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SUMMARY 

Bibik Y.S. Multifunctional materials based on spin transition iron-pyrazine 

complexes. 3 Qualifying scientific work on the rights of the manuscript. 

Thesis for scientific degree of Doctor of Philosophy in Chemistry (specialty 102 3 

Chemistry, 10 3 Natural Sciences). 3 Taras Shevchenko National University of Kyiv, 

Ministry of Education and Science of Ukraine, Taras Shevchenko National University of 

Kyiv, Ministry of Education and Science of Ukraine, Kyiv, 2024.  

The thesis is devoted to the synthesis and study of the physical (electrical, 

mechanical, and thermodynamic) properties of functional nano- and composite materials 

based on Fe(II) spin-crossover (SCO) complexes containing pyrazine. 

In the first chapter, a literature review is provided, which briefly describes the 

phenomenon of spin crossover and its characteristics in a specific class of complexes ‒

the Hofmann-type clathrate analogues. It also outlines the types of functional nano- and 

composite materials with SCO, methods of their synthesis and characterization of 

properties. The main application areas of functional materials with SCO and the key 

scientific achievements in these areas are discussed. 

The second chapter describes the experimental techniques for synthesizing SCO 

coordination compounds, obtaining nanoparticles, and polymer composites based on 

polyvinylidene fluoride (PVDF) and polymethyl methacrylate (PMMA). The equipment 

used for instrumental research is described. 

In the third chapter, the synthesis of nanoparticles of the SCO coordination 

polymer [Fe(pz){Au(CN)2}2] (where pz is pyrazine) in an organic medium using Triton 

X-100 as surfactant and C5/C6 alcohols as cosurfactants is described. It was found that 

particle size can be controlled by altering the polarity of the reaction medium, which 

depends on the choice of alcohol (co-surfactant). X-ray powder diffraction analysis 

revealed that the particles consist of nanoscale crystallites, and the observed changes in 

the diffractograms suggest a change in symmetry as a size effect. It was demonstrated 

that the obtained nanoparticles retain the cooperative spin-crossover same as the bulk 
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powder, but size reduction leads to a slight decrease in the transition temperature 

maintaining the completeness of the transition. IR spectra showed that Triton X-100 is 

incorporated into the nanoparticles, likely acting as a stabilizing agent and reducing 

nanoparticle aggregation. 

The fourth chapter describes the external pressure effect on the electrical 

conductivity of [Fe(pz){Au(CN)2}2]. It was shown that the application of external 

pressure allows to tune the electrical conductivity of the complex. It was found that the 

direction of conductivity change (decrease or increase) during the transition depends on 

the thermal activation energy and the shift in spin crossover temperature upon pressure. 

Additionally, it was shown that the method of synthesis can significantly influence the 

electrical properties of the obtained materials. 

The fifth chapter describes the synthesis and investigation of the mechanical 

properties of polymer composites based on polyvinylidene fluoride (PVDF) and 

[Fe(pz){Au(CN)2}2] with a complex content of up to 35% by mass. Changes in optical 

properties indicate that the spin crossover in the obtained composites is preserved. It was 

found that increasing the complex concentration to 20% by mass strengthens the films, 

but further load increase leads to a decrease of the Young's modulus due to particle 

aggregation. Thermomechanical analysis revealed complex behavior of the composites 

under different loads, and a mathematical model was developed to explain this behavior. 

The model considers the elastic properties of the complex, which change due to the spin 

crossover, and the thermal expansion of the composite components. 

The sixth chapter describes the synthesis and investigation of a new spin crossover 

complex [Fe(pz)2(BH3CN)2]. It was found that the complex has a 2D layered structure, 

where Fe(II) ion networks and bridging pyrazines are connected together by dihydrogen 

bonds between cyanoborohydride anions and pyrazine molecules from adjacent layers. It 

was shown that the obtained complex exhibits a cooperative spin crossover with 

hysteresis at temperatures above room temperature, accompanied by significant changes 

in color and volume. Moreover, a polymer composite with polymethyl methacrylate 

(PMMA) and this complex was synthesized, and it was shown that the spin crossover 
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properties are preserved in the obtained composite. The simplicity of synthesis, the 

availability of starting ligands, and the stability of the complex within the working 

temperature range make it a promising switchable material for various applications, such 

as thermochromic sensors or markers. 

The seventh chapter describes the investigation of the barocaloric effect in the 

complex [Fe(pz)2(BH3CN)2]. It was found that due to its small molar mass per Fe(II) 

center, its specific entropy change during spin transition is one of the highest known for 

solid-state barocaloric refrigerants, while its molar entropy change is comparable to other 

SCO complexes. It is suggested that the reorientation of disordered pyrazine during the 

spin crossover makes an additional contribution to the entropy change. Furthermore, the 

complex demonstrates high sensitivity of the SCO parameters to pressure, making it a 

highly potential solid-state refrigerant with a barocaloric effect. 

Keywords: spin crossover, spin transition, Fe(II) complexes, coordination 

polymers, Hofmann clathrate analogues, functional materials, nanoparticles, polymer 

composites, composite films, magnetic properties, optical properties, mechanical 

properties, electrical properties, barocaloric effect, X-ray spectroscopy, crystal structure, 

powder diffractometry, FT-IR spectroscopy, Raman spectroscopy, Mössbauer 

spectroscopy. 
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�:BC0;ь=VABь 4>A;V465==O. %?V=>289 ?5@5EV4 (%#), O: DV78G=5 O28I5, 
?>2'O70=5 7V 7<V=>N A?V=>2>3> AB0=C V>=V2 <5B0;V2 ?V4 2?;82>< B5<?5@0BC@8, є 

FV:028< O: 7 =0C:>2>W, B0: V 7 ?@8:;04=>W B>G:8 7>@C. '=V:0;ь=VABь <0B5@V0;V2 7V %# 

?>;O30є 2 B><C, I> 2>=8 45<>=AB@CNBь @V7:V 7<V=8 A2>WE DV78G=8E 2;0AB82>AB59 4 

B0:8E O: :>;V@, 5;5:B@>?@>2V4=VABь, <03=VB=V 2;0AB82>ABV, >19є<. *5 @>18Bь WE 

=04728G09=> ?5@A?5:B82=8<8 4;O 28:>@8AB0==O C @V7=><0=VB=8E <5E0=VG=8E, 

5;5:B@8G=8E, 5;5:B@><5E0=VG=8E, >?B8G=8E DC=:FV>=0;ь=8E ?@8AB@>OE.  

�>A;V465==O =0=>- B0 :><?>78B=8E <0B5@V0;V2 7 28A>:>B5<?5@0BC@=8< %# 

0:BC0;ь=V 7024O:8 ?>B5=FV9=V9 <>6;82>ABV AB2>@5==O =>28E A5=A>@V2 =0 WE >A=>2V. 

�>=8 <>6CBь @503C20B8 =0 7<V=C B5<?5@0BC@8, B8A:C B0 V=H8E G8==8:V2, I> @>18Bь 

WE ?5@A?5:B82=8<8 4;O <>=VB>@8=3C @V7=8E ?@>F5AV2 C @50;ь=><C G0AV. �>:@5<0, B0:V 

<0B5@V0;8 <>6CBь 28:>@8AB>2C20B8AO O: >?B8G=V A5=A>@8, A5=A>@8 B8A:C 01> EV<VG=V 

A5=A>@8. 

�@V< B>3>, <0B5@V0;8 7V %# є ?5@A?5:B82=8<8 4;O AB2>@5==O A8AB5< 

>E>;>465==O =0 >A=>2V 10@>:0;>@8G=>3> 5D5:BC, 45 7<V=0 A?V=>2>3> AB0=C 4>72>;Oє 

5D5:B82=> ?>3;8=0B8 01> 284V;OB8 B5?;>. *5 AB2>@Nє <>6;82>ABV 4;O @>7@>1:8 

=>28E >E>;>46CNG8E A8AB5<, I> <>6CBь 70<V=8B8 B@048FV9=V <5B>48 >E>;>465==O. 

"AB0==V 4>A;V465==O B0:>6 2:07CNBь =0 ?5@A?5:B828 28:>@8AB0==O 

<0B5@V0;V2 7V %# C 3=CG:V9 5;5:B@>=VFV. �E V=B53@0FVO C ?>;V<5@=V <0B@8FV 4>72>;Oє 

AB2>@N20B8 :><?>78B=V <0B5@V0;8 7 @53C;ь>20=8<8 2;0AB82>ABO<8, I> є :@8B8G=> 

206;828< 4;O @>728B:C ACG0A=8E 5;5:B@>==8E ?@8AB@>W2. !0?@8:;04, 740B=VABь 4> 

7<V=8 <5E0=VG=8E 01> 5;5:B@8G=8E 2;0AB82>AB59 ?V4 2?;82>< B5<?5@0BC@8 4>72>;Oє 

@>7@>1;OB8 <0B5@V0;8 4;O =>28E B8?V2 5;5<5=BV2 ?0<'OBV, O:V <>6CBь ?@0FN20B8 2 

H8@>:><C 4V0?07>=V B5<?5@0BC@. 

!0=><0B5@V0;8 7V %# 4>72>;ONBь AB2>@N20B8 =>2V DC=:FV>=0;ь=V A8AB5<8, I> 

?>є4=CNBь <0;V @>7<V@8 G0AB8=>: 7 C=V:0;ь=8<8 2;0AB82>ABO<8, I> 28=8:0NBь 

2=0A;V4>: @>7<V@=>3> 5D5:BC. *5 206;82> 4;O @>728B:C B5E=>;>3V9, B0:8E O: 

@>7@>1:0 =0=>- B0 <V:@>5;5:B@><5E0=VG=8E A8AB5< (!� % B0  � %), 45 
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=0=><0B5@V0;8 <>6CBь 28:>@8AB>2C20B8AO 2 ?5@5<8:0G0E, 5;5<5=B0E ?0<'OBV, 

A5=A>@0E B0 V=H8E :><?>=5=B0E. 

&0:8< G8=><, 4>A;V465==O =0=>- B0 :><?>78B=8E <0B5@V0;V2 7 

28A>:>B5<?5@0BC@=8< %# є =04728G09=> 0:BC0;ь=8< =0?@O<:>< C 

<0B5@V0;>7=02AB2V. �E=V 2;0AB82>ABV 2V4:@820NBь H8@>:V <>6;82>ABV 4;O AB2>@5==O 

=>28E ?@8AB@>W2 2 =0=>-, <V:@>- B0 <0:@>5;5:B@>=VFV, A5=A>@8FV B0 2 30;C7V 

B25@4>BV;ь=>3> >E>;>465==O, I> <>65 ACBBє2> 2?;8=CB8 =0 @>728B>: B5E=>;>3V9 B0 

?>:@0I8B8 O:VABь 68BBO. 

