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ʉʇʀʉʆʂ ʆɹʆɿʅɸʏɽʅʀʁ ʀ ʉʆʂʈɸʑɽʅʀʁ 

A ʠʟʦʪʨʦʧʥʘʷ ʢʦʥʩʪʘʥʪʘ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʝʩʣʠ ʥʝʪ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ), ʣʠʙʦ ʢʦʤʧʦʥʝʥʪʘ A-ʪʝʥʟʦʨʘ 

Acac ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ 

Bpy 2,2'-ʙʠʧʠʨʠʜʠʥ 

Bu ʥ-ʙʫʪʠʣ 

CDT 1,5,9-ʮʠʢʣʦʜʦʜʝʢʘʪʨʠʝʥ 

COD 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ 

COSY correlation spectroscopy, ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʧʠʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ.  

Cp ɖ
5
-ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ 

DAB ʟʘʤʝʱʝʥʥʳʡ ʜʠʘʟʘʙʫʪʘʜʠʝʥ, Ŭ-ʜʠʠʤʠʥʦʚʳʡ ʣʠʛʘʥʜ 

DEPT (APT)  Distortionless Enhancement by Polarization Transfer (Attached Proton 

Test), ʤʝʪʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʧʝʨʚʠʯʥʳʭ, ʚʪʦʨʠʯʥʳʭ ʠ ʪʨʝʪʠʯ-

ʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. 

DFT density functional theory, ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

DMP-DAB N,Nô-ʙʠʩ(2,6-ʜʠʤʝʪʠʣʬʝʥʠʣ)ʜʠʘʟʘʙʫʪʘʜʠʝʥ 

DPP-BIAN  ʙʠʩ-N,Nô-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʙʠʩ-ʠʤʠʥʦʘʮʝʥʘʬʪʝʥ 

DPP-DAB N,Nô-ʙʠʩ(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)ʜʠʘʟʘʙʫʪʘʜʠʝʥ 

DPP-

DMDAB  

N,Nô-ʙʠʩ(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-1,4-ʜʠʘʟʘ-2,3-ʜʠʤʝʪʠʣ-ʙʫʪʘʜʠʝʥ 

DPPE  1,2-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥ)ʵʪʘʥ 

Et ʵʪʠʣ 

FTIR  Fourier Transform Infrared Spectroscopy, ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ 

ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ  

g ʠʟʦʪʨʦʧʥʳʡ g-ʬʘʢʪʦʨ (ʝʩʣʠ ʥʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ), ʣʠʙʦ 

ʢʦʤʧʦʥʝʥʪʘ g-ʪʝʥʟʦʨʘ 

HMBC  Heteronuclear multiple-bond correlation spectroscopy, ʦʙʥʘʨʫʞʝʥʠʝ ʛʝʪʝ-

ʨʦʷʜʝʨʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʯʝʨʝʟ 2-4 ʩʚʷʟʝʡ. 

HRMS High Resolution Mass Spectrometry, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟ-

ʨʝʰʝʥʠʷ  

HSQC Heteronuclear (multiplet) single-quantum correlation spectroscopy, ʦʙʥʘ-
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(HMQC)  ʨʫʞʝʥʠʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʷʜʨʘʤʠ ʜʚʫʭ ʨʘʟʥʳʭ ʪʠʧʦʚ, ʢʦʪʦʨʳʝ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʪʜʝʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʦʜʥʫ ʩʚʷʟʴ. 

i-Bu ʠʟʦ-ʙʫʪʠʣ 

in situ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (ʙʝʟ ʚʳʜʝʣʝʥʠʷ) 

i-Pr ʠʟʦ-ʧʨʦʧʠʣ 

J ʢʦʥʩʪʘʥʪʘ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

K ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

k ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

L ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜ 

MAO  ʤʝʪʠʣʘʣʶʤʦʢʩʘʥ 

Me ʤʝʪʠʣ 

MS ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

NB ʥʦʨʙʦʨʥʝʥ (ɹʠʮʠʢʣʦ-[2.2.1]-ʛʝʧʪ-2-ʝʥ) 

NOESY Nuclear Overhauser effect spectroscopy, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʢʦʨʦʪʢʠʤʠ ʚʨʝ-

ʤʝʥʘʤʠ ʟʘʜʝʨʞʢʠ 

Ph ʬʝʥʠʣ 

Ppm ʄʠʣʣʠʦʥʥʘʷ ʜʦʣʷ 

R ʘʣʢʠʣʴʥʘʷ ʛʨʫʧʧʘ 

r ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ROMP Ring Opening Metathesis Polymerization, ʤʝʪʘʪʝʟʠʩʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʥʦʨʙʦʨʥʝʥʘ ʩ ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʘ 

SHOP 

 

TMS 

Shell Higher Olefin Process, ʧʘʪʝʥʪʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ 

ʵʪʠʣʝʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʠʥʝʡʥʳʭ Ŭ-ʦʣʝʬʠʥʦʚ 

ʊʨʠʤʝʪʠʣʩʠʣʘʥ (ʣʠʙʦ ʪʨʠʤʝʪʠʣʩʠʣʠʣʴʥʘʷ ʛʨʫʧʧʘ, ʝʩʣʠ ʷʚʣʷʝʪʩʷ ʟʘʤʝ-

ʩʪʠʪʝʣʝʤ) 

TOCSY Total correlation spectroscopy, ʥʘʙʣʶʜʝʥʠʝ ʢʨʦʩʩ-ʧʠʢʦʚ ʚʩʝʭ ʧʨʦʪʦʥʦʚ ʚ 

ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ.   

TOF Turnover Frequency, ʯʘʩʪʦʪʘ ʦʙʦʨʦʪʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ 

(ʤʦʣʴ(sub)Ŀʤʦʣʴ
-1
Ŀ(cat)ʯ

-1
). 

TON Turnover Number, ʯʠʩʣʦ ʤʦʣʝʡ ʩʫʙʩʪʨʘʪʘ, ʧʨʝʚʨʘʱʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʤʦʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 

TON30 ʯʠʩʣʦ ʤʦʣʝʡ ʩʫʙʩʪʨʘʪʘ, ʧʨʝʚʨʘʱʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʦʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 
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ʟʘ 30 ʤʠʥʫʪ 

X ʘʮʠʜʦʣʠʛʘʥʜ 

XANES X-ray absorption near edge structure, ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʝ-

ʱʝʩʪʚ ʠ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ 

ŭ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ 

ɡ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ (ʯʠʩʣʦ ʤʦʣʝʡ) 

ɸʎ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ 

ɻɾʍ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ɻʍʄʉ (GC-

MS) 

ʛʘʟʦ-ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘ-

ʮʠʝʡ 

ɼʉʂ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ 

ɼʌʇɻ ʜʠʬʝʥʠʣʧʠʢʨʠʣʛʠʜʨʘʟʠʣ 

ʀʂ ʠʥʬʨʘʢʨʘʩʥʳʡ 

ʂʇɿ ʢʦʤʧʣʝʢʩ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ 

ʤ.ʜ. ʤʠʣʣʠʦʥʥʘʷ ʜʦʣʷ 

ʄʄʈ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʠʤʝʨʘ) 

ʄʅʇɺʆ ʤʥʦʛʦʢʨʘʪʥʦʝ ʥʘʨʫʰʝʥʠʝ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʤʝʪʦʜ ʨʝʛʠ-

ʩʪʨʘʮʠʠ ʀʂ-ʩʧʝʢʪʨʦʚ) 

ʈʉɸ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʉʊʉ ʩʚʝʨʭʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʝʢʪʨʘ 

ʊɻʌ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

ʋʌ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ 

ʗʄʈ (NMR) ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɻʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʠʢʝʣʷ, ʟʘʥʠʤʘʶʪ ʚʘʞʥʝʡʰʝʝ ʤʝʩʪʦ ʚ ʨʷʜʫ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʧʨʝʚʨʘʱʝʥʠʷ ʥʝʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʥʘʧʨʘʚʣʝʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʩʠʥʪʝʟ ʥʦʚʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ï ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʜʠʟʘʡʥ ʣʠʛʘʥʜʦʚ). ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ï ʚʳʩʦʢʦʩʝ-

ʣʝʢʪʠʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʦʣʬʝʠʥʦʚ, ʚʳʩʦʢʦʯʠʩʪʳʭ ʧʦʣʠ-

ʤʝʨʦʚ ʩ ʟʘʜʘʥʥʦʡ ʪʦʧʦʣʦʛʠʝʡ.   

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝ ʪʝʨʷʝʪ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟ-

ʤʘ ʜʝʡʩʪʚʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʦʙʨʸʣ ʧʦʜʭʦʜ, ʩʚʦʜʷʱʠʡʩʷ 

ʚʳʜʝʣʝʥʠʶ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦʤ ʚʠʜʝ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʠʭ ʩʪʨʫʢʪʫʨʳ. ʉʣʝʜʫʝʪ, ʪʝʤ ʥʝ ʤʝʥʝʝ, 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʦʩʘʜʢʘ ʤʦʞʝʪ ʩʣʫ-

ʞʠʪʴ ʣʠʰʴ ʢʦʩʚʝʥʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʧʨʦʮʝʩʩʘʤ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʚ ʨʘʩʪʚʦʨʝ ʠ ʯʘʩʪʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʰʠʙʦʯʥʳʤ ʚʳʚʦʜʘʤ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʜʦʩʪʠʛʥʫʪʳ ʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʦʧʪʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʨʦʜʳ ʘʢʪʠʥʚʥʳʭ ʮʝʥʪʨʦʚ ʢʘʪʘʣʠʪʠ-

ʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ: ʥʝʦʙʭʦʜʠʤʦ ʩʦʯʝʪʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʙʩʪʨʘʪʘ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɽʞʝʛʦʜʥʦ ʚ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʧʫʙʣʠʢʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ ʢʘʪʘʣʠ-

ʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ, ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʠʟʦʤʝʨʠʟʘʮʠʠ 

ʦʣʝʬʠʥʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʦʝʜʠʥʝʥʠʷʭ ʥʠʢʝʣʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʵʪʠʭ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ 

ʵʤʧʠʨʠʯʝʩʢʦʤʫ ʧʦʜʙʦʨʫ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʦʡʩʪʚ ʢʘʪʘʣʠʟʘʪʦʨʘ; 

ʧʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʪʫʣʠʨʫʝʪʩʷ, ʯʪʦ ʢʣʶʯʝʚʳʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʘʣʢʠʣʴʥʳʝ ʠ ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ. ʕʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʙʘʟʠ-

ʨʫʶʪʩʷ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʤ ʗʄʈ ʛʠʜʨʠʜʥʳʭ ʠ ʘʣ-

ʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(II) (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ) ʠ ʚʳʷʚʣʝʥʠʶ ʵʬʬʝʢ-
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ʪʘ ʧʨʦʤʦʪʠʨʦʚʘʥʠʷ ʧʨʦʪʦʥʦʜʦʥʦʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʨʝʘʣʴʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ.  

ʆʜʥʘʢʦ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʢʘʪʘ-

ʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʥʦʩʷʪ ʚʝʩʴʤʘ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ: ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʚ ʩʠʩʪʝʤʝ ʚ ʚʠʜʝ ʮʝʣʦʛʦ ʥʘʙʦʨʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʣʠʛʘʥʜʥʳʤ 

ʦʢʨʫʞʝʥʠʝʤ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ ʠ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ. 

ʇʨʠʯʝʤ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʧʨʠʨʦ-

ʜʦʡ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʧʨʠʨʦʜʦʡ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʩʠʩʪʝʤʝ ʣʠʛʘʥʜʦʚ, ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʢʘʪʘ-

ʣʠʟʘʪʦʨʘ ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ.  

ɿʘʩʣʫʞʠʚʘʶʱʠʤ ʚʥʠʤʘʥʠʷ ʷʚʣʷʝʪʩʷ ʬʘʢʪ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʩʦʝʜʠʥʝʥʠʡ Ni(I) ʚ ʟʘʤʝʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʩ ʢʦʪʦʨʳʤʠ ʚʩʝ ʯʘʱʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʚʷ-

ʟʳʚʘʶʪ ʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ.  

ʆʙʳʯʥʦ ʥʠʢʝʣʝʚʳʝ ʩʠʩʪʝʤʳ ʮʠʛʣʝʨʦʚʩʢʦʛʦ ʪʠʧʘ (ʚʢʣʶʯʘʷ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʩʪʤʝ-

ʪʘʣʣʦʮʝʥʦʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ) ʬʦʨʤʠʨʫʶʪ ʧʫʪʝʤ ʘʢʪʠʚʘʮʠʠ ʩʦ-

ʝʜʠʥʝʥʠʡ Ni(II) ʩ ʧʦʤʦʱʴʶ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ; ʧʨʠʯʝʤ, ʜʣʷ ʜʦʩʪʠʞʝ-

ʥʠʷ ʥʘʠʣʫʯʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʘʣʠʟʘʪʦʨʘ ʪʨʝʙʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʩʦʢʘ-

ʪʘʣʠʟʘʪʦʨʘ (ʤʦʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ Al:Ni ʧʦʨʷʜʢʘ ʩʦʪʝʥ ʠʣʠ ʜʘʞʝ ʪʳʩʷʯ ʝʜʠʥʠʮ). ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚʝʜʝʪ ʢ ʫʜʦʨʦʞʘʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʝʪ ʦʯʠʩʪʢʫ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʧʦ-

ʣʠʤʝʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʧʪʠʢʝ ʠ ʤʝʜʠʮʠʥʝ, ʢ ʢʦʪʦʨʳʤ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʯʠʩʪʦʪʝ ï ʪʘʢʠʤ ʢʘʢ ʧʦʣʠʥʦʨʙʦʨʥʝʥ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʱʝ ʚ 70-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʩʬʠ-

ʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ Ni(0), ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʙʝʟʘʣʢʠʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʃʴʶʠʩʘ, ʧʨʦʷʚʣʷ-

ʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʘʣʢʝʥʦʚ, ʯʝʤ ʩʠʩʪʝʤʳ ʥʘ ʦʩ-

ʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ Ni(II) ʠ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʟʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚ ʩʠʩʪʝʤʝ ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʪʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ Ni(I), ʢʦʪʦʨʳʝ ʚʳ-

ʧʦʣʥʷʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʥʠʟʰʠʭ ʦʣʝʬʠʥʦʚ.  

ʆʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʘʭ ɻ.ɺʠʣʢʝ ʧʦ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʙʫʪʘʜʠʝʥʘ ʢʦʥʮʝʧʮʠʷ çʛʦʣʦʛʦè 

ʥʠʢʝʣʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʦʪʝʢʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ 

ʥʠʢʝʣʷ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʤ ʦʢʨʫʞʝʥʠʠ. ʆʪʩʫʪʩʪʚʠʝ 

çʣʠʰʥʠʭè ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʜʘʚʘʷ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦ-

ʚʦʜʠʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩ ʫʯʘʩʪʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʢʘʪʘ-
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ʣʠʟʘʪʦʨʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, çʙʝʟʣʠʛʘʥʜʥʳʝè ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ 

ʣʠʥʝʡʥʳʭ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʦʣʝʬʠʥʦʚ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʙʳʣʠ ʤʘʣʦ ʠʟʫʯʝʥʳ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ çʙʝʟʣʠ-

ʛʘʥʜʥʳʭè ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʟʘʣʢʠʣʴʥʳʭ ʢʠʩʣʦʪ ʃʴʶʠʩʘ ʚ ʢʘ-

ʯʝʩʪʚʝ ʩʦʢʘʪʘʣʠʟʘʪʦʨʦʚ; ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʜʘʥʥʳʝ ʦ ʨʦʣʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʥʠʢʝʣʷ ʚ ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ çʙʝʟʣʠʛʘʥʜʥʳʭè ʢʘʪʘʣʠ-

ʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʨʘʟʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʘʭ ʘʢʪʠʚʘʮʠʠ ʠ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʠ çʙʝʟʣʠʛʘʜʥʳʭè ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʙʠʩ-

(1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ)ʥʠʢʝʣʷ(0)ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʦʣʝʬʠʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ɼʣʷ ʝʝ ʜʦʩʪʠʞʝʥʠʷ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

o ʠʟʫʯʠʪʴ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʧʨʠ ʘʢʪʠʚʘʮʠʠ Ni(COD)2 (COD ï 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ) ʧʦʩʨʝʜʩʪʚʦʤ ʙʝʟʘʣʢʠʣʴʥʦʡ 

ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ - BF3ĿOEt2;  

o ʠʩʩʣʝʜʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ çʙʝʟʣʠʛʘʥʜʥʦʡè ʩʠʩʪʝʤʳ Ni(COD)2/BF3ĿOEt2 ʚ ʨʝʘʢʮʠʷʭ 

ʧʨʝʚʨʘʱʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʣʠʥʝʡʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ; 

o ʠʩʩʣʝʜʦʚʘʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ Ŭ-ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

Ni(COD)2/BF3ĿOEt2 ʠ Ni(COD)2/MAO (MAO  ï ʤʝʪʠʣʘʣʶʤʦʢʩʘʥ); 

o ʠʩʩʣʝʜʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ Ni(COD)2/BF3ĿOEt2/L ʠ 

Ni(COD)2/MAO/L (L  ï Ŭ-ʜʠʠʤʠʥʦʚʳʡ ʣʠʛʘʥʜ) ʚ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ; 

o ʠʩʩʣʝʜʦʚʘʪʴ ʨʦʣʴ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʥʠʢʝʣʷ ʚ ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʠʢʝʣʴʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

o ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ Ni(COD)2 ʙʝʟ-

ʘʣʢʠʣʴʥʦʡ ʢʠʩʣʦʪʦʡ ʃʴʶʠʩʘ ï BF3ĿOEt2 ï ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʩʠʩʪʝʤʝ 

ʢʘʪʠʦʥʦʚ Ni(I), ʢʦʪʦʨʳʝ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʚ ʨʘʩʪʚʦʨʝ ʮʠʢʣʦʦʢʪʘʜʠʝʥʦʤ ʠ ʧʨʦʜʫʢ-

ʪʘʤʠ ʝʛʦ ʧʨʝʚʨʘʱʝʥʠʷ; 

o ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʠ [2+2]-ʮʠʢʣʦʜʠʤʝʨʠʟʘʮʠʠ COD ʠ ʘʜʜʠʪʠʚʥʦʡ ʧʦʣʠʤʝʨʠ-

ʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĿOEt2 ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʠʟʢʦʩʧʠʥʦʚʳʭ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ Ni(III); 

o ʧʦʢʘʟʘʥʦ, ʯʪʦ çʙʝʟʣʠʛʘʥʜʥʘʷè ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ Ni(COD)2/BF3ĿOEt2 ʧʨʦʷʚ-

ʣʷʝʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʝʚʨʘʱʝʥʠʠ ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ: ʚ ʘʪ-
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ʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʝʚʘʣʠʨʫʝʪ ʧʨʦʮʝʩʩ ʮʠʢʣʦʠʟʦʤʝʨʠʟʘʮʠʠ COD (ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ 

ʙʠʮʠʢʣʦ-[3,3,0]-ʦʢʪʝʥʫ-2 ʚʳʰʝ 99%); ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ ï ʧʨʦʮʝʩʩ [2+2]-

ʮʠʢʣʦʜʠʤʝʨʠʟʘʮʠʠ COD (ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʮʠʢʣʦʜʠʤʝʨʘʤ ʚʳʰʝ 70%; ʩʨʝʜʠ ʮʠʢ-

ʣʦʜʠʤʝʨʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʪʝʪʨʘʮʠʢʣʦ-[6,2,0,3
8,15

,3
10,14

]-ʛʝʢʩʘʜʝʮʝʥ-2 ï ʥʦʚʦʝ ʭʠʤʠʯʝ-

ʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ); 

o ʧʨʝʜʣʦʞʝʥʳ ʤʝʭʘʥʠʟʤʳ ʧʨʦʮʝʩʩʦʚ ʧʨʝʚʨʘʱʝʥʠʷ COD ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨ-

ʥʝʥʘ, ʚ ʢʦʪʦʨʳʭ ʢʣʶʯʝʚʳʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʷʚʣʷʶʪʩʷ ʢʘʪʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 

Ni(I) ʠ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ Ni(III); 

o ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʘʭ Ni(COD)2/BF3ĿOEt2 ʠ Ni(COD)2/MAO (MAO = ʤʝʪʠ-

ʣʘʣʶʤʦʢʩʘʥ), ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʘʢʞʝ ʦʙʨʘʟʫʶʪʩʷ 

ʩʦʝʜʠʥʝʥʠʷ Ni(I), ʢʦʪʦʨʳʝ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʚ ʨʘʩʪʚʦʨʝ ʮʠʢʣʦʦʢʪʘʜʠʝʥʦʤ ʠ ʜʠʠ-

ʤʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ; ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ Ni(0) ʚ ʩʠʩʪʝʤʝ Ni(COD)2/MAO/L (L  

ï ʜʠʠʤʠʥʦʚʳʡ ʣʠʛʘʥʜ) ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʩ Ni(0) ʥʘ ʜʠ-

ʠʤʠʥʦʚʳʡ ʣʠʛʘʥʜ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʠʩʩʦʮʠʘʮʠʝʡ ʂʇɿ ʥʘ ʢʘʪʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ Ni(I) 

ʠ ʘʥʠʦʥ-ʨʘʜʠʢʘʣ ʣʠʛʘʥʜʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʩ ʄɸʆ; 

o ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ 

Ni(COD)2/BF3ĿOEt2/L ʠ Ni(COD)2/MAO/L (L ï ʜʠʠʤʠʥʦʚʳʡ ʣʠʛʘʥʜ) ʚ ʢʘʯʝʩʪʚʝ ʢʘ-

ʪʘʣʠʟʘʪʦʨʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ; 

o ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʵʪʠʣʝʥʘ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʝʥʦʩʯʠʢʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʮʝʧʠ ʷʚʣʷʝʪʩʷ ʢʘʪʠʦʥʥʳʡ ʢʦʤ-

ʧʣʝʢʩ Ni(I) c ʜʠʠʤʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

o ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʳ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ 

Ni(COD)2/BF3ĿOEt2 ʚ ʨʝʘʢʮʠʷʭ ʮʠʢʣʦʠʟʦʤʝʨʠʟʘʮʠʠ ʠ [2+2]-ʮʠʢʣʦʜʠʤʝʨʠʟʘʮʠʠ 

COD ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ; 

o ʩʭʝʤʳ ʤʝʭʘʥʠʟʤʘ çʞʠʚʳʭè ʧʨʦʮʝʩʩʦʚ ʧʨʝʚʨʘʱʝʥʠʷ COD ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨ-

ʙʦʨʥʝʥʘ ʥʘ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĿOEt2, ʢʣʶʯʝʚʳʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʚ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʢʘʪʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ Ni(I) ʠ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ Ni(III );  

o ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʳ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ Ni(COD)2/BF3ĿOEt2 ʠ 

Ni(COD)2/MAO, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʚ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝ-

ʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ; 

o ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʣʠ ʩʦʝʜʠʥʝʥʠʡ Ni(I) ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʙʨʫʢ-

ʭʘʨʪʦʚʩʢʦʛʦ ʪʠʧʘ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ; 
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o ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʩ ʫʯʘʩʪʠʝʤ ʜʠʠʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Ni(I). 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥʘ çʙʝʟʣʠʛʘʥʜʥʘʷè ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

Ni(COD)2/BF3ĿOEt2, ʢʦʪʦʨʘʷ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚʩʝ ʦʧʠʩʘʥ-

ʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʦ ʮʠʢʣʦʠʟʦʤʝʨʠʟʘʮʠʠ ʠ [2+2]-

ʮʠʢʣʦʜʠʤʝʨʠʟʘʮʠʠ COD (ʇʘʪʝʥʪ ʈʌ ˉ2402513 ʦʪ 2010ʛ. ɹʶʣ. ˉ 30); ʵʪʘ ʩʠʩʪʝʤʘ ʷʚʣʷ-

ʝʪʩʷ ʪʘʢʞʝ ʚʳʩʦʢʦʘʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʘʜʜʠʪʠʚʥʦʡ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʡ ʧʦʣʠʤʝʨʠ-

ʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ; 

ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʠʤʠʥʦʚʳʝ ʣʠʛʘʥʜʳ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʢʘʪʘʣʠ-

ʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ Ni(COD)2/BF3ĿOEt2 ʠ Ni(COD)2/MAO ʜʣʷ ʧʨʠʜʘʥʠʷ ʠʤ ʩʚʦʡʩʪʚ ʢʘʪʘ-

ʣʠʟʘʪʦʨʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ; 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʩʭʝʤʳ ʧʨʦʮʝʩʩʦʚ ʚʘʞʥʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʝʚʨʘʱʝʥʠʠ ʣʠʥʝʡʥʳʭ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʦʣʝʬʠʥʦʚ ʥʘ 

ʥʠʢʝʣʴʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʜʠʟʘʡʥʘ ʥʦʚʳʭ ʢʘʪʘʣʠʪʠ-

ʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʣʝʢʮʠʦʥʥʳʭ ʠ ʧʨʘʢ-

ʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ çʄʦʣʝʢʫʣʷʨʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷè ʠ çʉʧʝʢʪʨʘʣʴʥʳʝ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘè ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʀɻʋ. 

ʈʘʙʦʪʳ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʩʣʝʜʫʶʱʠʭ ʛʨʘʥʪʦʚ: 

o ʛʨʘʥʪ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʌʎʇ 

"ʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠ" ʥʘ 2009-2013 

ʛʛ., ʉʦʛʣʘʰʝʥʠʝ ˉ14.ɺ37.21.0802 ʦʪ 31 ʘʚʛʫʩʪʘ 2012 ʛ. ʧʦ ʪʝʤʝ çʕʣʝʢʪʨʦʥʥʳʝ ʧʝ-

ʨʝʥʦʩʳ ʚ ʢʦʤʧʣʝʢʩʘʭ Ni(I) ʩ ʜʠʠʤʠʥʦʚʳʤʠ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠè, ʩʨʦʢʠ 

ʚʳʧʦʣʥʝʥʠʷ: 2012-2013 ʛʛ. (ʈʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʭ.ʥ., ʧʨʦʬ. ʉʘʨʘʝʚ ɺ.ɺ.); 

o ʛʨʘʥʪ ʈʌʌʀ ˉ 12-03-31379\12 ʦʪ 16.10.2012 çʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠʤʠʥʦ-ʘʤʠʜʥʳʭ ʘʣʣʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ- ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʪʘ-

ʣʠʟʘʪʦʨʦʚ ʧʨʝʚʨʘʱʝʥʠʡ ʥʝʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚè, ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ: 2012-

2013 ʛʛ. (ʈʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʭ.ʥ., ʜʦʮ. ʂʨʘʡʢʠʚʩʢʠʡ ʇ.ɹ.); 

o ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ ˉ 14.740.11.0619 ʦʪ 05 ʦʢʪʷʙʨʷ 2010 ʛ. ʚ ʨʘʤʢʘʭ ʌʎʇ 

"ʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠ" ʥʘ 2009-2013 

ʛʛ. ʧʦ ʪʝʤʝ çʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ, ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ï ʧʨʝʢʫʨʩʦʨʦʚ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 
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ʧʨʝʚʨʘʱʝʥʠʡ ʦʣʝʬʠʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚè, ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ: 2010-2012 ʛʛ. (ʈʫ-

ʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʭ.ʥ., ʧʨʦʬ. ʉʘʨʘʝʚ ɺ.ɺ.); 

o ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ ˉ ʇ732 ʦʪ 20 ʤʘʷ 2010 ʛ. ʚ ʨʘʤʢʘʭ ʌʎʇ "ʅʘʫʯʥʳʝ ʠ 

ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠ" ʥʘ 2009-2013 ʛʛ. ʧʦ ʪʝʤʝ 

çʈʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʭ ʥʠʢʝʣʴʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʩʠʥʪʝʟʘ 

ʮʠʢʣʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʠʯʝʩʢʠʭ ʜʠʝʥʦʚ ʠ ʘʣʢʠʥʦʚè, ʩʨʦʢʠ ʚʳ-

ʧʦʣʥʝʥʠʷ: 2010-2012 ʛʛ. (ʈʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʭ.ʥ., ʧʨʦʬ. ʉʘʨʘʝʚ ɺ.ɺ.); 

o ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʛʨʘʥʪ ʈʌʌʀ-ɸʌɻʀʈ ˉ 07-03-91123 (RUC1-2862-IR-07 ʦʪ 

12.07.2007) çʈʦʣʴ ʯʘʩʪʠʮ Ti(III) ʠ Ni(I) ʚ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʧʦ-

ʣʠʤʝʨʠʟʘʮʠʠ ʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚè, ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ: 2007-2009 ʛʛ. (ʈʫ-

ʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʭ.ʥ., ʧʨʦʬ. ʉʘʨʘʝʚ ɺ.ɺ.) 

o ʛʨʘʥʪ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʀɻʋ ˉ111-13-207 (ʇʨʠʢʘʟ ˉ506 ʦʪ 01.11.2013 ʛ.) (ʈʫ-

ʢʦʚʦʜʠʪʝʣʴ: ʇʝʪʨʦʚʩʢʠʡ ʉ.ʂ.) 

o ʛʨʘʥʪ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʀɻʋ ˉ091-14-213 (ʇʨʠʢʘʟ ˉ 569 ʦʪ 16.10.2014 ʛ.) 

(ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʝʪʨʦʚʩʢʠʡ ʉ.ʂ.) 

o ʛʨʘʥʪ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʀɻʋ ˉ 091-15-216 (ʇʨʠʢʘʟ ˉ702 ʦʪ 13.11.2015 ʛ.) 

(ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʝʪʨʦʚʩʢʠʡ ʉ.ʂ.) 

o ʛʨʘʥʪ ʈʌʌʀ ˉ 16-33-00512 ʦʪ 24.06.2015 çʀʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘ-

ʮʠʠ ʵʪʠʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʩ 

ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘè (ʈʫʢʦʚʦʜʠʪʝʣʴ: 

ʇʝʪʨʦʚʩʢʠʡ ʉ.ʂ.) 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʩʠʣʫ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʠ ʩʦʝʜʥʠʥʝʡ ʥʠʢʝʣʷ ʚ ʥʠʟʢʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʩʦʝʜʠ-

ʥʝʥʠʡ ʙʦʨʘ ʠ ʘʣʶʤʠʥʠʷ) ʢ ʢʠʩʠʣʦʨʦʜʫ ʠ ʚʣʘʛʝ ʚʦʟʜʫʭʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʧʝʨʘʮʠʠ ʧʨʦ-

ʠʟʚʦʜʠʣʠʩʴ ʚ ʠʥʝʨʥʪʦʡ ʩʨʝʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʨʛʦʥ-ʚʘʢʫʫʤʥʦʡ ʰʣʝʥʢ-ʣʠʥʠʠ.  

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʢʝʣʷ ʚ ʨʘʩʪʚʦʨʝ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʤʝʪʦʜʳ ʕʇʈ ʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʂʦʥʪʨʦʣʴ ʧʨʝʚʨʘʱʝʥʠʷ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʚʝʣʠ ʩ ʧʦʤʦʱʴʶ ɻɾʍ; ʘʥʘʣʠʟ ʧʨʦʜʫʢ-

ʪʦʚ ʝʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (
1
H, 

13
C, ʢʦʨ-

ʨʝʣʷʮʠʦʥʥʳʝ ʤʝʪʦʜʳ), ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɸʥʘʣʠʟ ʧʦʣʠʥʦʨʙʦʨʥʝʥʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʀʂ ʠ ʗʄʈ (
1
H, 

13
C) 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʝʪʦʜʘ ɼʉʂ; ʠʟʤʝʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ ʚ ʭʦʜʝ ʢʘʪʘʣʠ-

ʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʵʪʠʣʝʥʘ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʨʝʘʢʪʦ-

ʨʘ-ʘʚʪʦʢʣʘʚʘ, ʩʥʘʙʞʝʥʥʦʛʦ ʜʘʪʯʠʢʦʤ ʨʘʩʭʦʜʘ ʵʪʠʣʝʥʘ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 36 

ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 10 ʩʪʘʪʝʡ ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ, 2 ʧʘʪʝʥʪʘ ʥʘ ʠʟʦʙʨʝ-

ʪʝʥʠʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

o XLVII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʅʦʚʦʩʠʙʠʨʩʢ, 2009; 

o VIII International Conference ñMechanisms of Catalytic Reactionsò, Novosibirsk, 2009; 

o ʍ1ʍ ʄʝʥʜʝʣʝʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2009. 

o ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʤʝ-

ʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚè, ʏʝʨʥʦʛʦʣʦʚʢʘ, 2008 

o IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ 

çʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ ʍʍ1 ʚʝʢʝè, ʊʦʤʩʢ, 2008. 

o XIII ʄʦʣʦʜʝʞʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠ-

ʤʠʠè, ʅʦʚʦʩʠʙʠʨʩʢ, 2010 

o XII ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝ-

ʥʳʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ XXI ʚʝʢʝè, 

ʊʦʤʩʢ, 2011. 

o III  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʤʦʣʦʜʝʞʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʍʠʤʠʷ ʧʦʜ ʟʥʘʢʦʤ 

ʉʀɻʄɸ: ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʥʥʦʚʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʠè, ʆʤʩʢ, 2012 

o VI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠ-

ʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠè, ʄʦʩʢʚʘ, 2012 

o XXV ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʬʠʟʠʢʘè, ʊʫʘʧʩʝ, 2013 

o III School for young scientists "Magnetic Resonance and Magnetic Phenomena in 

Chemical and Biological Physics, Novosibirsk, 2014 

o V ʩʝʤʠʥʘʨ ʧʘʤʷʪʠ ʧʨʦʬʝʩʩʦʨʘ ʖ.ʀ.ɽʨʤʘʢʦʚʘ çʄʦʣʝʢʫʣʷʨʥʳʡ ʜʠʟʘʡʥ ʢʘʪʘʣʠʟʘʪʦ-

ʨʦʚ: ʦʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʨʠʣʦʞʝʥʠʷʤè, ʅʦʚʦʩʠ-

ʙʠʨʩʢ, 2015 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ.  

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ. ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩʠʥʪʝʟ ʠ ʚʳʜʝʣʝʥʠʝ ʚʩʝʭ ʫʧʦʤʷʥʫ-

ʪʳʭ ʚ ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ, ʜʠʠʤʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ, ʧʨʦʚʦʜʠʣʘʩʴ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʀʂ-ʩʧʝʢʪʨʦʚ. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠ ʗʄʈ-ʩʧʝʢʪʨʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 
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ʧʨʝʚʨʘʱʝʥʠʶ ʥʦʨʙʦʨʥʝʥʘ ʠ COD ʥʘ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĿOEt2 ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪ-

ʥʦ ʩ ʂʨʘʡʢʠʚʩʢʠʤ ʇ.ɹ.  

ɸʚʪʦʨʦʤ ʚʳʧʦʣʥʷʣʠʩʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʟʫʯʝʥʠʝʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ 

ʥʠʢʝʣʷ ʩ ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʚʢʣʶʯʘʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʦʧʳʪʳ ʧʦʜ ʜʘʚʣʝʥʠʝʤ).  

ɺʳʙʦʨ ʪʝʤʘʪʠʢʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʨʘʙʦʪʳ, ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʷ ʩʧʝʢʪʨʦʚ ʕʇʈ, ʘ ʪʘʢʞʝ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ ʤʘ-

ʪʝʨʠʘʣʦʚ ʜʣʷ ʧʫʙʣʠʢʘʮʠʡ ʚʳʧʦʣʥʝʥʦ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. ʚʳʧʦʣʥʝʥʳ 

ʩʦʚʤʝʩʪʥʦ ʩ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʜʠʠʤʠʥʦʚʳʭ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩʦʚʤʝʩʪʥʦ ʩ 

ɻʫʨʠʥʦʚʠʯ ʅ.ʉ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ, 

ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʇʝʨʚʘʷ ʛʣʘʚʘ ʚʢʣʶʯʘʝʪ ʣʠ-

ʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʣʦʞʠʚʰʠʭʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘ ʩʝʛʦʜʥʷʰ-

ʥʠʡ ʜʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʪʦʜʘʭ ʘʢʪʠʚʘʮʠʠ ʛʦʤʦʛʝʥʥʳʭ ʥʠʢʝʣʴʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠ-

ʟʘʪʦʨʦʚ ʧʨʝʚʨʘʱʝʥʠʷ ʥʝʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʤʝʭʘʥʠʟʤʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ; ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʝʚʨʘʱʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʦʣʝʬʠʥʦʚ. ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʠʟʣʘʛʘʶʪʩʷ ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠ-

ʪʫ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʊʨʝʪʴʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʤʝ-

ʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, 

ʦʯʠʩʪʢʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ, ʚʳʜʝʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ. ɺ 

ʢʦʥʮʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠʤʝʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʥʝʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʜʘʥʥʳʝ: ʩʧʝʢʪʨʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʧʨʝʚʨʘ-

ʱʝʥʠʷ COD; ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʪʘʙʣʠʮʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʝʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦ-

ʚʝ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʩ ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʜʦʙʩʪʚʘ ʯʠʪʘʪʝʣʷ ï ʪʘʙ-

ʣʠʮʳ ʩʦʢʨʘʱʝʥʠʡ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʧʝʢʪʨʦʚ ʕʇʈ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 145 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʷ 3 ʪʘʙʣʠ-

ʮ  rʠ 85 ʨʠʩʫʥʢʦʚ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠ-

ʪʝʨʘʪʫʨʳ (265 ʠʩʪʦʯʥʠʢʦʚ). ʇʨʠʣʦʞʝʥʠʝ ʟʘʥʠʤʘʝʪ 14 ʩʪʨʘʥʠʮ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʜʝʨʞʠʪ 3 ʪʘʙʣʠʮʳ ʠ 9 ʨʠʩʫʥʢʦʚ. ɺʩʝ ʨʠʩʫʥʢʠ ʠ ʩʭʝʤʳ ʠʤʝʶʪ ʩʢʚʦʟ-

ʥʫʶ ʥʫʤʝʨʘʮʠʶ. 
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ɻʃɸɺɸ I . ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀʉʉʃɽɼʆɺɸʅʀʁ ʇʈʀʈʆɼʓ 

ɸʂʊʀɺʅʆʉʊʀ ʅʀʂɽʃʔʂʆʄʇʃɽʂʉʅʓʍ ʂɸʊɸʃʀɿɸʊʆʈʆɺ 

(ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ) 

1.1. ʈʝʪʨʦʩʧʝʢʪʠʚʘ ʨʘʟʚʠʪʠʷ ʥʠʢʝʣʴʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʘʣʠʟʘ ʚ ʧʨʝʚʨʘʱʝʥʠʠ 

ʦʣʝʬʠʥʦʚ 

ɺʘʞʥʝʡʰʝʡ ʚʝʭʦʡ ʚ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʪʘʣʠ 

ʨʘʙʦʪʳ ʂ. ʎʠʛʣʝʨʘ ʠ ɼʞ. ʅʘʪʪʳ, ʧʨʠʚʝʜʰʠʝ ʢ ʙʳʩʪʨʦʡ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦ-

ʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʧʦʣʠʦʣʝʬʠʥʦʚ ʙʦʣʴʰʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ. [1-4] ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʵʪʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʦ ʦʪʢʨʳʪʦ ʷʚʣʝ-

ʥʠʝ, ʧʦʣʫʯʠʚʰʝʝ ʥʘʟʚʘʥʠʝ çʥʠʢʝʣʴ-ʵʬʬʝʢʪʘè ï ʷʚʣʝʥʠʝ ʩʥʠʞʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ 

ʧʨʦʜʫʢʪʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʚʧʣʦʪʴ ʜʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʫʪʝʥʦʚ) ʧʨʠ 

ʫʩʣʦʚʠʠ ʥʘʣʠʯʠʷ ʩʦʝʜʠʥʝʥʠʡ ʥʠʢʝʣʷ ʚ ʩʠʩʪʝʤʝ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʝʜʠʥʝʥʠʷ ʥʠʢʝʣʷ 

ʦʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʝʚʨʘʱʝʥʠʷ ʥʝʥʘ-

ʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʟʘʨʦʞʜʝʥʠʝʤ ʥʦʚʳʭ ʉ-ʉ ʩʚʷʟʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʠʢʝʣʴʢʦʤʧʣʝʢʩʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʦʮʝʩʩʦʚ ʧʦʣʠ-, ʦʣʠʛʦ- ʠ 

ʠʟʦʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʠʚʣʝʢʘʶʪ 

ʚʥʠʤʘʥʠʝ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɺ ʪʝʢʫʱʝʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʠʟ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ.  

 

1.1.1. ʆʣʠʛʦ- ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʵʪʠʣʝʥʘ 

ʀʩʪʦʨʠʯʝʩʢʠ ʩʦʝʜʠʥʝʥʠʷ ʥʠʢʝʣʷ ʟʘʥʷʣʠ ʥʠʰʫ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ [5,6], ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʜʚʘ ʧʨʦʮʝʩʩʘ ï Shell Higher Olefin Pro-

cess (SHOP) [7,8], ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʣʠʥʝʡʥʳʝ Ŭ-ʦʣʝʬʠʥʳ, ʠ Dimersol Process [9], 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʜʠʤʝʨʠʟʘʮʠʶ ʧʨʦʧʠʣʝʥʘ ʠ ʥ-ʙʫʪʝʥʘ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʜʦ ʩʠʭ ʧʦʨ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʪʘʢ, ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʠʥʝʡʥʳʭ Ŭ-

ʦʣʝʬʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SHOP-ʧʨʦʮʝʩʩʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 1 

ʤʠʣʣʠʦʥʘ ʪʦʥʥ ʚ ʛʦʜ, ʧʨʠʪʦʤ ʚ 2013 ʛʦʜʫ ʙʳʣʦ ʠʟʚʝʩʪʥʦ ʦ ʧʣʘʥʘʭ Shell ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʥʦʚʦʛʦ ʟʘʚʦʜʘ ʥʘ 200000 ʪʦʥʥ ʚ ʛʦʜ [10]. 

ɺʧʝʨʚʳʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ ʩ ʘʤʠʥʦ-ʙʠʩ-(ʠʤʠʥʦ)-ʬʦʩʬʦʨʘʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʙʳʣʘ ʦʧʠʩʘ-

ʥʘ ɺ. ʂʘʡʤʦʤ [11] (ʢʦʤʧʣʝʢʩ 1, ʨʠʩ. 1). ʊʘʢʞʝ ʂʘʡʤʦʤ ʯʫʪʴ ʧʦʟʞʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʩ 

ʭʝʣʘʪʥʳʤʠ P̂ O ʣʠʛʘʥʜʘʤʠ (ʬʘʢʪʠʯʝʩʢʠ, ʘʥʘʣʦʛʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʜʣʷ SHOP-
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ʧʨʦʮʝʩʩʘ) [12]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʩʦ ʩʪʝʨʠʯʝʩʢʠ ʦʙʲʝʤ-

ʥʳʤʠ ʭʝʣʘʪʥʳʤʠ P^O ʣʠʛʘʥʜʘʤʠ ʧʦʣʫʯʠʣʦ ʨʘʟʚʠʪʠʝ ʚ ʨʘʙʦʪʘʭ ʂʣʘʙʫʥʜʝ ʩ ʩʦʘʚʪʦʨʘʤʠ 

[13], ʬʘʢʪʠʯʝʩʢʠ ʧʦʣʦʞʠʚ ʥʘʯʘʣʦ ʨʘʟʚʠʪʠʶ ʮʝʣʦʛʦ ʩʝʤʝʡʩʪʚʘ [14-16] ʥʝʡʪʨʘʣʴʥʳʭ ʢʘ-

ʪʘʣʠʟʘʪʦʨʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ, ʪʦʣʝʨʘʥʪʥʳʭ ʢ ʧʦʣʷʨʥʳʤ ʤʦʣʝʢʫʣʘʤ (ʚʩʣʝʜʩʪʚʠʝ 

ʤʝʥʴʰʝʛʦ ʩʨʦʜʩʪʚʘ ʥʠʢʝʣʷ ʢ ʢʠʩʣʦʨʦʜʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʥʠʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣ-

ʣʘʤʠ). ʕʪʠ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʧʦʩʦʙʥʳ, ʚʦ-ʧʝʨʚʳʭ, ʩʦʧʦʣʠʤʝʨʠʟʦʚʘʪʴ ʵʪʠʣʝʥ ʩ ʧʦʣʷʨʥʳʤʠ 

ʩʦʤʦʥʦʤʝʨʘʤʠ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʧʦʣʷʨʥʳʭ ʩʨʝʜʘʭ ï ʚʧʣʦʪʴ ʜʦ ʧʦʣʠʤʝ-

ʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʣʘʪʝʢʩʦʚ [17-21]. ɺʘʞ-

ʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ ʥʝʡʪʨʘʣʴʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚ 

ʥʠʭ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʣʦʚʫʰʢʘ ʜʣʷ ʬʦʩʬʠʥʦʚ, ʭʦʪʷ ʠ ʦʥʘ ʥʝ ʚʩʝʛʜʘ 

ʦʙʷʟʘʪʝʣʴʥʘ). ʆʜʥʘʢʦ, ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚʩʝ ʝʱʝ ʤʝʰʘʶʪ ʥʝ ʩʘʤʳʝ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ (TON) ʵʪʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʦʩʦʙʝʥʥʦ ï ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʘʢʦʛʦ ʪʠʧʘ, ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1 (ʢʦʤʧʣʝʢʩ 2).    

