ɛɏɔɘůŰɞ 

ŭŮůɛɧ ɖ ɘəŬɜɧŰɖŰŬ ɏɜŰŬɝɖɠ Űɤɜ ŬɜŬůŰɞɚɏɤɜ ɛŮ ůɡɜɏˊŮɘŬ Űɖɜ ŬɜŬůŰɞɚɐ Űɖɠ 

ŭɘɎɓɟɤůɖɠ Űɞɡ ɛŮŰɎɚɚɞɡ. 
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ɇɞ 1967 ŬɜŬűɏɟɗɖəŮ ɧŰɘ ɖ ŬɜŬůŰŬɚŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ 4-ɡŭɟɞɝɡɓŮɜɕɞŰɟɘŬɕɞɚɑɞɡ 

(4HObtaH, ũ) ɏɜŬɜŰɘ Űɖɠ ŭɘɎɓɟɤůɖɠ Űɞɡ ɢŬɚəɞɨ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ ŬɡŰɐ Űɞɡ 

btaH. ȼ ɡŭɟɞɝɡɚɞɛɎŭŬ Űɖɠ ɗɏůɖɠ 4 ɗŮɤɟɐɗɖəŮ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ 

ŭɟŬůŰɘəɧŰɖŰŬ ŬɡŰɞɨ Űɞɡ ɛɞɟɑɞɡ. ȰŰůɘ ɖ ŭɘŮɟŮɨɜɖůɖ Űɞɡ ɛɖɢŬɜɘůɛɞɨ ŬɜŬůŰɞɚɐɠ Űɤɜ 
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ɡˊɞəŬŰŮůŰɖɛɏɜɤɜ ɓŮɜɕɞŰɟɘŬɕɞɚɑɤɜ ɗŮɤɟɐɗɖəŮ ŬˊŬɟŬɑŰɖŰɖ. Ʉɞɚɨ ŬɟɔɧŰŮɟŬ ůŮ ɛɘŬ 

ɛŮɚɏŰɖ Ŭˊɧ Űɞɡɠ Youda, Nishihara əŬɘ Aramaki ɡˊɞůŰɖɟɑɢɗɖəŮ ɧŰɘ ɖ ŬɜŬůŰŬɚŰɘəɐ 

ɘəŬɜɧŰɖŰŬ Űɞɡ 1-ɡŭɟɞɝɡɓŮɜɕɞŰɟɘŬɕɞɚɑɞɡ (btaOH, ȹ) ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ ŬɡŰɐɜ Űɞɡ 

4ȼɃbtaH əŬɘ Űɞɡ btaH. ɆɨɛűɤɜŬ  ɛŮ  Űɖ  ɛŮɚɏŰɖ ŬɡŰɐ, Űɞ 4HObtaH  

 

 

 

 

ůɢɖɛŬŰɑɕŮɘ ůŰŬɗŮɟɧ űɘɚɛ ɛŮ ůɨůŰŬůɖ [Cu(4ȼɃbta)]n ˊŬɟɧɛɞɘɞ ɛŮ Űɞ ˊɞɚɡɛŮɟɏɠ 

ŬŭɘɎɚɡŰɞ űɘɚɛ Űɞɡ [Cu(bta)]n. ɄɟɞŰɎɗɖəŮ ɧŰɘ Űɞ ɘɧɜ 4ȼɃbtaĖ ɔŮűɡɟɩɜŮɘ ŭɨɞ ɘɧɜŰŬ 

Cu
I
 ɛɏůɤ Űɤɜ ŬŰɧɛɤɜ Ɂ(1) əŬɘ Ɂ(3), ůɢɖɛŬŰɑɕɞɜŰŬɠ ŬɚɡůɑŭŮɠ ɞɘ ɞˊɞɑŮɠ ůɡɜŭɏɞɜŰŬɘ 

ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ŭŮůɛɞɨɠ ɡŭɟɞɔɧɜɞɡ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŭɘůŭɘɎůŰŬŰŮɠ ɐ ŰɟɘůŭɘɎůŰŬŰŮɠ 

ˊɞɚɡɛŮɟŮɑɠ ŭɞɛɏɠ. ŪŮɤɟɐɗɖəŮ ɧŰɘ ɞɘ ŭŮůɛɞɑ ɡŭɟɞɔɧɜɞɡ ŮɑɜŬɘ ɛŮɔɎɚɖɠ ůɖɛŬůɑŬɠ ɔɘŬ 

Űɖ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ ůɡɛˊɚɧəɞɡ əŬɘ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɛŮŰŬɝɨ ɘɧɜŰɤɜ 4ȼɃbtaĖ 