�2’O7>: @>1>B8 7 =0C:>28<8 ?@>3@0<0<8, ?;0=0<8, B5<0<8. �8A5@B0FV9=0 

@>1>B0 28:>=0=0 2 @0<:0E B5< =0C:>28E 4>A;V465=ь EV<VG=>3> D0:C;ьB5BC 

�8W2Aь:>3> =0FV>=0;ь=>3> C=V25@A8B5BC V<5=V &0@0A0 ,52G5=:0: 19�(037-04 (7 

45@6@5єAB@0FVW: 0119U100167), 19�(037-01M (7 45@6@5єAB@0FVW: 0119U100342), 

22�(037-03 (7 45@6@5єAB@0FVW: 0122U001961). 

 5B0 B0 70240==O 4>A;V465==O.  5B>N 40=>W @>1>B8 є >B@8<0==O =>28E 

DC=:FV>=0;ь=8E =0=>- B0 :><?>78B=8E <0B5@V0;V2 7 28A>:>B5<?5@0BC@=8< %# =0 

>A=>2V :><?;5:A=8E A?>;C: Fe(II) 7 ?V@078=><, 0 B0:>6 4>A;V465==O  70;56=>ABV WE 

5;5:B@8G=8E, <5E0=VG=8E B0 B5@<>48=0<VG=8E 2;0AB82>AB59 2V4 A?V=>2>3> AB0=C. 

�;O 4>AO3=5==O FVєW <5B8 =5>1EV4=> 28:>=0B8 =0ABC?=V 70240==O: 

3 >B@8<0B8 =0=>G0AB8=:8 7 28A>:>B5<?5@0BC@=8< %# B0 4>A;V48B8 2?;82 

@>7<V@=>3> 5D5:BC =0 WE 1C4>2C B0 E0@0:B5@8AB8:8 %#; 

3 >B@8<0B8 ?>;V<5@=V :><?>78B8 7 28A>:>B5<?5@0BC@=8< %# B0 4>A;V48B8 

7<V=C WE <5E0=VG=8E 2;0AB82>AB59 ?@8 %#; 

3 4>A;V48B8 2?;82 7>2=VH=ь>3> B8A:C =0 7<V=C 5;5:B@>?@>2V4=>ABV :><?;5:AV2 

?@8 %#; 

3 >B@8<0B8 =>2V :><?;5:A8 7 28A>:>B5<?5@0BC@=8< %# 7 ;53:>4>ABC?=8E 

@5035=BV2 B0 ?5@52V@8B8 <>6;82VABь WE V=B53@0FVW 2 ?>;V<5@=C <0B@8FN B0 

715@565==O %# ?@8 Fь><C; 

3 4>A;V48B8 10@>:0;>@8G=89 5D5:B :><?;5:AV2 7 28A>:>B5<?5@0B=8< %#. 
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"1’є:B 4>A;V465==O. �><?;5:A8 Fe(II), I> <VABOBь ?V@078=, 0 B0:>6 

=0=>G0AB8=:8 B0 ?>;V<5@=V :><?>78B8 =0 WE >A=>2V, I> E0@0:B5@87CNBьAO @V7:8< 

7025@H5=8< %# 70 B5<?5@0BC@ 28I5 :V<=0B=>W, I> =5 ?V440єBьAO 2?;82C 3>ABь>28E 

<>;5:C;. 

#@54<5B 4>A;V465==O. %?V=>289 ?5@5EV4 C <0B5@V0;0E =0 >A=>2V :><?;5:AV2 
Fe(II) 7 ?V@078=><; WE A8=B57 B0 DV78:>-EV<VG=V 2;0AB82>ABV.  

 5B>48 4>A;V465==O.  >=>:@8AB0;ь=0 B0 ?>@>H:>20 @5=B35=V2Aь:0 
48D@0:FVO, 28<V@N20==O <03=VB=>W A?@89=OB;82>ABV, >?B8G=0 <V:@>A:>?VO, 

<5A10C5@V2Aь:0 A?5:B@>A:>?VO =0 O4@0E 57Fe, $0<0=V2Aь:0 A?5:B@>A:>?VO, 

V=D@0G5@2>=0 A?5:B@>A:>?VO, '(-2848<0 A?5:B@>A:>?VO, 48D5@5=FV0;ь=0 A:0=CNG0 

:0;>@8<5B@VO, V<?540=A=0 A?5:B@>A:>?VO, A:0=CNG0 B0 B@0=A<VAV9=0 5;5:B@>==0 

<V:@>A:>?VO, 48=0<VG=5 @>7AVN20==O A2VB;0, B5@<><5E0=VG=89 0=0;V7, 

B5@<>3@02V<5B@8G=89 0=0;V7, 5;5<5=B=89 0=0;V7. 

!0C:>20 =>287=0 >B@8<0=8E @57C;ьB0BV2. �?5@H5 >B@8<0=> =0=>G0AB8=:8 
B0 ?>;V<5@=V :><?>78B8 =0 >A=>2V FV0=>0C@0B=>3> :><?;5:AC Fe(II) 7 ?V@078=><. 

�>A;V465=> 2?;82 @>7<V@=>3> 5D5:BC =0 :@8AB0;VG=C AB@C:BC@C :><?;5:AC B0 

E0@0:B5@8AB8:8 %# 2 =0=>G0AB8=:0E. �>A;V465=> 2?;82 2<VABC 0:B82=>3> 

:><?;5:AC =0 ?@C6=V 2;0AB82>ABV :><?>78BV2. &0:>6, 4>A;V465=> B5@<><5E0=VG=C 

?>254V=:C :><?>78BV2 7 @V7=8< 2<VAB>< 0:B82=>3> :><?;5:AC B0 70?@>?>=>20=> 

<0B5<0B8G=C <>45;ь, O:0 740B=0 ?>OA=8B8 <5E0=VG=V 2;0AB82>ABV :><?>78BV2 7 

C@0EC20==O< ?@C6=8E 2;0AB82>AB59 :><?>=5=BV2, A?V=>2>3> AB0=C :><?;5:AC B0 

B5@<VG=>3> @>7H8@5==O >1>E A:;04>28E :><?>78BC.  

�@V< B>3>, >?8A0=> B0 ?>OA=5=> 2?;82 7>2=VH=ь>3> B8A:C =0 =5B8?>2C 7<V=C 

5;5:B@>?@>2V4=>ABV C FV0=>0C@0B=><C :><?;5:AV Fe(II) 7 ?V@078=>< ?@8 %#.  

�?5@H5 A8=B57>20=> B0 4>A;V465=> FV0=>1>@3V4@84=89 :><?;5:A Fe(II) 7 

?V@078=><. �0 @57C;ьB0B0<8 <03=VB=8E B0 >?B8G=8E 28<V@N20=ь 1C;> ?>:070=>, I> 

:><?;5:A E0@0:B5@87CєBьAO 7025@H5=8< %# 70 B5<?5@0BC@ 28I5 :V<=0B=>W 7 

H8@>:8< B5@<VG=8< 3VAB5@578A><. &0:>6 <5B>4>< <>=>:@8AB0;ь=>W @5=B35=V2Aь:>W 
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48D@0:FVW 4>A;V465=> :@8AB0;VG=C 1C4>2C >B@8<0=>3> :><?;5:AC. �?5@H5 

>B@8<0=> ?>;V<5@=89 :><?>78B =0 9>3> >A=>2V, O:><C B56 ?@8B0<0==89 %#.  

#@0:B8G=5 7=0G5==O >B@8<0=8E @57C;ьB0BV2. $>7@>1:0 =>28E <0B5@V0;V2 є 
@CHV9=>N A8;>N C AB2>@5==V V==>20FV9=8E ?@>4C:BV2, 740B=8E 2V4?>2V40B8 =0 

28:;8:8 ACG0A=>3> =0C:>2>-B5E=VG=>3> ?@>3@5AC. "B@8<0=V <0B5@V0;8 <0NBь @V7:89 

7025@H5=89 2V4B2>@N20=89 %# 70 B5E=>;>3VG=> ?@8201;828E B5<?5@0BC@ 7 B>G:8 

7>@C 70AB>AC20==O, I> @>18Bь WE ?5@A?5:B82=8<8 C 28:>@8AB0==V 2 O:>ABV 70E8A=8E 

<0B5@V0;V2, B5@<>E@><=8E ?V3<5=BV2, A:;04>28E 4;O =0=>- B0 

<V:@>5;5:B@><5E0=VG=8E A8AB5<. �0 @0EC=>: =525;8:>W <>;O@=>W <0A8 =0 >48= F5=B@ 

Fe(II) B0 >A>1;82>AB59 1C4>28, FV0=>1>@3V4@84=89 :><?;5:A Fe(II) 7 ?V@078=>< 

28O282AO >4=8< 7 @5:>@4A<5=V2 70 ?8B><>N 7<V=>N 5=B@>?VW ?@8 %# B0 GCB;82VABN 

?0@0<5B@V2 %# 4> ?@8:;045=>3> B8A:C A5@54 4>A;V46C20=8E @0=VH5 A?>;C: 7V %#. 

&0:8< G8=><, 2V= є =04728G09=> ?5@A?5:B82=8< 4;O 70AB>AC20==O 2 O:>ABV 

B25@4>BV;ь=>3> >E>;>46C20G0 7 ���. �>A;V465==O 7<V=8 5;5:B@>?@>2V4=>ABV ?@8 

%# 4>72>;Oє :@0I5 @>7C<VB8 ?@>F5A8 0:B820FVW 5;5:B@>?@>2V4=>ABV B0 ?5@5=>AC 

70@O4C, I> 206;82> ?@8 AB2>@5==V 5D5:B82=8E 5;5:B@8G=8E :>=AB@C:FV9 7V %#. 

%B2>@5=0 <0B5<0B8G=0 <>45;ь 7<V=8 B5@<><5E0=VG=8E 2;0AB82>AB59 ?@8 %# <>65 

1CB8 :>@8A=>N ?@8 48709=V =>28E <5E0=VG=8E :>=AB@C:FV9 7 B5@<>V=4C:>20=8< 

<5E0=V7<>< 4VW.  