 

ʈʠʩ. 1. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʥʠʢʝʣʝʚʳʭ ʧʨʝʜʰʝʩʚʝʥʥʠʢʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ (TMS = 

SiMe3) 

 ɺ ʩʨʝʜʠʥʝ 1990ʭ ʛʦʜʦʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʛʦʤʦ- ʠ ʩʦʧʦʣʠʤʝ-

ʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʠ ʧʘʣʣʘʜʠʷ ʩ ʜʠʠʤʠʥʦʚʳʤʠ ʠ 

ʙʠʩ(ʠʤʠʥʦ)ʧʠʨʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ [22-27] ï ʚ ʜʘʣʴʥʝʡʰʝʤ ʵʪʠ ʩʠʩʪʝʤʳ ʧʦʣʫʯʠʣʠ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʚʘʥʠʝ çʢʘʪʘʣʠʟʘʪʦʨʳ ɹʨʫʢʭʘʨʪʘè. ʂʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ ʠʣʠ ʧʘʣʣʘʜʠʷ (ʨʠʩ. 

1, ʢʦʤʧʣʝʢʩ 3), ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (ʢʘʢ ʧʨʘʚʠʣʦ, 

ʄɸʆ), ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ. ɺʘʞʥʳʤʠ ʜʦʩʪʦʠʥ-

ʩʪʚʘʤʠ ʵʪʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʨʘʟʚʝʪʚ-

ʣʝʥʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ ʧʦʣʠʤʝʨʘ ʠ ʝʛʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʪʨʦʝ-

ʥʠʷ ʘʟʦʪʥʦʛʦ ʣʠʛʘʥʜʘ, ʘ ʪʘʢʞʝ ʯʨʝʟʚʳʯʘʡʥʦ ʤʷʛʢʠʝ ʜʣʷ ʨʝʘʢʮʠʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ 

ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [27], ʵʪʠ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʤʳʰ-

ʣʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʥʦʚʦʛʦ ʪʠʧʘ ï ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ 
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ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʅʝʢʦʪʦʨʳʡ ʥʝʜʦʩʪʘʪʦʢ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ (ʚ ʩʨʝʜʥʝʤ Al:Ni ʦʢʦʣʦ 

1000) ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʘʢʪʠʚʥʦʩʪʝʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʜʦʨʦʞʘʝʪ ʢʘʪʘʣʠ-

ʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ (ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʩ ʩʠʩʪʝʤʘʤʠ ʎʠʛʣʝʨʘ-ʅʘʪʪʘ). ʇʦ-

ʣʫʯʝʥ ʨʷʜ ʧʘʪʝʥʪʦʚ [23-25] ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩ ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʦʤʧʘʥʠʠ 

DuPont. 

 

1.1.2. ʇʨʝʚʨʘʱʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʜʠʝʥʦʚ 

ʎʠʢʣʠʯʝʩʢʠʝ ʦʣʝʬʠʥʳ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ï ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʷʚʣʷʶʪʩʷ 

ʮʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʝʢʘʨ-

ʩʪʚʝʥʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ, 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʮʠʢʣʦʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʦʣʝʬʠʥʦʚ, ʷʚʣʷʶʪʩʷ ʩʪʘʨʪʦʚʳʤʠ ʨʝʘʛʝʥ-

ʪʘʤʠ ʚ ʨʷʜʝ ʪʦʥʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʥʪʝʟʦʚ [6,28,29].  

ʈʘʩʢʨʳʪʠʝ ʚʥʫʪʨʝʥʥʠʭ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʦʣʝʬʠʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʦ-

ʯʝʪʘʥʠʷ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʜʚʫʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʤʩʷ ʨʝʘʢʮʠʷʤ ï ʬʦʨʤʠ-

ʨʦʚʘʥʠʶ ʣʠʥʝʡʥʦʡ ʮʝʧʠ, ʩʦʜʝʨʞʘʱʝʡ ʮʠʢʣʠʯʝʩʢʠʝ ʟʚʝʥʴʷ ʠ ʮʠʢʣʦʩʦʯʝʪʘʥʠʶ ʦʣʝʬʠʥʘ, 

ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ([2+n] ʧʨʠʩʦʝʜʠ-

ʥʝʥʠʝ). ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʮʠʢʣʦʦʣʝʬʠʥʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʚʥʫʪʨʝʥʥʠʝ ʜʚʦʡʥʳʝ ʩʚʷʟʠ ʤʘʣʦʘʢʪʠʚʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʥʠʮʠʘʪʦʨʘʤ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ.  

ʅʘʠʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤ ʠ ʠʟʫʯʝʥʥʳʤ ʚ ʨʝʘʢʮʠʷʭ ʮʠʢʣʦʩʦʯʝʪʘʥʠʷ ʤʦʥʦ-

ʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʥʦʨʙʦʨʥʘʜʠʝʥ. ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʫʧʦʤʠʥʘʥʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʤʝʨʘ ʥʦʨ-

ʙʦʨʥʘʜʠʝʥʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʨʘ-

ʙʦʪʘ [30], ʚ ʢʦʪʦʨʦʡ ʘʚʪʦʨʘʤʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʞʝʣʝʟʘ ʩ ʥʦʨʙʦʨʥʘʜʠʝʥʦʤ, ʚʳʩʪʫʧʘʶʱʝʛʦ ʚ ʨʦʣʠ ʙʠʜʝʥʪʘʥʪʥʦʛʦ ʣʠʛʘʥʜʘ, ʧʨʦʪʝ-

ʢʘʶʱʘʷ ʩ ʟʘʤʝʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʠ ʬʦʪʦʘʢʪʠʚʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ. ɹʦʣʝʝ 

ʜʝʪʘʣʴʥʦ ʵʪʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʠ ʧʨʦʜʫʢʪʳ ʮʠʢʣʦʜʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʘʜʠʝʥʘ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ [31], ʛʜʝ ʚ ʘʥʘʣʦʛʠʯʥʳʭ [30] ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʳ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʥʘʩʳʱʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʜʚʫʢʨʘʪʥʦʛʦ [2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ.  

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʫʶ ʘʢ-

ʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʮʠʢʣʦʜʠʤʝʨʠʟʘʮʠʠ ʠ ʮʠʢʣʦʪʨʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʘʜʠʝʥʘ. ɺ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ(II), ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʩʬʠʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ [2+2] ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ; ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʘʢʪʠʚʥʦ 
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ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ. [32]. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʜʣʷ 

ʘʢʪʠʚʘʮʠʠ (n-Bu3P)2NiBr2 ʚ ʢʘʯʝʩʪʚʝ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʪʨʠʡʙʦʨʛʠʜʨʠʜ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʢʨʘʪʥʦʤʫ ʠʟʙʳʪʢʫ ʩʦ-

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʘʜʘʝʪ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʙʦʣʝʝ ʤʷʛʢʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʠʥʢʘ, ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʮʠʢʣʦʜʠ-

ʤʝʨʠʟʘʮʠʠ ʧʦʚʳʰʘʝʪʩʷ [33]. ɿʥʘʯʠʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠ-

ʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʘʣʣʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʙʝʟ 

ʫʯʘʩʪʠʷ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ [34,35]. ʀʤʝʥʥʦ ʵʪʠ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʩ ʚʳʩʦʢʠʤ 

ʚʳʭʦʜʦʤ ʧʨʦʜʫʢʪʳ [2+2] ʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ʅʦʨʙʦʨʥʘʜʠʝʥ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʳʤ ʮʠʢʣʦʦʣʝʬʠʥʦʤ ʚ ʩʠʣʫ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʡ ʩʪʝʨʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʝʛʦ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ. ʆʜʥʘʢʦ ʞʝ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʷ 

ʮʠʢʣʦʩʦʯʝʪʘʥʠʷ ʮʠʢʣʦʦʣʝʬʠʥʦʚ ʧʦ ʩʭʝʤʝ [2+2] ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ 

ʷʚʣʷʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʦʙʣʝʤʥʦʡ.  

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʮʠʢʣʦʦʣʝʬʠʥʦʚ ʧʨʦʜʫʢʪʳ ʠʭ ʮʠʢʣʦʩʦʯʝʪʘʥʠʷ ʧʦʣʫʯʘʶʪ ʢʣʘʩʩʠ-

ʯʝʩʢʠʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʠʥʪʝʟʘʤʠ, ʧʫʪʝʤ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʣʠʙʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʦʩʦʯʝʪʘʥʠʷ ʭʘʨʘʪʝʨʠʟʫʶʪʩʷ ʢʨʘʡʥʝ ʤʘʣʳʤʠ ʚʳʭʦʜʘʤʠ. 

[36,37]. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʚʝʩʴʤʘ ʦʩʪʨʦ ʩʪʦʠʪ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʪʘʢʦʛʦ ʠʟʚʝʩʪʥʦʛʦ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʤʦʥʦʤʝʨʘ ʢʘʢ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ. ɺ 

ʨʘʙʦʪʝ [9] ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʮʠʢʣʦʦʢʪʘ-

ʜʠʝʥʘ ʥʘ ʘʣʣʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʥʠʢʝʣʷ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʛʘʣʦʛʝʥʠʜʘʤʠ ʘʣʶʤʠʥʠʷ. ʇʦ-

ʣʫʯʝʥʳ ʧʨʦʜʫʢʪʳ ʜʠʤʝʨʠʟʘʮʠʠ COD: ʙʠʮʠʢʣʦ[3,3,0]-ʦʢʪʝʥ ʠ 1,3-ʮʠʢʣʦʦʢʪʘʜʠʝʥ (ʈʠʩ. 

2).  

 

ʈʠʩ. 2. ʀʟʦʤʝʨʠʟʘʮʠʷ COD, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʘʣʣʠʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʥʠʢʝʣʷ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʙʠʮʠʢ-

ʣʦ[3,3,0]-ʦʢʪʝʥʫ (ʚʳʭʦʜ ʜʦ 96%). ʆʜʥʘʢʦ, ʝʩʣʠ ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʠʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠ-

ʤʝʪʠʣʬʦʩʬʠʥʘ, ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʜʦ 93% ʚʳʭʦʜ 1,3-ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ.  
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1.1.3. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʥʦʨʙʦʨʥʝʥʘ 

ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʦʣʝʬʠʥʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ. ʉʨʝʜʠ ʚʩʝʭ ʮʠʢʣʦʣʝʬʠʥʦʚ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʨʦʮʝʩʩʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ. [38-40] ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʵʪʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʢʘʢ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʮʠʢʣʦʦʣʝʬʠʥʦʚ, ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦ ʤʥʦʞʝʩʪʚʫ ʨʘʟʣʠʯʥʳʭ ʧʫʪʝʡ. ʅʘ ʨʠʩ. 3 

ʠʟʦʙʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʤʘʨʰʨʫʪʳ ʵʪʦʡ ʨʝʘʢʮʠʠ. 

 

ʈʠʩ. 3. ʈʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ. 

ʅʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʤʝʪʘʪʝʟʠʩʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩ ʨʘʩʢʨʳʪʠʝʤ 

ʮʠʢʣʘ (ROMP). [41] ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʢʦʤʧʣʝʢʩʘʤʠ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʪʠʪʘʥʘ, ʪʘʥʪʘʣʘ, ʤʦʣʠʙʜʝʥʘ 

ʠ ʚʦʣʴʬʨʘʤʘ [39-41]. ʄʝʭʘʥʠʟʤ ROMP ʩʭʦʞ ʩ ʤʝʭʘʥʠʟʤʦʤ ʤʝʪʘʪʝʟʠʩʘ ʦʣʝʬʠʥʦʚ ʠ ʝʛʦ 

ʢʣʶʯʝʚʳʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʩʣʫʞʘʪ ʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʇʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ ʮʠʢʣʦʩʦʜʝʨʞʘʱʠʡ ʧʦʣʠʤʝʨ, ʠʤʝʶʱʠʡ ʜʚʦʡʥʳʝ ʩʚʷʟʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʥ ʷʚʣʷʝʪʩʷ ʣʝʛʢʦ ʩʰʠʚʘʝʤʳʤ (ʚʫʣʢʘʥʠʟʠʨʫʝʤʳʤ) ʧʦʣʠʤʝʨʦʤ. 

ʇʦʣʠʥʦʨʙʦʨʥʝʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ROMP ʧʨʦʮʝʩʩʘ, ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʵʣʘʩʪʦʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʚʠʙʨʦ- ʠ ʰʫʤʦʠʟʦʣʷʮʠʠ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʨʝʟʚʳʯʘʡʥʦ ʵʬʬʝʢʪʠʚʥʳʭ ʜʣʷ 

ʩʙʦʨʘ ʥʝʬʪʷʥʳʭ ʧʷʪʝʥ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ.  

ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʥʦʨʙʦʨʥʝʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʥʠʮʠʘʪʦʨʦʚ ʢʘʪʠʦʥʥʳʭ ʠ 

ʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟʫʯʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ 
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ʥʦʨʙʦʨʥʝʥ ʪʘʢʠʭ ʠʥʠʮʠʘʪʦʨʦʚ, ʢʘʢ AlEtCl2 [42.43], ʘʟʦ-ʙʠʩ-ʠʟʦ-ʙʫʪʠʨʦʥʠʪʨʠʣ (ɼɸʂ) ʠ 

ʧʝʨʦʢʩʦʵʬʠʨʳ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ [43.44] ʧʨʠʚʦʜʷʪ ʢ ʝʛʦ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʡ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ ʩ ʥʠʟʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʦʡ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ ʩ 2,7-ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʤʦʥʦʤʝʨʘ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʮʠʨʢʦʥʠʷ ʩ ʠʥʜʦʣʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʦʣʫʯʘʝʪʩʷ 

ʘʜʜʠʪʠʚʥʳʡ ʧʦʣʠʤʝʨ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʟʚʝʥʴʷ, ʩʚʷʟʘʥʥʳʡ ʯʝʨʝʟ 2 ʠ 7 

ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ [45,46]. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʮʠʨʢʦʥʠʷ ʩ Ů-ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʮʠʨʢʦʥʠʷ ʚ ʧʦʣʦʞʝʥʠʝ 7 

ʥʦʨʙʦʨʥʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʨʠʩ. 4). ɼʘʥʥʫʶ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʘʚʪʦʨʳ ʥʘʟʳʚʘʶʪ 

ʤʝʪʘʪʝʟʠʩʦʤ ů-ʩʚʷʟʠ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʣʠʤʝʨ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

ʩʦʭʨʘʥʷʷ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʘʜʜʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ, ʦʥ ʧʨʦʷʚʣʷʝʪ ʦʯʝʥʴ 

ʙʦʣʴʰʫʶ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ (ʚʧʣʦʪʴ ʜʦ 350-400Áʉ). ʕʪʠ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʘ ʘʚʪʦʨʳ 

ʩʚʷʟʳʚʘʶʪ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʩʦʙʦʡ çʛʝʣʠʦʧʦʜʦʙʥʦʡè ʩʪʨʫʢʪʫʨʳ [46]. 

 

ʈʠʩ. 4. ʄʝʪʘʪʝʟʠʩ ů-ʩʚʷʟʠ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʥʘ ʮʠʨʢʦʥʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ [45] 

ʅʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʷʚʣʷʝʪʩʷ ʘʜʜʠʪʠʚʥʘʷ (ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʘʷ ʚʠʥʠʣʴʥʦʡ) 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ [38-40, 47, 48]. ʇʦʣʫʯʘʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʠʤʝʨʳ 

ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʠ ʧʨʝʣʦʤʣʷʶʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ), ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʕʪʠ 

ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʜʜʠʪʠʚʥʦʤʫ ʧʦʣʠʥʦʨʙʦʨʥʝʥʫ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʢʨʳʪʠʡ 

ʩʝʥʩʦʨʥʳʭ ʵʢʨʘʥʦʚ, ʦʧʪʠʢʠ. 

ʃʠʥʝʡʥʦʝ ʩʦʯʝʪʘʥʠʝ ʥʦʨʙʦʨʥʝʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʩʥʦʚʥʦʡ ʣʠʥʝʡʥʦʡ ʮʝʧʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʚ ʢʘʯʝʩʪʚʝ ʙʦʢʦʚʳʭ ʦʪʚʝʪʚʣʝʥʠʡ ʮʠʢʣʠʯʝʩʢʠʝ ʟʚʝʥʴʷ ʤʘʣʦ ʯʝʤ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʦʙʳʯʥʦʡ ʘʜʜʠʪʠʚʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚʠʥʠʣʴʥʳʭ ʤʦʥʦʤʝʨʦʚ. ʆʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ 

ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʜʜʠʪʠʚʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʩʪʘʣʦ 

ʠʟʫʯʝʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʪʠʦʥʥʳʭ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʘʣʣʘʜʠʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ Risse [49,50].  
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ʋʞʝ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʜʜʠʪʠʚʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʪʘʣʦ ʧʦʥʷʪʥʦ, ʯʪʦ 

ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚ ʧʦʣʫʯʝʥʠʝ ʧʦʣʠʤʝʨʘ ʢʘʢ ʪʘʢʦʚʦʛʦ, ʘ ʚ ʧʦʣʫʯʝʥʠʠ ʯʠʩʪʦʛʦ 

ʧʦʣʠʤʝʨʘ, ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʢʦʪʦʨʦʛʦ ʜʠʢʪʦʚʘʣʘʩʴ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʬʝʨʦʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʚʩʝʩʪʦʨʦʥʥʝʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʦʙʟʦʨʘʭ [38-

40], ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʠʩʯʝʨʧʳʚʘʶʱʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʩʥʦʚʥʦʡ 

ʥʝʜʦʩʪʘʪʦʢ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʵʪʠʭ ʩʠʩʪʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ ï ʩʦʝʜʠʥʝʥʠʡ 

ʘʣʶʤʠʥʠʷ ʠʣʠ ʙʦʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʣʠʤʝʨʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʙʦʨʘ ʠ ʘʣʶʤʠʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʦʙʨʘʟʫʶʪ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʨʝʟʢʦ 

ʫʭʫʜʰʘʶʪ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ʧʦ ʧʨʠʯʠʥʝ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦʡ, ʘ 

ʧʦʨʦʡ ʠ ʥʝʚʦʟʤʦʞʥʦʡ ʦʯʠʩʪʢʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʪ ʧʨʠʤʝʩʝʡ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʨʝʙʫʶʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ. ʅʘʧʨʠʤʝʨ, ʫ ʢʦʤʧʘʥʠʠ ñTiconaò, ʷʚʣʷʶʱʝʡʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ ʧʦʜ ʢʦʤʤʝʨʯʝʩʢʦʡ ʤʘʨʢʦʡ TOPAS, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ III  ʛʨʫʧʧʳ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʙʦʣʝʝ 

8 ʵʢʚʠʚʘʣʝʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʝʭʦʜʥʦʤʫ ʤʝʪʘʣʣʫ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʝʡ ʚ ʧʦʣʠʤʝʨʝ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʘʜʜʠʪʠʚʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʮʠʢʣʦʦʣʝʬʠʥʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ñʙʝʟʣʠʛʘʥʜʥʳʭò ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʠʜʝʘʣʝ 

ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ ʠ ʤʦʥʦʤʝʨ ʠʣʠ ʧʨʦʜʫʢʪʳ ʧʨʝʚʨʘʱʝʥʠʷ 

ʤʦʥʦʤʝʨʘ [47,48]. ɺ ʦʙʟʦʨʝ [47] ʦʩʦʙʦ ʦʪʤʝʯʘʶʪʩʷ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʢʘʪʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʠʧʘ [(ɖ
3
-C4H7)Ni(ɖ

3
-

C8H12)]
+
A

-
, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʘʥʠʦʥʘ ʚʥʝʰʥʝʡ ʩʬʝʨʳ ʚʳʩʪʫʧʘʝʪ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ-ʠʦʥ ʠʣʠ 

ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʦʨʘ.  

 

1.2. ʀʥʪʝʨʤʝʜʠʘʪʳ Ni(II ) ʠ ʤʝʭʘʥʠʟʤʳ ʧʨʝʚʨʘʱʝʥʠʷ ʥʝʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦ-

ʜʦʨʦʜʦʚ 

ʉʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʨʝʘʣʴʥʘʷ ʢʘʪʘʣʠʪʠ-

ʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʤʝʩʴ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni, ʩʦʦʪʥʦ-

ʰʝʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʯʨʝʟʚʳʯʘʡʥʦ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʝʤʧʝʨʘʪʫʨʳ), ʧʨʠʨʦʜʳ ʠʤʝʶʱʠʭʩʷ ʚ ʩʠʩʪʝʤʝ ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ, 
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ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʣʠʷʪʴ ʥʘ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʬʦʨʤʘʤʠ ʥʠʢʝʣʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʩʪʠʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʢʘʪʘʣʠʪʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʘʪʴ ʩʠʩʪʝʤʫ ʚ ʫʩʣʦʚʠʷʭ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʭ ʢ ʧʨʦʮʝʩʩʘʤ 

ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʙʩʪʨʘʪʘ; ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʚʦʜʳ ʦ ʤʝʭʘʥʠʟʤʝ ʨʝʘʣʴʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʜʝʣʘʥʥʳʝ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʤʦʛʫʪ ʦʢʘ-

ʟʘʪʴʩʷ ʩʧʦʨʥʳʤʠ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʡ ʧʨʝʚʨʘʱʝʥʠʷ 

ʦʣʝʬʠʥʦʚ ʥʘ ʥʠʢʝʣʝʚʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʜʦ ʩʠʭ ʧʦʨ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ, ʯʪʦ ʠʟʚʝ-

ʩʪʝʥ ʦʜʥʦʟʥʘʯʥʦ ʤʝʭʘʥʠʟʤ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʥʘʩʪʦʷʱʝʤ ʧʘʨʘʛʨʘʬʝ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʠʟ-

ʚʝʩʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʝʘʢʮʠʡ ʦʣʠʛʦ- ʠ ʧʦʣʠʤʝʨʠʟʘʮʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʦʜʢʨʝʧʣʝʥ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

1.2.1. ɻʠʜʨʠʜʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʣʠ- ʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ 

ɻʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʜʠʘʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʤʝʶʪ 

ʭʘʨʘʢʪʝʨʥʳʝ ʩʠʛʥʘʣʳ ʚ ʩʧʝʢʪʨʘʭ 
1
H ʗʄʈ ʚ ʩʠʣʴʥʦʤ ʧʦʣʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʊʄʉ, ʦʙʣʘ-

ʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʚʦʙʦʜʥʘ ʦʪ ʩʠʛʥʘʣʦʚ ʚʦʜʦʨʦʜʘ ʚ ʣʶʙʦʤ ʠʥʦʤ 

ʜʠʘʤʘʛʥʠʪʥʦʤ ʦʢʨʫʞʝʥʠʠ [51]. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʦ 

ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʥʠʢʝʣʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ.  

ɺʧʝʨʚʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʛʠʜʨʠʜʳ ʥʠʢʝʣʷ ʩʦʩʪʘʚʘ (R3P)2NiHX ʙʳʣʠ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ ʧʦʣʫʯʝʥʳ ʠ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ ʄ.ɻʨʠʥʘ [52] ʠ ɻ.ɺʠʣʢʝ [53] ʚ 1969 ʛʦʜʫ (ʨʠʩ. 

5). ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʀʂ ʠ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘʚʪʦʨʳ ʜʦʢʘʟʘʣʠ ʧʣʦʩʢʦ-

ʢʚʘʜʨʘʪʥʦʝ ʩʪʨʦʝʥʠʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

 

ʈʠʩ.5. ʇʝʨʚʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(II). 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʚʦʡʩʪʚʘ ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ 

ʚʥʝʩʣʘ ʩʝʨʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʙʦʪ ʏ.ʊʦʣʤʘʥʘ, ʚ ʢʦʪʦʨʳʭ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʠ ʨʘʟʨʫʰʝʥʠʝ ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(II) ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʠ ʬʦʩʬʠʪʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ Ni(0) ʩ ʢʠʩʣʦʪʘʤʠ ɹʨʝʥʩʪʝʜʘ [54], ʘ 

ʪʘʢʞʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʙʫʪʘʜʠʝʥʦʤ [55-57].    
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ɺ ʨʘʙʦʪʝ [53] ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʠʜʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠ-

ʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʦʣʝʬʠʥʘʤʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʩʜʝʣʘʥ ʚʳʚʦʜ [58] ʦ 

ʤʝʭʘʥʠʟʤʝ ʘʢʪʠʚʘʮʠʠ ʥʠʢʝʣʴʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʘʣʶʤʠʥʠʡʦʨʛʘ-

ʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʜʨʠʜʥʳʭ ʠ ʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʠʢʝʣʷ(II).  

ɺ ʨʘʙʦʪʘʭ [55-57,59,60] ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʜʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ p-ʘʣʣʠʣʥʠʢʝʣʴʛʘʣʦʛʝʥʠʜʦʚ ʠʣʠ ʠʭ ʤʦʥʦʘʜʜʫʢʪʦʚ 

ʩ ʪʨʝʪʠʯʥʳʤʠ ʬʦʩʬʠʥʘʤʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ (ʗʄʈ, ʀʂ) ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʘʣʢʝʥʦʤ (ʨʠʩ. 6).  

ʈʠʩ. 6. ʇʨʝʜʣʦʞʝʥʥʳʝ [55-57,59,60] ʩʪʨʫʢʪʫʨʳ ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʘʣʢʝʥʦʤ 

(ʛʜʝ Y ï ʣʠʙʦ ʩʣʦʞʥʳʡ ʘʥʠʦʥ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ, ʥʘʧʨʠʤʝʨ XAlR xX3-x, ʣʠʙʦ ʘʥʠʦʥ ʢʠʩʣʦʪʳ ɹʨʝʥʩʪʝʜʘ, 

ʥʘʧʨʠʤʝʨ CF3COO
-
). 

ɺ ʦʪʩʫʪʩʪʚʠʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʣʠʛʘʥʜʘ L ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʘʣʢʠʣʥʠ-

ʢʝʣʴʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʠʧʘ 1 (ʨʠʩ. 6), ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʮʠʩ-ʩʪʨʦʝʥʠʝ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

L ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ 2 (ʨʠʩ. 6) ʠʣʠ 3 (ʨʠʩ. 6), ʚ ʢʦʪʦʨʳʭ ʘʣʢʝʥ 

ʥʘʭʦʜʠʪʩʷ ʣʠʙʦ ʚ ʮʠʩ-, ʣʠʙʦ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʣʠʛʘʥʜʫ. ʇʦʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʧʨʝ-

ʚʨʘʱʝʥʠʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʣʢʝʥʦʤ ʦʧʨʝʜʝʣʷʶʪ 

ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʠʩʪʝʤʳ Ni(COD)2/Ph2PCH2(CF3)2COH ʟʘʬʠʢʩʠʨʦʚʘʥ ʩʠʛʥʘʣ ʗʄʈ 

ʧʨʠ -23,8 ʤ.ʜ., ʢʦʪʦʨʳʡ ʙʳʣ ʦʪʥʝʩʸʥ ʢ ʛʠʜʨʠʜʥʦʤʫ ʠʦʥʫ ʧʨʠ ʥʠʢʝʣʝ [12,61]. ʇʨʠ ʚʚʝʜʝ-

ʥʠʠ ʚ ʩʠʩʪʝʤʫ ʵʪʠʣʝʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʯʝʟʥʦʚʝʥʠʝ ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʦʛʦ 

ʩʠʛʥʘʣʘ ʗʄʈ ʧʨʠ 0,6 ʤ.ʜ., ʢʦʪʦʨʳʡ ʘʚʪʦʨ ʦʪʥʸʩ ʢ ʢʦʤʧʣʝʢʩʫ ʩʦ ʩʚʷʟʴʶ Ni-CH2.  

 

ʈʠʩ. 7. ʅʝʢʦʪʦʨʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ 
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ʇʦʩʣʝ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ in situ ʛʠʜʨʠʜʦʚ ʥʠʢʝʣʷ ʚ ʨʘʙʦʪʘʭ 

[7,62] ʧʦʣʫʯʝʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ (ʨʠʩ. 7), ʢʦʪʦʨʳʝ ʭʦʪʷ ʠ 

ʘʢʪʠʚʥʳ ʚ ʨʝʘʢʮʠʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ, ʥʦ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ 

ʘʢʪʠʚʥʦʩʪʴ ʩʣʦʞʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʵʪʠ ʢʦʤ-

ʧʣʝʢʩʳ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ. 

ʈʷʜ ʧʷʪʠʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ(II) ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʧʨʦʪʦʥʠʨʦ-

ʚʘʥʠʷ ʬʦʩʬʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(0) ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ. [54,63,64] ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʠʩʪʝʤʝ 

Ni[P(OEt)3]4/BF3ĀOEt2/EtOH ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʢʚʠʥʪʝʪ ʧʨʠ -15.1 ʤ.ʜ., ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʚʳʟʚʘʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʛʠʜʨʠʜʥʦʛʦ ʧʨʦʪʦʥʘ ʩ ʯʝʪʳʨʴʤʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ 

ʷʜʨʘʤʠ 
35

P. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʛʠʜʨʠʜʥʳʡ ʤʝʭʘʥʠʟʤ 

ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʣʠʛʦʤʝʨʠʟʘ-

ʮʠʠ ʚ SHOP-ʧʨʦʮʝʩʩʝ [12, 65]. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʚ ʩʚʦʝʤ ʢʣʘʩʩʠʯʝʩʢʦʤ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥ 

ʥʘ ʨʠʩ. 8. 

 

ʈʠʩ. 8. ɻʠʜʨʠʜʥʳʡ ʤʝʭʘʥʠʟʤ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʘʣʢʝʥʦʚ ʥʘ ʥʠʢʝʣʝʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ. 
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ɸʢʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ ï ʛʠʜʨʠʜ ʥʠʢʝʣʷ ï ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʘʢʘʥʪʥʦʝ ʤʝʩʪʦ ʚ ʢʦʦʨʜʠ-

ʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʵʪʠʣʝʥʘ. ʇʦʩʣʝ ʢʦʦʨʜʠʥʘʮʠʠ ʵʪʠʣʝʥʘ ʧʨʦʠʩʭʦʜʠʪ 

ʝʛʦ ʚʥʝʜʨʝʥʠʝ ʧʦ ʩʚʷʟʠ Ni-H (ʚ ʩʣʫʯʘʝ ʟʘʨʦʞʜʝʥʠʷ ʮʝʧʠ) ʠʣʠ Ni-C (ʧʨʠ ʧʨʦʜʦʣʞʝʥʠʠ). 

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ɓ-ʛʠʜʨʠʜʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ, ʧʨʠʚʦ-

ʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʣʝʬʠʥʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ï 

ʛʠʜʨʠʜʘ ʥʠʢʝʣʷ (ʨʠʩ. 9).  

 

ʈʠʩ. 9. ɓ-ʛʠʜʨʠʜʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʦʣʝʬʠʥʘ ʦʪ ʘʣʢʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʦ ʜʣʠʥʝ ʦʣʠʛʦʤʝʨʥʦʡ (ʠʣʠ ʧʦʣʠʤʝʨʥʦʡ) ʮʝʧʠ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʧʨʦʜʦʣʞʝʥʠʷ ʠ ʦʙʨʳʚʘ ʮʝʧʠ, ʠʥʳʤʠ ʩʣʦ-

ʚʘʤʠ, ʦʪ ʦʪʥʦʰʝʥʠʷ kʚ/k ,ɻ ʛʜʝ kʚ (ʢʦʥʩʪʘʥʪʘ ʚʥʝʜʨʝʥʠʷ) ï ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʩʪʘʥʪʘ, ʦʧʠ-

ʩʳʚʘʶʱʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʢʦʦʨʜʠʥʘʮʠʠ ʦʣʝʬʠʥʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʝʛʦ ʚʥʝʜʨʝʥʠʷ ʧʦ 

ʩʚʷʟʠ Ni-C, ʘ k  ɻï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ɓ-ʛʠʜʨʠʜʥʦʛʦ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ. ʅʘʧʨʠ-

ʤʝʨ, ʝʩʣʠ kʚ/k <ɻ<1, ʪʦ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʠ-

ʪʝʣʴʥʦ ʜʠʤʝʨʘʤʠ; ʥʘʦʙʦʨʦʪ, ʝʩʣʠ kʚ/k >ɻ>1, ʪʦ ʧʨʦʜʫʢʪʦʤ ʙʫʜʝʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ 

ʧʦʣʠʵʪʠʣʝʥ. ʅʘ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʩʪʘʥʪ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚʣʠʷʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ: 

ʧʦʤʠʤʦ ʦʯʝʚʠʜʥʳʭ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʠʣʝʥʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʝʛʦ ʜʘʚʣʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ), ʝʩʪʴ ʪʘʢʞʝ ʬʘʢʪʦʨ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʣʠʛʘʥʜʘ. ʅʘʧʨʠʤʝʨ, ʧʦ-

ʢʘʟʘʥʦ [12], ʯʪʦ ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ SHOP-ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʚ ʩʨʝʜʝ ʪʦʣʫʦʣʘ ʧʦʣʫʯʘʶʪʩʷ 

ʦʣʠʛʦʤʝʨʳ, ʘ ʚ ʛʝʢʩʘʥʝ ï ʧʦʣʠʵʪʠʣʝʥʳ ʥʠʟʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ. ɺ ʨʘʙʦʪʝ ʂʣʘʙʫʥʜʝ 

[13] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʩʪʝʨʠʯʝʩʢʠ ʦʙʲʝʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ P̂ O ʭʝʣʘʪ-

ʥʳʭ ʣʠʛʘʥʜʘʭ, ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʳ. 

ɺ ʥʝʜʘʚʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʥʘ 

ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʥʠʢʝʣʷ ʩ ʩʘʣʠʮʠʣʘʣʴʜʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ [16], ʚʳʧʦʣʥʝʥ-

ʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʠʭ ʢʘ-

ʪʘʣʠʟʘʪʦʨʘʭ ʪʘʢʞʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤ. ɺ ʭʦʜʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʟʘ-

ʨʝʛʠʩʪʨʠʨʦʚʘʥ ʨʷʜ ʢʣʶʯʝʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ï ʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(II), ʥʘ ʦʩʥʦ-
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ʚʘʥʠʠ ʯʝʛʦ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ, ʦʙʲʷʩʥʷʶʱʠʡ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʣʠ-

ʵʪʠʣʝʥʦʚ (ʥʘ ʨʠʩ. 10 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʠʣʴʥʦʡ ʚʝʪʚʠ).  

 

ʈʠʩ. 10. ʆʙʨʘʟʦʚʘʥʠʝ ʤʝʪʠʣʴʥʦʡ ʚʝʪʚʠ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. 

ʆʜʥʘʢʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʦʤʫ ʤʝʭʘʥʠʟʤʫ ʧʨʦʜʫʢʪʳ 

2,1-ʚʥʝʜʨʝʥʠʷ ʦʣʝʬʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʝ ʙʳʣʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʥʘ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘ-

ʪʘʣʠʟʘʪʦʨʘʭ ʧʦʩʚʷʱʝʥʦ ʤʘʣʦ ʨʘʙʦʪ. ʏʘʩʪʦ ʚʳʚʦʜʳ ʦ ʤʝʭʘʥʠʟʤʝ ʨʝʘʢʮʠʠ ʜʝʣʘʶʪʩʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ [66], ʣʠʙʦ ʚʦʚʩʝ ʧʦʩʪʫʣʠʨʫʶʪʩʷ [49,50]. 

ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʩʢʣʦʥʷʝʪʩʷ ʢ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʛʠʜʨʠʜʥʦʤʫ ʤʝʭʘʥʠʟʤʫ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ɻʠʜʨʠʜʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʩʪʫʣʠʨʫʝʪʩʷ ʠ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʚʨʘʱʝ-

ʥʠʷ ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ [9]. 

ʈʝʛʠʩʪʨʘʮʠʷ ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝ-

ʤʘʭ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʢʣʶʯʝʚʦʡ ʨʦʣʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʪʘ-

ʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. ʅʝʜʘʚʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ [67], ʯʪʦ ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 

Ni(II) ʩ ʭʝʣʘʪʥʳʤʠ P,S-ʣʠʛʘʥʜʘʤʠ (ʢʦʤʧʣʝʢʩ 1 ʨʠʩ. 11) ʚ ʨʘʩʪʚʦʨʝ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʪʝ-

ʨʷʶʪ ʚʦʜʦʨʦʜ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʪʨʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ, ʜʘʶʱʝʝ ʢʦʤʧʣʝʢ-

ʩʳ Ni(I) (ʢʦʤʧʣʝʢʩ 2, ʨʠʩ. 11). ʕʪʠ ʞʝ ʢʦʤʧʣʝʢʩʳ Ni(I) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʬʦʪʦʣʠʟʘ 

ʘʥʘʣʦʛʠʯʥʳʭ ʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(II) (ʢʦʤʧʣʝʢʩ 3, ʨʠʩ. 11). 
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ʈʠʩ. 11. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Ni(I) ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʘʜʘ ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(II) ʠ ʬʦʪʦʣʠʟʘ 

ʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(II) 

 

1.2.2. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʣʠ- ʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ 

ʂʘʪʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʧʦʩʦʙʥʳ ʢ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʠʟʦʤʝʨʠʠ, ʢʦʪʦʨʘʷ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʛʦʤʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ [68]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣ̫-

ʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʟʘʨʷʜ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʤʝʪʘʣʣʘ [61,68], ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ ʩʧʦʩʦʙ 

ʩʚʷʟʳʚʘʥʠʷ ʭʝʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʧʦʜʚʠʞʥʳʝ ʭʝʣʘʪʥʳʝ ʣʠʛʘʥʜʳ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʠ ʩʦʭʨʘʥʷʪʴ ʩʚʦʙʦʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʤʝʩʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʣʠʛʘʥʜʦʚ ʠʟ ʮʠʩ- ʚ ʪʨʘʥʩ ʧʦʣʦʞʝʥʠʝ. ʇʨʦʮʝʩʩʳ 

ʚʥʫʪʨʠʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʤʠʛʨʘʮʠʠ ʣʠʛʘʥʜʦʚ ʚ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʧʨʦʜʝʤʦʥʩʪʨʠ-

ʨʦʚʘʥʳ ʥʘ ʨʠʩ. 12. 

 

ʈʠʩ. 12. ʇʨʦʮʝʩʩʳ ʚʥʫʪʨʠʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʤʠʛʨʘʮʠʠ ʣʠʛʘʥʜʦʚ ʚ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ, ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ [68]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʪʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʤʝʥʝʝ 

ʪʦʣʝʨʘʥʪʥʳ ʢ ʧʦʣʷʨʥʳʤ ʩʨʝʜʘʤ ʠ ʪʨʝʙʫʶʪ ʣʫʯʰʝʡ ʦʯʠʩʪʢʠ ʨʝʘʛʝʥʪʦʚ [14]. 
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ʇʨʦʮʝʩʩʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʦʣʠʛʦ- ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ ʥʘ ʢʘʪʠʦʥʥʳʭ ʢʦʤ-

ʧʣʝʢʩʘʭ ʥʠʢʝʣʷ(II) ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩ ʧʦʟʠʮʠʡ ʠʦʥʥʦ-

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ [22, 69]. ɺ ʨʘʙʦʪʝ [70] ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʠʟʫʯʝʥ ʠʦʥʥʦ-ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ.  

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʠʦʥʥʦʡ ʧʦ-

ʣʠʤʝʨʠʟʘʮʠʠ ʚʥʝʩʣʠ ʩʨʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʪʘ-

ʣʠʟʘʪʦʨʦʚ ɹʨʫʢʭʘʨʪʘ [71,72]. ʊʘʢ, ʚ [72] ʫʩʧʝʰʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥ ʤʦʜʝʣʴʥʳʡ ʢʘʪʠʦʥʥʳʡ 

ʘʣʢʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ Ni(II ) (ʨʠʩ. 13) ʧʫʪʝʤ ʢʘʪʠʦʥʠʟʘʮʠʠ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩ-

ʭʦʜʥʦʛʦ ʜʠʧʨʦʧʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ ʩ ʙʠʩ-(2,6-ʜʠʤʝʪʠʣʬʝʥʠʣ)-ʙʠʩ-

(ʠʤʠʥʦ)ʘʮʝʥʘʬʪʝʥʦʤ (ʢʦʤʧʣʝʢʩ 1, ʨʠʩ. 13) ʩ ʧʦʤʦʱʴʶ ʢʠʩʣʦʪʳ ɹʨʫʢʭʘʨʪʘ [73]. ʆʙʨʘʟʦ-

ʚʘʥʠʝ ʢʘʪʠʦʥʥʦʛʦ ʘʣʢʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʢʦʤʧʣʝʢʩ 2, ʨʠʩ. 13) ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʩ ʧʦʤʦ-

ʱʴʶ ʤʝʪʦʜʘ ʗʄʈ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ ʨʝʘʣʠʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʦʝ çʘʛʦʩʪʠʯʝʩʢʦʝè ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (ʦʪ ʘʥʛʣ. çagosticè ï ʪʝʨʤʠʥ, ʚʚʝʜʝʥʥʳʡ ʄ. ɹʨʫʢ-

ʭʘʨʪʦʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʫʛʣʝʚʦʜʦ-

ʨʦʜʥʦʡ ʛʨʫʧʧʳ, ʢʦʚʘʣʝʥʪʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ ʧʝʨʝʭʦʜʥʳʤ ʤʝʪʘʣʣʦʤ ʠ, ʪʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʩʧʦʩʦʙʥʳʡ ʟʘʥʠʤʘʪʴ ʤʝʩʪʦ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ) [74]). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʪʦʪ ʢʦʤʧʣʝʢʩ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʢʦʤʧʣʝʢʩʦʤ 3 (ʨʠʩ. 13), ʚ ʢʦʪʦʨʦʤ ʘʣʢʠʣʴʥʘʷ 

ʛʨʫʧʧʘ ʩʚʷʟʘʥʘ ʩ ʥʠʢʝʣʝʤ ʠʥʳʤ ʩʧʦʩʦʙʦʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʲʷʩʥʠʪʴ ʧʦʷʚʣʝʥʠʝ ʚʝʪʚʝʡ ʚ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʪʠʣʝʥʘ ʩ ʢʦʤʧʣʝʢʩʘʤʠ 2 ʠ 3 (ʨʠʩ. 13) ʧʨʠ -

100Áʉ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʠʛʥʘʣʳ ʗʄʈ ʦʪ ʢʘʪʠʦʥʥʳʭ ʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(II) ʩ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʵʪʠʣʝʥʦʤ, ʘ ʪʘʢʞʝ ʦʪ ʢʦʤʧʣʝʢʩʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʦʜʫʢʪʘʤʠ ʚʥʝʜʨʝ-

ʥʠʷ ʵʪʠʣʝʥʘ ʧʦ ʩʚʷʟʠ Ni-C. 

 

ʈʠʩ. 13. ɸʣʢʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ Ni(II), ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʗʄʈ ʚ ʩʠʩʪʝʤʘʭ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʳ ɹʨʫʢʭʘʨʪʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʩʜʝʣʘʥ ʚʳʚʦʜ [72] ʦ ʪʦʤ, ʯʪʦ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʵʪʠʣʝʥʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ɹʨʫʢʭʘʨʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʠʦʥʥʦʤʫ 
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ʤʝʭʘʥʠʟʤʫ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚʳʩʪʫʧʘʶʪ ʢʘʪʠʦʥʥʳʝ çʘʛʦʩʪʠʯʝʩʢʠʝè 

ʢʦʤʧʣʝʢʩʳ Ni(II). ʆʩʥʦʚʥʳʝ ʩʪʘʜʠʠ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʭʝʤʝ 11:  

ʉʦʩʪʦʷʥʠʝʤ ʧʦʢʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʘʚʪʦʨʳ [72] ʩʯʠʪʘʶʪ ʢʘʪʠʦʥʥʳʡ ʘʣʢʠʣʴʥʳʡ ʢʦʤ-

ʧʣʝʢʩ Ni(II ) c ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʦʣʝʬʠʥʦʤ (ʢʦʤʧʣʝʢʩ 1, ʨʠʩ. 14) ɺʥʝʜʨʝʥʠʝ ʦʣʝʬʠʥʘ 

ʧʦ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ çʘʛʦʩʪʠʯʝʩʢʦʛʦè ʢʘʪʠʦʥʥʦʛʦ ʘʣʢʠʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʢʦʤʧʣʝʢʩ 2, ʨʠʩ. 14). ʂʦʦʨʜʠʥʘʮʠʷ ʤʦʣʝʢʫʣʳ ʦʣʝʬʠʥʘ ʢ ʢʦʤʧʣʝʢʩʫ 2 ʩ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʚʥʝʜʨʝʥʠʝʤ ʧʦ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʮʝʧʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ 

ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʠʣʠ ʧʦʣʠʤʝʨʦʚ. ʂʦʤʧʣʝʢʩ 2 ʩʧʦʩʦʙʝʥ ʣʝʛʢʦ ʠʟʦʤʝʨʠʟʦʚʘʪʴʩʷ ʧʦ-

ʩʨʝʜʩʪʚʦʤ b-ʛʠʜʨʠʜʥʦʛʦ ʩʜʚʠʛʘ (ʢʦʤʧʣʝʢʩ 2ʘ, ʨʠʩ. 14), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝ-

ʪʠʣʴʥʦʡ ʚʝʪʚʠ. ʗʚʣʝʥʠʝ çʧʝʨʝʤʝʱʝʥʠʷè ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚʜʦʣʴ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʘ, ʧʦʣʫʯʠʣʦ ʚ ʤʠʨʦʚʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʚʘʥʠʝ çchain walkingè. ɼʘʣʴʥʝʡʰʝʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ 

ʚʜʦʣʴ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʚʝʜʝʪ ʢ ʥʘʨʘʱʠʚʘʥʠʶ ʙʦʣʝʝ ʜʣʠʥʥʳʭ ʚʝʪʚʝʡ. 