ɔŮɘŰɞɜɘəɩɜ Ŭɚɡůɑŭɤɜ, ɛŮ ɐ ɢɤɟɑɠ Űɖ ůɡɛɛŮŰɞɢɐ ɛɞɟɑɤɜ ȼ2Ƀ. ɆɨɛűɤɜŬ ɛŮ ŬɡŰɧ Űɞ 

ŭɞɛɘəɧ ɛɞɜŰɏɚɞ (ɆɢɐɛŬ 8), Űɞ btaOH ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧɠ 

ŬɜŬůŰɞɚɏŬɠ Űɖɠ ŭɘɎɓɟɤůɖɠ ɔɘŬŰɑ ŭŮɜ ɏɢŮɘ ɡˊɞəŬŰɎůŰŬůɖ ůŰɞ ɓŮɜɕɞɚɘəɧ ŭŬəŰɨɚɘɞ əŬɘ 

ɏŰůɘ ŭŮɜ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɔŮűɨɟɤůɖɠ ɛŮŰŬɚɚɘəɩɜ ɘɧɜŰɤɜ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

Ŭɚɡůɑŭɤɜ əŬɘ ŰŬɡŰɧɢɟɞɜɖɠ ůɨɜŭŮůɖɠ Űɤɜ Ŭɚɡůɑŭɤɜ ɛɏůɤ ŭŮůɛɩɜ ɡŭɟɞɔɧɜɞɡ. 

 

 

 

 

 

 

 

 

 

ȹ ũ 

N

N

N

H

OH

FF

N

N

N

OH

GG
 

O

N
N

N

CuCu

H

O

H

N
N

N
CuCu

NN
N

Cu N

N

N

Cu

N

N

Cu

N

Cu

O

O O

H

H H

H

OH

H

O

H

O

H

N
N

N
Cu Cu

 

Ƚ 

ȽȽ ȽȽȽ 



67 
 

 

 

 

ɆɢɐɛŬ 8: ȹɞɛɘəɎ ɛɞɜŰɏɚŬ ɔɘŬ Űɖɜ ŬɜŬůŰŬɚŰɘəɐ ŭɟɎůɖ Űɞɡ űɘɚɛ [Cu(4HObta)]n ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ 

Cu. (Ƚ) ȹŮůɛɧɠ ɡŭɟɞɔɧɜɞɡ ɛŮ ɏɜŬ ɘɧɜ 4ȼɃbta- ɔŮɘŰɞɜɘəɐɠ ˊɞɚɡɛŮɟɞɨɠ ŬɚɡůɑŭŬɠ. (ȽȽ), (ȽȽȽ) 

ȹŮůɛɞɑ  ɡŭɟɞɔɧɜɞɡ  ɛŮ Űɖɜ ˊŬɟɏɛɓŬůɖ Ůɜɧɠ ɛɞɟɑɞɡ ȼ2Ƀ ɛŮŰŬɝɨ ŭɨɞ ˊɞɚɡɛŮɟɩɜ Ŭɚɡůɑŭɤɜ. 

 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɖ ŮɟŮɡɜɖŰɘəɐ ɞɛɎŭŬ ůŰɖɜ ɞˊɞɑŬ Ŭɜɐəɤ ɏɢŮɘ ŬɟɢɑůŮɘ ɜŬ 

ˊɟɞůŮɔɔɑɕŮɘ Űɖɜ ŬɜŬůŰɞɚɐ Űɖɠ ŭɘɎɓɟɤůɖɠ Űɤɜ ɛŮŰɎɚɚɤɜ, ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ ɛɞɜŰɏɚɤɜ-