"A>18AB89 2=5A>: 74>1C20G0. "A=>2=89 >1AO3 5:A?5@8<5=B0;ь=8E 
4>A;V465=ь, 0=0;V7 B0 V=B5@?@5B0FVO >45@60=8E @57C;ьB0BV2 28:>=0=V 74>1C20G5< 

>A>18AB>. #>AB0=>2:0 7040G B0 >13>2>@5==O @57C;ьB0BV2 ?@>2545=V A?V;ь=> 7 

=0C:>28< :5@V2=8:>< 4.E.=., ?@>D. �0<?5:>N $.�. (�8W2Aь:89 =0FV>=0;ь=89 

C=V25@A8B5B V<5=V &0@0A0 ,52G5=:0) B0 G;.-:>@. !�! ':@0W=8, 4.E.=., ?@>D. 

(@8Fь:8< �.". V 4.E.=., AB. 4>A;. �C@0;ьAь:8< �.". (�8W2Aь:89 =0FV>=0;ь=89 

C=V25@A8B5B V<5=V &0@0A0 ,52G5=:0). $5=B35=>AB@C:BC@=V 4>A;V465==O 

<>=>:@8AB0;V2 B0 0=0;V7 ?>@>H:>28E 48D@0:B>3@0< ?@>2>48;8Aь A?V;ь=> 7 �@. 

,>2>N %. (�=AB8BCB <0:@><>;5:C;O@=>W EV<VW V<5=V #5B@C #>=V, <. /A8, $C<C=VO) B0 

4.E.=., AB. 4>A;. �C@0;ьAь:8< �.". (�8W2Aь:89 =0FV>=0;ь=89 C=V25@A8B5B V<5=V &0@0A0 
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,52G5=:0). �8<V@N20==O 7 28:>@8AB0==O< <5B>4V2 V<?540=A=>W A?5:B@>A:>?VW B0 

SQUID <03=5B><5B@VW 28:>=0=V A?V;ь=> 7 �.-�. �5>@35,  .-�. �>9:C, �. $CAC, �. 

�ьO:>=C B0 �. $>B0@C (%CG02Aь:89 C=V25@A8B5B V<5=V ,B5D0=0 G5;  0@5, <. %CG020, 

$C<C=VO). 57Fe  5AA10C5@V2Aь:V 5:A?5@8<5=B8 ?@>2545=> A?V;ь=> 7 :.E.=. ,8;V=8< 

%.�. ('??A0;ьAь:89 C=V25@A8B5B, <. '??A0;0, ,25FVO). �>;>W4=89 A8=B57 ?@>2545=> 

A?V;ь=> 7 :.E.=. �CG5@V2 ".�. B0 4.E.=., AB. 4>A;. �C@0;ьAь:8< �.". (�8W2Aь:89 

=0FV>=0;ь=89 C=V25@A8B5B V<5=V &0@0A0 ,52G5=:0). �>A;V465==O :>;>W4=8E 

@>7G8=V2 <5B>4>< 28<V@N20==O 48=0<VG=>3> @>7AVN20==O A2VB;0 ?@>2545=> A?V;ь=> 

7 :.E.=.  0@8=V=8< �.�. (!0FV>=0;ь=89 C=V25@A8B5B E0@G>28E B5E=>;>3V9, <. �8W2). 

%?5:B@>A:>?VG=V B0 &�  4>A;V465==O =0=>G0AB>: B0 B5@<><5E0=VG=V 4>A;V465==O 

?>;V<5@=8E :><?>78BV2 ?@>2>48;8Aь A?V;ь=> 7 ).�. �=3C;>-%5@25@>N, �. 

 >;ь=0@><, �. %0;ь<>=><, �. �CAA5:AC (�01>@0B>@VO :>>@48=0FV9=>W EV<VW, <. 

&C;C70, (@0=FVO). $>1>B0 7 282G5==O 10@>:0;>@8G=>3> 5D5:BC ?@>2545=0 C 

A?V2@>1VB=8FB2V 7 $. �V, �. �VC, �. �V, �. �52G5=:>< B0 �. �VC (*7V;V=Aь:89 

C=V25@A8B5B, <. +0=GC=ь), �. �0=3><, �. �V (�=AB8BCB 4>A;V465==O <5B0;V2, <. 

,5=ьO=, �8B09) B0 4.E.=. �0B>2Aь:8< �.�. (�=AB8BCB 1V>:>;>W4=>W EV<VW V<5=V 

(.�."2G0@5=:0, <. �8W2). 

�?@>10FVO @57C;ьB0BV2 48A5@B0FVW. $57C;ьB0B8 @>1>B8 1C;8 ?@54AB02;5=V =0 
=0ABC?=8E =0C:>28E :>=D5@5=FVOE: X)I�  V6=0@>4=0 :>=D5@5=FVO ABC45=BV2, 

0A?V@0=BV2 B0 <>;>48E 2G5=8E «%CG0A=V ?@>1;5<8 EV<VW» (�8W2, 2021), X)I 

 V6=0@>4=0 :>=D5@5=FVO ABC45=BV2, 0A?V@0=BV2 B0 <>;>48E 2G5=8E «%CG0A=V 

?@>1;5<8 EV<VW» (�8W2, 2020), 10th International Chemistry Conference Toulouse-Kiev 

(&C;C70, 2019), XX  V6=0@>4=0 :>=D5@5=FVO ABC45=BV2 B0 0A?V@0=BV2 «%CG0A=V 

?@>1;5<8 EV<VW» (�8W2, 2019), XX ':@0W=Aь:0 :>=D5@5=FVO 7 =5>@30=VG=>W EV<VW 70 

CG0ABN 70:>@4>==8E CG5=8E 4> 100-@VGGO 70A=C20==O !0FV>=0;ь=>W 0:045<VW =0C: 

':@0W=8 (�=V?@>, 2018). 

#C1;V:0FVW. �0 B5<>N 48A5@B0FVW >?C1;V:>20=> 5 AB0B59, I> 2E>4OBь 4> 

=0C:><5B@8G=8E 107 40=8E Scopus B0 Web of Science (Q1-Q2), 5 B57 4>?>2V459 =0 

:>=D5@5=FVOE V 1 ?0B5=B ':@0W=8.  
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%B@C:BC@0 B0 >1AO3 48A5@B0FVW. �8A5@B0FVO A:;040єBьAO 7 0=>B0FVW, ?5@5;V:C 

C<>2=8E ?>7=0G5=ь, 2ABC?C, >3;O4C ;VB5@0BC@8 (@>74V; 1), 5:A?5@8<5=B0;ь=>W 

G0AB8=8 (@>74V; 2), >13>2>@5==O >B@8<0=8E @57C;ьB0BV2 (@>74V;8 3-7), 28A=>2:V2, 

A?8A:C 28:>@8AB0=8E 465@5; (237 ?>A8;0=ь) B0 42>E 4>40B:V2. �8A5@B0FVO 

28:;045=0 =0 129 AB>@V=:0E V <VAB8Bь 69 @8AC=:V2 B0 8 B01;8Fь. 
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$"��І� 1. "��/� �І&�$�&'$� 

!0 Aь>3>4=V C <0B5@V0;>7=02AB2V VA=Cє 28A>:89 V=B5@5A 4> «@>7C<=8E» 

<0B5@V0;V2-?5@5<8:0GV2.1 �> =8E <>6=0 2V4=5AB8 A?>;C:8 B0 <0B5@V0;8 =0 WE >A=>2V, 

O:V 740B=V 72>@>B=> 7<V=N20B8 A2>W DV78:>-EV<VG=V 2;0AB82>ABV ?V4 4VєN 7>2=VH=VE 

D0:B>@V2. %B2>@5==O A?5FV0;ь=8E ?@8AB@>W2 7 28:>@8AB0==O< B0:8E <0B5@V0;V2 є 

3>;>2=>N B0 =091V;ьH >G5284=>N :V=F52>N <5B>N @>7@>1:8 <0B5@V0;V2-

?5@5<8:0GV2. 

 0B5@V0;8 7V A?V=>28< ?5@5E>4>< (%#) ?@54AB02;ONBь >A>1;8289 V=B5@5A C 

FV9 >1;0ABV 4>A;V465=ь G5@57 WE 740B=VABь 72>@>B=> 7<V=N20B8 A2>W 2;0AB82>ABV.2 &0:V 

<0B5@V0;8 740B=V ?5@5E>48B8 7 =87ь:>A?V=>2>3> AB0=C (!%) C 28A>:>A?V=>289 (�%) V 

=02?0:8, V F59 ?5@5EV4 <>65 2V41C20B8AO ?V4 4VєN =0ABC?=8E 7>2=VH=VE G8==8:V2: 

B5<?5@0BC@8, B8A:C, A2VB;0, 7<V=8 <03=VB=>3> ?>;O 01> A>@1FVW/45A>@1FVW EV<VG=8E 

A?>;C:. �0=5 >1>@>B=5 ?5@5<8:0==O <V6 42><0 DV78:>-EV<VG=8<8 AB0=0<8, O:5 

<>65 :>=B@>;N20B8Aь 7<V=>N B5<?5@0BC@8, 28:;8:0є 7<V=C <03=VB=8E, >?B8G=8E, 

4V5;5:B@8G=8E 2;0AB82>AB59 B>I>.3 �@V< B>3>, FV <0B5@V0;8 B0:>6 <>6CBь 72>@>B=> 

7<V=N20B8 >19є< A2>єW :@8AB0;VG=>W @5HVB:8 06 4> 22%,4 I> @>18Bь WE 

?5@A?5:B82=8<8 4;O AB2>@5==O @V7=><0=VB=8E <>;5:C;O@=8E <0H8= G5@57 2V4=>A=> 

28A>:C 6>@AB:VABь A0<8E <0B5@V0;V2.  