 

ʈʠʩ. 14. çʄʠʛʨʘʮʠʷè ʥʠʢʝʣʝʚʦʛʦ ʢʘʪʠʦʥʘ ʚʜʦʣʴ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ (çchain walkingè) [72]. 

ʅʝʜʘʚʥʦ [75] ʩ ʧʦʤʦʱʴʶ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʠʙʘʚʣʝʥʠʝ ʠʟʙʳʪʢʘ ʜʠʵʪʠʣʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ʢ LNiCl 2 (L=8-ʤʝʟʠʪʠʣʠʤʠʥʦ-5,6,7-

ʪʨʠʛʠʜʨʦʭʠʥʦʣ) ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʪʠʦʥʥʦʛʦ ʘʣʢʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[LNiEt]
+
AlEt3Cl

-
.  

ɺ ʦʜʥʦʡ ʠʟ ʥʝʤʥʦʛʠʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʥʠʢʝʣʷ ʚ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ [76] ʘʚʪʦʨʘʤʠ ʧʦʣʫʯʝʥʳ ʢʘʪʠʦʥʥʳʝ ʘʣʢʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ 

Ni(II ) (ʨʠʩ. 15, ʢʦʤʧʣʝʢʩʳ 2ô ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʠʩ-

(ʠʤʠʥʦ)ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ Ni(II) (1, ʨʠʩ.1.3) ʩ AlMe3/B(C6F5)3 ʠ MAO ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʦʣʠʤʝ-
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ʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʠʦʥʥʦʤ 

ʤʝʭʘʥʠʟʤʝ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

 

ʈʠʩ. 15. ʂʘʪʠʦʥʥʳʝ ʘʣʢʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ Ni(II), ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʧʝʢ-

ʪʨʦʩʢʦʧʠʠ ʗʄʈ ʚ ʩʠʩʪʝʤʘʭ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ. 

ɺ ʨʘʙʦʪʝ [77] ʘʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ ʭʦʜʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʥʘ ʢʘʪʘ-

ʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(PPh3)4/ BF3ĀOEt2/H2O ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʩʠʛʥʘʣ ʗʄʈ ʦʪ ʢʘʪʠʦʥʥʦ-

ʛʦ ʛʠʜʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Ni(PPh3)3H]
+
, ʢʦʪʦʨʳʡ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʘʢʪʠʚ-

ʥʳʤ ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʆʜʥʘʢʦ, ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʩʠʛ-

ʥʘʣ 
1
H ʗʄʈ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʚʝʜʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʧʦʵʪʦʤʫ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʠʜʨʠʜ-

ʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤ ʬʘʢʪʦʤ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʥʦʚʳʝ ʟʥʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦ ʩʪʨʦʝʥʠʠ ʠʥʪʝʨʤʝʜʠʘʪʦʚ Ni(II ), 

ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʘʪʠʦʥʥʳʭ ʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʠʢʝʣʷ(II) ʚ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʠʢʝʣʴʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʅʘʧʨʠ-

ʤʝʨ, ʤʦʜʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩ. 13, ʧʦʣʫʯʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -80Áʉ 

[72]; ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʢʘʪʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [LNiEt]
+
AlEt3Cl

- 
ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ʫʞʝ ʧʨʠ -20Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʜʣʝʥʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ ʩʠʛʥʘʣʘ ʗʄʈ ʦʪ Ni(II) ʠ ʨʝʛʠʩʪʨʠ-

ʨʫʝʪʩʷ ʩʠʛʥʘʣ ʕʇʈ ʦʪ Ni(I) [75]. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ Ni(I) ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʦʯʪʝʥʦ 

ʘʚʪʦʨʘʤʠ ʟʘ ʧʫʪʴ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ ʞʝ, ʥʝ ʧʨʠʚʦʜʷʪʩʷ 

ʜʘʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʢʦʪʦʨʳʝ ʙʳ ʧʦʜʪʚʝʨʞʜʘʣʠ ʵʪʦ ʟʘʢʣʶʯʝʥʠʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʠʧʠʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʢ ʘʢʪʠʚʘʮʠʠ ʜʠʠʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʠʢʝʣʷ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʪʘʢ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʙʳʯʥʦ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 20-60Áʉ. [27,75].  

 

1.2.3. ʄʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ 

ʂʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʥʠʢʝʣʝʚʳʭ ʩʠʩʪʝʤ ʜʣʷ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʜʘʶʪ 

ʥʘ ʚʳʭʦʜʝ ʧʨʦʜʫʢʪʳ, ʧʦʜʯʠʥʷʶʱʠʝʩʷ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʐʫʣʴʮʘ-ʌʣʦʨʠ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʪʝʧʝʥʴ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʚʝʨʦ-
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ʷʪʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʚʥʝʜʨʝʥʠʷ ʤʦʥʦʤʝʨʘ ʠ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥ-

ʥʦʡ ʩʬʝʨʝ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ. 

ʆʜʥʘʢʦ, ʥʝʢʦʪʦʨʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʨʘʥʥʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʜʘʚʘʷ ʠʩʢʣʶʯʠʪʝʣʴ-

ʥʦ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ 1-ʛʝʢʩʝʥʦʚ ï ʧʨʦʜʫʢʪʦʚ ʪʨʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ [78]. ʇʝʨʚʦʡ ʩʠʩʪʝ-

ʤʦʡ ʪʘʢʦʛʦ ʨʦʜʘ ʩʪʘʣʘ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ 2-ʵʪʠʣʛʝʢʩʘʥʦʘʪʘ Cr(III), ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ [79]. ɸʚʪʦʨʳ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʟʚʝʩʪʥʳʭ [80] 

ʩʚʦʡʩʪʚʘʭ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʭ ʠ ʤʝʪʘʣʣʦʮʠʢʣʦʛʝʧʪʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʣʘʪʠʥʳ, ʘ 

ʪʘʢʞʝ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʨʝʟʫʣʴʪʘʪʳ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʢʘʟʘʚʰʠʭ ʚʪʦ-

ʨʦʡ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʧʦ ʵʪʠʣʝʥʫ, ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʨʝʘʢʮʠʷ ʦʣʠʛʦ-

ʤʝʨʠʟʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʧʦ ʤʝʪʘʣʣʦʮʠʣʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʪʦ-

ʨʦʛʦ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 16.  

 

ʈʠʩ. 16. ɺʘʨʠʘʥʪ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʪʨʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ [80]. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʩʭʝʤʝ, ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʢʦʦʨʜʠʥʘʮʠʷ 

ʜʚʫʭ ʤʦʣʝʢʫʣ ʵʪʠʣʝʥʘ ʢ ʭʨʦʤʫ(0), ʟʘʪʝʤ ʩʣʝʜʫʝʪ ʠʭ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ, 

ʜʘʶʱʝʝ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʡ ʢʦʤʧʣʝʢʩ Cr(II). ɺʤʝʩʪʦ ʜʘʣʴʥʝʡʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʤʝʪʘʣʣʦʮʠʢʣʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ɓ-ʛʠʜʨʠʜʥʳʡ ʧʝʨʝʥʦʩ ʥʘ ʵʪʠʣʝʥ, ʟʘ ʢʦʪʦʨʳʤ 

ʩʣʝʜʫʝʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʵʪʠʣʴʥʦʛʦ ʠ ʙʫʪʝʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʦʚ. 

ʇʦʟʞʝ ʚ ʨʘʙʦʪʝ [81] ʙʳʣʦ ʧʦʩʪʫʣʠʨʦʚʘʥʦ, ʯʪʦ ʟʘ ʢʦʦʨʜʠʥʘʮʠʝʡ ʪʨʝʪʴʝʡ ʤʦʣʝʢʫʣʳ 

ʵʪʠʣʝʥʘ ʩʣʝʜʫʝʪ ʨʘʩʰʠʨʝʥʠʝ ʤʝʪʘʣʣʦʮʠʢʣʘ ʜʦ ʤʝʪʘʣʣʦʮʠʢʣʦʛʝʧʪʘʥʘ (ʨʠʩ. 17), ʨʘʩʧʘʜ 

ʢʦʪʦʨʦʛʦ ʜʘʸʪ 1-ʛʝʢʩʝʥ.  
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ʈʠʩ. 17. ʆʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʮʠʢʣʦʛʝʧʪʘʥʦʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʚ ʧʨʦʮʝʩʩʝ ʪʨʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ [81]. 

ɺʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʝʩʝʥʫ-1 ʧʨʠ ʵʪʦʤ ʧʨʝʜʧʦ-

ʣʦʞʠʪʝʣʴʥʦ ʦʙʲʷʩʥʷʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦ-

ʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʭʨʦʤʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʣʣʦʮʠʢʣʦʛʝʧʪʘʥʦʚʳʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʩʠʥ-

ʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʭ ʠ ʤʝʪʘʣʣʦʮʠʢʣʦʛʝʧʪʘʥʦʚʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʭʨʦʤʘ [82] ʧʦʜʪʚʝʨʜʠʣʠ ʵʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. ɺ ʧʦʣʴʟʫ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʤʝʪʘʣʣʦʮʠʢʣʦʛʝʧʪʘʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʘʢʞʝ ʛʦʚʦʨʷʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʠʤʝʨʠ-

ʟʘʮʠʠ 1,2-ʜʠʜʝʡʪʝʨʦʵʪʠʣʝʥʘ ʥʘ ʭʨʦʤʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ [83]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʦʙʱʝʧʨʠʥʷʪʳʤ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ, ʚʢʣʶʯʘʶʱʠʡ ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʢʩʝʥʘ ʧʨʠ 

ʨʘʩʧʘʜʝ ʤʝʪʘʣʣʦʮʠʢʣʦʛʝʧʪʘʥʦʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʛʝʢʩʝʥʘ-1 ʠʟ ʤʝʪʘʣʣʦʮʠʢʣʦʛʝʧʪʘʥʦʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ [81-83] ʢʘʢ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ɓ-ʛʠʜʨʠʜʥʦʝ ʵʣʠ-

ʤʠʥʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʢʦʥʮʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʮʝʧʠ, ʜʘʶʱʝʝ ʛʠʜʨʠʜʥʦ-ʘʣʢʠʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ ʧʝʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʦʪ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦ ʵʣʠʤʠʥʠʨʦ-

ʚʘʥʠʝ ʛʝʢʩʝʥʘ (ɸ, ʨʠʩ. 18). ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʤʝʪʦʜʘʤʠ 

ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ [84] ʧʨʦʪʝ-

ʢʘʶʱʝʝ ʚ ʦʜʥʫ ʩʪʘʜʠʶ (ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʠʜʥʦ-ʘʣʢʠʣʴʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ) ʚʦʩʩʪʘʥʦ-

ʚʠʪʝʣʴʥʦʝ ʵʜʠʤʠʥʠʨʦʚʘʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʘʛʦʩʪʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʧʝʨʝʥʦʩʦʤ 

ʚʦʜʦʨʦʜʘ (B, ʨʠʩ. 18).  

 

ʈʠʩ. 18. ʈʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʢʩʝʥʘ-1 ʠʟ ʤʝʪʘʣʣʦʮʠʢʣʦʛʝʧʪʘʥʦʚʦʛʦ ʠʥʪʝʨ-

ʤʝʜʠʘʪʘ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʭʨʦʤʘ, ʚ ʢʦʪʦʨʦʡ 

ʦʥ ʫʯʘʩʪʚʫʝʪ ʚ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʦʤ ʤʝʭʘʥʠʟʤʝ ʪʨʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ. ɺ ʦʜʥʦʡ ʠʟ ʥʝ-

ʤʥʦʛʠʭ ʨʘʙʦʪ, ʛʜʝ ʘʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʵʪʫ ʧʨʦʙʣʝʤʫ [85] ʥʘ ʧʨʠʤʝʨʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
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ʪʠʧʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʨʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʭʨʦʤʘ ʩ ʧʠʨ-

ʨʦʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʘʨʫ Cr(III )/Cr(I). 

ʇʦʤʠʤʦ ʭʨʦʤʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʨʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ, ʠʟʚʝʩʪʥʳ ʪʘʢʞʝ ʩʠʩʪʝʤʳ 

ʥʘ ʦʩʥʦʚʝ ʜʨʫʛʠʭ ʨʘʥʥʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʘʧʨʠʤʝʨ, ʪʠʪʘʥʘ [86] ʠ ʪʘʥʪʘʣʘ [87]. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʣʷ ʩʠʩʪʝʤ ʦʣʠ-

ʛʦʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʜʥʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʚʢʣʶʯʘʷ ʠ 

ʥʠʢʝʣʴ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʧʦ ʵʪʦʤʫ 

ʤʘʨʰʨʫʪʫ ʠʩʢʣʶʯʘʪʴ ʥʝʣʴʟʷ. ʊʘʢ, ʚ ʧʘʪʝʥʪʝ ʢʦʤʧʘʥʠʠ Philips, ʧʦʩʚʷʱʝʥʥʦʤʫ ʢʘʪʘʣʠʟʘ-

ʪʦʨʘʤ ʪʨʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ [88] ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʩʠʩʪʝʤ, ʧʨʦʷʚʣʷʶʱʠʭ ʚʳʩʦʢʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʧʦʣʫʯʝʥʠʠ 1-ʛʝʢʩʝʥʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ Ni(acac)2/ʧʠʨʨʦʣ/AlEt3, ʩʚʦʡʩʪʚʘ 

ʢʦʪʦʨʦʡ ʧʦʭʦʞʠ ʥʘ ʭʨʦʤʦʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʪʨʠʤʝʨʠʟʘʮʠʠ.  

ʈʘʥʝʝ ʙʳʣ ʚʳʜʝʣʝʥ ʨʷʜ ʬʦʩʬʠʥʦʚʳʭ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ 

(II) ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʩʚʦʡʩʪʚʘ [89,90]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʨʰʨʫʪ ʨʘʩʧʘʜʘ ʪʘʢʠʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ. ʇʨʠ ʥʠʟʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʯʠʩʣʘʭ ʧʨʦ-

ʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʥʝʡʥʦʛʦ ʜʠʤʝʨʘ, ʧʨʠ ʩʨʝʜʥʠʭ ʂʏ ʧʨʦʠʩʭʦʜʠʪ 

[2+2]-ʮʠʢʣʦʜʠʤʝʨʠʟʘʮʠʷ, ʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʥʘʩʳʱʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʘʶʪ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʵʪʠʣʝʥ (ʨʠʩ. 19). 

 

ʈʠʩ. 19. ʈʘʟʣʠʯʥʳʝ ʤʘʨʰʨʫʪʳ ʨʘʩʧʘʜʘ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(II) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ 

ʆʙʨʘʟʦʚʘʥʠʝ ʵʪʠʣʝʥʘ ʠʟ ʤʝʪʘʣʣʦʮʠʢʣʦʧʨʦʧʘʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ ʧʦʜʨʦʙʥʦ 

ʠʟʫʯʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʯʝʥʦʛʦ ʜʝʡʪʝʨʠʝʤ ʵʪʠʣʝʥʘ [90]. ʀʩʩʣʝʜʫʷ ʧʨʦʜʫʢʪʳ ʙʨʦ-

ʤʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ, ʫʜʘʣʦʩʴ ʜʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ Ni(II) ʠ ʙʠʩ-

ʦʣʝʬʠʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ Ni(0) (ʨʠʩ. 20). ʊ.ʢ. ʚ ʭʦʜʝ ʜʘʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʩʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʥʘʩʳʱʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ni(II), ʪʦ ʦʙʨʘ-
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ʪʠʤʦʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʪʠʤʳʤ ʦʪʱʝʧʣʝʥʠʝʤ 

ʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʘʜ ʙʠʩ-ʦʣʝʬʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ Ni(0) ʷʚʣʷʝʪʩʷ 

ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʣʝʥʘ ʠʟ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. 

 

ʈʠʩ. 20. ʆʙʨʘʟʦʚʘʥʠʝ ʵʪʠʣʝʥʘ ʠʟ ʤʝʪʘʣʣʦʮʠʢʣʦʧʨʦʧʘʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ 

ʅʝʜʘʚʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʥʠʢʝʣʝʚʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʩʝʣʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʪʨʠʤʝʨʠʟʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ. ʊʘʢ, ʩʠʩʪʝʤʘ Ni(COD)2/2PPh3 ʧʦʟʚʦʣʷ-

ʝʪ ʩʝʣʝʢʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʧʨʦʜʫʢʪ ʩʦʪʨʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʠ ʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ ï 5,5,6,6-

ʪʝʪʨʘʬʪʦʨ-1-ʛʝʢʩʝʥ [91], ʧʨʠ ʵʪʦʤ ʠʟ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʳʜʝʣʝʥ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦ-

ʚʘʥ ʤʝʪʦʜʦʤ ʈʉɸ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʡ ʠʥʪʝʨʤʝʜʠʘʪ 1 (ʨʠʩ. 21). ʉʠʩʪʝʤʘ Ni(COD)2/IPr 

(IPr = 1,3-ʙʠʩ-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)ʠʤʠʜʘʟʦʣ-2-ʠʣʠʜʝʥ) ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʝʣʝʢ-

ʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʢʨʦʩʩ-ʪʨʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ, ʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ ʠ ʘʣʴʜʝʛʠʜʦʚ [92]; ʠʟ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʳʜʝʣʝʥ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʤʝʪʦʜʦʤ ʈʉɸ ʥʠʢʝʣʣʦʮʠʢʣʦʛʝʧ-

ʪʘʥʦʚʳʡ ʠʥʪʝʨʤʝʜʠʘʪ 2 (ʨʠʩ. 21). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʘʚʪʦʨʘʤ ʦʙʝʠʭ 

ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʝʘʢʮʠʠ ʩʦʪʨʠʤʝʨʠʟʘʮʠʠ ʧʨʦʪʝʢʘʶʪ ʧʦ ʤʝ-

ʪʘʣʣʦʮʠʢʣʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩ ʫʯʘʩʪʠʝʤ 2,2,3,3-ʪʝʪʨʘʬʪʦʨʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʭ 

ʠ 2,2,3,3-ʪʝʪʨʘʬʪʦʨ- ʤʝʪʘʣʣʦʮʠʢʣʦʛʝʧʪʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(II ). 

 

ʈʠʩ. 21. ʅʠʢʝʣʣʦʮʠʢʣʠʯʝʩʢʠʝ ʠʥʪʝʨʤʝʜʠʘʪʳ, ʚʳʜʝʣʝʥʥʳʝ ʚ ʩʠʩʪʝʤʘʭ ʩʦʪʨʠʤʝʨʠʟʘʮʠʠ ʪʝʪʨʘʬʪʦʨʵʪʠʣʝ-

ʥʘ ʩ ʵʪʠʣʝʥʦʤ. 

ʄʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʙʱʝʧʨʠʥʷʪʦʡ ʛʠʧʦʪʝʟʦʡ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʨʝʘʢʮʠʡ [2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʊʘʢ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʝʘʢʮʠʠ [2+2]-ʜʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʘʜʠʝʥʘ [32-35] ʚ ʢʘʯʝʩʪʚʝ ʘʚʪʦʨʘʤʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ. 
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1.3. ʀʥʪʝʨʤʝʜʠʘʪʳ Ni(I) ʠ ʠʭ ʨʦʣʴ ʚ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʤ ʢʘʪʘʣʠʟʝ 

Cʦʝʜʠʥʝʥʠʷ Ni(I) ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʨʦʜʳ ʘʢʪʠʚʥʦ-

ʩʪʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʝʱʝ ʚ 1970ʭ ʛʦʜʘʭ [93]. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʠʭ ʨʦʣʴ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʘʠʙʦ-

ʣʝʝ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ Ni(II); ʧʨʠ 

ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʷ Ni(I), ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʩʠʩʪʝʤʝ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʢʘʢ ʥʝʢʠʝ 

ʩʧʠʥʦʚʳʝ ʤʝʪʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʨʦʮʝʩʩʘʭ ʚ ʩʠʩʪʝʤʝ [5], ʣʠʙʦ ʚʦʚʩʝ ʢʘʢ 

ʧʨʦʜʫʢʪʳ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ [75]. ʉ ʜʨʫʛʦʡ ï ʠʤʝʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ Ni(I) ʚ ʢʘ-

ʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʧʦʣʠ- ʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ.  

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ Ni(I), ʷʚʣʷʶʱʠʭʩʷ ʧʘ-

ʨʘʤʘʛʥʠʪʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʕʇʈ ï ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʠ 

ʚʝʩʴʤʘ ʩʝʣʝʢʪʠʚʥʳʡ ʤʝʪʦʜ [94].  

 

1.3.1. ʀʥʪʝʨʤʝʜʠʘʪʳ Ni(I) ʚ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Ni(II ) 

ɺ ʨʘʙʦʪʘʭ [93-98] ʠʟʫʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʚ ʩʠʩʪʝʤʝ Ni(acac)2/ʈɺu3/ɸlɽt2ʉl ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʠʵʪʠʣʭʣʦʨʠʜʘ ʘʣʶ-

ʤʠʥʠʷ (ʈ:Ni=4:1).  

ʇʨʠ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʜʠʵʪʠʣʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ (ɸl:Ni<4) ʥʘʙʣʶʜʘʣʩʷ  ʜʠʘ-

ʤʘʛʥʠʪʥʳʡ ʢʦʤʧʣʝʢʩ Ni(II) ʩʦʩʪʘʚʘ (ɺu3ʈ)2NiCl2 (ʧʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦ-

ʧʠʠ). ʇʨʠ ɸl:Ni=4 ʧʨʦʠʩʭʦʜʠʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʢʝʣʷ ʠ ʧʦʷʚʣʷʣʩʷ ʩʠʛʥʘʣ ʕʇʈ ʦʪ ʤʦ-

ʩʪʠʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ Ni(I) ʩʦʩʪʘʚʘ (ɺu3ʈ)2NiClÖʉlɸlɽt2. (ʤʘʢʩʠʤʫʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ ʦʪʥʦʰʝʥʠʠ ɸl:Ni=8). ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

AlEt2Cl ʚ ʩʠʩʪʝʤʝ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʚʳʪʝʩʥʝʥʠʶ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ 

ʠʟ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ Ni(I): ʧʨʠ ʦʪʥʦʰʝʥʠʠ ɸl:Ni=16 ʦʩʥʦʚʥʳʤ ʚ ʩʧʝʢʪʨʝ 

ʕʇʈ ʙʳʣ ʩʠʛʥʘʣ, ʚ ʢʦʪʦʨʦʤ ʨʘʟʨʝʰʘʣʘʩʴ ʩʚʝʨʭʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ (ʉʊʉ) ʪʦʣʴʢʦ ʦʪ ʦʜʥʦʛʦ 

ʷʜʨʘ 
31
ʈ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʧʘʜʝʥʠʝʤ ʦʙʱʝʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘ ʕʇʈ ʚ ʩʠʣʫ ʯʘʩʪʠʯʥʦʛʦ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ Ni(I) ʜʦ Ni(0). ʊʝ ʞʝ ʩʘʤʳʝ ʩʦʝʜʠʥʝʥʠʷ Ni(I) ʦʙʥʘʨʫʞʝʥʳ ʚ ʩʠʩʪʝʤʘʭ 

(ɺu3ʈ)2NiCl2 / ʈɺu3 / ɸlɽt2ʉl [99-101].   

ʇʨʠ ʟʘʤʝʥʝ ɸlɽt2ʉl ʥʘ ɸl(i-ɺu)2ʅ ʥʘʙʣʶʜʘʣʩʷ ʩʧʝʢʪʨ ʕʇʈ ʦʪ ʤʦʩʪʠʢʦʚʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ (ɺu3ʈ)2NiHÖHɸl(i-ɺu)2, ʚ ʢʦʪʦʨʦʤ ʨʘʟʨʝʰʘʣʘʩʴ ʉʊʉ ʦʪ ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʷʜʝʨ 

31
ʈ ʠ ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʤʦʩʪʠʢʦʚʳʭ ʧʨʦʪʦʥʦʚ [96,97,99,102]. ʇʨʠ ʟʘʤʝʥʝ ɸl(i-ɺu)2ʅ 
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ʥʘ ɸlɽt3 ʩʠʛʥʘʣʳ ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(I) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ ʰʫ-

ʤʦʚ.  

ɺ ʩʠʩʪʝʤʘʭ (R3ʈ)2Niʍ2 / ɸlɽt3 ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʤʦʩʪʠʢʦʚʳʝ ʢʦʤʧʣʝʢʩʳ Ni(I) ʩʦ-

ʩʪʘʚʘ (R3ʈ)2NiʍÖʍɸlɽt2 ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʘʮʠʜʦʣʠʛʘʥʜʘʤʠ 

[95,103].  

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Ni(I) ʪʘʢʞʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʥʘʬʪʝʥʘʪʥʦʛʦ [104,105] ʠ ʬʝʥʠʣʝʥʜʠʠʤʠʜʥʦʛʦ [106] ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ(II) ʩ AlEt2Cl, ʘ 

ʪʘʢʞʝ ʜʠʠʟʦʧʨʦʧʠʣʩʘʣʠʮʠʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ(II) ʩ ʨʝʘʢʪʠʚʘʤʠ ɻʨʠʥʴʷʨʘ [107]. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʪʤʝʯʘʣʘʩʴ ʛʣʫʙʦʢʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʥʠʢʝʣʷ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʝʛʦ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ. ɼʝʡʩʪʚʠʝʤ ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʪʘ-

ʙʠʣʴʥʳʝ p-ʘʣʣʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ Ni(II) ʧʨʠʚʦʜʠʣʦ ʢ ʠʭ ʨʘʩʧʘʜʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʦʩ-

ʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(I) [108]. 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʧʨʦʧʠʣʝʥʘ ʚ ʩʠʩʪʝʤʫ NiX 2(PPh3)2 / AlEt3 (X= Cl, Br, I), ʩʦʜʝʨʞʘʱʫʶ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʥʝʥʘʩʳʱʝʥʥʳʝ ʤʦʩʪʠʢʦʚʳʝ ʢʦʤʧʣʝʢʩʳ Ni(I), [100] ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟ-

ʨʫʰʝʥʠʝ ʤʦʩʪʠʢʦʚʦʡ ʩʚʷʟʠ ʤʝʞʜʫ Ni(I) ʠ ʘʣʶʤʠʥʠʝʤ, ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʦʜʥʦʡ ʤʦʣʝʢʫ-

ʣʳ ʬʦʩʬʠʥʘ ʠʟ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʠ ʢʦʦʨʜʠʥʘʮʠʷ ʧʨʦʧʠʣʝʥʘ ʩ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ p-ʢʦʤʧʣʝʢʩʘ Ni(I) ʩʦʩʪʘʚʘ (ʈh3ʈ)NiX(h
2
-ʉ3ʅ6) [96,97,109,110]. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʉʦʩʪʘʚ p-ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ʩʘʤʘ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚ ʠʩʭʦʜʥʦʤ ʢʦʤʧʣʝʢʩʝ Ni(I). ʅʘʧʨʠ-

ʤʝʨ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ (ɺu3ʈ)2Niʉl ʦʙʨʘʟʫʝʪ ʩ ʛʝʢʩʝʥʦʤ-1 p-ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ 

(ɺu3ʈ)2Niʉl(h
2
-ʉ6ʅ12), ʘ ʪʨʠʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʪʨʠʠʟʦʧʨʦʧʠʣ- ʠ ʪʨʠʮʠʢʣʦ-

ʛʝʢʩʠʣʬʦʩʬʠʥʦʤ ʩʦʩʪʘʚʘ (R3ʈ)2Niʉl ʥʝ ʦʙʨʘʟʫʶʪ ʚ ʵʪʠʭ ʞʝ ʫʩʣʦʚʠʷʭ p-ʢʦʤʧʣʝʢʩʳ ʩ 

ʦʣʝʬʠʥʘʤʠ [111]. ʀʥʝʨʪʥʦʩʪʴ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʦʙʫʩʣʦʚʣʝʥʘ, 

ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʩʪʝʨʠʯʝʩʢʠʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʦʣʝʬʠʥʘ, ʘ ʪʘʢʞʝ 

ʧʨʦʯʥʦʩʪʴʶ ʩʚʷʟʠ Ni-P, ʨʘʟʨʳʚ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʬʦʩʬʠʥʘ. ʆʜʥʘʢʦ, 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʦʣʝʝ ʩʠʣʴʥʦʛʦ ʘʢʮʝʧʪʦʨʘ ʬʦʩʬʠʥʦʚ, AlEt2Cl, ʫʜʘʣʦʩʴ ʠ ʚ ʵʪʠʭ ʢʦʤʧʣʝʢ-

ʩʘʭ ʟʘʤʝʩʪʠʪʴ ʬʦʩʬʠʥ ʥʘ ʦʣʝʬʠʥ [111].  

 

1.3.2. ʀʥʪʝʨʤʝʜʠʘʪʳ Ni(I) ʚ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Ni(0) 

ʉʝʩʢʚʠʛʘʣʦʛʝʥʠʜʳ ʘʣʶʤʠʥʠʷ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝ-

ʣʝʡ ʠ ʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ, ʥʦ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ ʧʝʨʝ-



37 
 

ʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʘʢ, ʧʨʠ ʜʝʡʩʪʚʠʠ ʵʪʠʣ-

ʜʠʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ʥʘ Ni(PPh3)4 ʠ Ni(PPh3)2(C2H4) (ɸl:Ni=3 ʠ 1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 

ʥʘʙʣʶʜʘʣʦʩʴ ʙʣʠʟʢʦʝ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʦʢʠʩʣʝʥʠʝ Ni(0) ʜʦ Ni(I) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʠ-

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ (ʈh3ʈ)2Ni
I
Cl, ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʕʇʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ [101,109,112]. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ AlEtCl2 ʧʨʠʚʦʜʠʣʦ ʩʥʘʯʘʣʘ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʩʪʠʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʈh3ʈ)2NiClÖʉlɸlɽtʉl, ʘ ʟʘʪʝʤ ï ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʤʫ ʚʳʪʝʩʥʝʥʠʶ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠʟ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʥʠʢʝʣʷ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ AlEtCl2 ʩ ʢʦʤʧʣʝʢʩʦʤ 

[(ʦ-ʄʝʉ6ʅ4ʆ)3ʈ]2Ni(C2ʅ4).  

ɸʮʠʜʦʣʠʛʘʥʜ ʥʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʧʦʩʦʙʝʥ ʚʳʪʝʩʥʷʪʴ ʬʦʩʬʦʨʦʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠ-

ʛʘʥʜʳ ʠʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʥʠʢʝʣʷ. ʊʘʢ, ʧʨʠ ʜʝʡʩʪʚʠʠ AlEtCl2 ʥʘ Ni
0
(DPPE)2 

(DPPE = 1,2-ʙʠʩ-(ʜʠʬʝʥʠʣʬʦʩʬʠʥ)ʵʪʘʥ) ʬʦʩʬʠʥʦʚʳʝ ʣʠʛʘʥʜʳ ʦʩʪʘʶʪʩʷ ʚ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʦʡ ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʘ Ni(I) ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ AlEtCl2 [101,113]. ʆʢʠʩʣʝʥʠʝ 

Ni(0) ʩ ʧʦʤʦʱʴʶ AlEtCl2 ʚ ʬʦʩʬʠʪʥʦʤ ʢʦʤʧʣʝʢʩʝ Ni[ʈ(ʆɽt)3]4 ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʦʙ-

ʨʘʟʦʚʘʥʠʝʤ ʠʦʥʥʳʭ ʧʘʨ, ʢʘʪʠʦʥʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʣʩʷ ʢʦʤʧʣʝʢʩ {Ni[ʈ(ʆɽt)3]4}
+
 [101]. ɺ 

ʨʘʙʦʪʝ [114] ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ Ni(I) ʩʦʩʪʘʚʘ (dipy)Ni(PPh3)X, ʩʠʥʪʝʟʠʨʦ-

ʚʘʥʥʳʝ ʧʦ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (dipy)Ni(PPh3)2 ʩ ʧʦ-

ʤʦʱʴʶ ʘʣʢʠʣ- ʠ ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ.  

ɼʦʢʘʟʘʥʦ ʦʢʠʩʣʝʥʠʝ ʙʨʦʤʠʜʦʤ ʘʣʶʤʠʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʜʦ Ni
+
  ʚ ʮʠʢʣʦʦʢ-

ʪʘʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ Ni(0) [115]. 

ɼʨʫʛʘʷ ʢʠʩʣʦʪʘ ʃʴʶʠʩʘ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʧʨʝʚʨʘʱʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʵʬʠʨʘʪ ʪʨʠʬʪʦʨʠʜʘ ʙʦʨʘ, ʪʘʢʞʝ ʩʧʦʩʦʙʝʥ ʚʳʩʪʫʧʘʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ Ni(0) ʚ ʨʦʣʠ ʦʢʠʩʣʠʪʝʣʷ [116,117]. ʇʨʠ ʜʝʡʩʪʚʠʠ BF3ĿOEt2 ʥʘ Ni(PPh3)4 

ʧʦʣʫʯʝʥ ʨʷʜ ʩʧʝʢʪʨʦʚ ʕʇʈ, ʦʪʥʝʩʝʥʥʳʭ ʢ ʢʘʪʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʥʠʢʝʣʷ(I) ʩʦʩʪʘʚʘ 

[Ni(PPh3)n]
+
BF4

-
 (n=3,2,1). ʄʘʢʩʠʤʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ B:Ni=20,60,80 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

B:Ni>100 ʩʠʛʥʘʣ ʕʇʈ ʥʠʢʝʣʷ(I) ʠʩʯʝʟʘʣ ʠ ʥʘʙʣʶʜʘʣʩʷ ʩʠʛʥʘʣ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʥʠʢʝʣʷ 

ʩ g=2,2. 

ʄʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʬʦʩʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ(0) ʵʬʠʨʘʪʦʤ ʪʨʠʬʪʦʨʠʜʘ 

ʙʦʨʘ ʠʟʫʯʝʥ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ [118-121]. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʦʙʱʝʥʳ 

ʨʠʩ. 22. 
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ʈʠʩ. 22. ʄʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʬʦʩʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ(0) ʵʬʠʨʘʪʦʤ ʪʨʠʬʪʦʨʠʜʘ ʙʦʨʘ (ʛʜʝ L ï 

ʥʝʢʦʪʦʨʳʡ ʣʠʛʘʥʜ (ʥʘʧʨʠʤʝʨ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʩʠʩʪʝʤʝ ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ).) 

ʅʘ ʧʝʨʚʳʭ ʩʪʘʜʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Ni(PPh3)4 ʩ ʪʨʠʬʪʦʨʠʜʦʤ ʙʦʨʘ ʧʨʦʠʩʭʦʜʠʪ 

ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ Ni
II
BF2F, ʢʦʪʦʨʳʡ 

ʟʘʪʝʤ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʢʦʥʪʨʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʠʤʝʶʱʠʤʩʷ ʚ ʩʠʩʪʝʤʝ ʢʦʤ-

ʧʣʝʢʩʦʤ Ni(0). ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ Ni(I), ʩʦʜʝʨʞʘʱʠʝ ʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ 

Ni-F ʠ Ni-B, ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʢʘ BF3ĿOEt2 ʚ ʩʠʩʪʝʤʝ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʢʘʪʠʦʥ-

ʥʳʝ ʤʦʥʦʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [Ni
I
Pn]

+
BF4

- 
(n=1,2,3). ʇʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʢʦʥʪʨʜʠʩʧʨʦ-

ʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʣʝʞʘʪ, ʥʘʧʨʠʤʝʨ, ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʛʘʣʦʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Ni(I) ʩʦʩʪʘʚʘ (PR3)nNiX [122]. ɺ ʨʘʙʦʪʝ [123] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʪʨʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘ-

ʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Ni(0) ʠ Ni(II) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ Ni(I) ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʝʡ, ʥʦ-

ʩʷʱʝʡ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʵʬʠʨʘʪʘ ʪʨʠ-

ʬʪʦʨʠʜʘ ʙʦʨʘ, ʚʝʨʦʷʪʥʦ, ʨʝʘʣʠʟʫʝʪʩʷ ʠ ʚ ʩʣʫʯʘʝ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʠʭ ʨʝʘʢʮʠʷʭ ʩ ʢʦʤʧʣʝʢʩʘʤʠ Ni(0).  

ɺ ʨʘʙʦʪʝ [124] ʩʜʝʣʘʥ ʦʙʦʙʱʘʶʱʠʡ ʚʳʚʦʜ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ Ni(I), ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ-

ʥʳʝ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʝʡ ʯʘʩʪʴʶ ʥʠʢʝʣʴʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘ-

ʣʠʟʘʪʦʨʦʚ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʘʣʢʝʥʦʚ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠ-

ʟʘʪʦʨʘ: ʨʝʘʢʮʠʝʡ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ Ni(0) ʧʦʩʨʝʜʩʪʚʦʤ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʠʣʠ ɹʨʝʥ-

ʩʪʝʜʘ, ʣʠʙʦ ʨʝʘʢʮʠʝʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ Ni(II ) ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʧʝʨʝʭʦʜʥʦʛʦ ʨʷʜʘ.  

ɼʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʝʪʦʜʦʤ ʕʇʈ ʚʣʠʷʥʠʷ ʧʨʦ-

ʪʦʥʦʜʦʥʦʨʥʳʭ ʜʦʙʘʚʦʢ ʥʘ ʥʠʢʝʣʝʚʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ɺ ʨʘʙʦʪʘʭ [125,126] 

ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ Ni(PPh3)4 ʫʢʩʫʩʥʦʡ ʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʘʤʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʦʤʧʣʝʢʩʘ (PPh3)3NiOOCR, ʘ ʪʘʢʞʝ ʢʦʣʠ-
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ʯʝʩʪʚʦ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚʦʜʦʨʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʨʠʙʘʚʣʝʥʠʷ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʢ 

ʪʦʣʫʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ ʢʦʤʧʣʝʢʩʘ Ni(PPh3)4: ʯʝʤ ʤʝʜʣʝʥʥʝʝ ʜʦʙʘʚʣʷʝʪʩʷ ʫʢʩʫʩʥʘʷ ʢʠʩ-

ʣʦʪʘ ʚ ʩʠʩʪʝʤʫ, ʪʝʤ ʙʦʣʴʰʝ ʚʳʜʝʣʷʝʪʩʷ ʚʦʜʦʨʦʜ ʠ ʪʝʤ ʙʦʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʨʙʦʢʩʠ-

ʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ni(I). ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ (ʨʠʩ. 23) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ Ni(0) 

ʩ ʢʠʩʣʦʪʦʡ ɹʨʝʥʩʪʝʜʘ. 

 

ʈʠʩ. 23. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ Ni(0) ʩ ʢʠʩʣʦʪʦʡ ɹʨʝʥʩʪʝʜʘ [125,126]. 

ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʩʭʝʤʝ, ʢʠʩʣʦʪʘ ɹʨʝʥʩʪʝʜʘ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ Ni(0) ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ 

ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʡ ʛʠʜʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ 

Ni(II) ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʢʦʥʪʨʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʩ Ni(0), ʜʘʚʘʷ ʢʘʨʙʦʢʠʣʘʪʥʳʡ 

ʠ ʛʠʜʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩʳ Ni(I). ʇʦʩʣʝʜʥʠʡ, ʚ ʩʠʣʫ ʥʠʟʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʠʜʨʠʜʦʚ Ni(I) 

[127], ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ, ʜʘʚʘʷ ʢʦʤʧʣʝʢʩ Ni(0) 

(ʢʦʪʦʨʳʡ ʩʥʦʚʘ ʨʝʘʛʠʨʫʝʪ ʩ ʢʠʩʣʦʪʦʡ ɹʨʝʥʩʪʝʜʘ, ʜʘʚʘʷ ʛʠʜʨʠʜ Ni(II)). ʊʘʢʞʝ ʵʪʦʪ ʛʠʜ-

ʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ ʢʦʥʢʫʨʠʨʫʶʱʫʶ ʨʝʘʢʮʠʶ ʩ ʢʠʩʣʦʪʦʡ ɹʨʝʥʩʪʝʜʘ c 

ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ, ʜʘʚʘʷ ʢʘʨʙʦʢʩʠʣʘʪ Ni(I). ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʦʪʦʥʦ-

ʜʦʥʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʩʧʠʨʪʦʚ) ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(I) 

ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(PPh3)4 / BF3ĿOEt2 [128,129] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʨʦʪʦʥʦʜʦʥʦʨʦʚ ʩʦʢʘʪʘʣʠʟʘʪʦʨ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʠʩʣʦʪʫ ɹʨʝʥʩʪʝʜʘ: 

 

ɼʘʥʥʘʷ ʢʠʩʣʦʪʘ ʦʙʣʘʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʩʠʣʴʥʳʤʠ ʘʢʮʝʧʪʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʦʩʬʠʥʘʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʥʝʥʘʩʳʱʝʥʥʦʩʪʴ ʢʘ-

ʪʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʘʤ Ni(I) ʧʨʠ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ. 
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ʈʠʩ. 24. ɿʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ( ) ï Ni(PPh3)4 / BF3ÖOEt2 / HBF4 ʠ ( ) ï 

Ni(PPh3)4 / HBF4 ʦʪ ʤʦʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ HBF4:Ni ʚ ʨʝʘʢʮʠʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ, t = 23 
0
C, P = 0.1 

MPa.([130]) 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ Ni(PPh3)4 / BF3ĀOEt2 / HBF4 ʙʳʣ ʫʩʪʘ-

ʥʦʚʣʝʥ ʬʘʢʪ ʪʦʛʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʨʝʘʢʮʠʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ 

ʵʪʠʣʝʥʘ ʯʨʝʟʚʳʯʘʡʥʦ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʘ ʩʤʝʰʠʚʘʥʠʷ ʝʸ ʢʦʤʧʦʥʝʥʪʦʚ. ʂʘʢ ʚʠʜ-

ʥʦ ʠʟ ʨʠʩ. 24, ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʢ Ni(0) ʩʥʘʯʘʣʘ ʜʦʙʘʚʣʷʝʪʩʷ ʵʬʠʨʘʪ ʪʨʠʬʪʦʨʠʜʘ ʙʦʨʘ, 

ʧʨʦʷʚʣʷʝʪ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʦʡ, ʛʜʝ  ʚ 

ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʘ ʩʨʘʟʫ ʙʨʘʣʠ ʢʠʩʣʦʪʫ HBF4. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫ-

ʯʘʝ ʚ ʩʠʩʪʝʤʝ ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʪʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ Ni(I), ʘ ʚʦ ʚʪʦʨʦʤ ï ʛʠʜʨʠʜʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ Ni(II ). 

ɺ ʨʘʙʦʪʝ [131] ʚʳʜʝʣʝʥ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʢʘʪʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ 

[Ni(PPh3)3]
+
BF4

-
 ʠʟ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Ni(PPh3)4 / BF3ĿOEt2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ 

ʢʦʤʧʣʝʢʩ ʙʝʟ ʫʯʘʩʪʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʘʢʪʠʚʘʪʦʨʘ ʧʨʦʷʚʣʷʝʪ ʪʘʢʫʶ ʞʝ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʦʣʠ-

ʤʝʨʠʟʘʮʠʠ ʩʪʠʨʦʣʘ, ʯʪʦ ʠ ʩʠʩʪʝʤʘ Ni(PPh3)4 / BF3ĿOEt2.  

1.3.3. ʀʦʥʳ Ni
+
 ʥʘ ʛʝʪʝʨʦʛʝʥʥʦʡ ʧʦʜʣʦʞʢʝ 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʥʠʢʝʣʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʕʇʈ. ʊʘʢ, ʧʦʢʘʟʘʥʦ [132], ʯʪʦ 

ʪʝʨʤʦ- ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʮʝʦʣʠʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠ-

ʤʦ ʜʣʷ ʝʛʦ ʘʢʪʠʚʘʮʠʠ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʠʛʥʘʣʘ ʕʇʈ ʦʪ ʠʦʥʦʚ Ni
+
. 

ʀʩʧʦʣʴʟʫʷ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠʦʥʦʚ Ni
2+

 ʚ Ni
+
 [133,134]. ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ CaNi-Y 
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ʮʝʦʣʠʪʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʠʛʥʘʣʳ ʕʇʈ ʜʚʫʭ ʪʠʧʦʚ [132,135], ʢʦ-

ʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʘʪ ʠʦʥʫ Ni
+
 ʩʚʷʟʘʥʥʦʤʫ ʩ ʚʦʜʦʨʦʜʦʤ ʠ ʮʝʦʣʠʪʥʦʡ ʧʦʜʣʦʞʢʦʡ ʚ a ʠ b 

ʬʦʨʤʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʜʦ 100
0
ʉ ʚ ʚʘʢʫʫʤʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʛʠʜʨʠʜʦʚ Ni
+
 ʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʕʇʈ, ʢʦʪʦʨʳʡ ʘʚ-

ʪʦʨʳ [135] ʦʪʥʝʩʣʠ ʢ ʠʟʦʣʠʨʦʚʘʥʥʦʤʫ ʠʦʥʫ Ni
+
, ʩʚʷʟʘʥʥʦʤʫ ʩ ʮʝʦʣʠʪʥʦʡ ʧʦʜʣʦʞʢʦʡ. 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʩʠʩʪʝʤʫ ʵʪʠʣʝʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʢʦʦʨʜʠʥʘʮʠʷ ʦʣʝʬʠʥʘ ʢ Ni
+
. ʊʘʢʠʝ ʞʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʩʠʛʥʘʣʦʚ ʕʇʈ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ CaNi-Y ʮʝʦʣʠʪʘ ʩ ʵʪʠʣʝ-

ʥʦʤ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʯʠʩʪʦ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʥʝʩʝʥʥʳʭ ʠʦʥʦʚ Ni
2+

 ʦʣʝʬʠʥʘʤʠ [133].  