ůɡɛˊɚɧəɤɜ Űɞɡ btaOH. ɇŬ ůɨɛˊɚɞəŬ [Cu(btaO)2(MeOH)]n  əŬɘ 

[Ni7(OH)2(acac)8(btaO)4(H2O)2]  (acacĖ ŮɑɜŬɘ Űɞ Ŭɜɘɧɜ Űɖɠ 2,4-ˊŮɜŰŬɜɘɞŭɘɧɜɖɠ), 

ˊŬɟŬůəŮɡɎůŰɖəŬɜ əŬɘ ɢŬɟŬəŰɖɟɑůɗɖəŬɜ ɛŮ ȾɟɡůŰŬɚɚɞɔɟŬűɑŬ ȷəŰɑɜɤɜ ɉ. ȼ 

ɢɟɖůɘɛɞˊɞɑɖůɖ ɡˊɞəŬŰŬůŰŬŰɩɜ ɛŮ ɞɝɡɔɧɜŬ ɤɠ ɎŰɞɛŬ-ŭɧŰŮɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ ɟŮŬɚɘůŰɘəɩɜ ɛɞɜŰɏɚɤɜ, əŬɗɩɠ ŮɑɜŬɘ ɔɜɤůŰɧ (ɧˊɤɠ ˊɟɞŬɜŬűɏɟŬɛŮ) ɧŰɘ ŰŬ 

ɛŮŰŬɚɚɘəɎ ɘɧɜŰŬ ůŰɘɠ ɞɝŮɘŭɤɛɏɜŮɠ ɛŮŰŬɚɚɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ŮɑɜŬɘ ɐŭɖ ůɡɜŭŮŭŮɛɏɜŬ ɛŮ 

ɘɧɜŰŬ Ƀ
2-

 əŬɘ ɃȼĖ, ŬɚɚɎ əŬɘ ɛɧɟɘŬ ȼ2Ƀ. Ƀɘ əɟɡůŰŬɚɚɘəɏɠ ŭɞɛɏɠ əŬɘ Űɤɜ ŭɨɞ 

ůɡɛˊɚɧəɤɜ, ˊɞɡ ɗŬ ůɡɕɖŰɖɗɞɨɜ ŬɜŬɚɡŰɘəɧŰŮɟŬ ůŰɞ ŮˊɧɛŮɜɞ ɡˊɞəŮűɎɚŬɘɞ, ŮɑɜŬɘ 

ŬɟəŮŰɎ ůɡɛˊŬɔŮɑɠ əŬɘ ɡˊɞŭŮɘəɜɨɞɡɜ ɧŰɘ Űɞ btaOH ɛˊɞɟŮɑ ɜŬ ŭɟɎůŮɘ ɤɠ ŬɜŬůŰɞɚɏŬɠ 

Űɖɠ ŭɘɎɓɟɤůɖɠ, ɛŮ Űɞ ůɢɖɛŬŰɘůɛɧ ˊɟɞůŰŬŰŮɡŰɘəɞɨ űɘɚɛ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɖ 

ŭɖɛɘɞɡɟɔɑŬ ɘůɢɡɟɩɜ ŭŮůɛɩɜ ɏɜŰŬɝɖɠ (coordination bonds) ɛŮŰŬɝɨ Űɞɡ ŬɜŬůŰɞɚɏŬ əŬɘ 

Űɤɜ ɛŮŰŬɚɚɞɥɧɜŰɤɜ. 

 

ũ2. ȸŬůɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɉɖɛŮɑŬɠ ȰɜŰŬɝɖɠ Űɞɡ 

ȸŮɜɕɞŰɟɘŬɕɞɚɑɞɡ əŬɘ Űɤɜ ɄŬɟŬɔɩɔɤɜ Űɞɡ 

 

ɇɞ ɓŮɜɕɞŰɟɘŬɕɧɚɘɞ əŬɘ ŰŬ ˊŬɟɎɔɤɔɎ Űɞɡ ɏɢɞɡɜ ɔɑɜŮɘ ŮɡɟɨŰŮɟŬ ɔɜɤůŰɎ ɧɢɘ ɛɧɜɞ ɔɘŬ 

Űɖɜ ŭɟɎůɖ Űɞɡɠ ɤɠ ŬɜŬůŰɞɚŮɑɠ Űɖɠ ŭɘɎɓɟɤůɖɠ Űɤɜ ɛŮŰɎɚɚɤɜ, ŬɚɚɎ əŬɘ ɔɘŬŰɑ 

ɓɟɑůəɞɡɜ ŮűŬɟɛɞɔɐ  ůŰɖɜ ɞɟɔŬɜɘəɐ ůɨɜɗŮůɖ. Ƀ ůɖɛŬɜŰɘəɧŰŮɟɞɠ ɚɧɔɞɠ ˊɞɡ ůɡɜɏɓŬɚŮ 

ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ɢɖɛŮɑŬɠ ɏɜŰŬɝɖɠ Űɞɡ ɓŮɜɕɞŰɟɘŬɕɞɚɑɞɡ əŬɘ Űɤɜ ˊŬɟŬɔɩɔɤɜ Űɞɡ 