%B2>@5==O :><?>78BV2 є >4=8< V7 7030;ь=8E ?V4E>4V2 4> 5D5:B82=>W V=B53@0FVW 

A?>;C: 7V %# C @>7@>1:C 1030B>DC=:FV>=0;ь=8E <0B5@V0;V2. %CBь ?V4E>4C ?>;O30є C 

22545==V :><?;5:AC 7V %# 2 <0B@8FN (=5>@30=VG=C, >@30=VG=C, ?>;V<5@=C), I> =040є 

:V=F52><C <0B5@V0;C O: 2;0AB82>ABV ?5@5<8:0G0, B0: V 2;0AB82>ABV <0B@8FV. !0 

Aь>3>4=V 0:B82=> 4>A;V46CNBьAO ?>;V<5@=V :><?>78B8 7V %#, B0 VA=Cє 1030B> 

?@8:;04V2 AB2>@5==O ?@8AB@>W2 =0 WE >A=>2V 4;O @V7=><0=VB=8E 70AB>AC20=ь.5 

�=H8< ?V4E>4>< 4> AB2>@5==O <0B5@V0;V2-?5@5<8:0GV2 =0 >A=>2V A?>;C: 7V %# 

є AB2>@5==O =0=>@>7<V@=8E >19є:BV2 7 ?>40;ьH>N WE V=B53@0FVєN C @V7=><0=VB=V 

=0=>- B0 <V:@>?@8AB@>W.6,7 
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1.1 /28I5 A?V=>2>3> ?5@5E>4C 

/28I5 A?V=>2>3> ?5@5E>4C ?>;O30є C 72>@>B=><C ?5@5<8:0==V :>>@48=0FV9=>W 

A?>;C:8 <V6 42><0 5;5:B@>==8<8 AB0=0<8: =87ь:>A?V=>28< AB0=>< B0 

28A>:>A?V=>28< AB0=><. &0:5 ?5@5<8:0==O, 70728G09, 2V41C20єBьAO ?V4 2?;82>< 

7>2=VH=VE D0:B>@V2 =0 A8AB5<C.8310 &0:8<8 D0:B>@0<8 <>6CBь 1CB8 B5<?5@0BC@0, 

B8A:,11 5;5:B@><03=VB=5 28?@><V=N20==O,12 04A>@1FVO/45A>@1FVO <>;5:C;8-3>ABO 13 

01> 4VO <03=VB=>3> ?>;O14 ($8A. 1.1). 

 

$8A. 1.1. �030;ь=0 AE5<0 O28I0 %# 4;O 9>=C Fe2+ 

*5 O28I5 A?>AB5@V30єBьAO B0 >E0@0:B5@87>20=> 4;O 25;8:>W :V;ь:>ABV 

:><?;5:AV2 ?5@5EV4=8E <5B0;V2 7 5;5:B@>==8<8 :>=DV3C@0FVO<8 2V4 3d⁴ 4> 3d⁷, B0:8E 

O: Fe3+, Co2+, Co3+, Cr2+, Mn2+, Mn3+, V, =0@5HBV, Fe2+, O:89 >B@8<02 =091V;ьH5 C2038 

=0C:>2FV2.15 ' 28?04:C >AB0==ь>3> 7<V=0 5;5:B@>==>W :>=DV3C@0FVW ?@872>48Bь 4> 

7<V=8 <03=VB=8E 2;0AB82>AB59, >A:V;ь:8 !% AB0= є 4V0<03=VB=8<, 0 AB0= �% ‒ 

?0@0<03=VB=8<. #@>B5, F5 72>@>B=5 ?5@5<8:0==O =5 BV;ь:8 7<V=Nє @>7?>4V; 

5;5:B@>=V2 ?> >@1VB0;OE, 2>=> B0:>6 28:;8:0є 7<V=C >?B8G=8E 2;0AB82>AB59 

:><?;5:AC V, I> =09FV:02VH5 4;O 40=>W @>1>B8, 9>3> <5E0=VG=8E, AB@C:BC@=8E B0 

5;5:B@8G=8E 2;0AB82>AB59. �>:@5<0, A?>AB5@V30єBьAO 7<V=0 <>4C;O .=30 

<0B5@V0;C16 B0 7<V=0 >1'є<C :@8AB0;VG=>W �@0B:88310. *O 7<V=0 AB@C:BC@=8E 

2;0AB82>AB59 =0BO:0є =0 <>6;82VABь 28:>@8AB0==O Fь>3> D5=><5=C B0 5:A?;C0B0FVW 

7<V=8 >1'є<C 4;O <5E0=VG=8E 70AB>AC20=ь.17 
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1.1.1 "5>@VO :@8AB0;VG=>3> ?>;O 

&5>@VO :@8AB0;VG=>3> ?>;O <>65 1CB8 28:>@8AB0=0 4;O @>7C<V==O ?>E>465==O 

O28I0 %#. �3V4=> 7 =5N, 270є<>4VO <V6 <5B0;VG=8< F5=B@>< V ;V30=40<8 2 

>A=>2=><C 22060єBьAO 5;5:B@>AB0B8G=>N. �>= <5B0;C <0є ?>78B82=89 70@O4, B>4V 

O: ;V30=48 28:>=CNBь @>;ь =530B82=8E 70@O4V2. �;5:B@>==89 @>7?>4V; ;V30=4V2 

287=0G0є 7>2=VH=є 5;5:B@>AB0B8G=5 ?>;5, O:5, C A2>N G5@3C, 2?;820є =0 <5B0;VG=89 

F5=B@.18 

�>= Fe2+ <0є ?9OBь 3d->@1VB0;59 =0 >4=><C 5=5@35B8G=><C @V2=V. ' E>4V 

:>>@48=0FVW 2V= @>7<VICєBьAO 2 ?>;V 7 V450;ь=>N >:B054@8G=>N 35><5B@VєN, 

CB2>@5=>N HVABь<0 =530B82=> 70@O465=8<8 ;V30=40<8. �3V4=> 7 B5>@VєN 

:@8AB0;VG=>3> ?>;O, @>7?>4V; d->@1VB0;59 287=0G0B8<5BьAO <V=V<V70FVєN 

5;5:B@>AB0B8G=8E 270є<>4V9. ' @57C;ьB0BV 28=8:0NBь 420 G0AB:>2> 28@>465=V 

5=5@35B8G=V @V2=V: =86G89 5=5@35B8G=89 @V25=ь t2g, O:89 <0є 28@>465=V >@1VB0;V dxy, 

dxz V dyz, V 28I89 5=5@35B8G=89 @V25=ь eg, O:89 <0є 28@>465=V >@1VB0;V dx2-y2 V dz2. 

�=5@35B8G=0 @V7=8FO <V6 F8<8 42><0 @V2=O<8 ?>7=0G0єBьAO O: Δ0 V 287=0G0єBьAO 

A8;>N ?>;O ;V30=4V2, I> <0є 7=0G5==O 10Dq. Dq 4 F5 =0?V25<?V@8G=89 ?0@0<5B@, 

?>2'O70=89 V7 A8;>N ?>;O ;V30=4V2, O:89 70;568Bь 2V4 2V4AB0=59 <V6 <5B0;>< V 

;V30=40<8 (r) B0 @>7?>4V;C 70@O4C =02:>;> V>=C <5B0;C.19 

� FVєW B5>@VW 28=8:0є ?@>AB0 <0B5<0B8G=0 <>45;ь 4;O ?>OA=5==O @>7I5?;5==O 

5=5@35B8G=8E @V2=V2. "4=0: FO <>45;ь =5 2@0E>2Cє =0;56=8< G8=>< =59B@0;ь=V 

;V30=48. &><C AB0є =5>1EV4=8< 70;CG5==O V=H>W B5>@VW: B5>@VW ?>;O ;V30=4V2, O:0 
28:>@8AB>2Cє B5>@VN <>;5:C;O@=8E >@1VB0;59, 70AB>A>20=C 4> A8AB5<8, I> 

A:;040єBьAO 7 <5B0;52>3> F5=B@C 2 >:B054@8G=><C :><?;5:AV. �@0E>2CNG8 

:>20;5=B=V <5B0;-;V30=4=V σ- 01> Ã-729O7:8, <>6=0 4V9B8 4> AE>6>3> @>7I5?;5==O 

5=5@3VW, O: C B5>@VW :@8AB0;VG=>3> ?>;O. 

�3V4=> 7 FVєN <>45;;N, 2 5;5:B@>==8E >@1VB0;OE 9>=C <5B0;C є 420 

:>=:C@CNG8E 5D5:B8. � >4=>3> 1>:C, 5;5:B@>=8 =0<030B8<CBьAO A?>G0B:C 70?>2=8B8 

=86G89 5=5@35B8G=89 @V25=ь t2g ?5@54 B8<, O: 70?>2=8B8 @V25=ь eg, I>1 <V=V<V7C20B8 

5=5@3VN. � V=H>3> 1>:C, 5;5:B@>=8 =0<030B8<CBьAO A;V4C20B8 ?@028;C �C=40 V 



24 
 

709<0B8 A?>G0B:C =570?>2=5=V >@1VB0;V, I>1 <V=V<V7C20B8 AC<0@=C 5=5@3VN 

A?0@N20==O 5;5:B@>=V2 Π. ' @57C;ьB0BV F8E 42>E 5D5:BV2 28=8:0NBь 42V <>6;82V 

:>=DV3C@0FVW ($8A. 1.1): 

• /:I> Π < 10Dq, B>1B> ?@8 A8;ь=><C ?>;V ;V30=4V2 (O: C :><?;5:AV [Fe(CN)6]4-

), =09=86G0 5=5@35B8G=0 :>=DV3C@0FVO 4 F5 B0, 45 >@1VB0;V t2g ?>2=VABN 

709=OBV V 5;5:B@>=8 =5 4>B@8<CNBьAO ?@028;0 �C=40. *5 =87ь:>A?V=>289 
AB0=, V C 28?04:C Fe(II) 2V= є 4V0<03=VB=8< 7V A?V=>< S = 0. 

• /:I> Π > 10Dq, B>1B> ?@8 A;01:><C ?>;V ;V30=4V2 (O: C AD5@V Fe(H2O)6]2+), 

=09=86G0 5=5@35B8G=0 :>=DV3C@0FVO 4 F5 B0, 45 5;5:B@>=8 4>B@8<CNBьAO 

?@028;0 �C=40 V @>7?>4V;5=V, 709<0NG8 O:><>30 1V;ьH5 >@1VB0;59. *5 

28A>:>A?V=>289 AB0=, V 2 28?04:C Fe(II) 2V= є ?0@0<03=VB=8< 7V A?V=>< S = 2. 