ʆ ʢʣʶʯʝʚʦʡ ʨʦʣʠ ʠʦʥʦʚ Ni
+
 ʚ ʠʟʦʤʝʨʠʟʘʮʠʠ ʙʫʪʝʥʘ-1 ʥʘ ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʮʝʦʣʠʪʳ 

[136-141] ʠ ʩʠʣʠʢʘʛʝʣʴ [142] ʠʦʥʘʭ Ni
2+

 ʩʦʦʙʱʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ [132,142]. ʆʧʠʩʘʥʳ ʢʦʤ-

ʧʣʝʢʩʳ ʠʦʥʦʚ Ni
+ 
ʩ ʵʪʠʣʝʥʦʤ [144,145]. ɺ ʨʘʙʦʪʘʭ [146,147] ʤʝʪʦʜʦʤ ʕʇʈ ʧʦʜʨʦʙʥʦ 

ʠʟʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ Ni
+
, ʧʦʣʫʯʝʥʥʳʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʪʨʠʤʝʪʠʣʬʦʩʬʠʥʦʤ ʠʦʥʦʚ Ni

2+
, 

ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʦʢʩʠʜ ʢʨʝʤʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʪʨʠʤʝ-

ʪʠʣʬʦʩʬʠʥʘ ʚʦʟʤʦʞʥʦ ʩʝʣʝʢʪʠʚʥʦʝ ʚʚʝʜʝʥʠʝ 4, 2 ʠ 1 ʤʦʣʝʢʫʣ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝ-

ʨʫ ʥʠʢʝʣʷ(I). ɺʳʚʦʜʳ ʦ ʩʪʨʦʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʩʜʝʣʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʚ ʕʇʈ [147].  

ɺ ʨʘʙʦʪʝ [118] ʠʟʫʯʝʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ Ni(CO)2(PPh3)2/g-Al 2O3/EtAlCl2. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʵʪʠʣʘʣʶʤʠʥʠʡʜʠʭʣʦʨʠʜʦʤ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ 

ʧʦʜʣʦʞʢʝ ʢʦʤʧʣʝʢʩʦʚ Ni(I), ʫʩʪʦʡʯʠʚʳʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɼʦʙʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʘʣʣʠʣʙʝʥʟʦʣʘ, ʜʠʤʝʨʠʟʫʶʱʝʛʦʩʷ ʥʘ ʥʝʡ, ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ ʕʇʈ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʛʦ ʦ ʪʦʤ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʘʣʣʠʣʙʝʥʟʦʣʘ ʚʩʪʫ-

ʧʘʶʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʤʧʣʝʢʩʦʤ Ni(I). 

 

1.3.4. ʈʦʣʴ ʢʦʤʧʣʝʢʩʦʚ Ni(I) ʚ ʧʨʦʮʝʩʩʘʭ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʘʣʢʝʥʦʚ ʠ ʘʣʢʠʥʦʚ 

ɺ ʨʘʙʦʪʝ [131] ʤʝʪʦʜʘʤʠ ʋʌ- ʠ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Ni(PPh3)3]
+
BF4

-
 ʩʦ ʩʪʠʨʦʣʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʵʢʚʠʤʦʣʴ-

ʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩʪʠʨʦʣ:Ni(I) ʧʨʦʠʩʭʦʜʠʪ ʢʦʦʨʜʠʥʘʮʠʷ ʩʪʠʨʦʣʘ ʢ Ni(I), ʩʠʛʥʘʣ ʕʇʈ 

ʦʪ ʢʦʪʦʨʦʛʦ ʩʨʘʟʫ ʠʩʯʝʟʘʝʪ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʚ 
13

C ʗʄʈ ʩʧʝʢʪʨʝ ʚ 

ʦʙʣʘʩʪʠ 130-160 ʤ.ʜ., ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʘʨʝʥʦʥʠʝʚʳʭ ʢʘʪʠʦʥʦʚ [148]. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ 

ʩʠʩʪʝʤʫ ʪʨʠʵʪʠʣʬʦʩʬʠʪʘ ʚʥʦʚʴ ʧʦʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʩʠʛʥʘʣ ʕʇʈ, ʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, 
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ʦʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʥʘʩʳʱʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ni(I) ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ 

[(PPh3)2Ni(P(OEt)3)2]BF4. ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʥʦʩʘ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʩ ʠʦʥʘ Ni(I) ʥʘ ɓ-ʫʛʣʝʨʦʜʥʳʡ ʘʪʦʤ ʩʪʠʨʦʣʘ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʧʝʨ-

ʚʳʡ ʤʦʤʝʥʪ -́ʢʦʤʧʣʝʢʩ ʙʳʩʪʨʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ů-ʢʘʨʙʢʘʪʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ Ni(I), 

ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʪʚʦʨʝ ʪʦʣʫʦʣʘ ʚ ʚʠʜʝ ʜʠʘʤʘʛʥʠʪʥʦʛʦ ʜʠʤʝʨʘ: 

 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʪʨʠʵʪʠʣʬʦʩʬʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʩʦʮʠʘʮʠʷ ʜʠʤʝʨʘ ʥʘ ʧʘʨʘʤʘʛʥʠʪ-

ʥʳʝ ʤʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Ni(I) ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʟʙʳʪʢʘ ʩʪʠʨʦʣʘ ʩ ʢʘʪʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [Ni(PPh3)3]BF4 

ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʘʷ ʦʣʠʛʦʤʝʨʠʟʘʮʠʷ ʩʪʠʨʦʣʘ, ʢʦʪʦʨʘʷ ʤʛʥʦʚʝʥʥʦ ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʦʩʣʝ 

ʚʚʝʜʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʷʜʘ ï ʪʨʠʵʪʠʣʬʦʩʬʠʪʘ. ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

[131], ʯʪʦ ů-ʢʘʨʙʢʘʪʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʨʘʟʫʶʪʩʷ ʪʘʢʞʝ ʩ ʧʨʦʧʠʣʝʥʦʤ ʠ ʵʪʠʣʝʥʦʤ, ʥʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʭ ʤʝʪʦʜʦʤ ʋʌ ï ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʘʚʪʦʨʳ [131] ʧʨʝʜʣʦʞʠʣʠ ʩʣʝ-

ʜʫʶʱʫʶ ʩʭʝʤʫ ʘʢʪʠʚʘʮʠʠ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʦʣʝʬʠʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʨʠʩ. 25) ʥʘ ʧʨʠ-

ʤʝʨʝ ʵʪʠʣʝʥʘ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ. ɺ ʩʭʝʤʝ 

ʦʧʫʱʝʥʳ ʘʥʠʦʥ BF4
-
 ʠ ʢʠʩʣʦʪʘ ʃʴʶʠʩʘ BF3ĿOEt2, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʧʦʣʥʷ-

ʝʪ ʪʦʣʴʢʦ ʬʫʥʢʮʠʶ ʘʢʮʝʧʪʦʨʘ ʬʦʩʬʠʥʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʭʝʤʝ ʚ ʚʠʜʝ ʩʠʤʚʦʣʘ ʈ. 

 

ʈʠʩ. 25. ʉʭʝʤʘ ʘʢʪʠʚʘʮʠʠ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʦʣʝʬʠʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʫʯʘʩʪʠʝʤ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ Ni(I) [131]. 
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ɼʘʥʥʘʷ ʩʭʝʤʘ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʦʪ ʦʙʱʝʧʨʠʥʷʪʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ: 

1. ɸʢʪʠʚʘʮʠʷ ʘʣʢʝʥʘ ʠ ʨʝʘʢʮʠʷ ʝʛʦ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʢʘʪʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ Ni(I), ʘ ʥʝ ʥʘ ʛʠʜʨʠʜʥʳʭ ʠʣʠ ʢʘʪʠʦʥʥʳʭ ʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ Ni(II ); 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʠ Ni-C ʠ ʟʘʨʦʞʜʝʥʠʝ ʮʝʧʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʦʩʘ ʧʦʣʦ-

ʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʩ ʤʝʪʘʣʣʘ ʥʘ ɓ-ʫʛʣʝʨʦʜʥʳʡ ʘʪʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʘʣʢʝʥʘ, ʘ ʥʝ 

ʚʩʣʝʜʩʪʚʠʝ ʚʥʝʜʨʝʥʠʷ ʘʣʢʝʥʘ ʧʦ ʩʚʷʟʠ Ni-H. 

2. ʅʦʩʠʪʝʣʝʤ ʮʝʧʠ ʷʚʣʷʝʪʩʷ ʢʘʪʠʦʥ Ni
+
, ʘ ʥʝ ʛʠʜʨʠʜ [H-Ni]

+
. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʬʝʥʠʣʘʮʝʪʠʣʝʥʘ ʥʘ ʢʦʤʧʣʝʢʩʝ CpNi
I
(PPh3)2 

(Cp = ɖ
5
-ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ) ʙʝʟ ʫʯʘʩʪʠʷ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ [149] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚ-

ʣʝʥʠʝ ʬʝʥʠʣʘʮʝʪʠʣʝʥʘ ʢ CpNi(PPh3)2 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ 

CpNi(PhCCH)2, ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʜʚʫʭ ʠʟʦʤʝʨʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦʣʦʞʝʥʠʝʤ 

ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ʇʦ ʠʩʪʝʯʝʥʠʶ ʥʝʢʦʪʦʨʦʛʦ ʠʥ-

ʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʩʠʛʥʘʣ ʕʇʈ ʦʪ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠʩʯʝʟʘʝʪ, ʦʜʥʘʢʦ ʚʚʝʜʝʥʠʝ ʚ ʩʠ-

ʩʪʝʤʫ ʪʨʠʵʪʠʣʬʦʩʬʠʪʘ ʧʨʠʚʦʜʠʪ ʢ ʤʛʥʦʚʝʥʥʦʤʫ ʧʦʷʚʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʠʛʥʘʣʘ ʕʇʈ 

ʦʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʥʘʩʳʱʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ CpNi(P(OEt)3)2 ʠ ʧʨʝʢʨʘʱʝʥʠʶ ʦʣʠʛʦʤʝ-

ʨʠʟʘʮʠʠ. ɸʚʪʦʨʳ [149] ʦʙʲʷʩʥʷʶʪ ʵʪʦ ʷʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʦʚ, ʧʦʜʦʙʥʳʭ ʪʝʤ, 

ʯʪʦ ʙʳʣʠ ʨʘʥʝʝ ʦʙʥʘʨʫʞʝʥʳ ʚ ʩʠʩʪʝʤʝ NiCp2/LiCH3/MeCſCMe [150]. ʇʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʜʘʥʥʳʝ ʙʦʣʝʝ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʘʢʮʠʡ ʜʠʬʝʥʠʣʘʮʝʪʠʣʝʥʘ ʥʘ ʥʠʢʝʣʝʚʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ [151], ʚ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʠʤʝʨʠʟʘʮʠʷ ʘʣʢʠʥʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘʚʪʦʨʳ [149] ʧʨʝʜʣʦʞʠʣʠ ʩʭʝʤʫ ʤʝʭʘ-

ʥʠʟʤʘ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʬʝʥʠʣʘʮʝʪʠʣʝʥʘ (ʨʠʩ. 26): 

 

ʈʠʩ. 26. ʉʭʝʤʘ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʬʝʥʠʣʘʮʝʪʠʣʝʥʘ ʩ ʫʯʘʩʪʠʝʤ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(I) ʠ 

Ni(III ) [151]. 
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ɺ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʮʠʢʣʝ ʪʨʠʤʝʨʠʟʘʮʠʠ ʬʝʥʠʣʘʮʝʪʠʣʝʥʘ (A, ʨʠʩ. 26) ʨʝʘʣʠʟʫʶʪʩʷ 

ʩʪʘʜʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ -́ʢʦʤʧʣʝʢʩʘ Ni(I) ʚ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦ-

ʚʳʡ ʠ ʤʝʪʘʣʣʦʮʠʢʣʦʛʝʧʪʘʪʨʠʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩʳ Ni(III), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘʤʳʢʘʥʠʝ ʫʛ-

ʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ 1,2,4-ʪʨʠʬʝʥʠʣʙʝʥʟʦʣʘ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠʩʭʦʜʥʦʛʦ -́ʢʦʤʧʣʝʢʩʘ Ni(I). ɺ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʮʠʢʣʝ ʣʠʥʝʡʥʦʡ ʦʣʠ-

ʛʦʤʝʨʠʟʘʮʠʠ (B, ʨʠʩ. 26) ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʤʦʣʝʢʫʣʳ ʬʝʥʠʣʘ-

ʮʝʪʠʣʝʥʘ ʢ Ni(I) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ni(III). ʇʦʩʣʝʜʫʶʱʝʝ ʚʥʝʜʨʝ-

ʥʠʝ ʤʦʣʝʢʫʣ ʬʝʥʠʣʘʮʝʪʠʣʝʥʘ ʧʦ ʩʚʷʟʠ Ni-C ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʧʨʠ-

ʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʣʠʥʝʡʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʠʩʭʦʜʥʦʛʦ -́ʢʦʤʧʣʝʢʩʘ 

Ni(I). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʦʪʨʘʞʝʥʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʯʝʨʝʜʦʚʘʥʠʝʤ Ni(I) ʠ Ni(III ).  

ɺ ʨʘʙʦʪʘʭ [35,152-154] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ h
3
-ʘʣʣʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ Ni(h
3
-all)2 (all=C3H5, 1-CH3C3H4, 2-CH3C3H4) ʩ ʥʦʨʙʦʨʥʘʜʠʝʥʦʤ-2,5 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ(I) ʙʝʟ ʫʯʘʩʪʠʷ ʪʨʘʜʠʮʠʦʥ-

ʥʳʭ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʣʠʛʘʥʜʦʚ. ʉʧʝʢʪʨ ʕʇʈ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ (I) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʪʨʝʭʦʩʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ g-ʬʘʢʪʦʨʘ. ɼʣʷ ʢʦʤʧʣʝʢʩʘ Ni(I) ʘʚʪʦʨʳ [35,152-154] ʧʨʝʜʣʘ-

ʛʘʶʪ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ: 

 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ Ni(I) ʚ ʩʠʩʪʝʤʝ ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʧʨʝʚʨʘʱʝʥʠʷ ʥʦʨʙʦʨʥʘʜʠʝʥʘ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʮʠʦʥʘʨʥʦʡ, ʥʦ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ 

ʧʦʩʣʝ ʠʩʯʝʨʧʘʥʠʷ ʩʫʙʩʪʨʘʪʘ. ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʘʚʪʦʨʘʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ Ni(I) ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ [2+2]-

ʜʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʘʜʠʝʥʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʚʟʘʠʤʦ-

ʧʨʝʚʨʘʱʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʥʠʢʝʣʷ ʚ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ +1 ʠ +3 ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʢʣʶʯʝ-

ʚʳʤ ʚ ʤʝʭʘʥʠʟʤʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʬʝʨʤʝʥʪʘ [NiFe]-ʛʠʜʨʦʛʝʥʘʟʳ [155].  

  

Ni
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1.4. ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʥʠʢʝʣʴʢʦʤʧʣʝʢʩʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʧʨʝʚʨʘʱʝʥʠʷ ʥʝ-

ʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʥʦ-

ʚʳʭ ʥʠʢʝʣʴʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʦʣʠ- ʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ 

ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʝʣʝʢ-

ʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʧʦ ʩʦʟʜʘʥʠʶ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 

(ʩʤ. ʦʙʟʦʨʳ [14, 38, 40,156-160]), ʠʟʫʯʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩ-

ʧʦʣʴʟʫʝʤʦʛʦ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ ï ʄɸʆ [161], ʘ ʪʘʢʞʝ ʚʝʜʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʦʢʘʪʘʣʠʟʘʪʦʨʦʚ [162]. ɺʝʜʫʪʩʷ  ʫʩʧʝʰʥʳʝ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʛʝʪʝʨʦʛʝʥʠ-

ʟʘʮʠʠ ʠʟʥʘʯʘʣʴʥʦ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. [163 ;164; 165].  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʦʙʟʦʨʥʳʝ ʩʪʘʪʴʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ, 

ʧʦʞʘʣʫʡ, ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʛʦ ʥʠʢʝʣʴʢʦʤʧʣʝʢʩʥʦʛʦ 

ʢʘʪʘʣʠʟʘ ʧʦʩʚʷʱʝʥʦ ʩʦʟʜʘʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ-

ʤʝʥʷʶʪʩʷ Ŭ-ʜʠʠʤʠʥʦʚʳʝ ʠ N,Nô-ʙʠʩ-(ʠʤʠʥʦ)ʧʠʨʠʜʠʥʦʚʳʝ ʣʠʛʘʥʜʳ. ɺʘʞʥʳʤ ʧʨʝʠʤʫ-

ʱʝʩʪʚʦʤ ʜʘʥʥʳʭ ʣʠʛʘʥʜʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʚʦʠʭ ʩʪʝʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʠʭ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʠʥʪʝʟ ʧʦʣʠʤʝ-

ʨʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʴʶ [27].  

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʤʝʭʘʥʠʟʤʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠ-

ʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʵʪʠ ʣʠʛʘʥʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʠʥʝʨʪ-

ʥʳʝ ʠ ʥʝ ʠʟʤʝʥʷʶʱʠʝʩʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ çʤʦʣʝʢʫʣʳ-ʛʦʩʪʠè, ʦʩʥʦʚʥʳʤ ʧʘ-

ʨʘʤʝʪʨʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʠʭ ʩʪʝʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [27, 71, 72, 75]. ʆʜʥʘʢʦ, ʜʠʠʤʠ-

ʥʦʚʳʝ ʣʠʛʘʥʜʳ ʷʚʣʷʶʪʩʷ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʠ ʩʧʦʩʦʙʥʳ ʣʝʛʢʦ ʧʨʠʥʠʤʘʪʴ 

ʵʣʝʢʪʨʦʥ, ʥʘʭʦʜʷʩʴ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ .[166-175], ʚ ʪʦʤ 

ʯʠʩʣʝ, ʠ ʥʠʢʝʣʷ [173-175]. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʝ ʣʠʛʘʥʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷ-

ʶʪ ʥʘ ʩʚʦʡʩʪʚʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [176]. ɺ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ 

ʣʠʛʘʥʜʳ ʤʦʛʫʪ ʣʝʛʢʦ ʧʨʝʪʝʨʧʝʚʘʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʥʠʢʝʣʷ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʢ ʥʠʢʝʣʶ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤ ʣʠʛʘʥʜʦʤ [177-181], 

ʪ.ʝ. ʙʳʣʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʠʷ Ŭ-

ʜʠʠʤʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʠʢʝʣʝʚʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝ-

ʤʘʭ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʟʥʘʥʥʫʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʨʫʢʭʘʨʪʦʚʩʢʦ-

ʛʦ ʪʠʧʘ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʠʣʘʣʶʤʦʢʩʘʥʘ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝ-

ʥʠ ʦʧʨʝʜʝʣʷʝʪ ʩʪʦʠʤʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʷʚʣʷʝʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʣʠʤʝʨʘ, ʫʩʣʦʞʥʷʷ ʝʛʦ ʦʯʠʩʪʢʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ ï ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ, ʢʦʪʦʨʫʶ ʪʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ ʜʣʷ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʜʠʠʤʠʥʦʚʳʝ ʣʠʛʘʥʜʳ. ʉʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʨʝʙʫʝʪ ʜʝʪʘʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʧʨʦʮʝʩʩʦʚ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʦʣʠ ʩʦʝʜʠʥʝʥʠʡ 

ʥʠʢʝʣʷ ʚ ʨʘʟʥʳʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ (ʚ ʪ.ʯ. ʠ ʤʘʣʦʠʟʫʯʝʥʥʦʡ ʚ ʵʪʠʭ ʩʠʩʪʝʤ Ni(0)), ʘ 

ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʧʨʦʷʚʣʝʥʠʷ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʣʠʛʘʥʜʘ ʚ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʟʘ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʠʟʘʡʥʫ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ʚʳ-

ʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʘʪʦʤʥʦʵʢʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦ ʝʛʦ ʤʝ-

ʭʘʥʠʟʤʝ.  

ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʙʱʝʧʨʠʥʷʪʳʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʢʘʪʘʣʠ-

ʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʚʷʟʴ Ni-C ʠʣʠ Ni-H, ʢʦʪʦʨʘʷ ʣʠʙʦ ʩʦʜʝʨ-

ʞʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʡʪʨʘʣʴʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʣʠʛʦ- [6-8,12] ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ [13, 16] ʦʣʝʬʠʥʦʚ), ʣʠʙʦ ʬʦʨʤʠʨʫʝʪʩʷ in 

situ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʘʮʠʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(II) ʩ ʧʦʤʦʱʴʶ ʩʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ï 

ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʛʣʘʚʥʘʷ ʨʦʣʴ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʙʦʣʴʰʠʥ-

ʩʪʚʦʤ ʘʚʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʦʚ ʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ. [5,16,60,71,72,75,182] ɺ ʥʝʢʦʪʦʨʦʤ 

ʩʤʳʩʣʝ ʦʩʦʙʥʷʢʦʤ ʩʪʦʠʪ ʭʠʤʠʷ çʛʦʣʦʛʦè ʥʠʢʝʣʷ, ʦʧʠʩʘʥʥʘʷ ɻ.ɺʠʣʢʝ [9, 183-185], ʛʜʝ 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʩʚʷʟʴ Ni-C ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʩʫʙʩʪʨʘʪʦʤ. 

ʆʜʥʘʢʦ, ʝʱʝ ʚ 70-ʝ ʛʦʜʳ ʧʦʷʚʠʣʘʩʴ ʩʝʨʠʷ ʨʘʙʦʪ, [186,187] ʚ ʢʦʪʦʨʳʭ ʙʳʣʦ ʧʦʢʘʟʘ-

ʥʦ, ʯʪʦ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʦʤʧʣʝʢʩʘʭ ʥʠʢʝʣʷ(0), ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʙʝʟʘʣʢʠʣʴʥʳʤʠ 

ʢʠʩʣʦʪʘʤʠ ʃʴʶʠʩʘ (ʪʘʢʠʭ ʢʘʢ BF3ĀOEt2 ʠʣʠ AlBr 3), ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʚ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ 

ʦʣʝʬʠʥʦʚ ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʣʘcʩʠʯʝ-

ʩʢʦʤ ʩʦʯʝʪʘʥʠʠ Ni(II) ʠ ʜʦʥʦʨʘ ʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ. ɺ ʧʘʨʘʛʨʘʬʝ 1.3.2  ʨʘʩʩʤʦʪʨʝʥʦ ʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʪʦʤ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʣʠʟʢʠʤ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ 

ʦʢʠʩʣʝʥʠʝʤ Ni(0) ʜʦ Ni(I), ʢʦʪʦʨʳʡ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʚ ʨʘʩʪʚʦʨʝ ʚ ʬʦʨʤʝ ʢʘʪʠʦʥʥʳʭ 
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ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʲʷʩʥʷʷ ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʩʠʩʪʝʤ, ʩʣʝʜʫʝʪ ʠʩʭʦʜʠʪʴ ʠʟ ʪʦ-

ʛʦ, ʯʪʦ ʩʚʷʟʴ ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʢʘʪʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Ni(I) ʩ ʩʫʙʩʪʨʘʪʦʤ.  

ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʢʠʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʜʣʷ ʘʢʪʠʚʘʮʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʦʚʨʝ-

ʤʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʘʪʦʤʥʦ-ʵʢʦʥʦʤʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʟʝʣʝʥʦʡ ʭʠʤʠʠ [188]. ɿʥʘʯʠʪʝʣʴ-

ʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʪʘʢʞʝ ʜʦʩʪʠʯʴ ʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʭʠʤʠʠ çʛʦʣʦʛʦè ʥʠʢʝʣʷ [9,183-185,189]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʝʡ, ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʬʦʨʤʠʨʫʶʪ ʙʣʠʞʘʡʰʠʝ çʙʝʟʣʠʛʘʥʜʥʳʝè 

(ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ) ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʣʠʛʘʥʜʳ ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʩʪʨʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʭʦʜʦʤ [182,186,187,190,191], ʛʜʝ ʚ ʢʘʯʝ-

ʩʪʚʝ ʠʩʭʦʜʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʪʨʘʢʠʩ-ʬʦʩʬʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ Ni(0), ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʫʤʝʥʴʰʠʪʴ ʠʩʧʦʣʴʟʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʣʠʛʘʥʜʘ.  

ʉ ʮʝʣʴʶ ʨʘʟʚʠʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʘʢʪʠʚʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ çʙʝʟʣʠʛʘʜ-

ʥʳʭè ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʦʣʝʬʠʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʚ ʥʘʩʪʦʷ-

ʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

o ʀʟʫʯʠʪʴ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʧʨʠ ʘʢʪʠʚʘʮʠʠ Ni(COD)2 ʧʦʩʨʝʜʩʪʚʦʤ ʙʝʟʘʣʢʠʣʴʥʦʡ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ï BF3ĿOEt2;  

o ʀʩʩʣʝʜʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ çʙʝʟʣʠʛʘʥʜʥʦʡè ʩʠʩʪʝʤʳ Ni(COD)2/BF3ĿOEt2 ʚ ʨʝʘʢʮʠʷʭ 

ʧʨʝʚʨʘʱʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʣʠʥʝʡʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ; 

o ʀʩʩʣʝʜʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ Ŭ-ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʢʘʪʘʣʠʪʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ Ni(COD)2/BF3ĿOEt2; 

o ʀʩʩʣʝʜʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Ni(COD)2/BF3ĿOEt2/DAB (ʛʜʝ 

DAB ï Ŭ-ʜʠʠʤʠʥʦʚʳʡ ʣʠʛʘʥʜ) ʚ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ; 

o ʀʩʩʣʝʜʦʚʘʪʴ ʨʦʣʴ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʤʧʣʝʢʩʦʚ Ni(I), ʚ 

ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʠʢʝʣʴʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦ-

ʨʦʚ.  
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ɻʃɸɺɸ II . ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʆʯʠʩʪʢʘ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʨʝʘʛʝʥʪʦʚ ʠ ʛʘʟʦʚ. 

ʊʦʣʫʦʣ, ʙʝʥʟʦʣ [192] ʦʯʠʱʘʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʩʝʨʫʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʚʩʪʨʷʭʠʚʘ-

ʥʠʝʤ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʜʦ ʪʝʭ ʧʦʨ,  ʧʦʢʘ  ʥʦʚʘʷ ʧʦʨʮʠʷ ʢʠʩʣʦʪʳ ʥʝ ʦʩʪʘʚʘʣʘʩʴ ʙʝʩ-

ʮʚʝʪʥʦʡ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ,  ʨʘʩʪʚʦʨʦʤ ʙʠʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʠ ʩʥʦʚʘ ʚʦʜʦʡ, ʩʫʰʠʣʠ ʥʘʜ  

ʧʷʪʠʦʢʠʩʴʶ ʬʦʩʬʦʨʘ, ʧʝʨʝʛʦʥʷʣʠ ʥʘʜ ʥʘʪʨʠʝʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʪʦʣʫʦʣ (ʙʝʥʟʦʣ) ʭʨʘʥʠʣʠ 

ʥʘʜ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʥʘʪʨʠʝʤ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʚ ʰʣʝʥʢ-ʩʦʩʫʜʝ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝ-

ʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʫʦʣ (ʙʝʥʟʦʣ) ʦʯʠʱʘʣʠ ʤʝʪʦʜʦʤ ʢʝʪʠʣʴʥʦʡ [193] ʩʫʰʢʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʡ ʥʘʩʘʜʢʠ ʜʣʷ ʧʝʨʝʛʦʥʢʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥ-

ʪʝʟʦʤ ʩʦʝʜʠʥʝʥʠʡ Ni(0) ʪʦʣʫʦʣ ʧʝʨʝʢʦʥʜʝʥʩʠʨʦʚʘʣʠ ʚ ʚʘʢʫʫʤʝ ʥʘʜ ʢʝʪʠʣʴʥʳʤ ʨʘʜʠʢʘ-

ʣʦʤ. 

ɻʝʢʩʘʥ [192] ʦʯʠʱʘʣʠ ʚʩʪʨʷʭʠʚʘʥʠʝʤ ʩʦ ʩʤʝʩʴʶ  ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʠ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ 2-3 ʨʘʟʘ. ɽʩʣʠ ʚ ʨʘʩʪʚʦʨʝ ʦʙʥʘʨʫʞʠʚʘʣʠ ʧʨʠʤʝʩʠ ʦʣʝʬʠʥʦʚ, ʪʦ ʨʘʩʪʚʦ-

ʨʠʪʝʣʴ ʦʙʨʘʙʘʪʳʚʘʣʠ  ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʚ 10%-ʥʦʡ 

ʩʝʨʥʦʡ  ʢʠʩʣʦʪʝ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʝʨʤʘʥʛʘʥʘʪ ʢʘʣʠʷ ʥʝ ʧʦʢʘʟʳʚʘʣ  ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢ-

ʮʠʠ ʥʘ  ʦʣʝʬʠʥʳ. ʈʘʩʪʚʦʨʠʪʝʣʴ ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʨʘʩʪʚʦʨʦʤ ʢʘʨʙʦʥʘʪʘ 

ʥʘʪʨʠʷ, ʩʫʰʠʣʠ ʥʘʜ ʭʣʦʨʠʩʪʳʤ ʢʘʣʴʮʠʝʤ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʠ ʧʝʨʝʛʦʥʷʣʠ ʚ ʘʨʛʦʥʝ ʥʘʜ 

ʥʘʪʨʠʝʤ, ʭʨʘʥʠʣʠ ʥʘʜ ʥʘʪʨʠʝʚʳʤ ʟʝʨʢʘʣʦʤ ʟʘʧʘʷʥʥʳʤ ʚ ʘʤʧʫʣʳ.  

ʕʪʠʣʦʚʳʡ ʩʧʠʨʪ [192]. ʉʧʠʨʪ-ʨʝʢʪʠʬʠʢʘʪ (1 ʣʠʪʨ) ʢʠʧʷʪʠʣʠ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ 

(8 ʤʣ ʢʠʩʣʦʪʳ, d = 1,84, ʜʦʚʦʜʠʣʠ ʚʦʜʦʡ ʜʦ 25 ʤʣ) ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ. ʇʝʨʝʛʦʥʷʣʠ ʥʘʜ ʱʝʣʦʯʴʶ ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʠʩʣʦʪʳ (5 ʛ. KOH ʥʘ 1 ʣʠʪʨ) ʠ ʟʘ-

ʪʝʤ ʢʠʧʷʪʠʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʩʦ ʱʝʣʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʦʢʩʠʜʘ ʩʝʨʝʙʨʘ (10 ʛ. AgNO3, 20 

ʛ. ʂʆʅ ʥʘ 1 ʣʠʪʨ ʚʦʜʳ) ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʘʣʴʜʝʛʠʜʦʚ. ʇʦʩʣʝ ʬʠʣʴʪʨʦʚʘʥʠʷ ʩʧʠʨʪ ʧʝʨʝʛʦ-

ʥʷʣʠ ʩ ʜʝʬʣʝʛʤʘʪʦʨʦʤ, ʘ ʟʘʪʝʤ ʥʘ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʦʡ ʢʦʣʦʥʢʝ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʩʣʝʜʦʚ 

ʚʣʘʛʠ ʠʟ ʘʙʩʦʣʶʪʠʨʦʚʘʥʥʦʛʦ ʩʧʠʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʡ ʩʧʦʩʦʙ: 60 ʤʣ ʘʙʩʦʣʶʪʠ-

ʨʦʚʘʥʥʦʛʦ ʵʪʘʥʦʣʘ, 5 ʛ. ʤʘʛʥʠʝʚʦʡ ʩʪʨʫʞʢʠ ʠ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ CCl4 (ʜʣʷ ʠʥʠʮʠʠʨʦʚʘ-

ʥʠʷ ʨʝʘʢʮʠʠ) ʢʠʧʷʪʠʣʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʤʘʛʥʠʡ ʥʝ ʨʘʩʪʚʦ-

ʨʷʣʩʷ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʝʱʝ 900 ʤʣ ʵʪʘʥʦʣʘ, ʢʠʧʷʪʠʣʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʝ-

ʯʝʥʠʝ 1 ʯʘʩʘ ʠ ʦʪʛʦʥʷʣʠ ʩʧʠʨʪ. 

ʕʪʠʣʦʚʳʡ ʠ ʤʝʪʠʣʦʚʳʡ ʩʧʠʨʪʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʧʨʠ ʩʠʥʪʝʟʝ ʜʠʠʤʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʩʧʦʣʴʴʟʦʚʘʣʠʩʴ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 
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ɼʠʵʪʠʣʦʚʳʡ ʵʬʠʨ ʠ ʊɻʌ [192] ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʚʦʜʫ, ʩʧʠʨʪ, ʧʝʨʝʢʠʩʠ (ʠʟ-ʟʘ 

ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ). ʅʘʣʠʯʠʝ  ʧʝʨʝʢʠʩʝʡ  ʫʩʪʘʥʘʚʣʠʚʘʣʠ  ʚʩʪʨʷʭʠʚʘʥʠʝʤ ʩʝʨʥʦʛʦ 

ʵʬʠʨʘ (ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ ʩ ʨʘʚʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ  2% ʠʦʜʠʜʘ ʢʘʣʠʷ, ʧʦʜʢʠʩʣʝʥʥʦʛʦ ʩʦ-

ʣʷʥʦʡ ʢʠʩʣʦʪʦʡ). ʇʦʷʚʣʝʥʠʝ  ʢʦʨʠʯʥʝʚʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʫʢʘʟʳʚʘʣʦ ʥʘ ʥʘʣʠʯʠʝ ʧʝʨʝʢʠ-

ʩʝʡ. ɼʣʷ ʠʭ ʫʜʘʣʝʥʠʷ ʵʬʠʨ ʚʩʪʨʷʭʠʚʘʣʠ ʩ  ʨʘʩʪʚʦʨʦʤ FeSO4. ʇʦʩʣʝ ʵʪʦʛʦ ʵʬʠʨ ʚʩʪʨʷʭʠ-

ʚʘʣʠ ʩ 5% ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ ʚ ʚʦʜʝ. ʇʨʦʤʳʪʳʡ ʵʬʠʨ ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʥʘʜ ʭʣʦ-

ʨʠʩʪʳʤ ʢʘʣʴʮʠʝʤ,  ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʩʫʰʠʣʠ ʩʫʪʢʠ ʥʘʜ  ʤʝʪʘʣʣʠʯʝʩʢʠʤ  ʥʘʪʨʠʝʤ,  ʧʝ-

ʨʝʛʦʥʷʣʠ  ʥʘʜ ʥʘʪʨʠʝʤ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʍʨʘʥʠʣʠ ʥʘʜ ʥʘʪʨʠʝʤ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝ-

ʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ ʠ ʊɻʌ ʦʯʠʱʘʣʠ ʤʝʪʦʜʦʤ ʢʝʪʠʣʴʥʦʡ [193] ʩʫʰʢʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʡ ʥʘʩʘʜʢʠ ʜʣʷ ʧʝʨʝʛʦʥʢʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʩʠʥʪʝʟʦʤ ʩʦʝʜʠʥʝʥʠʡ Ni(0) ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ ʧʝʨʝʢʦʥʜʝʥʩʠʨʦʚʘʣʠ ʚ ʚʘʢʫʫʤʝ ʥʘʜ ʢʝ-

ʪʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ. 

ʕʬʠʨʘʪ ʪʨʠʬʪʦʨʠʜʘ ʙʦʨʘ ʧʝʨʝʛʦʥʷʣʠ ʚ ʚʘʢʫʫʤʝ (ʊ = 60
0
ʉ/ 90 ʤʤ.ʨʪ.ʩʪ.) ʥʘʜ ʛʠʜ-

ʨʠʜʦʤ  ʢʘʣʴʮʠʷ, ʭʨʘʥʠʣʠ ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ ʚ ʪʝʤʥʦʤ ʤʝʩʪʝ. ʇʝʨʝʜ  ʫʧʦʪʨʝʙʣʝʥʠʝʤ 

ʵʬʠʨʘʪ ʪʨʝʭʬʪʦʨʠʩʪʦʛʦ ʙʦʨʘ ʧʝʨʝʛʦʥʷʣʠ ʚ ʘʪʤʦʩʬʝʨʝ  ʘʨʛʦʥʘ ʥʘʜ ʛʠʜʨʠʜʦʤ ʢʘʣʴʮʠʷ. 

ʊʨʠʵʪʠʣʘʣʶʤʠʥʠʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʝʨʝʜ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʝʛʦ ʦʯʠʱʘʣʠ ʧʫʪʝʤ ʧʝʨʝʛʦʥʢʠ ʚ ʚʘʢʫʫʤʝ ʊʢʠʧ. = 48-49
0
ʉ/1 ʤʤ.ʨʪ.ʩʪ. ɺʩʝ 

ʦʧʝʨʘʮʠʠ ʩ ʪʨʠʵʪʠʣʘʣʶʤʠʥʠʝʤ ʚʳʧʦʣʥʷʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ɺ ʦʧʳʪʘʭ ʪʨʠʵʪʠʣʘʣʶ-

ʤʠʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʦʚ ʚ ʥ-ʛʝʧʪʘʥʝ, ʢʦʪʦʨʳʝ ʭʨʘʥʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦ-

ʥʘ ʟʘʧʘʷʥʥʳʤʠ ʚ ʘʤʧʫʣʳ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʪʨʠʵʪʠʣʘʣʶʤʠʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʪʨʠʣʦʥʦʤʝʪʨʠ-

ʯʝʩʢʠ ʧʦ ʘʣʶʤʠʥʠʶ [194]. 

ʄʝʪʠʣʘʣʶʤʢʦʩʘʥ (ʄɸʆ) ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ ʚ ʪʦʣʫʦʣʝ (1,72ʄ) ʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (Aldrich). ʍʨʘʥʠʣʠ ʟʘʧʘʷʥʥʳʤ ʚ ʘʤʧʫʣʳ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. 

ɺʩʝ ʦʧʝʨʘʮʠʠ ʩ ʄɸʆ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ.  

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʣʠʪʠʡ ʠ ʥʘʪʨʠʡ ʧʝʨʝʜ ʨʘʙʦʪʦʡ ʧʨʦʪʠʨʘʣʠʩʴ ʩʫʭʦʡ ʙʫʤʘʛʦʡ ʦ 

ʦʯʠʱʘʣʠʩʴ ʩʢʘʣʴʧʝʣʝʤ. ʅʘʪʨʠʝʚʘʷ ʜʨʦʙʴ ʛʦʪʦʚʠʣʘʩʴ ʚʩʪʨʷʭʠʚʘʥʠʝʤ ʥʘʪʨʠʷ ʚ ʪʦʣʫʦʣʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ. ʇʨʠ ʥʘʜʦʙʥʦʩʪʠ ʪʦʣʫʦʣ ʫʜʘʣʷʣʩʷ ʧʦʜ ʚʘʢʫʫʤʦʤ ʠ 

ʜʨʦʙʴ ʭʨʘʥʠʣʘʩʴ ʧʦʜ ʘʨʛʦʥʦʤ ʚ ʰʣʝʥʢ-ʧʘʣʴʮʝ. 

1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ (COD) ʧʝʨʝʛʦʥʷʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ (ʊʢʠʧ. = 50-52
0
ʉ/25 

ʤʤ.ʨʪ.ʩʪ.), ʭʨʘʥʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʥʘʜ ʤʦʣʣʝʢʫʣʷʨʥʳʤʠ ʩʠʪʘʤʠ (Aldrich 3A). 

2,6-ʜʠʠʟʦʧʨʦʧʠʣʘʥʠʣʠʥ, 2,6-ʜʠʤʝʪʠʣʘʥʠʣʠʥ ʧʝʨʝʛʦʥʷʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʚ ʘʪʤʦ-

ʩʬʝʨʝ ʘʨʛʦʥʘ.  ʍʨʘʥʠʣʠ ʟʘʧʘʷʥʥʳʤ ʚ ʘʤʧʫʣʳ ʚ ʪʝʤʥʦʤ ʤʝʩʪʝ. 
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ɻʣʠʦʢʩʘʣʴ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʚʠʜʝ 40% ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ (Merck) ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

2,3-ʙʫʪʘʥʜʠʦʥ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (Aldrich) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʙʝʟ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

ʕʪʠʣʝʥ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʯʠʩʪʢʠ.  

ɸʨʛʦʥ ʦʯʠʱʘʣʠ ʦʪ ʚʣʘʛʠ ʠ ʢʠʩʣʦʨʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʨʦʧʫʩʢʘʥʠʝʤ ʯʝʨʝʟ ʢʦ-

ʣʦʥʢʠ, ʟʘʧʦʣʥʝʥʥʳʝ ʧʷʪʠʦʢʠʩʴʶ ʬʦʩʬʦʨʘ, ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʡ ʱʝʣʦʯʴʶ, ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʩʠʪʘʤʠ ʉʘɸ, ʠʥʜʠʢʘʪʦʨʦʤ  ʚʣʘʞʥʦʩʪʠ  ʠ ʧʦʨʦʰʢʦʤ ʤʝʜʠ, ʥʘʛʨʝʪʳʤ ʜʦ 500Áʉ. 

ɺʩʝ ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ Merck ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

 

2.2. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʘʥʘʣʠʟʘ 

ɺʩʝ ʦʧʝʨʘʮʠʠ ʠ ʧʨʦʮʝʜʫʨʳ ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ ʐʣʝʥʢ- ʪʝʭʥʦ-

ʣʦʛʠʠ ʥʘ ʘʨʛʦʥʥʦ-ʚʘʢʫʫʤʥʦʡ ʜʚʫʭʨʫʢʘʚʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʣʠʥʠʠ. ʈʘʩʪʚʦʨʠʪʝʣʠ ʠ ʣʝʪʫʯʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤ ʚʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʧʝʨʝʢʦʥʜʝʥʩʘʮʠʠ, ʪʚʝʨʜʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʥʦʩʠʣʠ 

ʠʟ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʘʪʘʣʠʪʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʝʢʣʷʥʥʳʭ ʧʘʣʴʮʝʦʙʨʘʟʥʳʭ ʩʦʩʫʜʘʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʢʘ-

ʣʝʥʥʳʭ ʛʘʟʦʚʦʡ ʛʦʨʝʣʢʦʡ ʚ ʚʘʢʫʫʤʝ ʠ ʟʘʧʦʣʥʝʥʥʳʭ ʘʨʛʦʥʦʤ. ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʦʚʦʜʠ-

ʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʠ ʤʘʛʥʠʪʥʳʭ ʷʢʦʨʝʡ, ʧʦʢʨʳʪʳʭ ʪʝʬʣʦʥʦʚʦʡ ʦʙʦ-

ʣʦʯʢʦʡ.  

ʉʧʝʢʪʨʳ ʕʇʈ ʩʥʠʤʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʘʭ PS-100X (ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 9,6 ɻɻʮ) ʠ 

CMS 8400 (ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 9,6 ɻɻʮ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʠ ʢʦʤʥʘʪ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʘʤʧʫʣʘʭ ʜʠʘʤʝʪʨʦʤ 3ʤʤ., ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ Mn(II) ʚ MgO ʠ ɼʌʇɻ. ʇʘʨʘʤʝʪʨʳ ʕʇʈ ʦʧʨʝʜʝʣʷʣʠ 

ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤ ʪʦʯʢʘʤ [195] ʥʘ ʩʧʝʢʪʨʘʭ ʕʇʈ, ʠ ʟʘʪʝʤ ʫʪʦʯʥʷʣʠ ʠʭ, ʠʩʧʦʣʴʟʫʷ 

ʧʨʠʝʤ ʚʠʟʫʘʣʴʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʦʨʠʛʠʥʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ɺ. 

ɺ. ʉʘʨʘʝʚʳʤ ʠ ʇ. ɻ. ʃʘʟʘʨʝʚʳʤ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ Ni(I) ʦʧʨʝʜʝʣʷʣʠ, ʩʦʧʦʩʪʘʚʣʷʷ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʠ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʫʪʝʤ ʜʚʫʭʢʨʘʪʥʦʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʕʇʈ. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʦʚ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʥʦʢʨʠ-

ʩʪʘʣʣ CuSO4Ā5H2O. 
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ʉʧʝʢʪʨʳ ʗʄʈ ʩʥʠʤʘʣʠ ʧʨʠ 25  ̄ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʘʭ Bruker AVANCE 600, Bruker 

AVANCE 500 ʠ Bruker AVANCE 400 ʚ ʟʘʧʘʷʥʥʳʭ ʚ ʚʘʢʫʫʤʝ ʘʤʧʫʣʘʭ. ɼʣʷ ʥʘʜʝʞʥʦʛʦ 

ʦʪʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʧʝʢʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʠʢʠ APT, DEPT, 

COSY, NOESY, TOCSY, HSQC, HMBC 

ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ ʩʥʠʤʘʣʠ ʥʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ çʀʥʬʨʘʣʶʤ ʌʊ-

801è ʚ ʪʘʙʣʝʪʢʘʭ ʠʟ KBr, ʧʨʝʩʩʦʚʘʥʥʳʭ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ʠʣʠ ʚ ʚʘʟʝʣʠʥʦʚʦʤ ʤʘʩʣʝ 

ʤʝʞʜʫ ZnSe ʦʢʥʘʤʠ. 

ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ɻɾʍ ʧʨʦʚʦʜʠʣʠ ʥʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ ñɻʘʣʩ 311ò ʩ 

ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ (ʢʘʧʠʣʣʷʨʥʘʷ ʢʦʣʦʥʢʘ, 15 ʤ, ʅʈ-5). ɻʍʄʉ ʘʥʘ-

ʣʠʟ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ Shimadzu GCMS-2010 Plus, ʩʥʘʙʞʝʥʥʦ-

ʛʦ ʠʜʝʥʪʠʯʥʦʡ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʦʡ. 

ʇʨʝʚʨʘʱʝʥʠʝ ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ɺ ʨʝʘʢʮʠʦʥʥʳʡ ʪʝʨʤʦʩʪʘ-

ʪʠʨʫʝʤʳʡ ʩʦʩʫʜ  ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʦʤʝʱʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʮʠʢʣʦʦʢʪʘʜʠʝʥ, ʨʘʩ-

ʪʚʦʨʠʪʝʣʴ, ʥʘʚʝʩʢʫ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ ʠ ʵʬʠʨʘʪ ʪʨʠʬʪʦʨʠʜʘ ʙʦʨʘ. ʉʦʩʫʜ ʟʘʢʨʳʚʘʣʠ 

ʧʨʦʙʢʦʡ, ʧʦʤʝʱʘʣʠ ʥʘ ʤʘʛʥʠʪʥʫʶ ʤʝʰʘʣʢʫ ʠ ʚʝʣʠ ʨʝʘʢʮʠʶ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʠ. ʂʘʞʜʳʝ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʦʪʙʠʨʘʣʠ ʧʨʦʙʳ ʜʣʷ ɻɾʍ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʝ ʧʝʨʝʜ 

ʚʚʦʜʦʤ ʚ ʭʨʦʤʘʪʦʛʨʘʬ ʭʨʘʥʠʣʠ ʚ ʤʦʨʦʟʠʣʴʥʦʡ ʢʘʤʝʨʝ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʦʧʳʪʘ ʢʘʪʘʣʠʟʘ-

ʪʦʨ ʨʘʟʣʘʛʘʣʠ ʚʦʜʦʡ, ʦʪʜʝʣʷʣʠ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʩʫʰʠʣʠ ʥʘʜ ʭʣʦʨʠ-

ʩʪʳʤ ʢʘʣʴʮʠʝʤ, ʧʨʦʜʫʢʪʳ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʜʚʝʨʛʘʣʠ ʬʨʘʢʮʠʦʥʥʦʡ ʧʝʨʝʛʦʥʢʝ ʧʦʜ ʚʘʢʫ-

ʫʤʦʤ.  

ʇʨʝʚʨʘʱʝʥʠʝ ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ ʚʝʣʠ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘ-

ʟʦʤ, ʥʦ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʩʫʜ ʪʠʧʘ ñʫʪʢʘò, ʚ ʢʦʪʦʨʳʡ ʧʦ-

ʜʘʚʘʣʠ ʵʪʠʣʝʥ ʠʟ ʙʘʣʣʦʥʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 0,2 ʄʇʘ. ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʫ-

ʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʰʝʡʢʝʨʘ Biosan QS-10. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙ-

ʭʦʜʠʤʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʧʳʪʘʭ ʩ ʜʝʡʪʝʨʦʵʪʠʣʝʥʦʤ, ʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʤʦʨʘʞʠʚʘʣʠ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʧʘʣʴʮʝʦʙʨʘʟʥʦʤ ʩʦʩʫʜʝ, ʩʥʘʙʞʝʥʥʦʤ ʢʨʘʥʦʤ ʠ ʤʘʥʦʤʝʪʨʦʤ, ʟʘʪʝʤ ʦʩʪʦ-

ʨʦʞʥʦ ʥʘʛʨʝʚʘʣʠ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʥʘʛʨʝʚ ʥʘ ʪʘʢʦʤ ʫʨʦʚʥʝ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦ-

ʩʪʦʷʥʥʦʝ ʜʘʚʣʝʥʠʝ ʜʝʡʪʝʨʦʵʪʠʣʝʥʘ ʚ ʩʠʩʪʝʤʝ. 

ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʥʦʨʙʦʨʥʝʥʘ. ɺ ʢʨʫʛʣʦʜʦʥʥʫʶ ʰʣʝʥʢ-ʢʦʣʙʫ, ʟʘʧʦʣʥʝʥʥʫʶ ʘʨʛʦ-

ʥʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʤʝʱʘʣʠ ʥʘʚʝʩʢʫ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʨʘʩʪʦʨʠʪʝʣʴ, ʥʦʨʙʦʨʥʝʥ ʠ ʵʬʠ-

ʨʘʪ ʪʨʠʬʪʦʨʠʜʘ ʙʦʨʘ. ɺʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪ-

ʥʦʰʝʥʠʠ NB:Ni = 5000, NB: ʪʦʣʫʦʣ = 1. ʄʘʩʩʘ ʥʦʨʙʦʨʥʝʥʘ ʚ ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʦ-
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ʩʪʘʚʣʷʣʘ 50 ʛ. ʈʘʩʯʝʪʳ ʢʠʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʧʦ ʪʨʝʤ ʦʜʥʦʪʠʧʥʳʤ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʤ.  

ʇʨʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʦʪʦʯʥʫʶ ʢʶʚʝʪʫ ʠʟ KBr (0.1 ʤʤ) ʠʣʠ ʜʘʪʯʠʢ ʄʅɺʇʆ ZnSe, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʨʝʘʢʪʦ-

ʨʫ ʢʘʧʠʣʣʷʨʥʦʡ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʣʠʥʠʝʡ. ʄʝʨʪʚʳʡ ʦʙʲʝʤ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʣ 0.6 ʤʣ. 

ʎʠʨʢʫʣʷʮʠʷ ʚ ʣʠʥʠʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʜʦʩʪʠʛʘʣʘʩʴ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʘʨ-

ʛʦʥʦʤ, ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢʠʭ ʣʠʙʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

ɺʷʟʢʦʩʪʴ ʠʟʤʝʨʷʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʠʩʢʦʟʠʤʝʪʨʘ ʋʙʙʝʣʦʜʝ, ʨʘʩʪʚʦʨʠʪʝʣʴ-

ʭʣʦʨʙʝʥʟʦʣ. ʊʝʨʤʦʛʨʘʤʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʧʦʣʫʯʘʣʠ ʥʘ 

ʧʨʠʙʦʨʝ Netzsch Jupiter STA 449 F3 ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘʥʠʷ 10 ʛʨʘʜ/ʤʠʥ. 

ʊʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʥʦʨʙʦʨʝʥʘ. ʀʟ ʢʘʪʘʣʠʪʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ ʯʝʨʝʟ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʦʪʙʠʨʘʣʠʩʴ ʘʣʠʢʚʦʪʳ ʦʙʲʝʤʦʤ 2 ʤʣ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʷ ʜʦʙʘʚʣʷʣʠ ʥ-ʙʫʪʘʥʦʣ. ʀʟʤʝʨʝʥʠʝ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʘ ʂʌʂ-2. 

ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʵʪʠʣʝʥʘ. ɺ ʰʣʝʥʢ-ʩʦʩʫʜ, ʟʘʧʦʣʥʝʥʥʳʡ ʘʨʛʦʥʦʤ, ʧʦʤʝʱʘʣʠ 

ʥʘʚʝʩʢʫ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

(ʣʠʙʦ ʩʫʩʧʝʥʟʠʶ) ʧʝʨʝʤʝʱʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʚʪʦʢʣʘʚ Buchi Miniclave Steel ʩ ʨʝʘʢʪʦ-

ʨʦʤ ʠʟ ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʦʙʲʝʤʦʤ 300 ʤʣ. ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʘʚʪʦʢʣʘʚ ʙʳʩʪʨʦ ʜʦʙʘʚ-

ʣʷʣʠ ʩʦʢʘʪʘʣʠʟʘʪʦʨ, ʨʘʩʪʚʦʨ ʜʝʛʘʟʠʨʦʚʘʣʠ ʧʫʪʝʤ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʠ ʥʘʩʳʱʘʣʠ ʵʪʠʣʝ-

ʥʦʤ ʜʦ Pʠʟʙ=2.5 ʘʪʤ. ʀʟʤʝʨʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʵʪʠʣʝʥʘ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦ-

ʤʦʱʴʶ ʨʘʩʭʦʜʦʤʝʨʘ Bronkhorst EL-FLOW, ʦʪʢʘʣʠʙʨʦʚʘʥʥʦʛʦ ʥʘ ʠʟʤʝʨʝʥʠʝ ʧʦʛʣʦʱʝ-

ʥʠʷ ʵʪʠʣʝʥʘ. 

ʇʦ ʠʩʪʝʯʝʥʠʠ 30 ʤʠʥʫʪ ʘʚʪʦʢʣʘʚ ʚʩʢʨʳʚʘʣʠ ʠ ʧʨʝʢʨʘʱʘʣʠ ʨʝʘʢʮʠʶ ʧʫʪʝʤ ʚʚʝʜʝ-

ʥʠʷ ʚ ʩʠʩʪʝʤʫ ʠʟʦʧʨʦʧʘʥʦʣʘ. ɺʳʧʘʚʰʠʡ ʧʨʠ ʵʪʦʤ ʦʩʘʜʦʢ ʧʦʣʠʵʪʠʣʝʥʘ ʧʨʦʤʳʚʘʣʠ ʨʘʟ-

ʙʘʚʣʝʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ, ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ ʠ ʘʮʝʪʦʥʦʤ. 

ʈʘʩʯʝʪʳ ʵʥʝʨʛʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʧʨʦʠʟʚʦʜʠ-

ʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ORCA v.3.0.2. [196] ʚ ʧʨʠʙʣʠʞʝʥʠʠ DFT BP86 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ RI (resolution of the identity approximation). ɼʣʷ ʘʪʦʤʘ ʥʠʢʝ-

ʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʘʟʠʩʥʳʡ ʥʘʙʦʨ TZVPP, ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʘʪʦʤʦʚ ï def2-TZVP. 
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2.2.1. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʧʨʝʚʨʘʱʝʥʠʷ ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ÅOEt2 [197] 

ʇʨʦʜʫʢʪ 1: NMR C
13 

(100.61 MHz, CDCl3, 203 K, (ʨʠʩ. 87 ʚ ʇʨʠʣʦʞʝʥʠʠ)): d = 

50.90 (d, 
1
JC,H = 132.85 Hz, C1), 134.68 (d, 

1
JC,H = 160.68 Hz, C2), 129.55 (d 

1
JC,H = 160.92 

Hz, C3), 41.25 (t 
1
JC,H = 130.80 Hz, C4), 40.40 (d 

1
JC,H = 139.46 Hz, C5), 35.92 (t 

1
JC,H = 

128.32 Hz, C6), 25.46 (t 
1
JC,H = 128.09 Hz, C7), 32.56 (d 

1
JC,H = 127.41 Hz, C8) ppm. NMR 

H
1 

(400.13 MHz, CDCl3, 203 K, (ʨʠʩ. 86 ʚ ʇʨʠʣʦʞʝʥʠʠ)): d = 3.15 (m, 1H1); 5.55 (m, 

1H2); 5.49 (m, 1H3); 2.58 ï 2.63 (m, 2H4); 1.90-2.02 (m, 1H5); 1.65-1.69 (m, 2H6); 1.29-

1.39 (m, 2H7); 1.42-1.46(m, 2H8) ppm [198,199]. 

MS (70 eV): m/z (%) = 51(15.3), 65(15.9), 66(44.2), 67(43.1), 79(100), 80(86.9), 

93(31.8 ), 108(37.6) (ʨʠʩ. 88 ʚ ʇʨʠʣʦʞʝʥʠʠ) [200]. 

ʇʨʦʜʫʢʪ 2. ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʜʫʢʪʝ 2 ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ [200], ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 2 ʙʳʣ ʚʳʜʝʣʝʥ ʥʘʤʠ ʚʧʝʨʚʳʝ ɼʣʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʧʨʦʜʫʢʪ 2 ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʘʢʮʠʦʥ-

ʥʦʡ ʚʘʢʫʫʤʥʦʡ ʧʝʨʝʛʦʥʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʣʦʥʦʯʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ʅʘʠʙʦʣʴʰʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʦʜʫʢʪʘ 2 ʧʦ ʜʘʥʥʳʤ GC-MS ʩʦʜʝʨʞʠʪ ʬʨʘʢʮʠʷ ʩ ʪʝʤʧʝ-

ʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ 95-100 
0
ʉ / 5Ā10

-2
 ʤʤ.ʨʪ.ʩʪ. ʇʦʣʫʯʝʥʥʫʶ ʬʨʘʢʮʠʶ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘ-

ʣʠ ʥʘ ʢʦʣʦʥʢʝ ʩ ʩʠʣʠʢʘʛʝʣʝʤ. ʇʦʣʫʯʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʜʫʢʪ ʧʦ ʜʘʥʥʳʤ GC-MS 

ʩʦʩʪʦʠʪ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 97% ʠʟ ʩʤʝʩʠ ʜʚʫʭ ʠʟʦʤʝʨʦʚ ʧʨʦʜʫʢʪʘ 2 ï 2A ʠ 2B ʚ ʩʦʦʪʥʦ-

ʰʝʥʠʠ (3:2). ʈʘʟʜʝʣʠʪʴ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʤʝʪʦʜʦʤ ʞʠʜʢʦʩʪʥʦʡ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʭʨʦʤʘ-

ʪʦʛʨʘʬʠʠ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ. ɸʥʘʣʠʟʠʨʫʷ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʠʟʦʤʝʨʦʚ 2A ʠ 2B ʤʦʞʥʦ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʥʘʙʦʨ ʧʠʢʦʚ ʦʪ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʤʦʣʝʢʫʣʳ ʷʚʣʷʝʪʩʷ ʠʜʝʥʪʠʯʥʳʤ, 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ. 

ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʣʷ ʥʘʩʳʱʝʥʥʳʭ ʮʠʢʣʦʘʣʢʘʥʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʝ ʠʟʦʤʝʨʦʚ, ʠʤʝʶʱʠʭ ʥʘʙʦʨ ʮʠʢʣʦʚ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ. ɺ 

MS-ʩʧʝʢʪʨʝ (ʨʠʩ. 94 ʚ ʇʨʠʣʦʞʝʥʠʠ) ʦʪʯʝʪʣʠʚʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ ʠʦʥ ʩ 

m/z=216. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʠʢ ʠʦʥʘ  ʩ m/z = 175, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʘ ʦʪ 

ʠʦʥʘ ʩ m/z = 108 ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 28 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʫʢʪ 2 ʥʝʣʴʟʷ ʦʪʥʝʩʪʠ ʥʠ 

ʢ ʦʜʥʦʤʫ ʠʟ ʜʠʤʝʨʦʚ ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ, ʠʟʚʝʩʪʥʳʭ ʠʟ ʣʠʪʝʨʘʪʫʨʳ [36, 201-204]. ʇʦʣʫ-

ʯʝʥʥʳʡ ʥʘʤʠ ʤʘʩʩ ʩʧʝʢʪʨ ʥʝ ʫʜʘʣʦʩʴ  ʥʘʡʪʠ ʢʘʢ ʚ ʢʦʤʤʝʨʯʝʩʢʦʡ, ʪʘʢ ʠ ʚ ʦʪʢʨʳʪʦʡ ʙʘ-

ʟʘʭ ʜʘʥʥʳʭ [200].  
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ʇʨʠ ʘʥʘʣʠʟʝ MS-ʩʧʝʢʪʨʘ ʚʠʜʥʦ, ʯʪʦ ʧʝʨʚʠʯʥʘʷ ʬʨʘʛʤʝʥʪʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦ-

ʜʫʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʚʷʟʷʤ ʩ ʫʟʣʦʚʳʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʮʠʢʣʦʧʝʥʪʘʥʦʚʳʭ ʬʨʘʛʤʝʥ-

ʪʦʚ ʤʦʣʝʢʫʣʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʱʝʧʣʝʥʠʝʤ ʘʣʢʠʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʘʣʢʝʥʦʚ, ʯʪʦ ʭʘʨʘʢ-

ʪʝʨʥʦ ʜʣʷ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʥʘʩʳʱʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʠʢʣʘʤʠ ʨʘʟʤʝʨʘ ʧʦʨʷʜʢʘ ʉ4-

ʉ8 [205.206]. ɼʣʷ ʜʦʧʦʣʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʠʟ MS-ʩʧʝʢʪʨʦʚ ʜʘʥʥʳʭ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝ-

ʥʠʷ 2 ʠʟʫʯʝʥʦ ʤʝʪʦʜʦʤ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢ DEPT, COSY, 

NOESY, TOCSY, HMQC, HSQC, HMPC.  

 

ɺ ʩʧʝʢʪʨʝ ʉ
13

 (ʨʠʩ. 90 ʚ ʇʨʠʣʦʞʝʥʠʠ) ʨʘʟʨʝʰʘʝʪʩʷ ʜʚʘ ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ, ʩ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 3:2, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʜʝʨʞʘʥʠʶ ʠʟʦʤʝʨʦʚ 2ɸ ʠ 2B ʚ ʘʥʘ-

ʣʠʟʠʨʫʝʤʦʡ ʩʤʝʩʠ ʧʦ ʜʘʥʥʳʤ GC. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʥʦʩʪʴ ʚ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʷʭ ʤʳ ʩʤʦʛʣʠ ʨʘʟʜʝʣʠʪʴ ʜʚʝ ʛʨʫʧʧʳ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʝ ʗʄʈ, ʩ ʦʪʥʝʩʝʥʠʝʤ ʢʘʞʜʦʡ 

ʛʨʫʧʧʳ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʠʟʦʤʝʨʫ. ɼʣʷ ʦʪʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ ʛʝʪʝʨʦʷʜʝʨ-

ʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʳʭ ʪʦʯʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʛʥʘʣʳ ʦʪ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʠ ʚʦʜʦʨʦʜʘ ʧʨʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʠ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʉ16. ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʚ 

DEPT, COSY, NOESY, TOCSY, HMQC, HSQC, HMPC (ʩʧʝʢʪʨʳ HMQC ʠ COSY, ʨʠʩ. 

91-93 ʚ ʇʨʠʣʦʞʝʥʠʠ) ʧʦʟʚʦʣʠʣ ʦʜʥʦʟʥʘʯʥʦ ʦʪʥʝʩʪʠ ʩʠʛʥʘʣʳ ʫʢʘʟʘʥʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦ-

ʜʘ ʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ. ɼʘʣʴʥʝʡʰʝʝ ʦʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʤʫ ʘʣʛʦʨʠʪʤʫ. ʂʦʥʩʪʘʥʪʳ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʧʨʝʜʝʣʷʣʠ ʠʟ ʩʧʝʢʪʨʘ HMQC ʙʝʟ ʛʝʪʝʨʦʷʜʝʨʥʦʡ ʨʘʟʚʷʟʢʠ. 

ɺ ʩʧʝʢʪʨʝ ʀʂ ʩʦʝʜʠʥʝʥʠʷ 2 ʧʨʦʷʚʣʷʝʪʩʷ ʛʨʫʧʧʘ ʩʣʘʙʳʭ ʧʦʣʦʩ ʚ ʦʙʣʘʩʪʠ 900-

923ʩʤ
1
, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʩʢʝʣʝʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʮʠʢʣʦʙʫʪʘʥʦʚʦʛʦ ʢʦʣʴʮʘ 

[207,208]. 

2ɸ: NMR C
13 

(176 MHz, CDCl3, 203 K): d = 128.19 (d, 
1
JC,H = 156 Hz, C1), 135.17 (d, 

1
JC,H = 155 Hz, C2), 39.76 (dd 

1
JC,H = 131 Hz, 

1
JC,Hô = 129 Hz, C3), 32.58 (dd 

1
JC,H = 130 Hz, 

1
JC,Hô = 124 Hz, C4), 25.81 (dd 

1
JC,H = 132 Hz, 

1
JC,Hô = 109 Hz, C5), 32.13 (dd 

1
JC,H = 131 Hz, 

1
JC,Hô = 129 Hz, C6), 45.96 (d 

1
JC,H = 132 Hz, C7), 52.93 (d 

1
JC,H = 132 Hz, C8),  33.71 (m,  

C9), 44.25 (d 
1
JC,H = 131 Hz, C10), 33.56 (dd 

1
JC,H = 133 Hz, 

1
JC,Hô = 121 Hz, C11), 33.47 (dd 
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1
JC,H = 125 Hz, 

1
JC,Hô = 126 Hz, C12), 33.65 (m, C13), 48.30 (d 

1
JC,H = 131 Hz, C14), 53.89 (d 

1
JC,H = 129 Hz, C15),  51.65 (d 

1
JC,H = 132.5 Hz, C16) ppm.   

NMR H
1 
(ʨʠʩ. 89 ʚ ʇʨʠʣʦʞʝʥʠʠ, 700 MHz, CDCl3, 203 K): d = 5.50 (m, H1); 5.60 (m, 

H2); 2.54 (m, H3), 2.14 (m, H3ô); 1.69 (m, H4), 1.17 (m, Hô4); 1.50 (m, H5); 1.90 (m, H6); 

1.16 (m, Hô6), 2.34 (m, H7); 1.27 (m, H8); 1.52 (m, H9), 1.31 (m, Hô9); 2.39 (m, H10); 1.72 

(m, H11), 1.11 (m, Hô11); 1.82 (m, H12), 1.00 (m, Hô12); 1.50 (m, H13), 1.32 (m, Hô13); 2.1 

(m, H14),  1.35 (m, H15), 3.1 (m, H16) ppm. 

MS (70 eV): m/z (%) = 55(12.5), 67(68.2), 80(71.8), 91(30.5), 93(31.3), 107(27.8), 

119(7.56), 134(17.3), 147(5.9), 175(100), 187(3.2), 216(12.9). 

HRMS C16H24 : ʈʘʩʩʯʠʪʘʥʦ ï 216.1878, ʀʟʤʝʨʝʥʦ ï 216,18726. 

2ɺ: NMR C
13 

(176 MHz, CDCl3, 203 K): d =128.26 (d, 
1
JC,H = 156 Hz, C1), 135.02 (d, 

1
JC,H = 155 Hz, C2), 39.99 (dd 

1
JC,H = 129 Hz, 

1
JC,Hô = 129 Hz, C3), 32.53 (dd 

1
JC,H = 142 Hz, 

1
JC,Hô = 126 Hz, C4), 25.93 (dd 

1
JC,H = 129 Hz, 

1
JC,Hô = 109 Hz, C5), 32.53 (dd 

1
JC,H = 120 Hz, 

1
JC,Hô = 125 Hz, C6), 45.76 (dd 

1
JC,H = 133 Hz, C7), 53.59 (d 

1
JC,H = 132 Hz, C8),  34.24 (m, 

C9) 44.29 (d 
1
JC,H = 133 Hz, C10),  33.86 (dd 

1
JC,H = 130 Hz, 

1
JC,Hô = 124 Hz, C11) 33.62 (m, 

C12), 34.00 (m, C13), 49.05 (d 
1
JC,H = 130 Hz, C14),  54.68 (d 

1
JC,H = 120 Hz, C15),  51.63 

(d 
1
JC,H = 132.5 Hz, C16) ppm. NMR H

1 
(700 MHz, CDCl3, 203 K): d = 5.50 (m, H1); 5.59 

(m, H2); 2.53 (m, H3), 2.08 (m, H3ô); 1.69 (m, H4), 1.17 (m, Hô4); 1.51 (m, H5); 1.92 (m, 

H6), 1.17 (m, Hô6); 2.26 (m, H7); 1.25 (m, H8); 1.77(m, H9), 1.19(m, Hô9); 2.36 (m, H10); 

1.84 (m, H11), 1.02 (m, Hô11); 1.58 (m, H12), 1.41 (m, Hô12); 1.57 (m, H13), 1.36 (m, 

Hô13); 2.00 (m, H14); 1.33 (m, H15); 3.1 (m, H16) ppm. 

MS (70 eV): m/z (%) = 55(12.9), 67(70.9), 80(70.9), 91(30.5), 93(31.1), 107(27.5), 

119(7.25), 134(15.8), 147(5.3), 175(100), 187(2.8), 216(11.0).  

HRMS C16H24 : ʈʘʩʩʯʠʪʘʥʦ ï 216.1878, ʀʟʤʝʨʝʥʦ ï 216,18693 

ɼʣʷ ʩʤʝʩʠ ɸ ʠ ɺ. 

IR (Film): n(=C-H st)  = 3045 cm
-1
, n(C-H st)  = 2940 cm

-1
, 2858 cm

-1
, n(C=C st)  = 

1614 cm
-1
, n(CH2 ŭ)  = 3045 cm

-1
, n(C-C ɔ) = 925 cm

-1
, n(CH2 ɔ)  = 712 cm

-1
. 

ʇʨʦʜʫʢʪ 3 (ʩʤʝʩʴ ʩʪʝʨʠʦʠʟʦʤʝʨʦʚ). 

NMR C
13 

(176 MHz, CDCl3, 203 K):  d = 139.17, 137.79, 135.06, 132,7 (s, ʯʝʪʚʝʨʪʠʯ-

ʥʳʝ ʘʪʦʤʳ C), 127.71, 126.07, 125.84, 124, 33 (d) ppm. [183] 

MS (70 eV): m/z (%) = 44(8.6), 55(15.7), 67(34.4), 79(61.4), 91(57.5), 107(34.0), 

119(25.1), 134(100.0), 173(9.9), 175(10.4), 216(25.3) [183] 
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ʇʨʦʜʫʢʪ 4. NMR C
13 

(176 MHz, CDCl3, 203 K):  d = 26.24, 26.42,  27.14, 27.95, 

28.45, 29.32, 30.96, 32.34 (8CH2), 37.78, 41.84, 48.16, 48.9, 127.9, 128.02, 131.06, 133.9 

(8CH) ppm.  

NMR H
1 

(700 MHz, CDCl3, 203 K): d = 5.57 (m, H6); 5.67 (m, H11); 5.72 (m, H7), 

5.81 (m, H10); 1.69 (m, H4), 1.17 (m, Hô4); 1.51 (m, H5); 1.92 (m, H6), 1.17 (m, Hô6); 2.26 

(m, H7); 1.25 (m, H8); 1.77(m, H9), 1.19(m, Hô9); 2.36 (m, H10); 1.84 (m, H11), 1.02 (m, 

Hô11); 1.58 (m, H12), 1.41 (m, Hô12); 1.57 (m, H13), 1.36 (m, Hô13); 2.00 (m, H14); 1.33 

(m, H15); 3.1 (m, H16) ppm. [36,201-204] 

MS (70 eV): m/z (%) = 44(6.6), 67(11.6), 99(50.1), 91(17.2), 107(100), 216(9.2) 

[36,200-204]. 

ʇʨʦʜʫʢʪ 5. GC-MS (70 eV): m/z (%) = 53(21.3), 67(71.7), 79(100.0), 91(44.9), 

107(24.9), 119(17.5), 134(63.1), 135(43.4), 173(8.4), 187(5.8), 216(20.9) [36,200] 

ʇʨʦʜʫʢʪ 6 GC-MS (70 eV): m/z (%) = 43(7.1), 51(13.1), 53(14.2), 66(88.2), 67(42.4), 

77(38.8), 79(100.0), 80(72.5), 91(28.5), 95(94.7), 107(61.1), 121(9.9), 136(19.5) [200] 

ʇʨʦʜʫʢʪ 7. GC-MS (70 eV): m/z (%) = 44(11.6), 53(8.3), 67(21.1), 79(58.5), 91(32.2), 

107(100), 117(6.9), 134(17.1), 173(11.5), 187(4.6), 216(18.4) [200]. 

 

2.3. ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ  

2.3.1. ʉʠʥʪʝʟ ʜʠʠʤʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ 

ʉʠʥʪʝʟ N,Nô-ʙʠʩ-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)ʜʠʘʟʘʙʫʪʘʜʠʝʥʘ (DPP-DAB) [209] 

ɺ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 500 ʤʣ ʧʦʤʝʱʘʶʪ 100ʛ 2,6-ʜʠʠʟʦʧʨʦʧʠʣʘʥʠʣʠʥʘ, 

31,5ʤʣ 40% ʚʦʜʥʦʛʦ ʛʣʠʦʢʩʘʣʷ ʠ 200 ʤʣ 96% ʵʪʘʥʦʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʦʙʘʚ-

ʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ. ʎʚʝʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩʨʘʟʫ ʠʟʤʝʥʷʝʪ-

ʩʷ ʩ ʙʝʩʮʚʝʪʥʦʛʦ ʥʘ ʞʝʣʪʳʡ, ʘ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʧʦʷʚʣʷʝʪʩʷ ʞʸʣʪʳʡ ʦʩʘʜʦʢ. ʉʤʝʩʴ 

ʦʩʪʘʚʣʷʝʪʩʷ ʥʘ ʩʫʪʢʠ, ʘ ʟʘʪʝʤ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʠ ʧʨʦʤʳʚʘʶʪ ʭʦʣʦʜʥʳʤ ʤʝʪʘ-

ʥʦʣʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ. ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʚ 

ʚʠʜʝ ʞʝʣʪʦʛʦ ʧʦʨʦʰʢʘ ʧʨʦʜʫʢʪʘ ʠʟ ʵʪʘʥʦʣʘ ʜʘʝʪ ʞʝʣʪʳʝ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʉʪʨʫʢ-

ʪʫʨʘ ʧʨʦʜʫʢʪʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ ʗʄʈ 
1
H ʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. N,Nô-ʙʠʩ-

(ʜʠʤʝʪʠʣʬʝʥʠʣ)ʜʠʘʟʘʙʫʪʘʜʠʝʥ ʧʦʣʫʯʘʣʠ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. 
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ʉʠʥʪʝʟ N,Nô-ʙʠʩ-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-1,4-ʜʠʘʟʘ-2,3-ʜʠʤʝʪʠʣ-ʙʫʪʘʜʠʝʥʘ (DPP-

DMDAB ). 

ɺ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʸʤʢʦʩʪʴʶ 150 ʤʣ ʧʦʤʝʩʪʠʣʠ 21 ʤʣ 2,6-

ʜʠʠʟʦʧʨʦʧʠʣʘʥʠʣʠʥʘ, 4,5 ʤʣ 2,3-ʙʫʪʘʥʜʠʦʥʘ, 70 ʤʣ ʩʫʭʦʛʦ ʙʝʥʟʦʣʘ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʳ. ʉʦʜʝʨʞʠʤʦʝ ʢʦʣʙʳ ʢʠʧʷʪʠʣʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦ-

ʣʦʜʠʣʴʥʠʢʦʤ ʠ ʥʘʩʘʜʢʦʡ ɼʠʥʘ-ʉʪʘʨʢʘ. ʀʩʧʦʣʴʟʫʷ ʩʪʝʢʣʷʥʥʫʶ ʧʘʣʦʯʢʫ, ʦʙʲʝʤ ʥʘʩʘʜʢʠ 

ʨʝʛʫʣʠʨʦʚʘʣʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʲʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʣʦʷ ʚ ʥʝʡ ʙʳʣ ʥʘʠʤʝʥʴ-

ʰʠʤ. ʈʝʘʢʮʠʶ ʚʝʣʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʚ ʥʘʩʘʜʢʝ ɼʠʥʘ-ʉʪʘʨʢʘ ʥʝ ʩʪʘʣ 

ʙʝʩʮʚʝʪʥʳʤ. ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʫʧʘʨʠʣʠ ʙʝʥʟʦʣ ʠ ʧʨʠʙʘʚʠʣʠ 80 ʤʣ ʧʝʨʝʛʥʘʥʥʦʛʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʪʨʠʷ EtOH. ɺʳʧʘʚʰʠʡ ʩʚʝʪʣʦ-ʞʝʣʪʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʟʘʪʝʤ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʠʟ ʵʪʘʥʦʣʘ. ʇʨʦʜʫʢʪ ʧʦʣʫʯʝʥ ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʞʝʣʪʳʡ ʧʨʦʟʨʘʯʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʥʪʝʟ ʙʠʩ-N,Nô-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʙʠʩ-ʠʤʠʥʦʘʮʝʥʘʬʪʝʥʘ (DPP-BIAN ) [166] 

ɺ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 500 ʤʣ ʧʦʤʝʩʪʠʣʠ 12ʛ ʘʮʝʥʘʬʪʝʥʭʠʥʦʥʘ, 27,6 ʤʣ 

2,6-ʜʠʠʟʦʧʨʦʧʠʣʘʥʠʣʠʥʘ ʠ 150 ʤʣ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʂʠʧʷʪʠʣʠ ʩʤʝʩʴ ʩ ʦʙʨʘʪ-

ʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ ʚ ʪʝʯʝʥʠʝ 2,5 ʯʘʩʦʚ. ɺʳʜʝʣʠʚʰʠʡʩʷ ʷʠʯʥʦ-

ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʥʘ ʚʦʨʦʥʢʝ ɹʶʭʥʝʨʘ. ʇʨʦʤʳʣʠ ʥʘ ʬʠʣʴʪʨʝ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʦʡ, ʟʘʪʝʤ ʛʝʢʩʘʥʦʤ. ʉʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ ʦʢʦʣʦ 12 ʯʘʩʦʚ, ʟʘʪʝʤ ʧʨʦʚʝʣʠ 

ʚʘʢʫʫʤʥʫʶ ʩʫʰʢʫ. ʉ ʮʝʣʴʶ ʙʦʣʝʝ ʧʦʣʥʦʡ ʦʯʠʩʪʢʠ ʣʠʛʘʥʜʘ ʦʪ ʦʩʪʘʪʢʦʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦ-

ʪʳ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ DPP-BIAN ʠʟ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʦʨʷʯʝʛʦ ʪʦʣʫʦʣʘ. 

 

3.3.2. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ 

ʉʠʥʪʝʟ Ni(COD)2 [210] 

ɺʩʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʰʣʝʥʢ-ʪʝʭʥʦʣʦʛʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, Ni(acac)2 

ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠʟ ʥʠʪʨʘʪʘ ʥʠʢʝʣʷ, ʩʤʘʟʢʘ, ʧʦʩʫʜʘ ʠ ʨʝʘʢʪʠʚʳ ʥʝ ʜʦʣʞʥʳ 

ʩʦʜʝʨʞʘʪʴ ʩʣʝʜʦʚ Cl
-
. 

ɺ 120 ʤʣ ʪʦʣʫʦʣʘ ʨʘʩʪʚʦʨʷʶʪ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ 2,6 ʛ Ni(acac)2, ʜʣʷ ʯʝʛʦ 

ʨʘʩʪʚʦʨ ʥʘʛʨʝʚʘʶʪ ʜʦ ʢʠʧʝʥʠʷ, ʟʘʪʝʤ ʥʘʛʨʝʚ ʚʳʢʣʶʯʘʶʪ ʠ ʚʘʢʫʫʤʠʨʫʶʪ ʛʦʨʷʯʠʡ 

ʨʘʩʪʚʦʨ ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʣʝʜʦʚ ʚʣʘʛʠ (ʘʟʝʦʪʨʦʧ) ʠ ʢʠʩʣʦʨʦʜʘ. ɺʦ ʚʨʝʤʷ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ 

ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʝʪʩʷ ʜʦ 20-25Áʉ. ɺʘʢʫʫʤ ʟʘʤʝʥʷʶʪ ʥʘ ʘʨʛʦʥ ʠ ʜʦʙʘʚʣʷʶʪ ʚ ʩʠʩʪʝʤʫ 

ʩʥʘʯʘʣʘ 6,2 ʤʣ COD, ʘ ʟʘʪʝʤ ʩʨʘʟʫ 0,82 ʤʣ ʠʟʦʧʨʝʥʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʦʭʣʘʞʜʘʶʪ ʜʦ -

10-15Áʉ, ʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʢʘʧʳʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ 20 ʤʣ 1ʄ ʨʘʩʪʚʦʨʘ 

AlEt3  ʚ ʛʝʢʩʘʥʝ. ɺ ʥʘʯʘʣʝ ʨʝʘʢʮʠʠ ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʙʫʨʳʡ, ʢʦʪʦʨʳʡ ʧʝʨʝʭʦʜʠʪ ʯʝʨʝʟ 
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ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʚ ʞʸʣʪʳʡ ï ʞʸʣʪʦ-ʢʨʘʩʥʳʡ. ɾʸʣʪʳʝ ʢʨʠʩʪʘʣʣʳ ï ʩʦʙʩʪʚʝʥʥʦ 

ʢʦʤʧʣʝʢʩ Ni(COD)2 ï ʚʳʧʘʜʘʶʪ ʝ ʚʩʝʛʜʘ. ʀʥʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʞʠʜʢʠʤ ʘʟʦʪʦʤ ʜʦ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʜʥʘʢʦ ʥʫʞʥʦ 

ʩʣʝʜʠʪʴ, ʯʪʦʙʳ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʘ ʥʘ ʩʪʝʥʢʘʭ ʢʦʣʙʳ. ʇʦʩʣʝ 

ʚʳʧʘʜʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʢʦʣʙʫ ʚʘʢʫʫʤʠʨʫʶʪ ʧʨʠ -15Áʉ ʜʦ ʫʜʘʣʝʥʠʷ ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʧʨʦʤʳʚʘʶʪ ʛʝʢʩʘʥʦʤ, 

ʩʫʰʘʪ ʥʘ ʚʘʢʫʫʤʝ ʧʨʠ 0,01 ʤʤ.ʨʪ.ʩʪ. 

ʇʦʣʫʯʝʥʥʳʡ ʞʸʣʪʳʡ ʢʦʤʧʣʝʢʩ ʟʘʧʘʠʚʘʶʪ ʚ ʘʤʧʫʣʳ ʠ ʭʨʘʥʷʪ ʚ ʤʦʨʦʟʠʣʴʥʦʡ 

ʢʘʤʝʨʝ. 

ʉʠʥʪʝʟ Ni(acac)2 [211] 

ʂ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ 1ʡ ʯʘʩʪʠ ʥʠʪʨʘʪʘ ʥʠʢʝʣʷ ʜʦʙʘʚʣʷʶʪ ʨʘʩʪʚʦʨ 2,2 ʯʘʩʪʝʡ KOH. 

ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʧʨʦʤʳʚʘʶʪ ʥʘ ʬʠʣʴʪʨʝ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɻʦʪʦʚʷʪ ʩʫʩʧʝʥʟʠʶ ʧʦʣʫʯʝʥʥʦʛʦ ʦʩʘʜʢʘ, ʜʘʶʪ ʦʪʩʪʦʷʪʴʩʷ, 

ʩʣʠʚʘʶʪ ʚʦʜʫ ʜʝʢʘʥʪʘʮʠʝʡ. ɿʘʣʠʚʘʶʪ ʥʦʚʫʶ ʧʦʨʮʠʶ ʚʦʜʳ, ʥʘʛʨʝʚʘʶʪ ʨʘʩʪʚʦʨ ʧʦʯʪʠ ʜʦ 

ʢʠʧʝʥʠʷ, ʜʦʙʘʚʣʷʶʪ ʪʦʥʢʦʡ ʩʪʨʫʡʢʦʡ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 2,2ʯ. Hacac. ɼʘʣʝʝ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʩʫʰʘʪ ʥʘ ʚʘʢʫʫʤʝ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʶʪ ʠʟ 

ʙʝʥʟʦʣʘ ʠ ʩʥʦʚʘ ʩʫʰʘʪ ʚ ʪʝʯʝʥʠʝ 2-3 ʜʥʝʡ. ʇʦʣʫʯʝʥʥʳʡ ʟʝʣʸʥʳʡ ʢʦʤʧʣʝʢʩ ʟʘʧʘʠʚʘʶʪ ʚ 

ʘʤʧʫʣʳ. 

 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ NiBr 2(DPP-DAB), NiBr 2(DPP-BIAN ), NiBr 2(DPP-DMDAB) ʠ 

NiBr 2(DMP-DAB) (m1-m4) ʦʜʥʦʪʠʧʝʥ ʠ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʧʠʩʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ. [23] ɺ ʢʦʣʙʫ ʥʘ 50 ʤʣ 

ʧʦʤʝʱʘʝʪʩʷ 30 ʤʣ ʯʠʩʪʦʛʦ ʊɻʌ, ʙʝʟʚʦʜʥʳʡ ʙʨʦʤʠʜ ʥʠʢʝʣʷ ʠ ʣʠʛʘʥʜ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. 

ʉʚʝʨʭʫ ʥʘ ʢʦʣʙʫ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʙʨʘʪʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʠʧʷʯʝʥʠʝ 

ʩʤʝʩʠ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʝʪʩʷ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʙʦʣʴʰʘʷ ʝʛʦ ʯʘʩʪʴ ʫʧʘʨʠʚʘʝʪʩʷ ʧʦʜ ʚʘʢʫʫʤʦʤ. ɿʘʪʝʤ ʢʦʣʙʘ ʧʦʤʝʱʘʝʪʩʷ 

ʥʘ ʚʦʜʷʥʫʶ ʙʘʥʶ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʦʣʦ 90Áʉ ʠ ʫʧʘʨʠʚʘʝʪʩʷ ʦʩʪʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨʠʪʝʣʴ. 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʫʰʢʘ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʭʨʘʥʠʪʩʷ ʚ 

ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ ʧʦʜ ʘʪʤʦʩʬʝʨʦʡ ʘʨʛʦʥʘ 

 

ʉʠʥʪʝʟ Ni(COD)(DPP-DAB) [175] 

ɺ ʰʣʝʥʢ-ʩʦʩʫʜ ʧʦʤʝʩʪʠʣʠ 2ʛ. Ni(COD)2, ʧʝʨʝʢʦʥʜʝʥʩʠʨʦʚʘʣʠ ʚ ʚʘʢʫʫʤʝ 15 ʤʣ ʜʠ-

ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʚʝʪʣʦ-ʞʝʣʪʦʡ ʩʫʩʧʝʥʟʠʠ ʧʨʠʣʠʣʠ ʨʘʩʪʚʦʨ 2,87ʛ. (1,05 
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ʵʢʚ.) DPP-DAB ʚ 15 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ (ʪʘʢʞʝ ʜʦʙʘʚʣʝʥʥʦʛʦ ʧʫʪʝʤ ʧʝʨʝʢʦʜʝʥʩʘʮʠʠ 

ʚ ʚʘʢʫʫʤʝ). ʇʦʩʣʝ ʵʪʦʛʦ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʶʪ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. 

ʉʦʜʝʨʞʠʤʦʝ ʩʦʩʫʜʘ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʤʝʥʷʝʪ ʮʚʝʪ ʥʘ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʵʬʠʨ ʫʜʘʣʠʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʠ ʧʨʠʣʠʣʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʭʦʛʦ ʛʝʢʩʘʥʘ (ʜʦʩʪʘ-

ʪʦʯʥʦʝ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʢʦʨʠʯʥʝʚʦʡ ʤʘʩʩʳ). ʈʘʩʪʚʦʨ ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ ʠ 

ʬʠʣʴʪʨʘʪ ʫʧʘʨʠʣʠ ʚʪʨʦʝ. ɿʘʪʝʤ ʝʛʦ ʦʩʪʘʚʠʣʠ ʚ ʤʦʨʦʟʠʣʴʥʦʡ ʢʘʤʝʨʝ ʥʘ ʪʨʦʝ ʩʫʪʦʢ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ Ni(COD)(DPP-

DAB). ʉʠʥʪʝʟ Ni(COD)(DPP-BIAN ) ʧʨʦʚʦʜʠʣʠ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʦ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʪʦʛʦ, ʯʪʦ ʚ ʩʠʣʫ ʭʫʜʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ DPP-BIAN ʚ ʵʬʠʨʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚʝʣʠ ʜʦʣʴ-

ʰʝ. Ni(COD)(DPP-BIAN) ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʚʠʜʝ ʯʝʨʥʦʛʦ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰ-

ʢʘ. ʆʙʘ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘ ʯʨʝʟʚʳʯʘʡʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʣʘʛʝ ʠ ʚʦʟʜʫʭʫ! ʇʦʵʪʦʤʫ ʠʭ 

ʩʣʝʜʫʝʪ ʭʨʘʥʠʪʴ ʚ ʘʤʧʫʣʘʭ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʣʠʙʦ ʥʘʜʝʞʥʦ ʟʘʢʨʳʪʳʭ ʰʣʝʥʢ-ʩʦʩʫʜʘʭ 

ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

 

3.3.3. ʉʠʥʪʝʟ ʧʨʦʯʠʭ ʚʝʱʝʩʪʚ 

ɼʝʡʪʝʨʦʵʪʠʣʝʥ ʧʦʣʫʯʘʣʠ ʜʝʛʠʜʨʘʪʘʮʠʝʡ D6-ʜʝʡʪʝʨʦʵʪʘʥʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʠ [212]. ɺ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʜʫʪʫʶ ʘʟʦʪʦʤ 

ʪʨʝʭʛʦʨʣʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 500 ʤʣ, ʩʥʘʙʞʝʥʥʫʶ ʥʘʩʘʜʢʦʡ ɼʠʥʘ-ʉʪʘʨʢʘ ʩ ʦʙʨʘʪʥʳʤ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʢʘʧʝʣʴʥʦʡ ʚʦʨʦʥʢʦʡ ʩ ʜʣʠʥʥʳʤ ʢʘʧʠʣʣʷʨʦʤ (ʜʦʣʞʝʥ ʜʦʭʦʜʠʪʴ ʧʦʯʪʠ 

ʜʦ ʜʥʘ ʢʦʣʙʳ) ʠ ʪʝʨʤʦʤʝʪʨʦʤ ʧʦʤʝʩʪʠʣʠ 150 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʦʨʪʦʬʦʩʬʦʨʥʦʡ 

ʢʠʩʣʦʪʳ, ʢʦʪʦʨʫʶ ʥʘʛʨʝʣʠ ʜʦ 240Áʉ. ʇʨʠ ʵʪʦʤ ʠʟ ʢʠʩʣʦʪʳ ʚʳʜʝʣʠʣʦʩʴ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʧʘʨʦʚ ʚʦʜʳ. ɿʘʪʝʤ ʢʠʩʣʦʪʫ ʦʭʣʘʜʠʣʠ ʜʦ 100Áʉ ʠ ʤʝʜʣʝʥʥʦ ʧʨʠʢʘʧʘʣʠ 20 ʤʣ ʜʝʡ-

ʪʝʨʦʵʪʘʥʦʣʘ. ɼʝʡʪʝʨʦʵʪʠʣʝʥ ʩʦʙʠʨʘʣʩʷ ʦʪ ʚʝʨʭʥʝʛʦ ʢʨʘʷ ʦʙʨʘʪʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ. ɼʣʷ 

ʝʛʦ ʦʯʠʩʪʢʠ ʦʪ ʢʠʩʣʦʪʳ, ʚʦʜʳ ʠ ʜʨʫʛʠʭ ʧʨʠʤʝʩʝʡ ʧʦʪʦʢ ʛʘʟʘ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʙʘʨʙʦ-

ʪʘʞʢʫ ʩ 30% ʨʘʩʪʚʦʨʦʤ KOH, ʘ ʟʘʪʝʤ ʯʝʨʝʟ ʣʦʚʫʰʢʫ, ʧʦʤʝʱʝʥʥʫʶ ʚ ʙʘʥʶ ʠʟ ʟʘʤʦʨʦ-

ʞʝʥʥʦʛʦ ʘʮʝʪʦʥʘ. ɺʳʭʦʜ ʦʢ. 55-60%.  