ŮɑɜŬɘ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ŬɡŰɩɜ Űɤɜ ɛɞɟɑɤɜ ůŰɖɜ ŬɜŬůŰɞɚɐ Űɖɠ ŭɘɎɓɟɤůɖɠ Űɤɜ 

ɛŮŰɎɚɚɤɜ. ɆŰɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ɢɖɛŮɑŬɠ ɏɜŰŬɝɐɠ Űɞɡɠ ůɡɜɏɓŬɚŮ əŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ 
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ŬɡŰɎ ŰŬ ɛɧɟɘŬ ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŭɟɎůɞɡɜ ɤɠ ˊɞɚɡŭɞɜŰɘəɞɑ ɡˊɞəŬŰŬůŰɎŰŮɠ 

ɛɏůɤ Űɤɜ ŮŰŮɟɞəɡəɚɘəɩɜ ŬŰɧɛɤɜ ŬɕɩŰɞɡ ɧŰŬɜ ŬˊɞˊɟɤŰɞɜɘɩɜɞɜŰŬɘ. 

ȼ ɢɖɛŮɑŬ ɏɜŰŬɝɖɠ Űɞɡ ɞɡŭɏŰŮɟɞɡ ɓŮɜɕɞŰɟɘŬɕɞɚɑɞɡ, btaH, ŮɑɜŬɘ ůɢŮŰɘəɎ ˊŮɟɘɞɟɘůɛɏɜɖ. 

ȳˊɤɠ ɏɢŮɘ ŭɘŬˊɘůŰɤɗŮɑ ɛŮ ȾɟɡůŰŬɚɚɞɔɟŬűɑŬ ȷəŰɑɜɤɜ ɉ, Űɞ btaH ůɡɛˊŮɟɘűɏɟŮŰŬɘ 

ůɡɜɐɗɤɠ ɤɠ ɛɞɜɞŭɞɜŰɘəɧɠ ɡˊɞəŬŰŬůŰɎŰɖɠ ɛɏůɤ Űɞɡ Ɂ(3)  (Ⱥ), Ůɜɩ ůŮ ɛɑŬ ɛɧɜɞ 

ˊŮɟɑˊŰɤůɖ ɏɢŮɘ ŭɟɎůŮɘ ɤɠ ŭɘŭɞɜŰɘəɐ ɔɏűɡɟŬ ɛɏůɤ Űɤɜ Ɂ(2) əŬɘ Ɂ(3) (Ȼ), ŭŮɑŰŮ ɆɢɐɛŬ 

10. 

ȼ ɢɖɛŮɑŬ ɏɜŰŬɝɖɠ Űɞɡ ŬˊɞˊɟɤŰɞɜɘɤɛɏɜɞɡ ɓŮɜɕɞŰɟɘŬɕɞɚɑɞɡ (btaĖ) ŮɑɜŬɘ ŬɟəŮŰɎ ˊɘɞ 

ˊɚɞɨůɘŬ, ɔŮɔɞɜɧɠ ˊɞɡ ŬˊɞŭɑŭŮŰŬɘ ůŰɖɜ ɘəŬɜɧŰɖŰŬ ŬɡŰɞɨ Űɞɡ ɘɧɜŰɞɠ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑ 

ɏɜŬ, ŭɨɞ ɐ əŬɘ ɧɚŬ ŰŬ  ŮŰŮɟɞəɡəɚɘəɎ ɎŰɞɛŬ ŬɕɩŰɞɡ Űɞɡ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ůɢɖɛŬŰɑůŮɘ 

ŭŮůɛɞɨɠ ɏɜŰŬɝɖɠ ɛŮ ŰŬ ɛŮŰŬɚɚɞɥɧɜŰŬ (ɆɢɐɛŬ 10). ȼ ŬˊɞˊɟɤŰɞɜɑɤůɖ Űɞɡ 

ɓŮɜɕɞŰɟɘŬɕɞɚɑɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŮɑŰŮ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ ɓɎůŮɤɜ ůŰŬ ɛɑɔɛŬŰŬ Űɤɜ 