1.1.2 "5@<>48=0<V:0 A?V=>2>3> ?5@5E>4C  

' :><?;5:A0E 7V %# VA=Cє 7=0G=0 @V7=8FO <V6 42><0 5;5:B@>==8<8 

:>=DV3C@0FVO<8 7 B>G:8 7>@C 2V1@0FV9=8E :>;820=ь <>;5:C;8. *5 A?@8G8=5=> B8<, 

I> 4>268=0 72'O7:C 70;V7>-;V30=4 ACBBє2> 7<V=NєBьAO, :>;8 <>;5:C;0 ?5@5E>48Bь 7V 

AB0=C 7 =87ь:8< A?V=>< C AB0= 7 28A>:8< A?V=>< V =02?0:8. �>:@5<0, �% 

:>=DV3C@0FVO  ?@872>48Bь 4> 71V;ьH5==O 4>268=8 72'O7:C <V6 V>=>< Fe(II) B0 

;V30=40<8. *5 2V41C20єBьAO B><C, I> 2 Fь><C 28?04:C 709=OBV 0=B872'O7CNGV >@1VB0;V 

eg, I> ?>A;01;Nє 72'O7>: 70;V7>-;V30=4. �;O >B>G5==O FeN6, @V7=8FO A:;040є 

?@81;87=> 10%, >A:V;ь:8 r!% j 2.0 Å V r�% j 2.2 Å. 

!0 :>=DV3C@0FV9=V9 4V03@0<V ($8A. 1.2) 420 <>;5:C;O@=V AB0=8 ?@54AB02;5=V O: 

42V 04V010B8G=V ?>B5=FV9=V O<8, 45 <V=V<C<8 7<VI5=V O: 70 5=5@3VєN, B0: V 70 

2V4AB0==N <V6 <5B0;>< V ;V30=4><.  V=V<C< E0 287=0G0єBьAO 5=5@3VєN 2 >A=>2=><C 

AB0=V B0 є AC<>N 42>E @V7=8E 5=5@35B8G=8E 2=5A:V2: 5;5:B@>==>W 5=5@3VW E5; B0 

:>;820;ь=>W 5=5@3VW E:>;. &0:8< G8=><, E0 = E5; + E:>;. �;O B>3>, I>1 %# 1C2 

<>6;828<, =5>1EV4=>, I>1 5=5@35B8G=0 @V7=8FO <V6 42><0 >A=>2=8<8 AB0=0<8 1C;0 

B0:>3> 6 ?>@O4:C, O: V 5=5@3VO B5?;>2>3> 71C465==O: E0�% 2 E0!% j k�T. �0 28A>:>W 

B5<?5@0BC@8 28A>:>A?V=>289 AB0= є =091V;ьH AB01V;ь=8<, G5@57 B5, I> 5=B@>?V9=89 

2=5A>: C �% :>=DV3C@0FVN є 28I8< (>A>1;82> :>;820;ь=0 A:;04>20). *5 
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?>OA=NєBьAO 42><0 D0:B>@0<8: :>=DV3C@0FVO 5;5:B@>=V2 C �% AB0=V <0є 1V;ьHC 

28@>465=VABь, V 2=CB@VH=ь><>;5:C;O@=V :>;820;ь=V @V2=V <0NBь 1V;ьHC IV;ь=VABь. 

&0:8< G8=>< B5<?5@0BC@=> V=4C:>20=89 %# 287=0G0єBьAO 5=B@>?V9=8<8 5D5:B0<8 
19. 

 

$8A. 1.2. %E5<0B8G=5 7>1@065==O 04V010B8G=8E ?>B5=FV0;V2 =87ь:>A?V=>2>3> B0 

28A>:>A?V=>2>3> AB0=V2 O: DC=:FV9 4>268=8 729O7:C <5B0;-;V30=4. 

#@8 @>73;O4V B5@<VG=>3> %# 3@C?8 <>;5:C;, A8AB5<0 <>65 1CB8 =01;865=0 4> 

A8AB5<8, I> 707=0є D07>2>3> ?5@5E>4C. �0 =>@<0;ь=8E C<>2 !%²�% ?5@5EV4 

2V4?>2V40є D07>2V9 @V2=>207V, 4;O O:>W @5;520=B=>N B5@<>48=0<VG=>N DC=:FVєN 

A;C3Cє 2V;ь=0 5=5@3VO �V11A0 G. �0 AB0;>3> B8A:C @V7=8FO <V6 2V;ь=>N 5=5@3VєN 

�V11A0 >1>E A?V=>28E AB0=V2 287=0G0єBьAO 70 D>@<C;>N:  

ΔG  =ΔH 2 TΔS = (G�% 3 G!%),     (1.1) 

45 ΔH 4 @V7=8FO 2 5=B0;ь?VW <V6 42><0 A?V=>28<8 AB0=0<8 (H�% 2 H!%), 0 ΔS 

4 @V7=8FO 2 5=B@>?VW <V6 42><0 A?V=>28<8 AB0=0<8 (S�% 2 S!%). $V2=>206=0 

B5<?5@0BC@0 4;O 42>E A?V=>28E AB0=V2 =0AB0є B>4V, :>;8 ΔG = 0. &0:8< G8=><: 

T1/2=ΔH/ΔS    (1.2) 

�8E>4OG8 7 42>E @V2=O=ь  28I5 AB0є 7@>7C<V;>, I> O:I> T > T1/2, B> 5=B@>?V9=0 

A:;04>20 C @V2=O==V 1 AB0є 4><V=0=B=>N, V ΔH < TΔS, I> >7=0G0є, I> G!% > G�%, 0 

>B65, =091V;ьH AB01V;ь=8< AB0=>< 4;O A8AB5<8 є 28A>:>A?V=>289 AB0=. 

�=0;>3VG=>, O:I> T < T1/2, B> 5=B0;ь?V9=89 A:;04>20 C @V2=O==V 1.1 AB0є 

4><V=0=B=>N, V ΔH > TΔS, I> >7=0G0є, I> G!% < G�% , 0 >B65, =091V;ьH AB01V;ь=8< 

AB0=>< 4;O A8AB5<8 є =87ь:>A?V=>289 AB0=.20 
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*5 4>2>48Bь, I> A?V=>289 AB0= A8AB5<8 AB01V;V7CєBьAO 01> 45AB01V;V7CєBьAO 

7<V=>N B5<?5@0BC@8 7024O:8 5=B@>?V9=><C D0:B>@C, V B0:8< G8=>< ?@8G8=>N 

B5<?5@0BC@=> V=4C:>20=>3> %# є 7<V=0 5=B@>?VW. 

1.1.3 К>>?5@0B82=VABь !� C B25@4><C BV;V 

�>B5?5@ C FV9 @>1>BV O28I5 %# @>73;O40;>AO 157 2@0EC20==O 

<V6<>;5:C;O@=8E 270є<>4V9, B@0:BCNG8 :>6=C <>;5:C;C O: =570;56=89 

V7>;ь>20=89 >19є:B. &0:89 ?V4EV4 1;87ь:89 4> ?>254V=:8 A8;ь=> @>72545=>3> 

@>7G8=C, V 2 B0:><C 28?04:C 7<V=0 A?V=>2>3> AB0=C A;V4C20B8<5 @>7?>4V;C 

�>;ьF<0=0. #@>B5 2 B25@4><C <0B5@V0;V <V6<>;5:C;O@=V 270є<>4VW <0NBь 1CB8 

2@0E>20=V. 

 >45;ь, O:0 =09G0ABVH5 70AB>A>2CєBьAO 4;O @>73;O4C <V6<>;5:C;O@=8E 

5D5:BV2 %# 2 :@8AB0;VG=><C 01> B25@4><C <0B5@V0;V 4 F5 <>45;ь 

:>>?5@0B82=>ABV.21 �3V4=> FVєW <>45;V, :>;8 <>;5:C;0 707=0є %#, 7<V=0 2;0AB82>AB59, 

I> AC?@>2>46Cє ?5@5EV4, <0є =0A;V4:8 O: 4;O WW 157?>A5@54=ь>3> >B>G5==O, B0: V 2 

1V;ьH><C <0AHB01V, 4;O 2AVєW :@8AB0;VG=>W �@0B:8. #5@5EV4 <>;5:C;8 7 !% AB0=C C 

�% C @5HVBFV, O:0 7=0E>48BьAO C !% AB0=V, 28:;8:0є 7=0G=C ;>:0;ь=C 45D>@<0FVN 

G5@57 >1'є<=5 @>7H8@5==O <>;5:C;8. �% <>;5:C;0 ?V440єBьAO :><?@5AV9=V9 =0?@C7V 

2V4 A2>WE ACAV4V2, I> <>65 28:;8:0B8 ?>25@=5==O 4> WW ?>G0B:>2>3> AB0=C. �024O:8 

Fь><C <5E0=V7<C <>65 28=8:=CB8 :>;5:B82=89 5D5:B, O:89, O:I> 2V= 4>AB0B=ь> 

A8;ь=89, <>65 28:;8:0B8 D07>289 ?5@5EV4 ?5@H>3> @>4C 4> �% AB0=C. 

� <V:@>A:>?VG=>W B>G:8 7>@C, 42><0 D0:B>@0<8, O:V 2V4V3@0NBь 

DC=40<5=B0;ь=C @>;ь C Fь><C <5E0=V7<V, є A8;0 <V6<>;5:C;O@=8E 270є<>4V9 B0 

:V;ь:VABь 270є<>4V9, I> 2?;820NBь =0 :>6=C <>;5:C;C. �>>?5@0B82=VABь 

?@54AB02;Oє AC<C ?@C6=8E <V6<>;5:C;O@=8E 270є<>4V9. � <0:@>A:>?VG=>W B>G:8 

7>@C :;NG>28<8 D0:B>@0<8 є 7<V=0 >1'є<C ?@8 %# (ΔV/V0) V 6>@AB:VABь 

:@8AB0;VG=>W @5HVB:8 ($8A. 1.3). 
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$8A. 1.3. %E5<0B8G=5 7>1@065==O ?@8G8=8 ?>O28 B8A:C :@8AB0;VG=>W @5HVB:8 C �% 

AB0=V =0 <>;5:C;C 2 !% AB0=V. 

�@82C %# G0AB> ?@54AB02;ONBь C 283;O4V G0AB:8 <>;5:C; C �% AB0=V ?@8 

7040=8E B5<?5@0BC@V B0 B8A:C n�% = N�%/N. 

 

$8A. 1.4. �@82V >A=>2=8E B8?V2 B5@<VG=> V=4C:>20=8E %#. (0) #;02=89 A?V=>289 

?5@5EV4. (1) $V7:89 A?V=>289 ?5@5EV4. (2) %?V=>289 ?5@5EV4 7 3VAB5@578A><. (3) 

�030B>5B0?=89 A?V=>289 ?5@5EV4. (4) !57025@H5=89 A?V=>289 ?5@5EV4.8310 

�A=CNBь @V7=V B8?8 A?V=>28E ?5@5E>4V2, 70;56=> 2V4 ?@8@>48 A?>;C:8 ($8A. 