HBF3OEt ʛʦʪʦʚʠʣʠ ʚ ʚʠʜʝ ʪʦʣʫʦʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʨʝʘʢʮʠʠ BF3ÖOEt2 ʩ ʵʪʘʥʦʣʦʤ 

ʚ ʦʙʲʸʤʥʦʤ ʦʪʥʦʰʝʥʠʠ 2:1 (ʤʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ BF3ÖOEt2 /ʉ2ʅ5ʆʅ = 1:1). ʀʟ ʧʦʣʫʯʝʥ-

ʥʳʭ ʜʚʫʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʬʘʟ, ʥʠʞʥʠʡ ʩʣʦʡ, ʩʦʜʝʨʞʘʱʠʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ, ʩʦʙʠʨʘ-

ʣʠ ʰʧʨʠʮʦʤ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʤʝʜʣʝʥʥʦ [213]. 
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ɻʃɸɺɸ III . ʌʆʈʄʀʈʆɺɸʅʀɽ ʀ ʈɽɻɽʅɽʈɸʎʀʗ ɸʂʊʀɺʅʓʍ ʂʆʄʇʃɽʂʉʆɺ 

ɺ ʄɽʊɸʃʃʆʂʆʄʇʃɽʂʉʅʓʍ ʂɸʊɸʃʀɿɸʊʆʈɸʍ ʅɸ ʆʉʅʆɺɽ Ni(COD)2 

(ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ) 

3.1. ʇʨʝʚʨʘʱʝʥʠʝ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

Ni(COD)2/BF3ĿOEt2 

3.1.1. ʎʠʢʣʦʠʟʦʤʝʨʠʟʘʮʠʷ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

Ni(COD)2/BF3ĿOEt2 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ɻɾʍ, ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʥʫʣʴʚʘʣʝʥʪʥʦʛʦ ʥʠʢʝʣʷ 

Ni(COD)2 (a) ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ (Ar) ʥʝ ʧʨʦʷʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʝʚʨʘʱʝʥʠʠ 1,5-

ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ (COD) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʦʙʘʚʣʝʥʠʝ ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʦʚ 

BF3ĀOEt2 ʢ ʨʘʩʪʚʦʨʫ Ni(COD)2 ʚ ʮʠʢʣʦʦʢʪʘʜʠʝʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʦʢʨʘʩʢʠ 

ʨʘʩʪʚʦʨʘ ʩ ʙʣʝʜʥʦ-ʞʝʣʪʦʡ ʥʘ ʷʨʢʦ-ʢʨʘʩʥʫʶ, ʧʨʠ ʵʪʦʤ, ʧʦ ʜʘʥʥʳʤ ɻɾʍ, ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʚʨʘʱʝʥʠʝ COD [197,214-219]. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʘʨʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʭʨʦʤʘʪʦ-ʤʘʩʩ 

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʗʄʈ ʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʘʤ ʧʨʝʚʨʘʱʝʥʠʷ COD  ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʷʚʣʷʝʪʩʷ 

ʙʠʮʠʢʣʠʯʝʩʢʠʡ ʠʟʦʤʝʨ ï ʙʠʮʠʢʣʦ-[3,3,0]-ʦʢʪʝʥ-2 (1) [197,214-220]; ʪʘʢʞʝ ʚ ʥʝʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʡ ʜʠʤʝʨ (2) [197]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʝʡ ʙʳʣʠ 

ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʳ ʪʨʠʮʠʢʣʠʯʝʥʩʢʠʝ ʜʠʤʝʨʳ 3,4, ʠ 5 (ʈʠʩ. 27). 

 

 

ʈʠʩ. 27. ʇʨʦʜʫʢʪʳ ʧʨʝʚʨʘʱʝʥʠʷ COD ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĿOEt2 ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ 

 



61 
 

ʉ ʮʝʣʴʶ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʧʨʝʚʨʘʱʝʥʠʝ COD  ʧʨʠ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ Ni:B, ʩ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ Ni ʚ ʩʠʩʪʝʤʝ, ʠʩʧʦʣʴʟʫʷ ʪʦʣʫʦʣ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʙʝʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 
ɸʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ Ni(COD)2/nBF3ĀOEt2 ʚ ʧʨʝʚʨʘʱʝʥʠʠ COD 

 
 ̄  

Ni(COD)2:COD 

 

Ni : B 

ʂʦʥʚʝʨʩʠʷ 

COD,% 

TOF
*
 ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ 

1 2 3 4 5 

1 1:400 1:15 97,3 657 85,7 8,5 4,8 0,4 0,5 

2 1:400 1:10 98,2 680 90,7 7,4 1,3 0,5 

3 1:400 1:5 100
**  

630 98,4 1,1 >0,5 -
**

 -
**

 

4 1:400 1:2 100
**  

540 97,0 1,8 0,5 >0.3 0,3 

5 1:1000 1:5 98,5 1230 96,4 2,2 0,7 >0,3 0,3 

6 1:2000 1:5 57,6 1300 98,0 
 

-
**

 

 

-
**

 

 

-
**

 

 

-
**

 

7 1:400
***

 1:5 100
**  

650 99,5 
 

-
**

 

 

-
**

 

 

-
**

 

 

-
**

 

ʇʨʠʤʝʯʘʥʠʝ.
* 
ï [ʤʦʣʴ (COD)/(ʤʦʣʴ (Ni)Āʯ)]

  

**
 ʤʝʪʦʜʦʤ ɻɾʍ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

***
 ʚ ʨʘʩʪʚʦʨʝ ʪʦʣʫʦʣʘ,  ʪʦʣʫʦʣ:COD = 1:1 

 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 1[197,214-220], ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʩʠʩʪʝʤʘ Ni(COD)2/BF3ĀOEt2, ʧʨʠʛʦʪʦʚʣʝʥʥʘʷ ʚ ʪʦʣʫʦʣʝ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ B:Ni=5, 

ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʟʚʝʩʪʥʳʝ ʩʠʩʪʝʤʳ ʠʟʦʤʝʨʠʟʘʮʠʠ 

ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ [221]. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 2 ʤʦʣʴʥʳʭ ʯʘʩʪʝʡ BF3ĿOEt2 ʢ ʩʚʝʪʣʦ-ʞʝʣʪʦʤʫ ʨʘʩʪʚʦʨʫ Ni(COD)2 

ʚ ʪʦʣʫʦʣʝ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠ 0
ƺ
ʉ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʩʤʝʥʦʡ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʩ 

ʞʝʣʪʦʡ ʥʘ ʷʨʢʦ-ʢʨʘʩʥʫʶ ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʧʦʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʩʠʛʥʘʣ 1 (ʨʠʩ. 28), ʭʘ-

ʨʘʢʪʝʨʥʳʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ Ni(I) ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ 3d
9
 (gx = 2.039, gy =  

2.063, gz = 2.39).  

ʆʜʥʦʚʨʝʤʝʥʥʦ, ʚ ʀʂïʩʧʝʢʪʨʝ (ʨʠʩ. 29) ʧʦʷʚʣʷʶʪʩʷ ʧʦʣʦʩʳ (1122-1050, 826 ʩʤ
-1
) 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʘʥʠʦʥʘ BF4
-
, ʥʝ ʦʙʨʘʟʫʶʱʝʛʦ ʤʦʩʪʠʢʦʚʳʭ ʩʚʷʟʝʡ 

[207].  
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ʈʠʩ. 28. ʉʠʛʥʘʣ ʕʇʈ ʩʠʩʪʝʤʳ Ni(COD)2/BF3ĿOEt ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ: 1 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ 1ôï ʤʦʜʝʣʠʨʦʚʘʥʥʳʡ  ʩʠʛʥʘʣʳ 

 

ʈʠʩ. 29. ʀʂ-ʩʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʩʠʩʪʝʤʳ Ni(COD)2/BF3ĿOEt ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ 

Ni(COD)2/BF3ĿOEt2 ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ Ni(0) ʜʦ Ni(I) ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦʩʣʝʜʥʝʛʦ ʚ 

ʨʘʩʪʚʦʨʝ ʮʠʢʣʦʦʢʪʘʜʠʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʬʦʨʤʝ ʢʘʪʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Ni(COD)2]
+
BF4

-
  (b) [197,214-219,222-223]. ʂʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʪʨʦʝʥʠʷ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩʣʫʞʠʪ ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ ʨʘʙʦʪʘ [189], ʚ ʢʦʪʦʨʦʡ ʙʳʣ 

ʚʳʜʝʣʝʥ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʠ ʦʭʘʨʘʪʢʝʨʠʟʦʚʘʥ ʤʝʪʦʜʘʤʠ ʕʇʈ, 

ʨʝʥʪʛʝʥʪʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, XANES ʠ ʮʠʢʣʠʯʝʩʢʦʡ ʚʘʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʢʘʪʠʦʥʥʳʡ 

ʢʦʤʧʣʝʢʩ [Ni(COD)2]
+
{ Al [O(C(CF3)3]4}

-
, ʠʤʝʶʱʠʡ ʦʯʝʥʴ ʙʣʠʟʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʘ 

ʕʇʈ. ʈʘʥʝʝ [118-121] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(PPh3)4/BF3ĿOEt2 

ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ Ni
0
 ʜʦ Ni

+
 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ [Ni(PPh3)3]

+
BF4

-
 ʠ 
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ʜʠʙʦʨʘʥʦʚ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ B-B. ʇʦʵʪʦʤʫ, ʨʝʘʢʮʠʶ ʦʢʠʩʣʝʥʠʷ Ni(COD)2 ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 30): 

 

ʈʠʩ. 30. ʉʭʝʤʘ ʦʢʠʩʣʝʥʠʷ Ni(COD)2 ʩ ʧʦʤʦʱʴʶ BF3ĿOEt2 

ʆʙʨʘʟʫʶʱʠʡʩʷ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʢʘʪʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ b ʥʝ ʫʩʪʦʡʯʠʚ ʚʦ 

ʚʨʝʤʝʥʠ: ʧʦ ʧʨʦʰʝʩʪʚʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʩʠʛʥʘʣ 1 ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ 

ʚ ʥʦʚʳʡ ʩʠʛʥʘʣ 2 (ʨʠʩ. 31). ʂʦʤʧʦʥʝʥʪʳ g-ʪʝʥʟʦʨʘ ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (gx = 2.030, gy = 

2.048, gz = 2.249) ʫʢʘʟʳʚʘʶʪ ʥʘ ʙʦʣʝʝ ʢʦʚʘʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ ʤʝʪʘʣʣïʣʠʛʘʥʜ ʚ 

ʥʦʚʦʤ ʢʦʤʧʣʝʢʩʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [197,214]. 

 

ʈʠʩ. 31 ï ʉʠʛʥʘʣ ʕʇʈ ʩʠʩʪʝʤʳ Ni(COD)2/BF3ĿOEt ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʚ ʢʦʥʝʯʥʳʡ ʧʝʨʠʦʜ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ: 2 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ 2ô ï ʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣʳ. 

 ɺ ʀʂ-ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩ ʦʪ ʘʥʠʦʥʘ BF4
ï
 ʚ ʙʦʣʝʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʠ ʠʭ ʤʘʢʩʠʤʫʤʳ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 1210 ʠ 1085 ʩʤ
ï1

,
 
ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʜʣʠʥʥ ʩʚʷʟʝʡ B-F ʠ ʠʩʢʘʞʝʥʠʠ ʘʥʠʦʥʘ (ʨʠʩ. 32). ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʧʦʣʦʩʘ ʧʨʠ 577 ʩʤ
ï1

, 

ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʤʝʪʘʣʣ-

ʫʛʣʝʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ [207].  
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ʈʠʩ. 32. ʀʂ-ʩʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʩʠʩʪʝʤʳ Ni(COD)2/BF3ĿOEt ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʚ ʢʦʥʝʯʥʳʡ ʧʝʨʠʦʜ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʅʦʚʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʢʦʤʧʣʝʢʩ ʩʪʘʙʠʣʝʥ ʚ ʨʘʩʪʚʦʨʝ ʪʦʣʫʦʣʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ 

ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪʥʦʰʝʥʠʷ B:Ni = 2 ï 30. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʪʥʦʰʝʥʠʠ B:Ni = 30 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ 2 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 36 ʯʘʩʦʚ. ʂʦʣʠʯʝʩʪʚʦ 

ʚʚʝʜʝʥʥʦʛʦ ʚ ʩʠʩʪʝʤʫ BF3ĿOEt2 ʦʪʨʘʞʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʚʨʝʤʝʥʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʠʛʥʘʣʘ 

1 ʚ ʩʠʛʥʘʣ 2, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2 ʤʠʥʫʪ ʧʨʠ B:Ni = 30. ʂʦʥʪʘʢʪ ʩ ʚʦʟʜʫʭʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠʶ ʩʠʛʥʘʣʘ 2 ʚ ʩʧʝʢʪʨʝ ʕʇʈ, ʘ ʪʘʢʞʝ ʧʦʣʦʩʳ ʧʨʠ 577 

ʩʤ
ï1

 ʚ ʀʂ-ʩʧʝʢʪʨʝ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 

ʦ ʪʦʤ, ʯʪʦ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ Ni(I) ʚ ʢʦʤʧʣʝʢʩʝ b ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ 

ʮʠʢʣʦʦʢʪʘʜʠʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ [197,214,224].  

ʉʧʝʢʪʨ ʕʇʈ 2 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʤʫ ʩʧʝʢʪʨ ʀʂ (ʨʠʩ. 32) ʧʨʠʥʘʜʣʝʞʘʪ 

ʢʘʪʠʦʥʥʦʤʫ ʢʦʤʧʣʝʢʩʫ Ni(I) (ʩ), ʩʪʘʙʠʣʴʥʦʤʫ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʦʣʝʬʠʥʦʚʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʩʠʩʪʝʤʝ. ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʝʚʨʘʱʝʥʠʷ COD ʥʘ 

ʠʟʫʯʘʝʤʦʡ ʥʘʤʠ ʩʠʩʪʝʤʝ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʷʚʣʷʝʪʩʷ ʙʠʮʠʢʣʠʯʝʩʢʠʡ ʠʟʦʤʝʨ 1, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩ Ni(I) ʚ ʢʦʤʧʣʝʢʩʝ c ʩʚʷʟʘʥ ʙʠʮʠʢʣʦ-[3,3,0]-ʦʢʪʝʥ-2. ʈʘʩʯʝʪ 

ʛʝʦʤʝʪʨʠʠ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (DFT/BP86) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʥʝʤ ʨʝʘʣʠʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʠʢʝʣʷ ʩ ʙʠʮʠʢʣʠʯʝʩʢʠʤ ʣʠʛʘʥʜʦʤ (ʨʠʩ. 33), ʯʪʦ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʙʳʩʪʨʫʶ ʧʦʟʠʮʠʦʥʥʫʶ ʠʟʦʤʝʨʠʟʘʮʠʶ ʮʠʢʣʦʦʢʪʘʜʠʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚ 

ʢʘʪʠʦʥʥʦʤ ʢʦʤʧʣʝʢʩʝ b. ɺ ʢʦʤʧʣʝʢʩʝ ʩ ʚʦʟʤʦʞʥʘ ʜʝʣʦʢʘʣʠʟʘʮʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʟʘʨʷʜʘ ʩ ʥʠʢʝʣʷ ʧʦ ʩʠʩʪʝʤʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦ ʚʨʝʤʝʥʠ.  
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ʈʠʩ. 33. ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ c. ʈʝʟʫʣʴʪʘʪ DFT/BP86 ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. 

ɽʩʣʠ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʕʇʈ 2 ʚ ʩʠʩʪʝʤʫ 

ʚʚʝʩʪʠ COD, ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʥʘʙʣʶʜʘʝʪʩʷ ʚʥʘʯʘʣʝ ʟʘʤʝʱʝʥʠʝ ʩʠʛʥʘʣʘ 2 ʥʘ ʩʠʛʥʘʣ 1, ʘ 

ʟʘʪʝʤ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ. ʂʦʤʧʣʝʢʩʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɻɾʍ ʠ ʕʇʈ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʪʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ b, 

ʢʦʪʦʨʳʡ ʜʘʝʪ ʩʠʛʥʘʣ 1, ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʦʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʙʩʪʨʘʪʘ. 

ʇʦ ʜʘʥʥʳʤ ɻɾʍ, ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ COD ʚ ʩʠʩʪʝʤʝ ʠ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʧʠʢʠ ʦʪ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. 

ʇʦʣʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʠʛʥʘʣʘ 1 ʚ ʩʠʛʥʘʣ 2 ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʣʥʦʤ 

ʠʩʯʝʨʧʘʥʠʠ ʩʫʙʩʪʨʘʪʘ. ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʦʯʝʨʝʜʥʦʡ ʧʦʨʮʠʠ COD ʩʧʝʢʪʨʘʣʴʥʘʷ ʢʘʨʪʠʥʘ 

ʧʦʚʪʦʨʷʝʪʩʷ, ʦʜʥʘʢʦ, ʩʢʦʨʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʠʛʥʘʣʦʚ ʫʤʝʥʴʰʘʝʪʩʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʙʘʚʣʝʥʠʷ 

ʩʠʩʪʝʤʳ ʥʦʚʳʤʠ ʧʦʨʮʠʷʤʠ COD, ʘ ʪʘʢʞʝ ʯʘʩʪʠʯʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʪʨʝʭ ʧʦʨʮʠʡ ʩʫʙʩʪʨʘʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 34.  

 

ʈʠʩ. 34. ʈʘʩʭʦʜʦʚʘʥʠʝ COD ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ. ɺ ʩʠʩʪʝʤʫ Ni(COD)2/5BF3ĿOEt2/400COD 

(ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ) ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʜʚʝ ʥʦʚʳʝ ʧʦʨʮʠʠ ʧʦ 400 ʯʘʩʪʝʡ COD 
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3.1.2. [2+2]-ʎʠʢʣʦʜʠʤʝʨʠʟʘʮʠʷ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠ-

ʩʪʝʤʝ Ni(COD)2/BF3ĿOEt2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʠʣʝʥʘ 

ɺ ʨʘʙʦʪʘʭ [191,225] ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʵʪʠʣʝʥ ʤʦʞʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʘʢʪʠʚʥʳʝ 

ʮʝʥʪʨʳ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ. 

ʉ ʮʝʣʴʶ ʚʦʟʤʦʞʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʧʨʝʚʨʘʱʝʥʠʷ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĿOEt2, ʥʘʤʠ 

ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʵʪʠʣʝʥʘ ʥʘ ʭʦʜ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ [197,214-219,222-224]. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ, Ni(COD)2 ʚ ʪʦʣʫʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʘʢʪʠʚʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ COD ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ (P(C2H4) = 0,2 ʄʇʘ). ɼʦʙʘʚʣʝʥʠʝ 

ʚ ʩʠʩʪʝʤʫ BF3ĿOEt2 (ʨʘʩʪʚʦʨʠʪʝʣʴ ï ʪʦʣʫʦʣ, ʤʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ 2 < B:Ni < 30) 

ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʥʝ ʦʢʨʘʩʢʠ ʩʠʩʪʝʤʳ ʩ ʞʝʣʪʦʡ ʥʘ ʢʨʘʩʥʫʶ ʠ ʙʳʩʪʨʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ 

ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ. ʅʘʣʠʯʠʝ ʵʪʠʣʝʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʝʚʨʘʱʝʥʠʷ 1,5-COD ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

Ni(COD)2/BF3ĿOEt2 (ʨʠʩ. 35 ʠ ʪʘʙʣ. 2).  

ʍʦʪʷ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʶʪʩʷ ʙʠʮʠʢʣʠʯʝʩʢʠʡ ʠʟʦʤʝʨ 1 ʠ 

ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʡ ʜʠʤʝʨ 2, ʦʜʥʘʢʦ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʠʣʝʥʘ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ 2 ï ʚʧʣʦʪʴ ʜʦ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ 70% (ʪʘʙʣ. 2). ʉʨʝʜʠ ʧʨʦʜʫʢʪʦʚ 

ʧʨʝʚʨʘʱʝʥʠʷ COD ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʪʘʢʞʝ ʥʘʩʳʱʝʥʥʳʝ ʧʨʦʜʫʢʪʳ [2+3]-

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʵʪʠʣʝʥʘ ʢ 1 ʠ 2 (7 ʠ 6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʢʦʩʚʝʥʥʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʥʘʣʠʯʠʷ ʚ ʩʠʩʪʝʤʝ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ɖ
1
, ɖ

2
 ʠ ɖ

3
 ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʥʠʢʝʣʝʤ ʬʦʨʤʘʤʠ ʦʣʝʬʠʥʘ (ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʳʭ ɺʠʣʢʝ [183]). ʄʝʪʦʜʦʤ GC-MS ʚ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʠʤʝʨʳ 4 ʠ 5, ʦʜʥʘʢʦ ʞʝ, ʜʠʤʝʨ 3 ʥʝ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʜʘʞʝ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 2 

ɸʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ Ni(COD)2/nBF3ĀOEt2/C2H4 ʚ ʧʨʝʚʨʘʱʝʥʠʠ COD 

 
ˉ Ni(COD)2:COD Ni:B ʂʦʥʚʝʨʩʠʷ 

COD,% 

TOF*  ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ, % 

1 2 6 7 4, 5 

1 1 : 400 1:2 95,6 13600 20,5 70,2 5,5 2,1 ~ 1,5 

2 1 : 400 1:5 97,2 14200 58,4 34,7 4,7 1,2 ~ 1 

3 1 : 400 1:10 98,6 14400 82,6 13,0 4,3 ~ 1 -
**

 

4 1 : 400 1:15 97,8 12800 90,1 9,6 0,2 -
**

 -
**

 

5 1:1000 1:5 56,0 15200 64,2 33,2 1,4 -
**

 -
**

 

6 1 : 400
***

 1:5 100
**

 9800 30,6 66,1 0,8 -
**

 -
**

 
* 
ʤʦʣʴ

 
(COD) / ʤʦʣʴ (Ni) Ā ʯ

 

**
 ʤʝʪʦʜʦʤ ɻɾʍ ʦʜʥʦʟʥʘʯʥʦ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

***
 ʚ ʨʘʩʪʚʦʨʝ ʪʦʣʫʦʣʘ,  ʪʦʣʫʦʣ:COD = 1:1 
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ʈʠʩ. 35. ʇʨʦʜʫʢʪʳ ʧʨʝʚʨʘʱʝʥʠʷ COD ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĿOEt2 ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 2 ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʘ 

Ni(COD)2/BF3ĀOEt2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʠʣʝʥʘ ʧʨʦʷʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʅʝʦʙʭʦʜʠʤʦ  ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʡʜʝʥʥʳʡ 

ʫʧʨʘʚʣʷʝʤʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʘ [2+2]-ʜʠʤʝʨʠʟʘʮʠʠ COD ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʪʝʨʤʠʯʝʩʢʦʡ ʜʠʤʝʨʠʟʘʮʠʠ [36,37]. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʜʦʙʘʚʣʝʥʠʝ ʢ ʨʘʩʪʚʦʨʫ Ni(COD)2 ʚ 

ʮʠʢʣʦʦʢʪʘʜʠʝʥʝ BF3ĿOEt2 (2 < B:Ni < 30) ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʥʘ ʢʨʘʩʥʫʶ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʯʝʤ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʳʡ ʩʠʛʥʘʣ ʕʇʈ 1 (ʩʠʛʥʘʣ ʠʜʝʥʪʠʯʝʥ ʪʦʤʫ, ʯʪʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʨʝʘʢʮʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʨʠʩ. 28). ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʥʘʯʠʥʘʝʪʩʷ 

ʧʨʦʮʝʩʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʝʚʨʘʱʝʥʠʷ 

COD ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ ʩʠʛʥʘʣ 1 ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʠʛʥʘʣ 3, ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ 2 (ʨʠʩ. 36), ʚ ʢʦʪʦʨʦʤ ʭʦʨʦʰʦ ʨʘʟʨʝʰʘʝʪʩʷ ʩʚʝʨʭʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ 

(ʉʊʉ) ʦʪ ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʷʜʝʨ ʩʦ ʩʧʠʥʦʤ I = 1/2 (gƐ=1.987, gƍ=2.452, AƐ=122.2 ɻʩ, 

Aƍ= 58.8 ɻʩ) [197,214,224].  

ɿʘʤʝʱʝʥʠʝ ʩʠʛʥʘʣʘ 1 ʥʘ ʩʠʛʥʘʣ 3 ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝʤ 

ʧʦʣʦʩ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʦʪ ʘʥʠʦʥʘ BF4
ï
 ʥʘ ʛʨʫʧʧʫ ʧʦʣʦʩ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 1217, 1180, 

1081 ʠ 1030ʩʤ
ï1
, ʢʦʪʦʨʳʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [207], ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʥʝʩʝʥʳ ʢ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʥʳʤ ʤʦʩʪʠʢʦʚʳʤ ʩʪʨʫʢʪʫʨʘʤ (ʨʠʩ. 37).  
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ʈʠʩ. 36. ʉʠʛʥʘʣ ʕʇʈ ʩʠʩʪʝʤʳ Ni(COD)2/BF3ĿOEt ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ ʚ ʢʦʥʝʯʥʳʡ ʧʝʨʠʦʜ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ: 3 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ 3ô ï ʤʦʜʝʣʠʨʦʚʘʥʥʳʡ 

 

ʈʠʩ. 37. ʀʂ-ʩʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʩʠʩʪʝʤʳ Ni(COD)2/BF3ĿOEt ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ ʚ ʢʦʥʝʯʥʳʡ ʧʝʨʠʦʜ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʂʘʢ ʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʚ ʵʪʠʣʝʥʝ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ Ni(COD)2/nBF3ĀOEt2 

ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ çʞʠʚʦʛʦè [197,214,222-224] ʢʘʪʘʣʠʟʘʪʦʨʘ, ʪ.ʝ. ʧʨʠ ʚʚʝʜʝʥʠʠ ʥʦʚʦʡ 

ʧʦʨʮʠʠ COD ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʠʩʯʝʨʧʘʥʠʷ ʧʨʝʜʳʜʫʱʝʡ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʩʫʙʩʪʨʘʪʘ. ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʜʫʢʪʦʚ (1) ʠ (2) ʚ ʧʦʩʣʝʜʫʶʱʠʭ 

ʮʠʢʣʘʭ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʜʠʥʦʡ 

ʧʨʠʨʦʜʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʵʪʠʭ ʮʠʢʣʘʭ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʯʝʪʳʨʝʭ ʧʦʨʮʠʡ ʩʫʙʩʪʨʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 38.  
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ʈʠʩ. 38. ʈʘʩʭʦʜʦʚʘʥʠʝ COD ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ. ɺ ʩʠʩʪʝʤʫ 

Ni(COD)2/5BF3ĿOEt2/400COD (ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ, P(C2H4) = 0.2ʄʇʘ) ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʜʚʝ ʥʦʚʳʝ 

ʧʦʨʮʠʠ ʧʦ 400 ʯʘʩʪʝʡ COD 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʚʨʘʱʝʥʠʷ COD ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʵʪʠʣʝʥʘ, ʢʦʪʦʨʦʝ ʧʦʣʥʦʩʪʴʶ ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʦʩʣʝ 

ʠʩʯʝʨʧʘʥʠʷ ʦʯʝʨʝʜʥʦʡ ʧʦʨʮʠʠ ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ. 

ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʦʡ ʧʦʨʮʠʠ COD ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʤʝʩʪʦ ʩʠʛʥʘʣʘ 3 ʚ ʩʧʝʢʪʨʝ 

ʕʇʈ ʚʥʦʚʴ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʠʛʥʘʣ 1, ʢʦʪʦʨʳʡ ʚ ʭʦʜʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʙʩʪʨʘʪʘ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʠʛʥʘʣ 3. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ɻɾʍ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʠʛʥʘʣ 3 

ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ ʠʩʯʝʨʧʘʥʠʷ ʩʫʙʩʪʨʘʪʘ ʚ 

ʩʠʩʪʝʤʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 1 ï ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʩʠʩʪʝʤʝ ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʨʘʩʪʚʦʨʝ ʪʦʣʫʦʣʘ, ʠʟʥʘʯʘʣʴʥʦ ʩʦʜʝʨʞʘʱʝʤ ʠʟʙʳʪʦʢ COD, ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʘʢʘʷ ʞʝ ʩʧʝʢʪʨʘʣʴʥʘʷ ʢʘʨʪʠʥʘ, ʥʦ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʘʷ ʚʦ ʚʨʝʤʝʥʠ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʛʠʜʨʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ, ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʧʨʠʨʦʜʳ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʩʧʝʢʪʨʝ ʕʇʈ (ʩʠʛʥʘʣ 3), ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʝʡʪʝʨʦʵʪʠʣʝʥʘ [197]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʦʙʳʯʥʦʛʦ ʵʪʠʣʝʥʘ ʥʘ 

ʜʝʡʪʝʨʦʵʪʠʣʝʥ ʝʱʝ ʜʦ ʩʪʘʜʠʠ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʠʢʘʢ ʥʝ 

ʦʪʨʘʟʠʣʘʩʴ ʥʘ ʬʦʨʤʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ 3. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʉʊʉ ʚ ʩʠʛʥʘʣʝ 3 ʥʝ 

ʩʚʷʟʘʥʘ ʩ ʧʨʦʪʦʥʘʤʠ ʵʪʠʣʝʥʘ, ʘ ʦʙʫʩʣʦʚʣʝʥʘ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʜʚʫʤʷ 

ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʷʜʨʘʤʠ 
19

F (IF = 1/2). ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʪʘʢʞʝ ʙʦʣʴʰʘʷ ʢʦʥʩʪʘʥʪʘ ʉʊʉ, ʢʦʪʦʨʘʷ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʠʟʚʝʩʪʥʳʝ ʢʦʥʩʪʘʥʪʳ 
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ʉʊʉ ʦʪ 
1
H ʜʣʷ ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(I) [101], ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʜʣʷ ʩʚʷʟʝʡ Ni-H ʧʦʣʦʩ ʚ ʀʂ-ʩʧʝʢʪʨʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʗʄʈ 
2
H ʠ ʭʨʦʤʘʪʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʚ ʦʧʳʪʘʭ ʩ ʜʝʡʪʝʨʦʵʪʠʣʝʥʦʤ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʦʙʦʛʘʱʝʥʥʳʭ ʜʝʡʪʝʨʠʝʤ 

ʧʨʦʜʫʢʪʦʚ [2+3]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 6 ʠ 7, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 1 ʠ 2 ʠʟʦʪʦʧʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ [197]. ʆʪʩʫʪʩʪʚʠʝ ʜʝʡʪʝʨʦʦʙʤʝʥʘ ʚ ʧʨʦʜʫʢʪʘʭ 1 ʠ 2 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʥʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʘʢʪʠʚʥʳʝ ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ.   

ʉʦʚʦʢʫʧʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʩʧʝʢʪʨ ʕʇʈ 3, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨ ʀʂ ʥʘ ʨʠʩ. 

37), ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʠʣʝʥʘ ʠ ʜʝʡʪʝʨʦʵʪʠʣʝʥʘ, ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, 

ʯʪʦ ʢʦʤʧʣʝʢʩ ʥʠʢʝʣʷ, ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʚ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĀOEt2/C2H4 ʧʨʠ 

ʠʩʯʝʨʧʘʥʠʠ ʩʫʙʩʪʨʘʪʘ (COD) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʣʠʟʢʫʶ ʠʦʥʥʫʶ ʧʘʨʫ ʢʘʪʠʦʥʘ ʥʠʢʝʣʷ 

ʠ ʘʥʠʦʥʘ BF4. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ g-ʪʝʥʟʦʨʘ (gƐ=1.987, gƍ=2.452) 

ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤ ʜʣʷ ʥʠʟʢʦʩʧʠʥʦʚʳʭ ʧʣʦʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ Ni(III) ʩ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ 3d
7
 ʚ ʪʨʠʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ [226], ʣʠʙʦ 

ʪʝʪʨʘʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ [227,228] ʦʢʨʫʞʝʥʠʠ. ʉʪʨʦʛʘʷ ʘʢʩʠʘʣʴʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ g-

ʪʝʥʟʦʨʘ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʜʣʷ ʪʝʪʨʘʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʦʜʠʥʘʢʦʚʳʤʠ, ʣʠʙʦ 

ʧʦʧʘʨʥʦ ʦʜʠʥʘʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚ 

ʮʠʩ-ʧʦʣʦʞʝʥʠʠ ʜʨʫʛ ʢ ʜʨʫʛʫ [229]. ʋʯʠʪʳʚʘʷ ʵʪʦ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ 

ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʥʠʢʝʣʷ ʥʘʭʦʜʷʪʩʷ ʪʦʣʴʢʦ ʜʚʘ ʘʪʦʤʘ ʬʪʦʨʘ, ʩʠʛʥʘʣ 3 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʣʦʩʢʦʤʫ ʪʝʪʨʘʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤʫ ʢʦʤʧʣʝʢʩʫ Ni(III). ʊ.ʢ. ʜʘʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʠʩʪʝʤʝ ʪʦʣʴʢʦ ʧʦʩʣʝ ʠʩʯʝʨʧʘʥʠʷ ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ, ʵʪʦʪ 

ʢʦʤʧʣʝʢʩ, ʚʝʨʦʷʪʥʦ, ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʱʝʥʠʷ ʵʪʠʣʝʥʦʤ ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʠ 

ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ Ni(I) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʉ 

ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ DFT/BP86 ʨʘʩʯʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʘ (d1) ʠʣʠ ʜʚʝ (d2) 

ʤʦʣʝʢʫʣʳ ʵʪʠʣʝʥʘ ʦʙʨʘʟʫʶʪ ʩ ʥʠʢʝʣʝʤ ʤʝʪʘʣʣʦʮʠʢʣʦʧʨʦʧʘʥʦʚʫʶ ʠ 

ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʫʶ ʩʪʨʫʢʪʫʨʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 39). 
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ʈʠʩ. 39. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʝʪʘʣʣʦʮʠʢʣʦʧʨʦʧʘʥʦʚʳʡ (d1) ʠ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʡ (d2) ʢʦʤʧʣʝʢʩʳ 

ʥʠʢʝʣʷ. ɻʝʦʤʝʪʨʠʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ DFT/BP86 ʨʘʩʯʝʪʦʚ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʤʧʣʝʢʩ d1 ʠʤʝʝʪ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠʩʢʘʞʝʥʥʦʛʦ 

ʪʝʪʨʘʵʜʨʘ, ʘ ʜʣʠʥʳ ʩʚʷʟʝʡ Ni-C ʠ ʉ-ʉ (ʨʠʩ. 15) ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ Ni(I) ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʵʪʠʣʝʥʦʤ, ʚʢʣʘʜ 

ʤʝʪʘʣʣʦʮʠʢʣʦʧʨʦʧʘʥʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʩʪʨʫʢʪʫʨʫ ʢʦʪʦʨʦʛʦ ʥʝʚʝʣʠʢ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʦʡ ʩʪʨʫʢʪʫʨʝ d2 ʜʣʠʥʳ ʚʩʝʭ C-C ʩʚʷʟʝʡ ʤʝʪʘʣʣʦʮʠʢʣʘ ʙʣʠʟʢʠ ʢ 

ʚʝʣʠʯʠʥʝ ů(ʉ-ʉ) ʩʚʷʟʝʡ, ʘ ʜʣʠʥʘ Ni-C ʩʚʷʟʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʷʤ, ʦʧʠʩʘʥʥʳʤ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ [230]. ʂ ʪʦʤʫ ʞʝ, 

ʩʪʨʫʢʪʫʨʘ d2 ʠʤʝʝʪ ʙʣʠʟʢʫʶ ʢ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʶ ʦʢʨʫʞʝʥʠʷ ʥʠʢʝʣʷ, ʘ 

ʣʠʛʘʥʜʳ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩ d ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʡ ʢʦʤʧʣʝʢʩ Ni(III), ʷʚʣʷʶʱʠʡʩʷ ʙʣʠʟʢʦʡ ʠʦʥʥʦʡ ʧʘʨʦʡ ʩ BF4
-
. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʥʘʤʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʳ ʙʫʪʝʥʳ 

ʢʘʢ ʚʦʟʤʦʞʥʳʝ ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʢʦʤʧʣʝʢʩʘ d [197]. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ (ʨʠʩ. 40), ʤʝʞʜʫ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ 

Ni(III ) d ʠ ʢʦʤʧʣʝʢʩʦʤ Ni(I) ʩ ʜʚʫʤʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʵʪʠʣʝʥʘ dô, 

ʢʦʪʦʨʦʝ, ʥʘʧʨʠʤʝʨ, ʜʣʷ Ni(0) ʠ Ni(II) ʢʦʤʧʣʝʢʩʦʚ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ [90]. 

 

ʈʠʩ. 40. ʈʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ Ni(III) ʠ ʢʦʤʧʣʝʢʩʦʤ Ni(I) ʩ ʜʚʫʤʷ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʵʪʠʣʝʥʘ 
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3.1.3. ʎʠʢʣʦʠʟʦʤʝʨʠʟʘʮʠʷ 1,5-COD ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

Ni(COD)2/HBF3OEt 

ɺ ʨʘʙʦʪʝ [231] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʛʠʜʨʠʜʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʮʠʢʣʦʠʟʦʤʝʨʠʟʘʮʠʠ 

COD ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ Ni(COD)2, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʪʨʠʘʣʢʠʣʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʙʳʣʠ ʦʩʥʦʚʘʥʳ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʬʘʢʪʝ ʘʢʪʠʚʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ni(0) ʩ 

ʧʦʤʦʱʴʶ ʢʠʩʣʦʪ ɹʨʝʥʩʪʝʜʘ [197,214]. ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʦʣʴ ʘʢʪʠʚʘʪʦʨʘ 

ʚʳʧʦʣʥʷʝʪ ʘʧʨʦʪʦʥʥʘʷ ʢʠʩʣʦʪʘ ʃʴʶʠʩʘ BF3ĿOEt2.  

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʨʦʪʦʥʥʳʭ ʢʠʩʣʦʪ (ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʨʠʤʝʩʝʡ ʚ BF3ĿOEt2) ʥʘ ʘʢʪʠʚʠʟʘʮʠʶ Ni(COD)2 ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʦ 

ʧʨʝʚʨʘʱʝʥʠʝ COD ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/HBF3OEt. ʅʘ ʨʠʩ. 41 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʷ COD ʥʘ ʜʚʫʭ ʩʠʩʪʝʤʘʭ 

Ni(COD)2/HBF3OEt (ʢʨʠʚʘʷ ʘ) ʠ Ni(COD)2/BF3ĿOEt2 (ʢʨʠʚʘʷ b) ʦʪ ʤʦʣʴʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ B:Ni ʚ ʩʦʧʦʩʪʘʚʠʤʳʭ ʫʩʣʦʚʠʷʭ.  

 

ʈʠʩ. 41. ɸʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ: a) BF3ĀOEt2( ), b) HBF3OEt ( ). 

ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʜʘʥʥʳʤ, ʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩ ʢʠʩʣʦʪʦʡ ɹʨʝʥʩʪʝʜʘ HBF3OEt ʥʘ ʪʨʠ 

ʧʦʨʷʜʢʘ ʥʠʞʝ, ʯʝʤ ʩ ʢʠʩʣʦʪʦʡ ʃʴʶʠʩʘ BF3ĿOEt2, ʧʨʠʯʝʤ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʘʢʪʠʚʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʨʝʟʢʦ ʧʘʜʘʝʪ ʧʨʠ ʦʪʥʦʰʝʥʠʠ B:Ni > 0.5. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʚʳʚʦʜʘʤʠ, ʩʜʝʣʘʥʥʳʤʠ ʨʘʥʝʝ [125,126] ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʝʘʢʮʠʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ 

ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ Ni(PPh3)4/HBF3OEt ʠ Ni(PPh3)4/BF3ĿOEt2 ʚ. (ʩʤ. ʧʘʨʘʛʨʘʬ 

1.3.2): ʧʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʚʚʝʜʝʥʠʠ ʢʠʩʣʦʪ ɹʨʝʥʩʪʝʜʘ ʚʳʟʚʘʥʦ  ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʠ ʥʝ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʠʜʦʚ ʥʠʢʝʣʷ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʘʢʠʝ ʣʠʛʘʥʜʳ ʚ ʩʠʩʪʝʤʝ ʦʪʩʫʪʩʪʚʫʶʪ, 

ʧʦʵʪʦʤʫ ʚʚʝʜʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʧʨʦʪʦʥʦʜʦʥʦʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʅʝʢʦʪʦʨʳʡ ʚʩʧʣʝʩʢ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ Ni(COD)2/HBF3OEt ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ B:Niå0.5, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥ ʩ ʯʘʩʪʠʯʥʳʤ ʦʢʠʩʣʝʥʠʝʤ Ni (0) ʜʦ Ni (I). 

 

3.1.4. ʄʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʝʘʢʮʠʷʭ ʧʨʝʚʨʘʱʝʥʠʷ 1,5-

ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĿOEt2 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʚ ʢʦʤʧʣʝʢʩʝ [Ni
I
(COD)2]

+
BF4

-
 (b) ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʠ 

ʮʠʢʣʦʦʢʪʘʜʠʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ Ni
0
(COD)2 ʵʪʦʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʤʝʭʘʥʠʟʤʝ ʘʢʪʠʚʘʮʠʠ ʠʛʨʘʝʪ ʥʘʣʠʯʠʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʥʠʢʝʣʝ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʷʜʝ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟʤʘ ʘʢʪʠʚʘʮʠʠ ʦʣʝʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ 

ʢʘʪʠʦʥʦʚ Fe(II ) [232,233], Cu(I) [234], Pd(II) ʠ Pt(II ) [235,236], ʠ Ni(I) [126], ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʥʦʩ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʩ ʤʝʪʘʣʣʘ ʥʘ ʫʛʣʝʨʦʜ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʢʘʪʠʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ɼʘʥʥʳʝ ʢʘʨʙʢʘʪʠʦʥʳ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʤʝʪʘʣʣʦʮʠʢʣʦʧʨʦʧʘʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʜʝʣʦʢʘʣʠʟʦʚʘʥ ʤʝʞʜʫ ʥʠʢʝʣʝʤ ʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ (ʨʠʩ. 42).  

 

ʈʠʩ. 42. ɼʝʣʦʢʘʣʠʟʘʮʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʤʝʞʜʫ ʘʪʦʤʦʤ ʥʠʢʝʣʷ ʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʢʦʦʨʜʠʥʠʨʦ-

ʚʘʥʥʦʛʦ ʢ ʥʝʤʫ ʦʣʝʬʠʥʘ 

ʆʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʟʠʮʠʦʥʥʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʝ Ni(I) (ʨʠʩ. 43), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ Ni(COD)(1,4-COD) (bô). 

ʇʨʦʤʝʞʫʪʦʯʥʳʤʠ ʩʪʘʜʠʷʤʠ ʠʟʦʤʝʨʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʝʨʝʥʦʩ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʩ 

ʤʝʪʘʣʣʘ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʣʠʛʘʥʜ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʛʠʜʨʠʜʥʳʡ ʧʝʨʝʥʦʩ ʦʪ ʩʦʩʝʜʥʝʛʦ 

ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ (ʢʦʤʧʣʝʢʩʳ b1-b3).  
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ʈʠʩ. 43. ʇʦʟʠʮʠʦʥʥʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ COD ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ Ni(I). 