ŬɜŰɘŭɟɎůŮɤɜ, ŮɑŰŮ ɛŮ Űɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ''ŬɚɎŰɤɜ'' Űɤɜ ɓ-ŭɘəŮŰɞɜɎŰɞ ɐ Űɤɜ 

əŬɟɓɞɝɡɚɘəɩɜ ɘɧɜŰɤɜ Űɤɜ ɛŮŰɎɚɚɤɜ. Ƀɘ Űɟɧˊɞɘ ɏɜŰŬɝɖɠ Űɞɡ btaH əŬɘ Űɞɡ btaĖ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 10. ȼ ɛɞɜɞŭɞɜŰɘəɐ ɏɜŰŬɝɖ ɛɏůɤ Űɞɡ Ɂ(1) (ȼ), Ŭɜ əŬɘ 

ůˊɎɜɘŬ, ŭŮɜ ˊŬɟɞɡůɘɎɕŮɘ ɘŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ. Ƀ Űɟɧˊɞɠ ůɡɛˊɚɞəɞˊɞɑɖůɖɠ h1
:h1

:m2 

(Ū) ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŰɖ ůɨɜɗŮůɖ ɞɚɘɔɞɛŮɟɩɜ ŬɚɚɎ əŬɘ ˊɞɚɡɛŮɟɩɜ ůɡɛˊɚɧəɤɜ (ɆɢɐɛŬ 

9). ȺɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ əŬɘ ɖ Ůɝɑůɞɡ ůˊɎɜɘŬ ɏɜŰŬɝɖ ɛɏůɤ Űɤɜ Ɂ(1) əŬɘ Ɂ(3) (Ƚ), 

əŬɗɩɠ ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŰɖɜ ůɨɜɗŮůɖ Ůɜɧɠ ŭɘˊɡɟɖɜɘəɞɨ ůɡɛˊɚɧəɞɡ  əŬɘ Ůɜɧɠ 

ŰɟɘůŭɘɎůŰŬŰɞɡ (3D) ˊɞɚɡɛŮɟɞɨɠ ůɡɛˊɚɧəɞɡ, ɛŮŰŬɝɨ Űɤɜ Ɏɚɚɤɜ. 

               

 

ɆɢɐɛŬ 9: ȼ ɛɞɟɘŬəɐ ŭɞɛɐ Űɞɡ ůɡɛˊɚɧəɞɡ [Ni3(bta)6(NH3)6] (ŬɟɘůŰŮɟɎ) əŬɘ ɏɜŬ ɛɏɟɞɠ Űɖɠ ŭɞɛɐɠ Űɞɡ 

ˊɞɚɡɛŮɟɞɨɠ ůɡɛˊɚɧəɞɡ [Cu(bta)2(H2O)]n (ŭŮɝɘɎ). ɇŬ ˊŮɟɘůůɧŰŮɟŬ ɎŰɞɛŬ ɎɜɗɟŬəŬ Űɤɜ 

ɓŮɜɕɞɚɘəɩɜ ŭŬəŰɡɚɑɤɜ ɏɢɞɡɜ ŬűŬɘɟŮɗŮɑ ɢɎɟɘɜ ŬˊɚɧŰɖŰŬɠ. 
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ȺɜŭɘŬűɏɟɞɜ ˊɟɞəŬɚŮɑ ɞ Űɟɧˊɞɠ ůɡɛˊɚɞəɞˊɞɑɖůɖɠ Ⱦ ůŰɞ ůɨɛˊɚɞəɞ [Ⱦ(bta)(HMPA)], 

ɧˊɞɡ HMPA = ŮɝŬɛŮɗɡɚɞűɤůűɞɟɘəɧ ŰɟɘŬɛɑŭɘɞ. ȷɡŰɧɠ ɞ Űɟɧˊɞɠ ůɡɛˊɚɞəɞˊɞɑɖůɖɠ 

Űɞɡ btaĖ ɛŮ Űɞ ɘɧɜ əŬɚɑɞɡ ŭŮɜ ɏɢŮɘ ŮɝɖɔɖɗŮɑ ŬəɧɛŬ ɘəŬɜɞˊɞɘɖŰɘəɎ. ȺɝŬɘɟŮŰɘəɎ 

ŮɜŭɘŬűɏɟɞɜ ŮɑɜŬɘ əŬɘ Űɞ Ŭɜɘɧɜ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ çůɨɜŭŮůɖè ɛɏůɤ ŭŮůɛɞɨ 