1.4). #5@H89 B8? 4 F5 ?;02=V A?V=>2V ?5@5E>48, O:V, O: ?@028;>, E0@0:B5@=V 4;O 

:><?;5:AV2 7V A;01:>N :>>?5@0B82=VABN G5@57 A;01:V 270є<>4VW <V6 <>;5:C;0<8. 

�=0A;V4>: Fь>3> :>6=0 <>;5:C;0 2 A8AB5<V 707=0є %# =570;56=> >4=0 2V4 >4=>W. 

�@C389 B8? 4 F5 @V7:V A?V=>2V ?5@5E>48. ' B0:8E <0B5@V0;0E <V6<>;5:C;O@=V 

270є<>4VW ?@872>4OBь 4> D07>2>3> ?5@5E>4C C 2C7ь:><C B5<?5@0BC@=><C 4V0?07>=V 

G5@57 7=0G=C :>>?5@0B82=VABь A8AB5<8. &@5BV9 B8? 4 @V7:V A?V=>2V ?5@5E>48 7 

3VAB5@578A><. ' F8E :><?;5:A0E A8;ь=V <V6<>;5:C;O@=V 270є<>4VW A?@8G8=ONBь 
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28A>:C :>>?5@0B82=VABь A8AB5<8. *5 ?@872>48Bь 4> ?>O28 %# ?5@H>3> ?>@O4:C. 

"4=0: A8;ь=0 :>>?5@0B82=VABь B0:>6 A?@8G8=Oє =5AB01V;ь=VABь 7<VH0=8E 

?5@5EV4=8E AB0=V2, I> ?@872>48Bь 4> ?>O28 5=5@35B8G=>3> 10@'є@0 <V6 42><0 

G8AB8<8 D070<8 B0 AB2>@5==O <5B0AB01V;ь=>3> AB0=C, B0:8< G8=>< CB2>@NNG8 

?5B;N 3VAB5@578AC. ' F8E F8:;0E 3VAB5@578AC B5<?5@0BC@8 ?5@5E>4C >?8ACNBьAO O: 

T1/2± V T1/2³ 4;O ?5@5E>4V2 !%²�% V �%²!% 2V4?>2V4=> (T1/2 є B5<?5@0BC@>N, 70 

O:>W n�% = 0.5). �;O 45O:8E :><?;5:AV2 1C;> 28O2;5=> VA=C20==O A?V=>28E ?5@5E>4V2 

C :V;ь:0 AB04V9 01> :V;ь:0 :@>:V2 (G5B25@B89 B8? %#). Є :V;ь:0 <>6;828E ?@8G8= 

B0:>W ?>254V=:8. *5 <>65 1CB8 @57C;ьB0B>< B>3>, I> @V7=V :@8AB0;VG=V 4><5=8 

707=0NBь %# 2 @V7=89 G0A.22 &0:5 O28I5 B0:>6 G0AB> A?>AB5@V30єBьAO 4;O 

?>;VO45@=8E :><?;5:AV2 (:><?;5:A8 7V %#, O:V <0NBь :V;ь:0 9>=V2 <5B0;C C 

<>;5:C;V), =02VBь 4;O ?>;VO45@=8E :><?;5:AV2 7 >4=0:>28< EV<VG=8< >B>G5==O< 1V;O 

:>6=>3> <5B0;VG=>3> V>=C. #>OA=NєBьAO F5 B8<, I> :>;8 2 ?>;VO45@=><C :><?;5:AV 

>48= <5B0;VG=89 F5=B@ 707=0є %#, A?@8G8=5=0 45D>@<0FVO <>;5:C;8 @>18Bь 

?5@5EV4 V=H8E F5=B@V2 =5283V4=8<.23 �0=89 5D5:B 1C2 ?@>45<>=AB@>20=89 C @>1>BV 

%0;<>=0 B0 V=.24 �2B>@8 28O28;8, I> 42>5B0?=89 ?5@5EV4 є @57C;ьB0B>< 

0=B03>=VAB8G=8E 270є<>4V9 C :@8AB0;VG=V9 @5HVBFV.  

�030;><, 2;0AB82>ABV %# 40NBь CO2;5==O ?@> <V6<>;5:C;O@=V 270є<>4VW 2 

B25@4><C <0B5@V0;V B0 2V4>1@060NBь ABC?V=ь :>>?5@0B82=>ABV 2 @5HVBFV. �>=8 

70;560Bь 2 >A=>2=><C (0;5 =5 28:;NG=>) 2V4 AB@C:BC@=8E 2;0AB82>AB59 :><?;5:AC 

7V %#, >A:V;ь:8 1C;> ?>:070=>, I> <>@D>;>3VG=V 7<V=8 B0 20@V0FVW @>7<V@C G0AB8=>: 

<>6CBь <0B8 7=0G=89 2?;82 =0 2;0AB82>ABV %# ?52=>3> :><?;5:AC.  

�?;82 20@V0FV9 @>7<V@C G0AB8=>: =0 2;0AB82>ABV %# <0B5@V0;C є >A>1;82> 

FV:028< 4;O FVєW @>1>B8, >A:V;ь:8 =0=><0B5@V0;8 7V %# <0NBь H8@>:89 B0 

C=V:0;ь=89 @O4 70AB>AC20=ь.  

1.2 �=0;>38 :;0B@0BV2 �>D<0==0 O: :;0A A?>;C: 7V !� 

#5@H89 :;0B@0B �>D<0==0 1C;> >B@8<0=> �>D<0==>< V �CA?5@B>< C 1897 

@>FV.25 *O A?>;C:0 <0є 7030;ь=C D>@<C;C [Ni(NH3)2{Ni(CN)4}]×2C6H6. �W AB@C:BC@0 

A:;040єBьAO 7 =5A:V=G5==8E ?0@0;5;ь=8E 2D H0@V2, CB2>@5=8E D@03<5=B0<8 
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[Ni{Ni(CN)4}]>, B0 @>74V;5=8E <V6 A>1>N ?@8:>>@48=>20=8<8 <>;5:C;0<8 NH3. *V 

H0@8 2?>@O4:>20=V B0: G8=><, I> <V6 =8<8 28=8:0NBь ?>@8, O:V 740B=V <VAB8B8 

3>ABь>2V <>;5:C;8.26  

�@C=BCNG8Aь =0 7030;ь=V9 D>@<C;V [M(L)n{M9(CN)4}], F59 :;0A A?>;C: 1C;> 

@>7H8@5=>. *5 AB0;> <>6;828< 7024O:8 70<V=V Ni2+ =0 V=HV 9>=8 ?5@5EV4=8E 

<5B0;V2 (M = Fe2+, Co2+, Cu2+, Zn2+, Cd2+, Mn2+; M9 = Pt2+, Pd2+).27 �@V< B>3> :204@0B=V 

<5B0;>FV0=V4=V 0=V>=8 [MII(CN)4]22 1C;8 70<V=5=V =0 ;V=V9=V [MI(CN)2]2, 45 MI = Cu+, 

Ag+, Au+.28330 �=H8<8 H;OE0<8 AB2>@5==O =>28E :;0B@0BV2 �>D<0==0 A;C3C20;> 

70AB>AC20==O @V7=8E <>=>45=B0B=8E B0 <VAB:>28E ;V30=4V2 (7 CB2>@5==O< 2V4?>2V4=> 

3D :0@:0AV2) B0 3>ABь>28E <>;5:C;. 

' 1996 @>FV 1C;> 2?5@H5 ?>2V4><;5=>, I> 0=0;>3 :;0B@0BC �>D<0==0 

[Fe(py)2{Ni(CN)4}], 45 py = ?V@848=, 45<>=AB@Cє %#.31 ' FV9 A?>;CFV ?V@848=>2V 

;V30=48 @>7B0H>20=V 0:AV0;ь=> 2 >:B054@8G=><C >B>G5==V Fe2+, 0 AB@C:BC@0 <0є ;8H5 

=525;8:89 5D5:B82=89 ?>@>6=V9 ?@>ABV@. #@8 Fь><C %# <0є B5@<VG=89 3VAB5@578A 

H8@8=>N C 9 K. #V7=VH5 $50;ь B0 V=HV32 ?>2V4><8;8, I> [Fe(py)2{Pd(CN)4}]  B0 

[Fe(py)2{Pt(CN)4}] B0:>6 ?@>O2;ONBь %# 7 3VAB5@578A><. �0<V=0 ?V@848=C =0 

?V@078= I5 1V;ьH5 A?@8O;0 @>728B:C <0B5@V0;V2 =0 >A=>2V 0=0;>3V2 :;0B@0BV2 

�>D<0==0 7V %#. �024O:8 <VAB:>2><C ;V30=4C, 42>28<V@=V [Ni(CN)4Fe]> 7'є4=0;8AO C 

B@828<V@=89 :>>@48=0FV9=89 ?>;V<5@, I> ?@8725;> 4> 71V;ьH5==O B5<?5@0BC@8 %# 

B0 @>7H8@5==O 3VAB5@578A=>W ?5B;V.32 � B8E ?V@, 0=0;>38 :;0B@0BV2 �>D<0==0 7V %# 

AB0;8 >4=8< 7 =09?><VB=VH8E B0 =09FV:02VH8E :;0AV2 A?>;C: 7V %#. 

�8:>@8AB0==O @V7=8E >@30=VG=8E ;V30=4V2 V FV0=><5B0;0BV2 <>65 

157?>A5@54=ь> 2?;820B8 =0 A8;C ?>;O ;V30=4V2, 0 >B65, V =0 ?0@0<5B@8 %#. �@V< 

B>3>, 7<V=0 ?52=8E =5?@O<8E :><?>=5=BV2, B0:8E O: @>7G8==8:8, I> 2:;NG5=V C 

�@0B:C, B0 V=HV 3>ABь>2V <>;5:C;8, B0:>6 <>65 2?;820B8 =0 :@8B8G=C B5<?5@0BC@C 

B0 :>>?5@0B82=VABь.  