ʂʦʨʦʪʢʦʞʠʚʫʶʱʠʡ ʠʥʪʝʨʤʝʜʠʘʪ bô, ʢʦʪʦʨʳʡ ʥʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ  ʚ ʕʇʈ, ʙʳʩʪʨʦ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʳʡ ʢʦʤʧʣʝʢʩ c. ɺʝʨʦʷʪʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʩʪʨʫʢ-

ʪʫʨʳ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 44. 

 

ʈʠʩ. 44. ʈʝʟʦʥʘʥʩʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʩ 

ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ ʥʘ ʨʠʩ. 44, ʚ bô ʧʨʦʠʩʭʦʜʠʪ ʩʠʥʭʨʦʥʥʳʡ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ ʩ ʦʙ-

ʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʠ ʤʝʞʜʫ ʉ1 ʠ ʉ5 1,4-ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʠ ʩʚʷʟʠ Ni-C. ɺʩʣʝʜʩʪʚʠʝ ʙʳʩʪʨʦ-

ʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʟʠʮʠʦʥʥʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ, ʘʥʘʣʦʛʠʯʥʦʛʦ ʠʟʦʙʨʘʞʝʥʥʦʤʫ ʥʘ 

ʨʠʩ. 43, ʚ ʢʘʨʙʢʘʪʠʦʥʥʦʤ ʢʦʤʧʣʝʢʩʝ c ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ ʥʠʢʝʣʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴʩʷ ʢʘʢ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩ ʚ̫-

ʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʩʧʝʢʪʨʝ ʕʇʈ. 

ʇʨʠ ʠʟʙʳʪʢʝ COD ʚ ʩʠʩʪʝʤʝ, ʮʠʢʣʦʦʢʪʘʜʠʝʥ ʤʦʞʝʪ ʟʘʤʝʱʘʪʴ ʙʠʮʠʢʣʠʯʝʩʢʠʡ ʣʠ-

ʛʘʥʜ ʚ c, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʙʠʮʠʢʣʦ-[3,3,0]-ʦʢʪʝʥ (ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ 

ʧʨʝʚʨʘʱʝʥʠʷ COD ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ), ʘ ʪʘʢʞʝ ʨʝʛʝʥʝʨʠʨʫʝʪʩʷ ʘʢʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ b 

(ʨʠʩ. 44).  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʣʝʢʩʘ c ʚ ʩʠʩʪʝʤʝ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʪʝʩʥʝʥʠʷ 

ʙʠʮʠʢʣʦ-[3,3,0]-ʦʢʪʝʥʘ ʠʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʥʠʢʝʣʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʢʫʨʠʨʫʶʱʝ-

ʛʦ ʣʠʛʘʥʜʘ, ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʣʠʙʦ ʩʘʤ COD, ʣʠʙʦ ʵʪʠʣʝʥ (ʨʠʩ. 45). ʊʘʢʠʤ ʦʙʨʘ-
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ʟʦʤ,  ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʠʣʝʥʘ ʠʤʝʶʪ ʤʝʩʪʦ ʜʚʘ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʘ. ʉʪʦʠʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʵʬʬʝʢʪ ʦʪ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʵʪʠʣʝʥʘ ï ʥʝ ʤʝʥʝʝ 0,2 ʄʇʘ., ʧʨʠ ʢʦʪʦʨʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞ-

ʥʳʤ ʟʘʤʝʱʝʥʠʝ ʮʠʢʣʦʦʢʪʘʜʠʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʥʘ ʵʪʠʣʝʥ. 

 

ʈʠʩ. 45. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ c ʩ ʮʠʢʣʦʦʢʪʘʜʠʝʥʦʤ ʠ ʵʪʠʣʝʥʦʤ. 

ʉʠʛʥʘʣ ʦʪ ʦʞʠʜʘʝʤʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ dôô ʚ ʕʇʈ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɺ 

ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʵʪʠʣʝʥ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʥʠʢʝʣʝʤ, ʯʝʤ COD, ʦʥ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʭʫʞʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʥʠʢʝʣʴ ʚ ʥʠʟʢʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʢʦʤʧʣʝʢʩ 

dôô ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ ʙʳʩʪʨʦ ʚʳʙʨʘʩʳʚʘʝʪ ʧʨʦʜʫʢʪ [2+3]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʵʪʠ-

ʣʝʥʘ ʢ ʙʠʮʠʢʣʦ-[3,3,0]-ʦʢʪʝʥʫ (6), ʜʘʚʘʷ dô, ʚ ʢʦʪʦʨʦʤ ʚ ʧʝʨʚʫʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝ-

ʨʫ ʥʠʢʝʣʷ ʚʭʦʜʷʪ ʜʚʘ ʤʦʩʪʠʢʦʚʳʭ ʬʪʦʨʘ. ɺʩʣʝʜʩʪʚʠʝ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ 

ʩʚʦʡʩʪʚ ʬʪʦʨʘ ʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʬʦʨʤʝ ʤʝʪʘʣʣʦʮʠʢʣʦ-

ʧʝʥʪʘʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ Ni(III ) d, ʩʠʛʥʘʣ ʦʪ ʢʦʪʦʨʦʛʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʕʇʈ.  

ʄʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʡ ʢʦʤʧʣʝʢʩ Ni(III ) d ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʝʛʦ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤ 

ʩʦʝʜʠʥʝʥʠʷʤ, ʚ ʪ.ʯ., ʮʠʢʣʦʦʢʪʘʜʠʝʥʫ. ʇʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʜʚʫʭ ʤʦʣʝʢʫʣ COD ʢ ʜʘʥʥʦʤʫ 

ʢʦʤʧʣʝʢʩʫ ʧʨʦʠʩʭʦʜʠʪ ʚʳʪʝʩʥʝʥʠʝ BF4
- 
ʠʟ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʥʠʢʝʣʷ 

(ʠʥʪʝʨʤʝʜʠʘʪ d(COD)2 ʥʘ ʨʠʩ. 47); ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʠʥʭʨʦʥʥʳʡ ʨʘʟʨʳʚ ʦʜʥʠʭ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ů-ʩʚʷʟʝʡ Ni-C ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ 

ʤʝʪʘʣʣʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ 

ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ [89]. ʇʨʠ ʥʠʟʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʯʠʩʣʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʥʝʡʥʦʛʦ ʜʠʤʝʨʘ, ʧʨʠ ʩʨʝʜʥʠʭ ʂʏ 

ʧʨʦʠʩʭʦʜʠʪ [2+2]-ʮʠʢʣʦʜʠʤʝʨʠʟʘʮʠʷ, ʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʥʘʩʳʱʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʘʶʪ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʵʪʠʣʝʥ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩ d(COD)2 ʷʚʣʷʝʪʩʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʥʘʩʳʱʝʥʥʳʤ, ʠ ʨʘʩʧʘʜ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʘ ʥʝ ʜʘʝʪ ʧʨʦʜʫʢʪʦʚ 



76 
 

ʜʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʥʦʤ ʩʦʛʣʘʩʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʇʦʩʣʝ 

ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʵʪʠʣʝʥʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʤʝʩʪʘ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʜʚʘ ʤʦʩʪʠʢʦʚʳʭ 

ʬʪʦʨʘ (ʢʦʤʧʣʝʢʩ e). 

 ʈʘʩʯʝʪ ʛʝʦʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʘ e ʤʝʪʦʜʦʤ DFT/BP86 (ʨʠʩ. 46) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ e 

ʥʠʢʝʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʥʦʤ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʦʤ ʦʢʨʫʞʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʜʣʠʥʳ 

ʩʚʷʟʝʡ Ni-C ʚ e ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʢʦʤʧʣʝʢʩʝ d (ʨʠʩ. 39), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʤʝʥʴʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʢʦʤʧʣʝʢʩʝ e ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʦʤ d. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʦʪʩʫʪʩʪʚʠʷ 

ʩʠʛʥʘʣʘ ʕʇʈ ʦʪ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ e. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʣʝʥʘ ʩ ʢʦʤʧʣʝʢʩʦʤ e ʧʨʠʚʦʜʠʪ ʢ 

ʵʣʠʤʠʥʠʨʦʚʘʥʠʶ ʜʠʤʝʨʘ ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ, ʧʦʩʣʝ ʯʝʛʦ ʥʠʢʝʣʴ ʩʥʦʚʘ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʚ 

ʚʠʜʝ ʢʦʤʧʣʝʢʩʘ d.  

 

ʈʠʩ. 46. ʈʝʟʫʣʴʪʘʪ DFT/BP86 ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ Ni(III) ʩ 

ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ 1,3-ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ (e) 

ʇʦʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤ [2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʵʪʠʣʝʥʘ ʢ ʙʫʪʘʜʠʝʥʫ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷʤʠ ʞʝʣʝʟʘ  ʙʳʣ ʥʝʜʘʚʥʦ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [237], ʛʜʝ ʚ 

ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ.  

ɼʠʤʝʨʠʟʘʮʠʷ COD ʚ ʦʪʩʫʪʩʪʚʠʠ ʵʪʠʣʝʥʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʘ c.  

ʆʙʦʙʱʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʳʝ ʩʦʦʙʨʘʞʝʥʠʷ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʡ ʥʘʠʙʦ-

ʣʝʝ ʚʝʨʦʷʪʥʳʡ ʦʙʱʠʡ ʤʝʭʘʥʠʟʤ ʧʨʝʚʨʘʱʝʥʠʷ COD ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

Ni(COD)2/BF3ĀOEt2 (ʨʠʩ. 47). ɺ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʦʩʥʦʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʮʠʢʣʦ-

ʠʟʦʤʝʨʠʟʘʮʠʠ (ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ I); ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ, ʧʦ ʧʨʠʯʠʥʝ ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ Ni(I) ʚ Ni(III) ʨʝʘʣʠʟʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ COD ʚ 

ʢʦʥʢʫʨʠʨʫʶʱʠʡ ʩ ʠʟʦʤʝʨʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩ ʜʠʤʝʨʠʟʘʮʠʠ (ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ II). ɺʳ-
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ʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʜʠʤʝʨʠʟʘʮʠ ʦʙʫʩʣʦʚʣʝʥʘ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʪʝʤ, ʯʪʦ ʦʥʘ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʯʝʨʝʟ ʚʝʩʴʤʘ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʢʘʪʠʦʥʥʳʝ ʘʣʢʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ Ni(III), ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʩʦʢʘ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʩʨʝʜʠ ʜʠʤʝʨʦʚ ʪʝʪʨʘʮʠʢ-

ʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ 2 (ʨʠʩ. 35) ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ:  

1) ɺ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ Ni(III) ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ ʦʜʥʦʡ ʤʦʣʝ-

ʢʫʣʳ COD, ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʜʠʤʝʨ; 

2) ɺ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ e ʠʟʥʘʯʘʣʴʥʦ ʚʦʚʣʝʯʝʥʳ ʥʝ ʜʚʝ ʤʦʣʝʢʫʣʳ COD, ʘ COD ʠ 

ʙʠʮʠʢʣʦ-[3,3,0]-ʦʢʪʝʥ (1), ʩʣʝʜʦʤ ʟʘ ʯʝʤ ʧʨʦʠʩʭʦʜʠʪ [2+2]-ʮʠʢʣʦʜʠʤʝʨʠʟʘʮʠʷ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ Ni(III) ʩʫʱʝʩʪʚʝʥʥʦ ʭʫʞʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʦʣʝʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘ-

ʤʠ, ʯʝʤ Ni(I), ʚʪʦʨʘʷ ʧʨʠʯʠʥʘ ʚʳʛʣʷʜʠʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ. ʇʨʠ ʵʪʦʤ ʚʦʚʣʝʯʝʥʠʝ 1 ʚ 

ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʤʝʨʘ ʩʥʠʞʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ 1 ʚ ʩʠʩʪʝʤʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʠʟʦʤʝʨʠʟʘʮʠʠ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʮʠʢʣʝ I .  
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ʈʠʩ. 47. ʉʭʝʤʘ ʧʨʦʮʝʩʩʦʚ ʧʨʝʚʨʘʱʝʥʠʷ COD ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĀOEt2 ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʠʣʝʥʘ.
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

Ni(COD)2/BF3ĿOEt2 ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ Ni(COD)2/BF3ĿOEt2 ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʷʚʣʷʝʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʩʝʣʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʘ ʠʟʦʤʝʨʠʟʘʮʠʠ COD ï 

ʙʠʮʠʢʣʦ-[3,3,0]-ʦʢʪʝʥʘ-2 (ʚʳʭʦʜ ʜʦ 99,5%), ʧʨʝʚʦʩʭʦʜʷ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʥʳʝ ʠʟʚʝʩʪʥʳʝ ʩʠʩʪʝʤʳ; ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩ 

ʚʭrʦʜʦʤ ʜʦ 70% ʠ ʚʳʩʢʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦʣʫʯʝʥ ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʥʳʡ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʜʠʤʝʨʠʟʘʮʠʠ COD ï ʪʝʪʨʘʮʠʢʣʦ-

[6,2,0,3
8,15

,3
10,14

]-ʛʝʢʩʘʜʝʮʝʥ-2. ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ Ni(COD)2/BF3ĿOEt2 ʧʨʦʷʚʣʷʝʪ 

ʭʘʨʘʢʪʝʨ çʞʠʚʦʛʦè ʢʘʪʘʣʠʟʘʪʦʨʘ, ʪ.ʝ. ʝʸ ʘʢʪʠʚʥʦʩʪʴ ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ ʧʦʩʣʝ ʚʚʦʜʘ 

ʥʦʚʦʡ ʧʦʨʮʠʠ ʩʫʙʩʪʨʘʪʘ; 

2. ɼʦʙʘʚʣʝʥʠʝ BF3ĿOEt2 ʢ Ni(COD)2 ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ Ni(I), 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʚ ʨʘʩʪʚʦʨʝ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥʦʤ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʘʤʠ ʝʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ï ʙʝʟ ʫʯʘʩʪʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ; 

3. ɺ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(I) ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ ʠ 

ʜʘʣʴʥʝʡʰʝʝ ʧʨʝʚʨʘʱʝʥʠʝ COD. ʇʨʠ ʵʪʦʤ ʧʨʝʚʨʘʱʝʥʠʝ ʩʫʙʩʪʨʘʪʘ ʧʨʦʪʝʢʘʝʪ 

ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ; 

4.  ɺ ʧʨʦʮʝʩʩʘʭ [2+2]-ʮʠʢʣʦʜʠʤʝʨʠʟʘʮʠʠ COD ʚʘʞʥʳʤ ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩ Ni(III), ʷʚʣʷʶʱʠʡʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʨʝʟʫʣʴʪʘʪʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʤʦʣʝʢʫʣ ʵʪʠʣʝʥʘ ʢ Ni(I); 

5. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩ ʢʠʩʣʦʪʦʡ ɹʨʝʥʩʪʝʜʘ HBF3OEt ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ 

ʥʠʞʝ, ʯʝʤ ʩ ʙʝʟʘʣʢʠʣʴʥʦʡ ʘʧʨʦʪʦʥʥʦʡ ʢʠʩʣʦʪʦʡ ʃʴʶʠʩʘ BF3ĿOEt2; 

6. ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʷ COD ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ  ʩʠʩʪʝʤʝ 

Ni(COD)2/BF3ĿOEt2, ʚ ʢʦʪʦʨʦʡ ʢʣʶʯʝʚʳʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʷʚʣʷʶʪʩʷ 

ʥʘʙʣʶʜʘʝʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʢʦʤʧʣʝʢʩ rNi(I) ʠ Ni(III). ɼʘʥʥʘ ̫ʩʭʝʤʘ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʠ ʯʘʩʪʠʯʥʳʡ ʧʝʨʝʥʦʩ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʩ ʤʝʪʘʣʣʘ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʥʫʶ ʮʝʧʴ.  
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3.2. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʥʦʨʙʦʨʥʝʥʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĀOEt2 

 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ Ni(COD)2/BF3ĀOEt2, ʚ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʶʪʩʷ ʘʢʪʠʚʥʳʝ ʢʘ-

ʪʠʦʥʳ Ni(I), ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʦʪʥʦʩʠʪʩʷ ʢ çʙʝʟʣʠʛʘʥʜ-

ʥʳʤè ʩʠʩʪʝʤʘʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʥʝ ʪʨʝʙʫʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʠ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʩʦ-

ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ. ʇʦʜʭʦʜ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʙʝʟʣʠ-

ʛʘʥʜʥʳʭè ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ ʜʣʷ ʟʘʜʘʯ, ʢʦʛʜʘ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʯʠʩʪʦʪʝ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ï ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʷ ʥʫʞʜ 

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩ ʪʦʯ-

ʢʠ ʟʨʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʘʩʪʠʢʦʤ ʷʚʣʷʝʪʩʷ ʘʜʜʠʪʠʚʥʳʡ ʧʦʣʠʥʦʨʙʦʨʥʝʥ, ʦʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ 

Ni(PR3)4/ BF3ĀOEt2 (ʩʤ. ʧʘʨʘʛʨʘʬ 1.1.3.).  

ʅʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ çʙʝʟʣʠʛʘʥʜʥʘʷè ʩʠʩʪʝʤʘ Ni(COD)2/BF3ĀOEt2 ʪʘʢʞʝ 

ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ [224,238].  

 

3.2.1. ʄʦʣʝʢʫʣʷʨʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨ-

ʙʦʨʥʝʥʘ 

ʉʧʝʢʪʨʳ ʗʄʈ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĀOEt2 (ʪʘʙʣ. 3) ʧʦʣʠʥʦʨʙʦʨʥʝ-

ʥʦʚ [238] ʥʝ ʩʦʜʝʨʞʘʪ ʩʠʛʥʘʣʦʚ ʦʪ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʠ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʘʜʜʠ-

ʪʠʚʥʳʭ ʧʦʣʠʥʦʨʙʦʨʥʝʥʦʚ [47] (ʨʠʩ. 48). 

ʇʨʦʪʦʥʥʳʝ ʠ ʫʛʣʝʨʦʜʥʳʝ ʗʄʈ ʩʧʝʢʪʨʳ ʧʦʣʠʥʦʨʙʦʨʥʝʥʦʚ ʠʤʝʶʪ ʩʣʦʞʥʳʡ ʭʘ-

ʨʘʢʪʝʨ, ʯʪʦ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ ʘʚʪʦʨʠʪʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʠʟʫʯʝʥʠʝʤ ʵʪʠʭ ʧʦʣʠʤʝʨʦʚ [38-40,47,48].  

 

ʈʠʩ. 48. ʉʧʝʢʪʨʳ ʗʄʈ ʘʜʜʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

Ni(COD)2/BF3ĀOEt2. 
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ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ ʷʚʣʷʝʪʩʷ 

ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ [239]. ʇʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʦʙʨʘʟʫʶʪʩʷ ʧʦʣʠ-

ʤʝʨʥʳʝ ʮʝʧʠ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʤʬʦʨʤʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʠʭ ʀʂ-ʩʧʝʢʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʜʣʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʨʘʟʚʠʪʳ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ [239].  

 

ʈʠʩ. 49. ʀʂ-ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʥʦʨʙʦʨʥʝʥʘ (a) ʠ ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ (b) 

ʅʘ ʨʠʩ. 49 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ 

ʧʦʤʦʱʴʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Ni(COD)2/5BF3ĿOEt2/5000NB (ʪʘʙʣ. 3, ʦʧʳʪ ˉ 2) ʠ 

ʤʦʥʦʤʝʨʥʦʛʦ ʥʦʨʙʦʨʥʝʥʘ. ʆʪʩʫʪʩʪʚʠʝ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʯʥʳʭ ʧʦʣʦʩ ʩ ʯʘʩʪʦʪʘʤʠ ʚʳʰʝ 3000 ʩʤ
-1 

(=C-H st) ʠ ʚ ʦʙʣʘʩʪʠ 1580-1700 

ʩʤ
1
(ʉ=ʉ st, =C-H ɜ2oop) ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʣʠʤʝʨʳ ʥʝ ʩʦʜʝʨʞʘʪ ʜʚʦʡ-

ʥʳʭ ʩʚʷʟʝʡ. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʧʨʠ 1453-

1475 ʩʤ
-1
 ʦʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ŭH-C-H ʧʨʠ ʤʦʩʪʠʢʦʚʦʤ ʫʛʣʝʨʦʜʥʦʤ ʘʪʦʤʝ ʉ7 

ʥʦʨʙʦʨʥʘʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʡ ʧʦ ʬʦʨʤʝ ʨʘʩʱʝʧ-

ʣʝʥʥʳʡ ʥʘ ʜʚʝ ʧʦʣʦʩʳ ʩʠʛʘʣ, ʥʘʙʣʶʜʘʝʤʳʡ ʜʣʷ ʘʜʜʠʪʠʚʥʳʭ ʧʦʣʠʥʦʨʙʦʨʥʝʥʦʚ [239]. 

ɼʣʷ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʘʜʜʠʪʠʚʥʳʭ ʧʦʣʠʥʦʨʙʦʨʥʝʥʦʚ ʵʪʠ ʧʦʣʦʩʳ ʣʝʞʘʪ ʚ 

ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ï 1450-1480 ʩʤ
-1
, ʷʚʣʷʷʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʯʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʵʪʦʛʦ ʪʠʧʘ ʧʦʣʠʤʝʨʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ,  ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʝ ʠ 

ʧʦʣʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʣʠʤʝʨʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʧʨʠ ʢʦʤʧʣʝʢʩ-

ʥʦʤ ʠʟʫʯʝʥʠʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʩʧʝʢʪʨʘ. ʉʨʘʚʥʠʚʘʷ ʩʧʝʢʪʨʳ ʥʘ ʨʠʩ. 49, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʧʦʤʠʤʦ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʦʣʦʩ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʜʣʷ ʧʦ-

ʣʫʯʝʥʥʦʛʦ ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʩʳ: ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ 

1375 ʩʤ
-1
, ʠʥʪʝʥʩʠʚʥʘʷ ʧʨʠ 1295 ʩʤ

-1
, ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ 1257 ʩʤ

-1
. ʊʘʢʦʝ ʩʦ-
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ʯʝʪʘʥʠʝ ʧʦʣʦʩ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʩʧʝʢʪʨʦʚ [239], ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʢʟʦ, ʵʢʟʦ-ʮʠʩ- ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʦʣʠʥʦʨ-

ʙʦʨʥʝʥʘ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʦʣʠʥʦʨʙʦʨʥʝʥ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʥʦʤ ʢʘʪʠʦʥ-

ʥʦʤ ʢʦʤʧʣʝʢʩʝ ʧʘʣʣʘʜʠʷ ʚ ʨʘʙʦʪʘʭ Risse [49,50], ʦʪʥʦʩʠʪʩʷ ʢ ʵʢʟʦ, ʵʥʜʦ-ʪʨʘʥʩ ʢʦʥʬʠʛʫ-

ʨʘʮʠʠ. 

 

ʈʠʩ. 50. ɼʠʘʛʨʘʤʤʘ ɼʉʂ ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĀOEt2 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ) (ʨʠʩ. 50) ʀʟ ʜʠʘʛʨʘʤʤʳ ʚʠʜʥʦ, 

ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʧʦʣʠʤʝʨʘ ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ 270Áʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝ-

ʥʠʷ ï ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 420 ï 450Áʉ, ʯʪʦ ʦʯʝʥʴ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨ-

ʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʘʜʜʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ [66]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʨʦʜʫʢʪʦʚ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĀOEt2 ʧʨʦʪʝʢʘʝʪ ʧʦ ʘʜʜʠʪʠʚʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. 

3.2.2. ʂʠʥʝʪʠʢʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

Ni(COD)2/BF3ĀOEt2  

ʅʘʣʠʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʭ ʧʦʣʦʩ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ ʚ 

ʜʠʘʧʘʟʦʥʝ 1250-1400 ʩʤ
-1
 ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʦʣʦʩʦʡ ʤʦʥʦʤʝʨʥʦʛʦ ʥʦʨʙʦʨʥʝʥʘ ï 1334ʩʤ

-1
 

ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʀʥ-

ʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʚ ʩʧʝʢʪʨʝ ʥʦʨʙʦʨʥʝʥʘ ʧʨʠ 708 ʩʤ
-1
, ʢʘʢ ʠ ʦʩʪʘʣʴʥʳʝ ʧʦʣʦʩʳ, ʯʘʩʪʠʯʥʦ 

ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʩ ʧʦʣʦʩʘʤʠ ʪʦʣʫʦʣʘ. ʅʘ ʨʠʩ. 51 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘ-
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ʪʳ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʩʪʝʤʳ  Ni(COD)2/5BF3ĿOEt2/5000NB ʤʝʪʦʜʦʤ operan-

do-FTIR ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ [238]: 

 

ʈʠʩ. 51. ʄʘʩʩʠʚ ʀʂ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʚ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ 

operando-FTIR ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘ-

ʪʘʣʠʟʘʪʦʨʘ ʚʦ ʚʨʝʤʝʥʠ. ʈʘʥʝʝ ʧʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦ 

ʧʨʠʯʠʥʝ ʩʣʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ ʚ 

ʩʠʩʪʝʤʝ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʨʝʘʢʮʠʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʙʦʣʴʰʠʥʩʪʚʦ ʢʠʥʝʪʠʯʝʩʢʠʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʜʣʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʧʦʣʫʯʝʥʦ ʧʦʩʣʝ 5ï7 ʤʠʥʫʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʝʜʠʤʝʥʪʘʮʠʷ ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ ʧʨʦʪʦʥʦʜʦʥʦʨʘʤʠ, ʢʦʪʦʨʘʷ ʟʘʯʘʩʪʫʶ ʧʨʠ-

ʤʝʥʷʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʘʣʠʢʚʦʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [77, 190, 191], ʥʝ ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʦʮʝʥʠʪʴ ʦʣʠʛʦʤʝʨʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ operando-FTIR ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʦʟʚʦʣʠʣʠ ʥʘʤ 

ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʠʪʴ ʧʠʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʨʝʘʢʮʠʠ (ʨʠʩ. 

52), ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 90000 ʤʦʣʴ(NB)/(ʤʦʣʴ(Ni)Āʯ). 
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ʈʠʩ. 52. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ Ni(COD)2/5BF3ĿOEt2/5000NB( ) ʠ ʢʦʥʚʝʨʩʠʠ ʤʦʥʦ-

ʤʝʨʘ () ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ. ʅʘ ʚʩʪʘʚʢʝ ʠʟʦʙʨʘʞʝʥʦ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʢʨʠʚʳʭ ʪʫʨʙʠʜʠʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɿʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʥʘ ʩʠʩʪʝʤʝ 

Ni(COD)2/BF3ĀOEt2 [238] (ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʷʜʘ ʜʨʫʛʠʭ ʩʠʩʪʝʤ [38-40,47,48]) ʷʚʣʷʝʪʩʷ ʠʭ 

ʭʦʨʦʰʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʪʘʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʢʘʢ ʪʦʣʫʦʣ, ʭʣʦʨʙʝʥʟʦʣ, 

ʮʠʢʣʦʛʝʢʩʘʥ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʣʠʤʝʨʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʚ ʭʦʜʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʣʫʯʝʥʥʳʝ  ʜʘʥʥʳʝ (ʩʤ. ʚʥʫʪʨʝʥʥʶʶ ʚʩʪʘʚʢʫ ʥʘ ʨʠʩ. 52) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʦʩʪʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʟʥʘʢʦʚ çʞʠʚʳʭè ʧʨʦʮʝʩʩʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʇʦʭʦʞʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʘʶʪʩʷ ʪʘʢʞʝ ʚ ʩʣʫʯʘʝ ʜʨʦʙʥʦʛʦ ʚʚʝʜʝʥʠʷ ʧʦʨʮʠʡ ʤʦʥʦʤʝʨʘ ʚ ʩʠʩʪʝʤʫ. 

ɺ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ çʞʠʚʦʛʦè ʤʝʭʘʥʠʟʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʢʪʠʚ-

ʥʳʡ ʮʝʥʪʨ ʣʠʙʦ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʪʫʱʝʡ ʤʘʢʨʦʤʦʣʝʢʫʣʝ, ʣʠʙʦ ʤʘʢʨʦʤʦʣʝʢʫ-

ʣʘ ʥʝ ʪʝʨʷʝʪ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʚʪʦʨʠʯʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʘʢʪʠʚʥʦʤʫ ʮʝʥʪʨʫ.  

ʉ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʡ ʫʩʣʦʚʠʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʙʳʣʘ ʠʟʫʯʝʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʩʠʩʪʝʤʝ 

Ni(COD)2/BF3ĀOEt2 ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ [238] (ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʪʘʙʣ. 3). 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 3. 

ɸʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ  Ni(COD)2/nBF3ĀOEt2 ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʠ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʣʠʤʝʨʦʚ. 

 

ˉ 

ʧ/ʧ 

Ni :NB Ni : B ɸʢʪʠʚʥʦʩʪʴ, 

ʢʛ(NB)/(ʤʦʣʴ

(Ni)Āʯ) 

ɺʳʭʦʜ 

PNB, ʛ 

ʂʦʥʚʝʨʩʠʷ 

NB, % 

Tʩʪ, 
0
C Tʨ, 

0
C 

 

[h]  

(dL/g) 

1 1:5000 1:2 1480 36.2 72 237 421 0.67 

2 1:5000 1:5 1930 46.7 93 260 426 0.52 

3 1:5000 1:10 1790 44.3 88 230 417 0.55 

4 1:5000 1:15 1670 47.2 94 202 420 0.58 

ʋʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ: T=20 
0
C, t=30 ʤʠʥ, mʪʦʣʫʦʣʘ = 50ʛ, mNB = 50ʛ, m(Ni(COD)2) = 0.03ʛ. 

 

ɼʘʥʥʳʝ ʪʘʙʣ. 3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʘ Ni(COD)2/BF3ĀOEt2 ʧʨʝʚʦʩʭʦ-

ʜʠʪ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʠʢʝʣʴʢʦʤʧʣʝʢʩ-

ʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʩʪʝʤʳ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

Ni(PR3)4/BF3ĀOEt2 (ʩʤ. ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ, ʧʘʨʘʛʨʘʬ 1.2.2.), ʠʩʩʣʝʜʦʚʘʥʥʘʷ ʥʘʤʠ çʙʝʟ-

ʣʠʛʘʥʜʥʘʷè ʩʠʩʪʝʤʘ ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʫʞʝ ʧʨʠ B:Ni=2, ʘ ʧʨʠ B:Ni=5 ʘʢ-

ʪʠʚʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 

ʩʣʫʯʘʝ çʙʝʟʣʠʛʘʥʜʥʦʡè ʩʠʩʪʝʤʳ ʤʝʥʴʰʝ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ. ɹʣʘʛʦʜʘʨʷ ʥʠʟʢʦʤʫ ʩʦʜʝʨʞʘ-

ʥʠʶ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʚ ʩʠʩʪʝʤʝ ʚʣʠʷʥʠʝ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʨʠʤʝʩʝʡ ʧʨʝʥʝʙʨʝʞʠʤʦ 

ʤʘʣʦ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʧʦʟ-

ʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʯʠʩʪʳʡ ʧʨʦʜʫʢʪ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ.  

3.2.3. ʇʨʠʨʦʜʘ ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ 

ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĀOEt2  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Ni(COD)2/BF3ĀOEt2 ʚ ʨʝʘʢʮʠʠ 

ʧʨʝʚʨʘʱʝʥʠʷ ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ (ʩʤ. ʨʘʟʜʝʣ 2.2) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʘʞʥʦʡ ʨʦʣʠ ʧʘʨʘ-

ʤʘʛʥʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʣʫʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ Ni(COD)2 ʩ ʜʚʫʤʷ ʤʦʣʴʥʳʤʠ ʯʘʩʪʷʤʠ 

BF3ĿOEt2 ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠʚʦʜʠʪ ʢ ʦʢʠʩʣʝʥʠʶ Ni(0) ʜʦ Ni(I) ʠ  ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʚ ʩʠʩʪʝʤʝ ʢʦʤʧʣʝʢʩʘ Ni(I) ʢʘʪʠʦʥʥʦʛʦ ʪʠʧʘ [Ni(COD)2]
+
BF4

-
 (a) (ʩʤ. ʧʘʨʘʛʨʘʬ 2.1.1), ʢʦ-

ʪʦʨʳʡ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʢʘʨʙʢʘʪʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ Ni(I), ʩʦʜʝʨʞʘʱʠʡ ʩʚʷʟʴ Ni-C. 

ʇʨʠ ʵʪʦʤ ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʠʛʥʘʣ 1, ʢʦʪʦʨʳʡ ʙʳʩʪʨʦ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʫʩʪʦʡʯʠʚʳʡ ʚʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣ 2. ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʢʘʨʙʢʘʪʠʦʥ-

ʥʳʡ ʢʦʤʧʣʝʢʩ Ni(I) c ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʣʝʬʠʥʦʚ ʩʪʘʙʠʣʝʥ ʚ ʨʘʩʪʚʦʨʝ ʠ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʥʠ-

ʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ [238].  
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ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʩʠʩʪʝʤʫ ʧʦʨʮʠʠ ʥʦʨʙʦʨʥʝʥʘ (NB:Ni = 50) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ 2 

ʙʳʩʪʨʦ ʧʘʜʘʝʪ ʠ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʠʥʪʝʥʩʠʚʥʳʡ ʩʠʛʥʘʣ 4 (g ˚˚= 1,977, gƍ = 2,65, A ˚˚ = 

126 G, Aƍ=51 G), ʚ ʢʦʪʦʨʦʤ ʭʦʨʦʰʦ ʨʘʟʨʝʰʘʝʪʩʷ ʉʊʉ ʦʪ ʦʜʥʦʛʦ ʷʜʨʘ ʩʦ ʩʧʠʥʦʤ İ. 

ʄʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʦʚʳʡ ʩʠʛʥʘʣ ʕʇʈ 4 ʜʦʩʪʠʛʘʝʪ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 10 ʩʝ-

ʢʫʥʜ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʥʦʨʙʦʨʥʝʥʘ. ɿʘʪʝʤ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʝʪ, ʘ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ 2 ʨʘʩʪʝʪ ʠ ʯʝʨʝʟ 20-25 ʩʝʢʫʥʜ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʥʦʨʙʦʨʥʝʥʘ ʚ ʩʠʩʪʝʤʫ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʩʠʛʥʘʣ 2. ʇʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ ʚʚʝʜʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʥʦʚʦʡ ʧʦʨʮʠʠ, 

ʩʦʜʝʨʞʘʱʝʡ 100 ʤʦʣʴʥʳʭ ʯʘʩʪʝʡ ʥʦʨʙʦʨʥʝʥʘ, ʩʧʝʢʪʨʘʣʴʥʘʷ ʢʘʨʪʠʥʘ ʧʦʚʪʦʨʷʝʪʩʷ, ʦʜʥʘ-

ʢʦ ʚʨʝʤʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʠʛʥʘʣʦʚ ʕʇʈ ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ [238]. ʉʧʝʢʪʨ 

ʕʇʈ ʩ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʢʣʘʜʦʤ ʩʠʛʥʘʣʘ 4, ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 53.  

ɼʘʣʴʥʝʡʰʝʝ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʧʦʨʮʠʡ ʥʦʨʙʦʨʥʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʮʠʢʣʠʯʝʩʢʦʤʫ ʯʝ-

ʨʝʜʦʚʘʥʠʶ ʩʠʛʥʘʣʦʚ 2 ʠ 4 ʚ ʩʧʝʢʪʨʝ ʕʇʈ (ʨʠʩ. 54), ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʩʠʩʪʝʤʳ (ʧʦ ʜʘʥʥʳʤ operando-ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ) ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʘʣʴ-

ʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ 4, ʘ ʧʦʣʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʠʛʥʘʣʘ 4 ʚ ʩʠʛʥʘʣ 2 ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʠʩʯʝʨʧʘʥʠʠ ʥʦʨʙʦʨʥʝʥʘ ʚ ʩʠʩʪʝʤʝ. ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠ-

ʟʘʪʦʨʘ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʢʘʟʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʦ ʬʘʢʪʦʨʦʤ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʘʷ 

ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʧʦʣʠʤʝʨʘ.  

 

ʈʠʩ. 53. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ ʕʇʈ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Ni(COD)2/BF3ĀOEt2/NB ʩʦʜʝʨʞʘʱʠʡ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʩʠʛʥʘʣʘ 4. ʠ ʤʦʜʝʣʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ 2ô ʠ 4ô 
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ɸʥʘʣʠʟ ʉʊʉ ʩʠʛʥʘʣʘ 4, ʧʦʟʚʦʣʷʝʪ ʧʨʠʡʪʠ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʦʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʝʤ ʥʝʩʧʘʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʩ ʷʜʨʦʤ 
19

F, ʪʘʢ ʢʘʢ ʟʥʘʯʝʥʠʝ ʢʦʤʧʦʥʝʥʪ A-

ʪʝʥʟʦʨʘ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʠʟʚʝʩʪʥʳʝ ʢʦʥʩʪʘʥʪʳ ʉʊʉ ʦʪ 
1
H ʜʣʷ ʛʠʜʨʠʜʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ Ni(I) [101] ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʉʊʉ ʦʪ ʷʜʝʨ 
19

F ʜʣʷ ʤʝ-

ʪʘʣʣʦʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ Ni(III ) d, ʦʙʨʘʟʫʶʱʝʤʫ ʙʣʠʟʢʫʶ ʠʦʥʥʫʶ ʧʘʨʫ ʩ BF4
-
 ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʜʚʫʭ ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʬʪʦʨʘ (ʩʤ. ʧʘʨʘʛʨʘʬ 3.1.2). (g ̊=̊  1,987, gƍ = 2,45, A ˚˚

 = 122 G, Aƍ=59 G). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʠʛʥʘʣ ʕʇʈ 4 ʠ ʩʠʛʥʘʣ 3 ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʧʘʨʘʤʝʪʨʳ 

g-ʪʝʥʟʦʨʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʪʠʧʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ  Ni(COD)2/BF3ĿOEt2 ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʥʝʝ ʵʪʠʣʝʥʘ ʠʣʠ ʥʦʨʙʦʨʥʝʥʘ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʩʠʛʥʘʣ 4 ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʥʠʟʢʦʩʧʠʥʦʚʦʤʫ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ ʥʠ-

ʢʝʣʷ(III ) f ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ d
7
, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʦʜʥʠʤ ʘʪʦʤʦʤ ʬʪʦʨʘ.  

 

ʈʠʩ. 54. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ  

Ni(COD)2/2BF3ĀOEt2/NB ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʕʇʈ [238]: a - Ni(COD)2+2BF3ĀOEt2 ï 5 

ʩʝʢʫʥʜ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ BF3ĀOEt2; b - 20-25 ʩʝʢʫʥʜ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ BF3ĀOEt2; ʩ - 1 ʤʠʥʫʪʘ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ 

BF3ĀOEt2; d ï + 50NB, 5-7 ʩʝʢʫʥʜ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ NB; e ï 20-25 ʩʝʢʫʥʜ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ NB; f ï 1 ʤʠʥʫʪʘ 

ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ NB; g ï +100 NB (ʚʪʦʨʘʷ ʧʦʨʮʠʷ), 10-12 ʩʝʢʫʥʜ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚʪʦʨʦʡ ʧʦʨʮʠʠ NB; h ï 1 

ʤʠʥʫʪʘ  ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚʪʦʨʦʡ ʧʦʨʮʠʠ NB; i ï  +100NB (ʪʨʝʪʴʷ ʧʦʨʮʠʷ), 20-25 ʩʝʢʫʥʜ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ 

ʪʨʝʪʴʝʡ ʧʦʨʮʠʠ NB; j  ï 2 ʤʠʥʫʪʳ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʪʨʝʪʴʝʡ ʧʦʨʮʠʠ NB. 
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3.2.4. ʄʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ 

ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĀOEt2 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʘʨʪʠʥʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʠ ʮʠʢ-

ʣʦʜʠʤʝʨʠʟʘʮʠʠ COD ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĀOEt2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʠ-

ʣʝʥʘ ʠʤʝʝʪ ʤʥʦʛʦ ʦʙʱʝʛʦ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʧʦ-

ʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʠ ʮʠʢʣʦʜʠʤʝʨʠʟʘʮʠʠ COD ʧʨʦʪʝʢʘʶʪ ʯʝʨʝʟ ʧʦʜʦʙʥʳʝ ʠʥʪʝʨ-

ʤʝʜʠʘʪʳ (ʩʤ. ʧʘʨʘʛʨʘʬ 3.1.4). ʉʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʠ ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʩʠʩʪʝʤʘ Ni(COD)2/BF3ĀOEt2 ʥʝ ʘʢʪʠʚʥʘ ʧʦ ʦʪʥʦ-

ʰʝʥʠʶ ʢ ʵʪʠʣʝʥʫ, ʠ çʬʪʦʨʠʜʥʳʡè ʢʦʤʧʣʝʢʩ Ni(III ) d ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʚʦ ʚʨʝʤʝʥʠ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʞʝ ʢʦʤʧʣʝʢʩ f ʷʚʣʷʝʪʩʷ ʢʦʨʦʪʢʦʞʠʚʫʱʠʤ ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦ-

ʛʦ ʧʨʦʮʝʩʩʘ, ʠ ʧʦʩʣʝ ʠʩʯʝʨʧʘʥʠʷ COD ʩʠʩʪʝʤʘ ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʦʣʠ-

ʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, çʩʦʩʪʦʷʥʠʝʤ ʧʦʢʦʷè ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ Ni(I) ʩ, ʣʠʙʦ ʯʨʝʟʚʳʯʘʡʥʦ ʩʪʨʫʢʪʫʨʥʦ 

ʝʤʫ ʙʣʠʟʢʠʡ ʢʦʤʧʣʝʢʩ (ʥʝʦʪʣʠʯʠʤʳʡ ʦʪ ʥʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦ). 

ʇʨʠ ʩʧʝʢʪʨʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʥʘʤʠ ʙʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʝ ʠʥʪʝʨʤʝʜʠʘʪʳ; ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʠʜʨʠʜ-

ʥʳʭ ʠ ʤʦʥʦʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʥʦʨʙʦʨʥʝʥʘ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ.  

ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʘʭ 

ʧʨʝʚʨʘʱʝʥʠʷ ʦʣʝʬʠʥʦʚ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʦʨʜʠʥʘʮʠʷ ʦʣʝʬʠʥʦʚʳʭ ʬʨʘʛ-

ʤʝʥʪʦʚ ʢ ʧʝʨʝʭʦʜʥʦʤʫ ʤʝʪʘʣʣʫ, ʟʘʪʝʤ ʩʣʝʜʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʦʛʦ 

ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ [79, 81-84]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʘʢʠʤ ʢʦʤʧʣʝʢʩʦʤ 

ʜʦʣʞʝʥ ʷʚʣʷʪʴʩʷ ʧʨʦʜʫʢʪ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʤʦʣʝʢʫʣ ʥʦʨʙʦʨʥʝʥʘ ʢ 

Ni(I).  

ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʠʟʫʯʘʝʤʦʡ ʥʘʤʠ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʝʣʝʢ-

ʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʵʢʟʦ,ʵʢʟʦ-ʮʠʩ-ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ. ʈʘʩʯʝʪʳ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʥʠʢʝʣʷ(III) ʤʝʪʦʜʦʤ DFT/BP86 ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʛʝʦʤʝʪʨʠʠ (ʨʠʩ. 55) ʧʦʢʘʟʳʚʘ-

ʶʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʧʦ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʤʝʪʘʣʣʦʮʠʢʣ, ʚ ʢʦʪʦʨʦʤ ʦʙʘ ʥʦʨʙʦʨ-

ʥʝʥʘ ʥʘʭʦʜʷʪʩʷ ʚ ʵʢʟʦ,ʵʢʟʦ-ʢʦʥʬʠʛʫʨʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʚʳʠʛʨʳʰ ʵʥʝʨʛʠʠ ʵʢʟʦ,ʵʢʟʦ-  ʢʦʥ-

ʬʠʛʫʨʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʥʜʦ,ʵʥʜʦ-ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩʦʩʪʘʚʣʷʝʪ 0,01061 Eh (0.2887 

ʵɺ), ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʦʯʝʥʴ ʩʝʣʝʢʪʠʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʬʪʦʨʠʜʘ ʵʢʟʦ,ʵʢʟʦ-ʮʠʩ-

ʜʠʥʦʨʙʦʨʥʝʥʠʣʥʠʢʝʣʷ. ɺʳʠʛʨʳʰ ʵʢʟʦ,ʵʢʟʦ-ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʟʦ,ʵʥʜʦ-
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ʢʦʥʬʠʛʫʨʘʮʠʝʡ, ʨʘʚʥʳʡ 0,0606 Eh (1.65 ʵɺ) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʮʠʢʣʘ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʤʦʣʝʢʫʣʳ ʥʦʨʙʦʨʥʝʥʘ ʚ ʪʨʘʥʩ-ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʝʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʯʝʨʝʟ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʡ ʠʥʪʝʨʤʝʜʠʘʪ ʜʦʣʞʥʦ 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʵʢʟʦ,ʵʢʟʦ-ʮʠʩ-ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ, ʯʪʦ ʠ 

ʥʘʙʣʶʜʘʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

 

ʈʠʩ. 55. ʇʷʪʠʯʣʝʥʥʳʝ ʤʝʪʘʣʣʦʮʠʢʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʚʝ ʤʦʣʝʢʫʣʳ ʥʦʨʙʦʨʥʝʥʘ ʚ ʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ. 

ɻʝʦʤʝʪʨʠʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ DFT-ʨʘʩʯʝʪʦʚ. 

ʇʦ ʜʘʥʥʳʤ operando-FTIR ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʩʭʦʜʘ ʥʦʨʙʦʨ-

ʥʝʥʘ ʦʪ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ (ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʦʢʦʣʦ 0,95, ʨʠʩ. 56). 