ɡŭɟɞɔɧɜɞɡ Ůɜɧɠ ɛɞɟɑɞɡ btaH əŬɘ Ůɜɧɠ ɘɧɜŰɞɠ btaĖ. ɇɞ Ŭɜɘɧɜ (btaHĿĿĿbta)Ė 

ůɡɛˊŮɟɘűɏɟŮŰŬɘ ɤɠ ŭɘŭɞɜŰɘəɧɠ ɣŮɡŭɞɢɖɚɘəɧɠ ɡˊɞəŬŰŬůŰɎŰɖɠ ɛŮ ɎŰɞɛŬ ŭɧŰŮɠ Űɞ Ɂ(1) 

Űɞɡ bta
-
 əŬɘ Űɞ Ɂ(2) Űɞɡ btaH (ȿ) əŬɘ ɏɢŮɘ ŭɘŬˊɘůŰɤɗŮɑ əɟɡůŰŬɚɚɞɔɟŬűɘəɎ ůŰɞ 

ůɨɛˊɚɞəɞ [OsH(btaHĿĿĿbta)(CO)(PPh3)2]. 

 

 

ɆɢɐɛŬ 10: Ƀɘ Űɟɧˊɞɘ ůɡɛˊɚɞəɞˊɞɑɖůɖɠ Űɞɡ btaH, Űɖɠ ůɡɕɡɔɞɨɠ Űɞɡ ɓɎůɖɠ btaĖ əŬɘ Űɞɡ ɘɧɜŰɞɠ 

(btaHĿĿĿbta)Ė ɛŮ  ɛŮŰŬɚɚɘəɎ ɘɧɜŰŬ, ɧˊɞɡ ɀ=ɛŮŰŬɚɚɞɥɧɜ.  

 

Ƀ Űɟɧˊɞɠ ůɡɛˊɚɞˊɞɑɖůɖɠ h1
:h1

:h1
:m3 (ɀ) ˊŬɟɞɡůɘɎɕŮɘ ɑůɤɠ Űɞ ɛŮɔŬɚɨŰŮɟɞ 

ŮɜŭɘŬűɏɟɞɜ. ȾŬɘ ŰŬ ŰɟɑŬ ɎŰɞɛŬ Ɂ ůɡɛɛŮŰɏɢɞɡɜ ůŮ ŭŮůɛɞɨɠ ɏɜŰŬɝɖɠ, ŭɑɜɞɜŰŬɠ Ŭűɞɟɛɐ 

ɔɘŬ Űɞ ůɢɖɛŬŰɘůɛɧ ˊɞɚɡɛŮɟɩɜ ɏɜŰŬɝɖɠ (coordination polymers) əŬɘ ɛŮŰŬɚɚɘəɩɜ 

ˊɚŮɘɎŭɤɜ. ɆŰɞ ɆɢɐɛŬ 11 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛɞɟɘŬəɐ ŭɞɛɐ Űɖɠ ˊŮɜŰŬˊɡɟɖɜɘəɐɠ 

ˊɚŮɘɎŭŬɠ [Cu5(bta)6(acac)4], ɧˊɞɡ acacĖ = Űɞ Ŭɜɘɧɜ Űɖɠ 2,4-ˊŮɜŰŬɜɘɞŭɘɧɜɖɠ. ɇɏůůŮɟŬ 

Ŭˊɧ ŰŬ ˊɏɜŰŮ ɎŰɞɛŬ Cu
II
 ŮɑɜŬɘ ŭɘŮɡɗŮŰɖɛɏɜŬ ůŰɘɠ əɞɟɡűɏɠ Ůɜɧɠ ŰŮŰɟŬɏŭɟɞɡ, ɛŮ Űɞ 

ˊɏɛˊŰɞ ɜŬ ɓɟɑůəŮŰŬɘ ůŰɞ əɏɜŰɟɞ Űɞɡ. ɆŰɞ ůɨɛˊɚɞəɞ ŬɡŰɧ, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ ɛɞɜŰɏɚɞ 

Űɖɠ ŬɜŬůŰɞɚɐɠ Űɖɠ ŬŰɛɞůűŬɘɟɘəɐɠ ŭɘɎɓɟɤůɖɠ Űɞɡ ɢŬɚəɞɨ, əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ ɏɝɘ btaĖ 

ɀ Ⱦ ȿ Ƚ 

Ū ȼ Ȼ Ⱥ 