1.2.1 �?;82 ;V30=4C B0 FV0=><5B0;0BC =0 !� 2 0=0;>30E :;0B@0BV2 �>D<0==0 

)V<VG=0 <>48DV:0FVO >@30=VG=8E ;V30=4V2 <>65 157?>A5@54=ь> 28:;8:0B8 

7=0G=V 2V4<V==>ABV C E0@0:B5@8AB8:0E %#, I> GVB:> ?@>45<>=AB@>20=> 2 AV<59AB2V 
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AE>68E 42>28<V@=8E :>>@48=0FV9=8E ?>;V<5@V2 D>@<C;>N [Fe(3-

Halpy)2{Pd(CN)4}].33 #@8 22545=V 30;>35=C 2 ?V@848= B5<?5@0BC@8 ?5@5E>4C 

A?>G0B:C 7@>AB0NBь @07>< 7 H8@8=>N 3VAB5@578AC 4;O FePd3-Fpy 2V4=>A=> 
FePdpy32. *5 є =0A;V4:>< B>3>, I> 0B><8 DB>@C 70?>2=NNBь ?CAB>B8 :0@:0AC, 
70157?5GCNG8 1V;ьH 5D5:B82=5 ?>H8@5==O @O4C 2V1@0FV9=8E <>4 C ?>@V2=O==V 7 

0B><0<8 3V4@>35=C (C 28?04:C =570<VI5=>3> ?V@848=>2>3> ;V30=4C), =040NG8 %# 

1V;ьH>W :>>?5@0B82=>ABV. �0;V B5<?5@0BC@8 ?5@5E>4C ACBBє2> 7AC20NBьAO C <5=H89 

1V: C 28?04:C FePd3-Clpy, 0 A0< ?5@5EV4 AB0є 42>E5B0?=8<. *5 ?>OA=NєBьAO B8<, 
I> G8< 1V;ьH5 30;>35=, B8< ;53H5 2V= ?>;O@87CєBьAO V B8< <5=H5 2?;82 2V1@0FV9=>W 

A:;04>2>W  ?V4 G0A ?5@5E>4C. *5 ?V4:@V?;NєBьAO D0:B><, I> 2 A?>;C:0E FePd3-Brpy 
B0 FePd3-Ipy %# ?>2=VABN 7=8:0є, V FV A?>;C:8 VA=CNBь C �% AB0=V ($8A. 1.5). 

 

$8A. 1.5. %# C :>>@48=0FV9=8E A?>;C:0E (0) FePd3-Fpy, (1) FePd3-Clpy, (2) FePd3-
Brpy B0 (3) FePd3-Ipy. 

�=0;>3VG=0 B5=45=FVO 715@V30єBьAO 4;O 3@C? :><?;5:AV2 [Fe(3-

Halpy)2{Ni(CN)4}] B0 [Fe(3-Halpy)2{Pt(CN)4}] (&01;. 1.1).33  

� V=H>3> 1>:C, O:I> @>73;O=CB8 @O4 A?>;C: [Fe(3-Clpy)2{M(CN)4}], 45   = Ni, 

Pd, Pt, B> C 28?04:C FeNi3-Clpy %# 2V41C20єBьAO ;8H5 =0 50% (?>;>28=0 F5=B@V2 
FeII 7<V=NNBь A?V=>289 AB0=, V=H0 ?>;>28=0 3 �%), 0 4;O FePt3-Clpy E0@0:B5@=89 
@V7:89 ?>2=89 >4=>5B0?=89 ?5@5EV4 %# 7 3VAB5@578A>< ($8A 1.6).  
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$8A. 1.6. %# C :><?;5:A0E (0) FeNi3-Clpy, (1) FePd3-Clpy B0 (2) FePt3-Clpy. 

&01;. 1.1. #0@0<5B@8 %# 4;O :><?;5:AV2 7030;ь=>W D>@<C;8 [Fe()py)2{M(CN)4}] 

  py32 3-Fpy33 3-Clpy33 3-Brpy33 3-Ipy33 

Ni 

%# =5702. 702. 50% 

�% �% 
T1/2↓(�) 186 206 106 

T1/2↑(�) 195 234 123 

ΔT(�) 9 28 17 

Pd 

%# 702. 702. 2 5B0?8 

�% �% 

T1/2↓(�) 208 214 (1) 160 

(2) 141 

T1/2↑(�) 213 248 (1) 165 

(2) 148 

ΔT(�) 5 34 (1) 5 

(2) 7 

Pt 

%# 702. 702. 702. 

�% �% 
T1/2↓(�) 208 214 142 

T1/2↑(�) 216 240 1611 

ΔT(�) 8 26 19 

%#. 3 ?5@5EV4, 702. 3 7025@H5=89, =5702. 3 =57025@H5=89, 2 5B0?8 3 42>5B0?=89. 

�07=0G5=5 28I5 ?>:07Cє, I> 7<V=0 FV0=><5B0;0B=>3> 0=V>=C B56 7=0G=> 

2?;820є =0 E0@0:B5@8AB8:8 %#. %0<5 FV0=><5B0;0B є >A=>2>N :>>@48=0FV9=>W 

?>;V<5@=>W AVB:8, O:0 70157?5GCє :>>?5@0B82=VABь %# 2 0=0;>30E :;0B@0BV2 
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�>D<0==0.34 �>=8 B0:>6 A;C60Bь 7<V==8<8 ?;0BD>@<0<8 4;O ?>40;ьH8E 

<>48DV:0FV9 >@30=VG=>3> ;V30=4C, 01> 22545==O 3>ABь>28E <>;5:C;. 

�8:>@8AB>2CNG8 3-0<V=>?V@848= (3-NH2py), 1C;8 >B@8<0=V B@8 V7>AB@C:BC@=V 

42>28<V@=V :>>@48=0FV9=V ?>;V<5@8 B8?C �>D<0==0 7030;ь=>N D>@<C;>N [Fe(3-

NH2py)2M(CN)4] (M = Ni, Pd, Pt).35 �>=8 2AV 45<>=AB@CNBь ?>2=89, @V7:89 V 

3VAB5@578A=89 %# 7 T1/2³ = 148/169/183 K B0 T1/2± = 173/206/213 K 4;O M = Ni, Pd, Pt 

2V4?>2V4=> ($8A.1.7). &0:0 B5=45=FVO GVB:> 45<>=AB@Cє B0 I5 @07 ?V4B25@46Cє 

@V7=8FN C A8;0E ?>;O FV0=><5B0;0B=8E ;V30=4V2 [MII(CN)4]22.  

 

$8A. 1.7. �@8AB0;VG=0 AB@C:BC@0 B0 %# C :><?;5:A0E [Fe(3-NH2py)2M(CN)4] (M = 

Ni(1), Pd(2), Pt(3)). 

":@V< [MII(CN)4]22, 0=0;>38 :;0B@0BV2 �>D<0==0 B0:>6 <>6CBь 1CB8 

?>1C4>20=V 7 [MI(CN)2]2 (MI = Cu, Ag, Au). ' ?0@V V7>AB@C:BC@=8E B@828<V@=8E 

:0@:0AV2, 0 A0<5 [Fe(bpmp){Ag(CN)2}2]×0.5DMF×0.5EtOH×2H2O (FebpmpAg) B0 
[Fe(bpmp){Au(CN)2}2]×DMF×0.5EtOH×H2O (FebpmpAu) (bpmp = 1,4-1VA(?V@848=-
4-V;<5B8;)?V?5@078=), ?>:070=89 5D5:B 70<V=8 V>=C MI ($8A. 1.8).36 "18420 2>=8 

?@>O2;ONBь 42>5B0?=89 %#, 0;5 42V :@8B8G=V B5<?5@0BC@8 7<VICNBьAO 7 232/216 K 

(4;O M = Ag) 4> 204/134 K (4;O M = Au). !57=0G=V 7<V=8 C A:;04V @>7G8==8:V2 2 

�@0BFV B0:>6 1C;8 28O2;5=V, =572060NG8 =0 >4=0:>2V A8=B5B8G=V ?@>F54C@8, I> 

<>6=0 @>73;O40B8 O: 2B>@8==89 5D5:B 70<V=8 Ag =0 Au. 
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$8A. 1.8. (0) �;NG>289 AB@C:BC@=89 D@03<5=B :0@:0AV2 FebpmpM; (1, 2) �@82V %# 
(A8=V<) B0 ?>EV4=>W (G5@2>=8<) 4;O  FebpmpAg B0 FebpmpAu 2V4?>2V4=>. 

' B@828<V@=><C :0@:0AV [Fe(4-abpt){MI(CN)2}2]×2DMF×EtOH (4-abpt = 4-

0<V=>-3,5-1VA(4-?V@848;)-1,2,4-B@807>;), V>= MI <>6=0 70<V=8B8 7 Ag =0 Au, 

CB2>@82H8 @O4 7<VH0=8E :><?;5:AV2 ($8A. 1.9).37,38 �=0A;V4>: Fь>3> :@8B8G=V 

B5<?5@0BC@8 7<VICNBьAO 4> =86G8E B5<?5@0BC@ G5@57 A;01H5 ;V30=4=5 ?>;5 

[Au(CN)2]2. �V;ьH 206;82>, ?>254V=:0 %# ?>ABC?>2> 7<V=NєBьAO 2V4 

G>B8@85B0?=>3> 4> 157?@5F545=B=>3> 0A8<5B@8G=>3> A5<8-/2>Aь<85B0?=>3> 

?5@5E>4C ?@8 ?>2=V9 70<V=V Ag =0 Au.  5E0=V7< B0:>3> 5D5:BC ?>2'O70=89 7V 

71V;ьH5=>N ;V=V9=VABN [Au(CN)2]2, 1V;ьH 28:@82;5=8< ;V30=4>< B0 >B>G5==O< 

V>=V2 FeII, 0 B0:>6 1V;ьH 0A8<5B@8G=8<8/A;01H8<8 <V6<>;5:C;O@=8<8 

270є<>4VO<8. 