 

ʈʠʩ. 56. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʩʭʦʜʘ ʥʦʨʙʦʨʥʝʥʘ ʚ ʩʠʩʪʝʤʝ Ni(COD)2/5BF3ĿOEt2/5000NB ʦʪ ʝʛʦ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʥʘʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʘʢ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 57: ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʩʚʷʟʳʚʘʥʠʷ n ʤʦʣʝ-

ʢʫʣ ʩʫʙʩʪʨʘʪʘ ʩ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ (C), ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʦʛʦ ʠʥʪʝʨʤʝ-

ʜʠʘʪʘ (CSn) 
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ʈʠʩ. 57. ʇʨʦʩʪʝʡʰʘʷ ʩʭʝʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʅʝʩʣʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʘʩʭʦʜʘ ʩʫʙʩʪʨʘʪʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʘ: 

ὶὔὄ Ὧ Ὓ ὅ  
ᶻ

 

ʛʜʝ  [ʉ*]=[C]+[CSn] ï ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʩʠʩʪʝʤʝ 

ʈʘʩʩʤʦʪʨʠʤ ʢʨʘʡʥʠʝ ʩʣʫʯʘʠ:  

1) ʇʫʩʪʴ k1åk-1>>k2. ʇʦʜʝʣʠʚ ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ  ʚ (1) ʥʘ k1, ʧʦʣʫʯʠʤ: 

ὶὔὄ
ᶻ

Ⱦ Ⱦ
ᴼ 

ᶻ

 

ʛʜʝ K1 ï ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʧʝʨʚʦʡ ʩʪʘʜʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʪʘʜʠʝʡ ʷʚʣʷʝʪʩʷ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ 

ʧʨʦʜʫʢʪʘ ʦʪ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ CSn, ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʧʦ ʩʫʙʩʪʨʘʪʫ ʙʫʜʝʪ ʜʨʦʙʥʳʤ ʠ 

ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ [S]. 

2) ʇʫʩʪʴ k2>>k1åk-1. ʇʦʜʝʣʠʚ ʯʠʩʣʠʪʝʣʴ ʚ (1) ʠ ʟʥʘʤʝʥʘʪʝʣʴ ʥʘ k2, ʧʦʣʫʯʠʤ: 

ὶὔὄ
ᶻ Ⱦ

Ⱦ Ⱦ
ᴼ Ὧ Ὓ ὅᶻ 

ʀʟ ʚʳʨʘʞʝʥʠʷ (3) ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʪʘʜʠʝʡ ʷʚʣʷʝʪʩʷ ʩʚʷ-

ʟʳʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ n ʤʦʣʝʢʫʣ ʩʫʙʩʪʨʘʪʘ, ʪʦ ʩʢʦʨʦʩʪʴ ʨʘʩʭʦʜʘ ʩʫʙʩʪʨʘʪʘ ʜʦʣʞʥʘ 

ʠʤʝʪʴ ʧʦʩʪʦʷʥʥʳʡ n-ʥʳʡ ʧʦʨʷʜʦʢ ʧʦ ʩʫʙʩʪʨʘʪʫ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʥʘʤʠ 

ʜʘʥʥʳʤʠ (ʨʠʩ. 56), ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦ-

ʩʪʴʶ ʧʨʦʮʝʩʩʘ ʚʥʝʜʨʝʥʠʷ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʥʦʨʙʦʨʥʝʥʘ. 

ʅʘ ʨʠʩ. 58 ʠʟʦʙʨʘʞʝʥ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʚʨʘʱʝʥʠʷ ʥʦʨʙʦʨʥʝʥʘ ʩ ʫʯʘ-

ʩʪʠʝʤ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʩ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʘʥʘʣʠʟʦʤ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʕʇʈ ʤʝʪʘʣʣʦʮʠʢʣʠ-

ʯʝʩʢʠʡ ʠʥʝʨʤʝʜʠʘʪ ï ʵʪʦ ʤʝʪʘʣʣʦʮʠʢʣʦʧʝʥʪʘʥʦʚʳʡ ʢʦʤʧʣʝʢʩ f. ʆʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʭʨʦʥʥʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʳʤ ʧʨʦʮʝʩʩʦʤ, ʘ ʝʛʦ ʨʘʩʭʦ-

ʜʦʚʘʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʦʨʜʠʥʘʮʠʠ ʝʱʝ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʥʦʨʙʦʨʥʝʥʘ (ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

(2) 

(3) 

(1) 
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fô) ï ʤʝʜʣʝʥʥʘʷ ʩʪʘʜʠʷ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʷʶʱʝʡ ʜʣʷ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʕʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʢʦʦʨʜʠʥʘʮʠʷ ʪʨʝʪʴʝʡ 

ʤʦʣʝʢʫʣʳ ʥʦʨʙʦʨʥʝʥʘ ʢ f ʩʦʧʨʷʞʝʥʘ ʩ ʥʝʢʦʪʦʨʳʤʠ ʩʪʝʨʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʚʦ-

ʚʪʦʨʳʭ, ʦʥʘ ʜʦʣʞʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʨʫʰʝʥʠʶ ʙʣʠʟʢʦʡ ʠʦʥʥʦʡ ʧʘʨʳ ʚ f ʠ ʩʚʷʟʳʚʘʥʠʶ 

ʥʦʨʙʦʨʥʝʥʘ (ʤʷʛʢʦʡ ʢʠʩʣʦʪʳ) ʩ ʢʘʪʠʦʥʦʤ Ni(III) (ʜʦʚʦʣʴʥʦ ʞʝʩʪʢʠʤ ʦʩʥʦʚʘʥʠʝʤ). 

ʅʦʨʙʦʨʥʝʥ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʥʠʢʝʣʷ ʚ ʢʦʤʧʣʝʢʩʝ fô ʤʦʞʝʪ ʚʥʝʜʨʷʪʴʩʷ ʧʦ 

ʩʚʷʟʠ Ni-C, ʜʘʚʘʷ ʤʝʪʘʣʣʦʮʠʢʣʦʛʝʧʪʘʥʦʚʳʡ ʠʥʪʝʨʤʝʜʠʘʪ g, ʚ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʝʥ ʧʨʦ-

ʮʝʩʩ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʥʦʩʘ ʛʠʜʨʠʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʛʦʩʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ (ʘʥʘʣʦʛʠʯʥʦ ʧʨʦʮʝʩʩʘʤ, ʦʧʠʩʘʥʥʳʤ ʜʣʷ ʪʠʪʘʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [86]). ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʥʠʢʝʣʷ ʦʙʨʘʟʫʝʪʩʷ Ŭ-ʦʣʝʬʠʥ, ʩʦʜʝʨʞʘʱʠʡ ʧʦʣʠʥʦʨʙʦʨ-

ʥʝʥʦʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ. ʂʦʦʨʜʠʥʘʮʠʷ ʥʦʚʦʡ ʤʦʣʝʢʫʣʳ ʥʦʨʙʦʨʥʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʦʣ-

ʞʝʥʠʶ ʮʝʧʠ, ʘ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʘ (ʣʠʙʦ ʦʣʠʛʦʤʝʨʘ) ï ʢ ʝʝ ʦʙʨʳʚʫ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʧʨʝʚʨʘʱʝʥʠʷ ʥʦʨʙʦʨʥʝʥʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

Ni(COD)2/BF3ĿOEt2 ʤʦʛʫʪ ʙʳʪʴ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʉʠʩʪʝʤʘ Ni(COD)2/BF3ĿOEt2 ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʩʝʣʝʢʪʠʚʥʦʤ ʧʨʦ-

ʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʘʜʜʠʪʠʚʥʦʛʦ ʧʦʣʠʥʦʨʙʦʨʥʝʥʘ ʚ ʵʢʟʦ,ʵʢʟʦ-ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠ ʥʠʟ-

ʢʠʭ ʦʪʥʦʰʝʥʠʷʭ B:Ni;  

2. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʠʮʳ ʢʦʤʧʣʝʢʩ Ni(III), ʷʚʣʷʶʱʠʡ-

ʩ̫  ʨʝʟʫʣʴʪʘʪʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʤʦʣʝʢʫʣ ʥʦʨʙʦʨʥʝʥʘ ʢ ʢʘʪʠ-

ʦʥʥʦʤʫ ʢʦʤʧʣʝʢʩʫ Ni(I); ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ(III) ʤʦʥʦʦʣʝʬʠʥʦʚʳʤ ʮʠʢʣʠʯʝʢʩʢʠʤ ʣʠʛʘʥʜʦʤ ï ʥʦʨʙʦʨʥʝʥʦʤ; 

3. ʇʨʝʜʣʦʞʝʥ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥ ʤʝʭʘʥʠʟʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ, 

ʚʢʣʶʯʘʶʱʠʡ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ. 
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ʈʠʩ. 58. ʉʭʝʤʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʩ ʫʯʘʩʪʠʝʤ ʤʝʪʘʣʣʦʮʠʢʣʠʯʝʩʢʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ. 
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3.3. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʵʪʠʣʝʥʘ ʥʘ ʥʠʢʝʣʝʚʳʭ ʩʠʩʪʝʤʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʠʤʠʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

Ni(COD)2/BF3ĀOEt2 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʘʢʪʠʚʥʘ ʚ ʧʨʝʚʨʘʱʝʥʠʠ ʵʪʠʣʝʥʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʩʫʙ-

ʩʪʨʘʪʘ ʧʦʨʷʜʢʘ 2 ʘʪʤʦʩʬʝʨ. ʆʜʥʘʢʦ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [240,241] ʧʨʠ ʧʦʚʳ-

ʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʵʪʠʣʝʥʘ ʜʦ 4,5 ʘʪʤʦʩʬʝʨ, ʩʠʩʪʝʤʘ ʧʨʦʷʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʴ ʚ ʝʛʦ ʦʣʠʛʦʤʝ-

ʨʠʟʘʮʠʠ, ʜʘʚʘʷ ʙʫʪʝʥ-1 ʩ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 55%. ʇʨʠʯʝʤ, ʧʘʨʘʤʝʪʨʳ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʝʣʝʢ-

ʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʝʥʳ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʢʘʪʘʣʠʪʠʯʝ-

ʩʢʫʶ ʩʠʩʪʝʤʫ ʪʨʝʪʠʯʥʳʭ ʬʦʩʬʠʥʦʚ [240,241].  

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʝʜʠʥʝʥʠʷʭ ʥʠʢʝʣʷ ʩ ʪʨʝʪʠʯʥʳʤʠ ʬʦʩ-

ʬʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ. ʉ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ  ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʪʝʨʠʯʝʩʢʠ ʦʙʲʝʤʥʳʭ ʜʠʠʤʠʥʦʚʳʭ ʣʠʛʘʥ-

ʜʦʚ ʥʠʢʝʣʝʚʳʝ ʩʠʩʪʝʤʳ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ. ʇʨʠʥʠʤʘʷ ʵʪʦ 

ʚʦ ʚʥʠʤʘʥʠʝ ʙʳʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʘ ʘʢʪʠʚʥʦʩʪʴ [242] ʚ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠ-

ʣʝʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ Ni(COD)2/BF3ĀOEt2, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʜʠʠʤʠʥʦʚʳʤʠ ʣʠ-

ʛʘʥʜʘʤʠ N,Nô-ʙʠʩ-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-1,4-ʜʠʘʟʘʙʫʪʘʜʠʝʥʦʤ (DPP-DAB) ï ʢʣʘʩʩʠ-

ʯʝʩʢʠʤ ʣʠʛʘʥʜʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʥʠʢʝʣʝʚʳʭ ʩʠʩʪʝʤ ʧʦʣʠʤʝʨʟʠʮʠʠ ʥʠʟʰʠʭ ʦʣʝʬʠ-

ʥʦʚ.  

3.3.1. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʵʪʠʣʝʥʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĀOEt2, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ɼʦʙʘʚʣʝʥʠʝ DPP-DAB ʢ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĀOEt2 (B:Ni = 3) ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪ-

ʨʦʡ ʩʤʝʥʝ ʦʢʨʘʩʢʠ ʩʠʩʪʝʤʳ ʩ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʦʡ ʥʘ ʢʦʨʠʯʥʝʚʫʶ ʠ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚ-

ʥʦʝ ʧʦʛʣʦʱʝʥʠʝ (ʨʠʩ. 59,A) ʵʪʠʣʝʥʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʧʨʦʷʚʣʷʝʪ ʦʯʝʥʴ 

ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʨʝʘʢʮʠʠ (ʚ ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 100 ʩʝʢʫʥʜ), 

ʟʘʪʝʤ ʘʢʪʠʚʥʦʩʪʴ ʙʳʩʪʨʦ ʧʘʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ. ʂ ʩʦʞʘʣʝʥʠʶ, ʠʟʤʝʨʠʪʴ ʤʘʢʩʠ-

ʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʵʪʠʣʝʥʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʵʪʠ-

ʣʝʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʤʝʥʦʡ ʦʢʨʘʩʢʠ ʩʠʩʪʝʤʳ ʥʘ ʛʨʷʟʥʦ-ʞʝʣʪʫʶ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʧʨʝʚʨʘʱʝʥʠʷ ʵʪʠʣʝʥʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʢʝʣʝʚʦʡ ʯʝʨʥʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. 
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ʈʠʩ. 59. ʂʨʠʚʳʝ ʧʦʛʣʦʱʝʥʠʷ ʵʪʠʣʝʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ Ni(COD)2/BF3ĿOEt/DPP-DAB (A) ʠ 

Ni(COD)(DPP-DAB)/BF3ĀĀOEt2 (ɹ). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʦʛʣʦʱʝʥʠʝ ʵʪʠʣʝʥʘ 

ʧʨʝʚʳʰʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʜʘʪʯʠʢʘ. ʋʩʣʦʚʠʷ ʠʟʤʝʨʝʥʠʷ: P(C2H4) = 2.5ɸʪʤ; ɡ(Ni) = 5Ĭ10
-5
 

ʤʦʣʴ; V(PhCH3) = 60 ʤʣ; B:Ni = 3. 

ɸʥʘʣʦʛʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʘʢʞʝ ʩʠʩʪʝʤʘ, ʛʜʝ BF3ĀOEt2 ʜʦʙʘʚʣʷʝʪʩʷ ʢ 

ʢʦʤʧʣʝʢʩʫ Ni(COD)(DPP-DAB), ʚ ʢʦʪʦʨʦʤ ʥʠʢʝʣʴ ʬʦʨʤʘʣʴʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ 0. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ Ni(COD)(DPP-DAB)/BF3ĀOEt2 (B:Ni = 

3) ʚʦ ʚʨʝʤʝʥʠ (ʨʠʩ. 59, ɹ) ʧʨʠ P(C2H4) = 2.5ɸʪʤ. ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ 

(ʧʝʨʚʳʝ 100 ʩʝʢʫʥʜ) ʩʠʩʪʝʤʘ ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʙʳʩʪʨʦ ʧʘʜʘʝʪ ʚ ʭʦʜʝ ʧʨʝʚʨʘʱʝʥʠʷ ʵʪʠʣʝʥʘ. ɸʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʦ ʠʩʪʝʯʝʥʠʠ 20 ʤʠ-

ʥʫʪ ʙʣʠʟʢʘ ʢ ʥʫʣʶ.  

 

ʈʠʩ.60. ʉʠʛʥʘʣ ʕʇʈ ʩʠʩʪʝʤʳ Ni(COD)2/BF3ĿOEt/DPP-DAB ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠ-

ʩʪʝʤʳ: 5 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ 5ô ï ʤʦʜʝʣʠʨʦʚʘʥʥʳʡ  

ʉʨʘʚʥʝʥʠʝ ʢʨʠʚʳʭ ʧʦʛʣʦʱʝʥʠʷ ɸ ʠ ɹ ʥʘ ʨʠʩ. 59, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥ 

TON30 (ʪʘʙʣ. 4 ʚ ʇʨʠʣʦʞʝʥʠʠ) ʜʣʷ ʩʠʩʪʝʤ Ni(COD)2/BF3ĿOEt/DPP-DAB ʠ 

Ni(COD)(DPP-DAB)/BF3ĀOEt2 ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʘʪʘʣʠʪʠ-
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ʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʧʦʨʷʜʢʘ ʩʤʝʰʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

ʇʨʠ ʧʨʠʙʘʚʣʝʥʠʠ DPP-DAB ʢ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĀOEt2 (B:Ni = 3) ʥʘʨʷʜʫ ʩ 

ʙʳʩʪʨʦʡ ʩʤʝʥʦʡ ʦʢʨʘʩʢʠ ʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘ ʕʇʈ ʩʠʩʪʝʤʳ ï 

ʩʧʝʢʪʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʤʝʩʠ ʩʠʛʥʘʣʦʚ 1 ʠ 2, ʟʘʤʝʱʘʝʪʩʷ ʥʘ ʥʦʚʳʡ ʪʨʝʭʦʩʥʦ ʘʥʠʟʦʪʨʦʧ-

ʥʳʡ ʩʠʛʥʘʣ 5 (gx = 2.043, gy = 2.075, gz = 2.292, ʨʠʩ. 60). ɺ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʩʠʛʥʘʣʘ 5 ʙʳʩʪʨʦ ʧʘʜʘʝʪ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠ ʯʝʨʝʟ 15 ʤʠʥʫʪ ʥʠʢʘʢʠʝ ʩʠʛʥʘʣʳ 

ʕʇʈ ʥʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ.  

ʅʝʩʢʦʣʴʢʦ ʜʨʫʛʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ BF3ĀOEt2 ʩ  ʢʦʤʧʣʝʢ-

ʩʦʤ Ni(COD)(DPP-DAB) (i-dab). ɼʦʙʘʚʣʝʥʠʝ 3 ʵʢʚʠʚʘʣʝʥʪʦʚ ʵʬʠʨʘʪʘ ʪʨʠʬʪʦʨʠʜʘ ʙʦʨʘ 

ʢ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʤʫ ʨʘʩʪʚʦʨʫ i-dab ʚ ʪʦʣʫʦʣʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʦʩʚʝʪʣʝʥʠʶ 

ʨʘʩʪʚʦʨʘ ʠ ʧʦʷʚʣʝʥʠʶ ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʜʚʫʭ ʩʠʛʥʘʣʦʚ (ʨʠʩ. 61, A). ʆʜʠʥ ʠʟ ʥʠʭ ï ʠʥʪʝʥ-

ʩʠʚʥʳʡ ʩʠʛʥʘʣ 5a, ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʠʜʝʥʪʠʯʥʳʡ ʩʠʛʥʘʣʫ 5, ʥʦ ʠʤʝʶʱʝʤʫ ʙʦʣʝʝ ʫʟʢʠʝ 

ʣʠʥʠʠ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʦʡ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣ ʚ ʨʘʜʠʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

ɼʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʜʠʢʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ  ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʦʥ ʠʜʝʥʪʠʯʝʥ ʩʠʛʥʘʣʫ ʢʦʤʧʣʝʢʩʘ, ʧʦʣʫʯʝʥʥʦʤʫ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʥʠʦʥ-

ʨʘʜʠʢʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Na
+
(DPP-DAB)

.-
 ʩ BF3ĀOEt2 (ʨʠʩ. 61, ɹ).  

 

ʈʠʩ. 61. A: ʩʠʛʥʘʣ ʕʇʈ ʩʠʩʪʝʤʳ Ni(COD)(DPP-DAB)/BF3ĀOEt2 (B:Ni = 3) ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ (5ʘ ï ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʡ  ʠ 5ʘô  ʤʦʜʝʣʠʨʦʚʘʥʥʳʡ); ɹ: 5b ï ʩʧʝʢʪʨ ʕʇʈ ʢʦʤʧʣʝʢʩʘ [DPP-DAB]
.-
BF2

+
, ʟʘʨʝʛʠ-

ʩʪʨʠʨʦʚʘʥʥʳʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʥʠʟʢʦʡ ʘʤʧʣʠʪʫʜʦʡ ʤʦʜʫʣʷʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʩʠʩʪʝʤʝ 

Ni(COD)(DPP-DAB)/BF3ĀOEt2, 5bô ï ʚ ʩʠʩʪʝʤʝ Na
+
(DPP-DAB)

.-
/BF3ĀOEt2  ʠ 5bôô ï ʤʦʜʝʣʠʨʦʚʘʥʥʳʡ 

ʩʧʝʢʪʨ (AN=7G (2 ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʷʜʨʘ 
14

N); AH = 6.9G (2 ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʷʜʨʘ 
1
H); AF=5.1G (2 ʵʢʚʠʚʘ-

ʣʝʥʪʥʳʭ ʷʜʨʘ 
19

F); AB=0.4G (ʦʜʥʦ ʷʜʨʦ 
11

B, ʧʨʠʨʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 80%); AB=0.25G (ʦʜʥʦ ʷʜʨʦ 
10

B, ʧʨʠ-

ʨʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 20%)). 
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ʇʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʘ ʕʇʈ ʨʘʜʠʢʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʦʨʘ ʩʦʩʪʘʚʘ [DPP-DAB]
.-

BF2
+
(j). ʂʦʤʧʣʝʢʩʳ ʧʦʭʦʞʝʛʦ ʩʦʩʪʘʚʘ ʙʳʣʠ ʥʝʜʘʚʥʦ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ [243]. 

ɺ ʭʦʜʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʫʞʝ ʯʝʨʝʟ 5 ʤʠʥʫʪ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠ-

ʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʢʘʢ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ, ʪʘʢ ʠ ʘʥʠʦʥ-

ʨʘʜʠʢʘʣʘ: ʦʙʘ ʩʠʛʥʘʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʶʪ ʧʦ ʧʨʦʰʝʩʪʚʠʠ 30 ʤʠʥʫʪ ʨʝʘʢʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʙʝʠʭ ʩʠʩʪʝʤʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʧʣʝʢʩ Ni(I) h, ʜʘʶʱʠʡ ʩʠʛʥʘʣʳ 

ʕʇʈ 5 ʠ 5ʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʩʠʛʥʘʣ 5 ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʧʠʩʘʥ ʢʦʤʧʣʝʢʩʫ h ʩʦʩʪʘʚʘ 

[Ni(COD)(DPP-DAB)]
+
, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʟʘʤʝʱʝʥʠʷ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ COD 

ʥʘ ʜʠʠʤʠʥʦʚʳʡ ʣʠʛʘʥʜ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ Ni(I). ɺ ʫʩʣʦʚʠʷʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ h ʙʳʩʪʨʦ ʩʥʠʞʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʤʙʘʪʥʦʝ 

ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɿʘʩʣʫʞʠʚʘʶʱʠʤ ʚʥʠʤʘʥʠʷ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʦʨʘ ʧʨʠ ʜʝʡʩʪʚʠʠ BF3ĀOEt2 ʥʘ i-dab. ʕʪʦ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ i-dab ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʩ ʥʠʢʝʣʷ ʥʘ ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʳʡ ʣʠʛʘʥʜ [175]. ʇʦʣʫʯʝʥʥʳʡ ʘʥʠʦʥ-ʨʘʜʠʢʘʣ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʞʝʩʪ-

ʢʠʤ ʦʩʥʦʚʘʥʠʝʤ, ʯʝʤ ʥʝʡʪʨʘʣʴʥʳʡ ʣʠʛʘʥʜ, ʠ ʩʧʦʩʦʙʝʥ ʧʝʨʝʥʦʩʠʪʴʩʷ ʩ ʥʠʢʝʣʷ ʥʘ ʙʦʨ 

(ʨʠʩ. 62). 

 

ʈʠʩ. 62. ʆʢʠʩʣʝʥʠʝ Ni(0) ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʥʘ ʜʠʠʤʠʥʦʚʳʡ ʣʠʛʘʥʜ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʜʠʠʤʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ 

ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥ  ʢʦʤʧʣʝʢʩ Ni(I) ʩ ʮʠʢʣʦʦʢʪʘʜʠʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙ-

ʨʘʟʦʚʘʥʠʶ ʜʠʠʤʠʥʦʚʳʭ ʨʘʜʠʢʘʣʦʚ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʩ ʤʝʪʘʣʣʘ 

ʥʘ ʣʠʛʘʥʜ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʩ ʢʦʤʧʣʝʢʩʘʤʠ Ni(I) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ Ni(0). 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʨʦʪʦʥʦʜʦʥʦʨʥʳʭ ʧʨʠʤʝ-

ʩʝʡ ʥʘ ʧʨʦʮʝʩʩ ʘʢʪʠʚʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ, ʦʩʥʦ-

ʚʘʥʥʳʭ ʥʘ ʢʦʤʧʣʝʢʩʘʭ Ni(0) ʠ BF3ĀOEt2, ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʩʣʝʜʫʶ-

ʱʠʝ ʤʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ Ni(COD)(DPP-DAB)/nHBF3OEt (n=0,5-5) ʠ Ni(COD)(DPP-

DAB) /nHBF3OEt/mBF3ĀOEt2 (n=0,2-5; m=2-20). ɼʣʷ ʦʙʝʠʭ ʵʪʠʭ ʩʠʩʪʝʤ ʧʦʩʣʝ ʧʦʣʫʯʘʩʦ-

ʚʦʡ ʧʦʜʘʯʠ ʵʪʠʣʝʥʘ (P(C2H4) = 2,5ɸʪʤ.) ʧʨʠ ʣʶʙʳʭ m ʠ n ʚ ʫʢʘʟʘʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʥʝ 
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ʫʜʘʣʦʩʴ ʦʩʘʜʠʪʴ ʠʟ ʨʘʩʪʚʦʨʘ ʜʘʞʝ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʧʦʣʠʤʝʨʘ. ʇʨʠ ʵʪʦʤ ʦʙʝ ʩʠʩʪʝʤʳ 

ʧʨʠ ʣʶʙʳʭ m ʠ n ʥʝ ʜʘʶʪ ʥʠʢʘʢʠʭ ʩʠʛʥʘʣʦʚ ʕʇʈ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʪʦʥʦʜʦʥʦʨʥʳʝ 

ʜʦʙʘʚʢʠ ʥʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʠʚʘʮʠʷ ʜʠʠʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni(0) c ʧʦʤʦʱʴʶ ʵʬʠʨʘʪʘ 

ʪʨʠʬʪʦʨʠʜ ʙʦʨʘ, ʪʘʢʞʝ ʢʘʢ ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤʳ Ni(COD)2/BF3ĀOEt2 ʜʠʠʤʠʥʦʚʳʤ 

ʣʠʛʘʥʜʦʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʘʢʪʠʚʥʫʶ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʫ ʜʣʷ ʢʘʪʘ-

ʣʠʪʠʯʝʩʢʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (ʪʘʙʣ. 4 ʚ ʇʨʠʣʦʞʝʥʠʠ). 

3.3.2. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʵʪʠʣʝʥʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/ʄɸʆ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ɺ ʧʦʩʪʤʝʪʘʣʣʦʮʝʥʦʚʳʭ ʥʠʢʝʣʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʤʝʪʠʣʘʣʶʤʦʢʩʘʥ (ʄɸʆ) ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʘ ʜʠʠʤʠʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Ni(II) (ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʨʫʢʭʘʨʪʦʚʩʢʦʛʦ ʪʠʧʘ). ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʥʘ ʜʠʠʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ Ni(0), 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʄɸʆ. ʍʦʪʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʢʘ-

ʪʘʣʠʟʘʪʦʨʦʚ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʛʨʦʤʥʳʡ ʠʟʙʳʪʦʢ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ (ʄɸʆ:Ni >> 100), 

ʥʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʵʢʦʥʦʤʠʠ, ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʤʦʣʴʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʄɸʆ:Ni, ʣʝʞʘʱʠʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ 30, ʢʦʪʦʨʳʭ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʝ-

ʰʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʟʘʜʘʯ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

3.3.2.1. ɸʢʪʠʚʥʦʩʪʴ  ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Ni(COD)2/ʄɸʆ, ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʦʡ ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʵʪʠʣʝʥʘ ʩʠʩʪʝʤʦʡ Ni(COD)2/2DPP-DAB/30ʄɸʆ ʚʳ-

ʷʚʠʣʠ ʦʯʝʥʴ ʥʠʟʢʫʶ ʝʝ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ (ʨʠʩ. 63, ʢʨʠʚʘʷ ɸ). ʏʝʨʝʟ 

30 ʤʠʥʫʪ ʨʝʘʢʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʠʤʝʨʘ ʥʘ ʩʪʝʥʢʘʭ ʩʦ-

ʩʫʜʘ, ʢʦʪʦʨʳʝ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ.  

ʅʝʦʞʠʜʘʥʥʳʤ ʜʣʷ ʥʘʩ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʠʣʦʩʴ ʪʦ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʄɸʆ 

ʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩʣʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʵʪʠʣʝʥʘ ʩʠʩʪʝ-

ʤʦʡ Ni(COD)2/MAO /DPP-DAB (MAO:Ni = 10) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʪʘ ʩʠʩʪʝʤʘ ʧʨʦʷʚʣʷʝʪ ʘʢ-

ʪʠʚʥʦʩʪʴ, ʙʣʠʟʢʫʶ ʢ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĀOEt2/DPP-DAB (B:Ni = 3) ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ Ni(COD)2/2DPP-DAB/30ʄɸʆ (ʨʠʩ. 63 ʠ ʪʘʙʣ. 4 ʚ 

ʇʨʠʣʦʞʝʥʠʠ). ʌʝʥʦʤʝʥ ʧʦʚʳʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʩʥʠʞʝʥʠʠ ʦʪʥʦʰʝʥʠʷ 

Al:Ni ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʝʥ, ʪʘʢ ʢʘʢ ʧʨʦʪʠʚʦʨʝʯʠʪ ʠʟʚʝʩʪʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʪʦʤ, 
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ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʨʫʢʭʘʨʪʦʚ-

ʩʢʦʛʦ ʪʠʧʘ ʥʝʦʙʭʦʜʠʤʦ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ [27]. ʉʣʝʜʫʝʪ, ʦʜʥʘ-

ʢʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ ʄɸʆ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʦʩʧʨʦ-

ʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ï ʧʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʢʦʪʦʨʦʡ ʥʝʩʪʘ-

ʙʠʣʴʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʤʝʪʠʣʴʥʦʛʦ ʯʠʩʣʘ) ʄɸʆ. 

 

ʈʠʩ. 63. ʂʠʥʝʪʠʢʘ ʧʦʛʣʦʱʝʥʠʷ ʵʪʠʣʝʥʘ ʩʠʩʪʝʤʦʡ Ni(COD)2/2DPP-DAB/ʄɸʆ (ɸ: MAO:Ni = 30; ɹ: 

MAO:Ni = 10). ʋʩʣʦʚʠʷ ʠʟʤʝʨʝʥʠʷ: P(C2H4) = 2.5ɸʪʤ; ɡ(Ni) = 5Ĭ10
-5
 ʤʦʣʴ; V(PhCH3) = 60 ʤʣ. 

ʉʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠ-

ʩʪʝʤʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʤʝʩʪʦ DPP-DAB ʜʨʫʛʦʛʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʜʣʷ ʩʠʩʪʝʤ ʙʨʫʢʭʘʨ-

ʪʦʚʩʢʦʛʦ ʪʠʧʘ ʣʠʛʘʥʜʘ ï DPP-BIAN (ʙʠʩ-N,Nô-(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-ʙʠʩ-

ʠʤʠʥʦʘʮʝʥʘʬʪʝʥ) (ʨʠʩ. 64). ʅʝʩʤʦʪʨʷ ʥʘ ʚʦʟʨʘʩʪʘʶʱʫʶ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ ʧʨʠ ʥʘʢʦʧ-

ʣʝʥʠʠ ʧʦʣʠʵʪʠʣʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʵʪʠʣʝʥʘ ʚ ʭʦʜʝ ʨʝʘʢ-

ʮʠʠ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ ʥʝ ʩʪʘʥʦʚʠʪʩʷ 

ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʠ ʜʠʬʬʫʟʠʠ ʵʪʠʣʝʥʘ. ɺ ʩʠ-

ʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ DPP-BIAN ʚ ʢʘʯʝʩʪʚʝ ʜʠʠʤʠʥʦʛʦ ʣʠʛʘʥʜʘ, ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʄɸʆ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʢʘʢʠʤ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʷʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ DPP-DAB, ʩʥʠʞʝʥʠʝ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ Al :Ni 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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ʈʠʩ. 64. ʂʠʥʝʪʠʢʘ ʧʦʛʣʦʱʝʥʠʷ ʵʪʠʣʝʥʘ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ni(COD)2/DPP-BIAN/MAO 

(MAO:Ni = 30). ʉʢʘʯʦʢ ʧʨʠ 1100 ʩ. ʦʙʫʩʣʦʚʣʝʥ ʠʟʤʝʥʝʥʠʝʤ ʨʝʞʠʤʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʳ-

ʰʝʥʠʠ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ. ʋʩʣʦʚʠʷ ʠʟʤʝʨʝʥʠʷ: P(C2H4) = 2.5ɸʪʤ; ɡ(Ni) = 5Ĭ10
-5
 ʤʦʣʴ; V(PhCH3) = 60 ʤʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʳ Ni(0), ʘʢʪʠʚʠʨʫʝʤʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʄɸʆ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʜʠʠʤʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ, 

ʧʨʠʯʝʤ, ʧʨʠʨʦʜʘ ʜʠʠʤʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʦʢʘʟʳʚʘʝʪ ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʢ-

ʪʠʚʥʦʩʪʴ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥʳ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ DPP-BIAN, ʠ ʧʨʠʨʦʜʳ ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʕʇʈ. 

3.3.2.2. ʕʇʈ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʠʩʪʝʤʝ Ni(COD)2/ʄɸʆ, ʤʦʜʠʬʠ-

ʮʠʨʦʚʘʥʥʦʡ ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʩʪʝʤ ʩ BF3ĀOEt2, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 30 ʵʢʚʠʚʘʣʝʥʪʦʚ ʄɸʆ ʢ ʨʘʩʪʚʦʨʫ 

Ni(COD)2 ʚ ʪʦʣʫʦʣʝ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʦʢʨʘʩʢʘ ʨʘʩʪʚʦʨʘ ʥʝ ʤʝʥʷʝʪʩʷ (ʩʦʭʨʘʥʷʝʪʩʷ 

ʞʝʣʪʳʡ ʮʚʝʪ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʨʘʩʪʚʦʨʘ Ni(COD)2) ʠ ʥʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩʠʛʥʘʣʳ ʕʇʈ  

ʆʜʥʘʢʦ, ʜʦʙʘʚʣʝʥʠʝ ʢ ʵʪʦʤʫ ʨʘʩʪʚʦʨʫ ʫʞʝ 0,5 ʯʘʩʪʝʡ DPP-DAB ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪ-

ʨʦʡ ʩʤʝʥʝ ʦʢʨʘʩʢʠ ʥʘ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʫʶ. ʇʨʠ ʵʪʦʤ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʧʝʢʪʨ ʕʇʈ 

(ʩʧʝʢʪʨ a ʥʘ ʨʠʩ. 65), ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʩʠʛʥʘʣʦʚ ʦʪ ʢʦʤʧʣʝʢʩʦʚ Ni(I) (ʩʠʛʥʘʣ 1ʘ ʠ 2ʘ), 

ʘ ʪʘʢʞʝ ʨʘʜʠʢʘʣʴʥʳʡ ʩʠʛʥʘʣ.  

ʇʘʨʘʤʝʪʨʳ ʕʇʈ ʩʠʛʥʘʣʦʚ 1ʘ (gx = 2,037; gy = 2,054; gz = 2,368) (ʨʠʩ. 66) ʠ 2ʘ (gx = 

2,024; gy = 2,043; gz = 2,238) (ʨʠʩ. 67) ʙʣʠʟʢʠ ʩʠʛʥʘʣʘʤ 1 ʠ 2, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʩʠʩʪʝʤʝ 

Ni(COD)2/BF3ĿOEt2 (ʩʤ. ʨʘʟʜʝʣ 3.1). ʆʧʠʩʘʥʥʳʡ ʚ [189] ʢʦʤʧʣʝʢʩ [Ni(COD)2]
+
, ʩʪʘʙʠʣʠ-

ʟʠʨʦʚʘʥʥʳʡ ʘʣʶʤʠʥʠʦʨʛʘʥʠʯʝʩʢʠʤ ʘʥʠʦʥʦʤ, ʠʤʝʝʪ ʦʯʝʥʴ ʙʣʠʟʢʠʝ ʢ 1ʘ ʧʘʨʘʤʝʪʨʳ. ʅʝ-

ʢʦʪʦʨʦʝ ʦʪʣʠʯʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʚ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ-
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ʥʳʭ ʨʘʟʥʳʤʠ ʘʥʠʦʥʘʤʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʳʤ ʧʦʣʷʨʠʟʫʶʱʠʤ ʵʬʬʝʢ-

ʪʦʤ ʵʪʠʭ ʠʦʥʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʦʣʝʢʫʣʷʨʥʳʤ ʦʨʙʠʪʘʣʷʤ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʛʥʘʣʳ 1a ʠ 2a ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʢʦʤʧʣʝʢʩʘʤ 

[Ni(COD)2]
+
An

- 
(b(Al )) ʠ [Ni(COD)(CODô)]

+
An

-
 (c(Al )) (ʛʜʝ CODô ï ʧʨʦʜʫʢʪ ʠʟʦʤʝʨʠʟʘ-

ʮʠʠ COD, An ï ʘʥʠʦʥ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʄɸʆ), ʢʦʪʦʨʳʝ ʧʦ ʩʪʨʦʝʥʠʶ ʘʥʘʣʦʛʠʯʥʳ ʢʦʤ-

ʧʣʝʢʩʘʤ [Ni(COD)2]
+
BF4

- 
(b) ʠ [Ni(COD)(CODô)] BF4

- 
(c) ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

Ni(COD)2/BF3ĿOEt2. 

 

ʈʠʩ. 65. ʀʟʫʯʝʥʠʝ ʦʢʠʩʣʝʥʠʷ Ni(COD)2 c ʧʦʤʦʱʴʶ ʄɸʆ ʚ ʧʨʠʩʫʪʩʪʚʠʠ DPP-DAB: 

a ï Ni(COD)2/30MAO/0,5DPP-DAB ʩʨʘʟʫ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʣʠʛʘʥʜʘ; b ï Ni(COD)2/30MAO/DPP-DAB 

ʩʨʘʟʫ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʣʠʛʘʥʜʘ; c ï Ni(COD)2/30MAO/3DPP-DAB ʩʨʘʟʫ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʣʠʛʘʥʜʘ; 

d ï Ni(COD)2/30MAO/3DPP-DAB ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 10 ʯ. COD; 

 

ʈʠʩ. 66. ʉʠʛʥʘʣ ʕʇʈ ʩʠʩʪʝʤʳ Ni(COD)2/30MAO/3DPP-DAB/10COD: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʠʛʥʘʣ ʩʦ-

ʜʝʨʞʠʪ ʩʠʛʥʘʣ 1ʘ ʠ ʥʝʨʘʟʨʝʰʝʥʥʳʡ ʨʘʜʠʢʘʣʴʥʳʡ ʩʠʛʥʘʣ 6 ʠ ʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ 1ʘô. 
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ʈʠʩ. 67. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ ʕʇʈ ʩʠʩʪʝʤʳ Ni(COD)2/30MAO/DPP-DAB (ʩʦʜʝʨʞʠʪ ʩʠʛʥʘʣʳ 1ʘ, 2ʘ, 

6); ʩʠʛʥʘʣ 2ʘ, ʧʦʣʫʯʝʥʥʳʡ ʚʳʯʠʪʘʥʠʝʤ ʩʠʛʥʘʣʘ 1ʘ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ; ʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ 2aô. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʝ 

Ni(COD)2/MAO/DPP-DAB ʤʘʣʦ ʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʪʥʦʰʝʥʠʷ Ni : (DPP-DAB) ʚ 

ʜʠʘʧʘʟʦʥʝ 0,5-3. ɼʘʞʝ ʧʨʠ 3-ʭ ʵʢʚʠʚʘʣʝʥʪʘʭ DPP-DAB ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʠʥʳʭ ʩʠʛʥʘʣʦʚ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʢʦʦʨʜʠʥʘʮʠʶ ʜʠʠʤʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʢ Ni(I). ɽʜʠʥ-

ʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʜʠʠʤʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ, ʦʙʥʘʨʫʞʠʚʘʝʤʘʷ ʩ ʧʦʤʦʱʴʶ ʕʇʈ ʚʦ ʚʩʝʭ ʩʣʫʯʘ-

ʷʭ ï ʵʪʦ ʢʦʤʧʣʝʢʩ (DPP-DAB)
Å-
AlR2 [244-247]. ʇʨʠ ʵʪʦʤ, ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʥʝ-

ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʦʩʪʘʝʪʩʷ 

ʪʦʣʴʢʦ ʦʜʠʥ ʩʠʛʥʘʣ 1ʘ ʦʪ ʢʦʤʧʣʝʢʩʘ [Ni(COD)2]
+
An

-
, ʢʦʪʦʨʳʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʥʘʣʦʛʠʯ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĀOEt2 (ʩʤ. ʨʘʟʜʝʣ 3.1), ʯʨʝʟʚʳʯʘʡʥʦ ʩʪʘʙʠʣʝʥ ʚʦ 

ʚʨʝʤʝʥʠ ʠ ʥʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩ [Ni(COD)(CODô)]
+
An

-
 ʜʘʞʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 

(ʜʘʥʥʳʡ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʘʞʥʦʡ ʨʦʣʠ ʞʝʩʪʢʦʛʦ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʥʦʛʦ ʘʥʠʦʥʘ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʝʚʨʘʱʝʥʠʷ ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ). 

ʇʦʭʦʞʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 30-ʪʠ ʢʨʘʪ-

ʥʳʡ ʠʟʙʳʪʦʢ ʄɸʆ ʜʦʙʘʚʣʷʪʴ ʚ ʘʨʛʦʥʝ ʢ ʨʘʩʪʚʦʨʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ ʜʠʠʤʠ-

ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ Ni(COD)(DPP-DAB). ʇʨʠ ʧʦʜʘʯʝ ʵʪʠʣʝʥʘ ʚ ʩʠʩʪʝʤʫ Ni(COD)(DPP-

DAB)/30ʄɸʆ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʟʘʤʝʱʝʥʠʝ ʩʠʛʥʘʣʘ 1ʘ ʥʘ 2ʘ (ʨʠʩ. 68), ʯʪʦ ʫʢʘ-

ʟʳʚʘʝʪ ʥʘ ʧʨʝʚʨʘʱʝʥʠʝ COD ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ. ʆʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʦʚ ʦʪ ʜʠʠʤʠʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Ni(I) ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʜʘʞʝ ʧʨʠ ʠʟʙʳʪʢʝ DPP-DAB ʚ ʩʠʩʪʝʤʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʪʦʤ, ʯʪʦ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴ ʜʠʠ-

ʤʠʥʦʚʳʡ ʣʠʛʘʥʜ.  
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ʈʠʩ. 68. ʉʧʝʢʪʨʳ ʕʇʈ ʩʠʩʪʝʤʳ Ni(COD)(DPP-DAB)/30ʄɸʆ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʠ ʵʪʠʣʝʥʘ: a ï ʚ ʘʪʤʦ-

ʩʬʝʨʝ ʘʨʛʦʥʘ (ʯʝʨʝʟ 5 ʤʠʥʫʪ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʄɸʆ); b ï ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ (ʯʝʨʝʟ 30 ʤʠʥʫʪ ʧʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ ʄɸʆ); c ï ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ (ʯʝʨʝʟ 5 ʤʠʥʫʪ); d ï ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ (ʯʝʨʝʟ 15 ʤʠʥʫʪ); 

e ï ʚ ʘʪʤʦʩʬʝʨʝ ʵʪʠʣʝʥʘ (ʯʝʨʝʟ 60 ʤʠʥʫʪ). 

ʀʟʫʯʝʥʠʝ ʪʦʡ ʞʝ ʩʠʩʪʝʤʳ, ʥʦ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʄɸʆ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʰʝʥʠʷ Al:Ni ʧʨʠʚʦʜʠʪ ʢ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʘʨ-

ʪʠʥʳ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 10 ʵʢʚʠʚʘʣʝʥʪʦʚ ʄɸʆ ʢ ʨʘʩʪʚʦʨʫ, ʩʦʜʝʨʞʘʱʝʤʫ ʧʨʠ-

ʛʦʪʦʚʣʝʥʥʳʡ in situ ʢʦʤʧʣʝʢʩ Ni(COD)(DPP-DAB), ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʥʘʨʷʜʫ ʩ ʩʠʛʥʘʣʦʤ 6 

ʦʪ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ DPP-DAB, ʩʚʷʟʘʥʥʦʛʦ ʩ ʘʣʶʤʠʥʠʝʤ, ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʕʇʈ 7 

(gx = 2.040, gy = 2.065, gz = 2.280) (ʨʠʩ. 69) [224], ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ 

ʩʠʛʥʘʣʫ 5 ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ [Ni(COD)(DPP-DAB)]
+
, ʠʜʝʥʪʠʬʠ-

ʮʠʨʫʝʤʦʛʦ ʚ ʩʠʩʪʝʤʝ Ni(COD)2/BF3ĿOEt/DPP-DAB. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʝʥʴʰʝʤ ʢʦʣʠ-

ʯʝʩʪʚʝ ʄɸʆ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ ʥʝ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʩʪʠʪʴ ʜʠʠʤʠʥʦʚʳʡ ʣʠʛʘʥʜ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʥʠʢʝʣʷ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ ʢʦʤ-

ʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʩ ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 


























































