 

$8A. 1.9. �@8AB0;VG=0 AB@C:BC@0 B0 %# C :><?;5:A0E [Fe(4-abpt){MI 

(CN)2}2]×2DMF×EtOH 

%B@C:BC@8 CAVE :><?;5:AV2, >?8A0=8E 28I5, <VABOBь 42>28<V@=V AVB:8 

[ (CN)4Fe]> B0 <>=>45=B0B=V 01> <VAB:>2V N-4>=>@=V ;V30=48, O:V 2;0A=5 V D>@<CNBь 
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42>- G8 B@828<V@=89 :0@:0A. �;5 VA=CNBь >15@=5=V ?@8:;048, 45 42>28<V@=0 AVB:0 

A:;040єBьAO 7 H0@V2 [FeL2], 45 L 3 <VAB:>289 N-4>=>@=89 ;V30=4, 0 2 0:AV0;ь=8E 

?>78FVOE 9>=C Fe2+ 7=0E>4OBьAO <>=>45=B0B=V FV0=V4=V D@03<5=B8 (SCN2, SeCN2, 

BH3CN2).39342 *V A?>;C:8 B0:>6 ?@>O2;ONBь %#, ?@8 G><C 4>A;V465=>, I> 2 @O4V 

A?>;C: 7030;ь=>W D>@<C;8 Fe(L)(XCN)2, 45 X = S, Se, BH3, A0<5 1>@3V4@84=89 

:><?;5:A =092V@>3V4=VH5 <0B8<5 %#. �@V< B>3>, :><?;5:A8, I> <VABOBь 0=V>= 

BH3CN3, 70728G09 <0NBь 28IV B5<?5@0BC@8 %# ?>@V2=O=> 7 WE=V<8 

E0;ь:>FV0=0B=8<8 0=0;>30<8 ($8A. 1.10).41,43346 

 

$8A. 1.10  03=VB=V 2;0AB82>ABV :><?;5:AC [Fe(bpb)2(NCX)2] (bpb = 1,4-1VA(?V@84-4-

8;)15=75=). ' 2AB02FV AE5<0B8G=5 7>1@065==O 1C4>28 :><?;5:AC. 

 1.2.2 �?;82 A>;ь20B0FVW =0 !� 2 0=0;>30E :;0B@0BV2 �>D<0==0 

$>7G8==8:8, A>;ь20B>20=V 2 ?>@0E :>>@48=0FV9=8E ?>;V<5@V2 B8?C �>D<0==0, 

<>6CBь ACBBє2> 2?;820B8 =0 2;0AB82>ABV %# G5@57 270є<>4VW 3VABь-E07OW=.47 ' 

B@828<V@=><C :>>@48=0FV9=><C ?>;V<5@V [Fe(dpb){Ag(CN)2}{Ag2(CN)3}]×Solv (dpb 

= 1,4-4V(?V@848=-4-V;)15=75=) (FedpbAg×Solv), ?>@>6=8=8 740B=V 2<VIC20B8 Solv = 
DMF×EtOH 01> Solv = 2DMF×MeCN.48 "18420 7 =8E 45<>=AB@CNBь 42>5B0?=89 

%#, 0;5 :@8B8G=V B5<?5@0BC@8 B0 3VAB5@578A 2V4@V7=ONBьAO. �@V< B>3>, 

45A>;ь20B>20=89 :><?;5:A ?>:07Cє =5?>2=89 V ?;02=89 >4=>5B0?=89 ?5@5EV4 ($8A. 

1.11). &0:89 5D5:B є =04V9=8< ?V4�@C=BBO< 4;O 4>A;V465==O 270є<>7297:C <V6 

270є<>4VєN 3VABь-E07OW= B0 2;0AB82>ABO<8 %#. 
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$8A. 1.11. �@8AB0;VG=0 AB@C:BC@0 B0 2?;82 A>;ь20B>20=8E @>7G8==8:V2 =0 %# 

FedpbAg. 

/: ?>40;ьH89 :@>:, 28:>@8AB>2CNG8 ;V30=4, 2,5-1VA(?V@84-4-V;)?V@848= (2,5-

bpp), I> 740B=89 CB2>@N20B8 2>4=52V 729O7:8, 1C;> >45@60=> :0@:0A [Fe(2,5-

bpp){Au(CN)2}2]×nSolv (FebppAu×nSolv), I> 45<>=AB@Cє @V7=>5B0?=89 V 
3VAB5@578A=89 %# 7 H8@>:8< 4V0?07>=>< ?@>B>==8E @>7G8==8:V2 (Solv = 5B0=>;, =-

?@>?0=>;, V7>?@>?V;>289 A?8@B, 2-1CB0=>; V V7>1CB0=>;) ($8A. 1.12).49 

!09206;82VH5, I> :@8B8G=0 B5<?5@0BC@0 7<V=NєBьAO 2 H8@>:><C 4V0?07>=V (130 �). 

' 40=><C 28?04:C :;NG>2C @>;ь 2V4V3@0є =5:>>@48=>20=5 ?V@848=>25 :V;ьF5 

;V30=4C, O:5 CB2>@Nє A?5F8DVG=V 2>4=52V 72'O7:8 7 ?@>B>==8<8 @>7G8==8:0<8, B0:8< 

G8=><, 2;0AB82>ABV %# <>6CBь <>4C;N20B8AO 70 4>?><>3>N 5;5:B@>AB0B8G=8E 

270є<>4V9 B0 2=CB@VH=ь>3> B8A:C. 

 

$8A. 1.12. (0) �;NG>289 AB@C:BC@=89 D@03<5=B :0@:0AC FebppAu; (1) �@82V %# 
A>;ь20BV2 =0 >A=>2V FebppAu. 
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� V=H>3> 1>:C, <0NG8 C A2>є<C A:;04V ;V30=4-4>=>@ 2>4=528E 729O7:V2 4-0<V=>-

3,5-1VA(4-?V@848;)-1,2,4-B@807>; (4-abpt), 0<V=>DC=:FV>=0;V7>20=89 :0@:0A [Fe(4-

abpt){Ag(CN)2}2]×Solv (FeabptAg×Solv) 45<>=AB@Cє 3>ABь>2>-70;56=V G>B8@8-
/42>E-/>4=>5B0?=V ?5@5E>48 ($8A. 1.13).37 �;O Solv = 2DMF×EtOH 0<V=>3@C?0 

CB2>@Nє 420 2>4=52V 72'O7:8 7 DMF B0 EtOH. '=V:0;ь=89 G>B8@85B0?=89 %# 1C2 

4>AO3=CB89 7 ?>A;V4>2=VABN !%´�%0.25!%0.75´�%0.5!%0.5´�%0.75!%0.25´�%, I> є 

157?@5F545=B=8< ?>@V2=O=> 7 V=H8<8 ?@8:;040<8 G>B8@85B0?=8E ?5@5E>4V2. #@>B5 

4;O Solv = 2DMF×MeCN 0<V=>3@C?0 CB2>@Nє 420 2>4=52V 72'O7:8 7 42><0 DMF, 0 

2V4=>A=0 >@Vє=B0FVO <V6 ACAV4=V<8 ;V30=40<8 4-abpt B0:>6 7<V=NєBьAO. &0:0 

:>=DV3C@0FVO ?@>O2;Oє 42>E5B0?=89 %#. �;O Solv = EtOH 01> MeCN 

A?>AB5@V30єBьAO ;8H5 3VAB5@578A=89 >4=>ABC?5=5289 %#. !09206;82VH5, I> FV B@8 

B8?8 ?>254V=:8 <>6CBь 1CB8 72>@>B=> <>4C;ь>20=V H;OE>< 70<V=8 3>AB59, I> <>65 

A;C3C20B8 ?5@A?5:B82=8< A?>A>1>< @>7@>1:8 1030B>ABC?5=528E <0B5@V0;V2 7V %#. 

!0@5HBV, <0:A8<0;ь=89 0A8<5B@8G=89 A5<8-/2>Aь<85B0?=89 %# 4>AO30єBьAO 2 

V7>AB@C:BC@=><C :0@:0AV, I> <VAB8Bь {Au(CN)2}2,38 I> 1C;> >13>2>@5=> 2 @>74V;V 

1.2.1.  

 

$8A. 1.13. �@8AB0;VG=V AB@C:BC@8, %# B0 >1>@>B=V G>B8@8-/42>E-/>4=>5B0?=V 

?5@5B2>@5==O 4;O FeabptAg×Solv. 

1.2.3 �?;82 3>ABь>2>3> 5D5:BC =0 !� 2 0=0;>30E :;0B@0BV2 �>D<0==0 

":@V< 728G09=8E @>7G8==8:V2, 3>ABь>2V 0@><0B8G=V <>;5:C;8 B0:>6 <>6CBь 

<>4C;N20B8 ?>254V=:C %# G5@57 Ã···Ã 270є<>4VW E07OW=-3VABь. ' B@828<V@=><C 
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:0@:0AV [Fe(dpb){Au(CN)2}2]×G (FedpbAu×G)  (dpb = 1,4-48(?V@848=-4-V;)15=75=) 2 
?>@>6=8=8 1C;> 22545=> A5@VN 3>AB59 0@><0B8G=>W ?@8@>48 (15=7>;, =0DB0;V=, 

0=B@0F5=, D5@>F5=) ($8A. 1.14).50 �>=8 740B=V 7=0G=> 7<V=N20B8 O: :@8B8G=V 

B5<?5@0BC@8, B0: V H8@8=C B5@<VG=>3> 3VAB5@578AC. )>G0 B>G=5 ?>;>65==O 3>AB59 =5 

<>65 1CB8 287=0G5=> 70 4>?><>3>N :@8AB0;>3@0DVW, @>7@0EC=:8 DFT 4>72>;ONBь 

?@8?CA:0B8 VA=C20==O 7=0G=8E 270є<>4V9 C3H···Ã B0 Ã···Ã <V6 :0@:0A>< B0 3>AB5< 2 

>?B8<V7>20=V9 AB@C:BC@V. 

 

$8A. 1.14. �?;82 <>;5:C;8-3>ABO =0 %# :><?;5:AC FedpbAu×G 

�024O:8 @>728B:C @5=B35=V2Aь:>W :@8AB0;>3@0DVW, 0@><0B8G=V <>;5:C;8-3>ABV 

2A5 6 B0:8 240;>AO 70DV:AC20B8 C [Fe(dpoda){Ag(CN)2}2]×G (FedpodaAg×G) (dpoda 
= 2,5-48-(?V@848;)-1,3,4->:A04V07>;, G = 15=7>;, =0DB0;V=, 0=B@0F5=) ($8A. 1.15).51 

�C;> GVB:> 2V7C0;V7>20=> G8A;5==V Ã···Ã 270є<>4VW E07OW=-3VABь B0 3VABь-3VABь. 

�>4=>G0A, C 70;56=>ABV 2V4 0@><0B8G=8E 3>AB59, <>6=0 A?>AB5@V30B8 G>B8@8-/42>E-

/>4=>5B0?=C ?>254V=:C %#. &0:8< G8=><, 20@VN20==O 0@><0B8G=8E 3>AB59 <>65 

<>4C;N20B8 =5 ;8H5 ;V30=4=5 ?>;5, 0 9 :>>?5@0B82=VABь.  

 



38 
 

$8A. 1.15. �?;82 ?@8@>48 <>;5:C;8-3>ABO =0 %# :><?;5:AC FedpodaAg×G. ' 
2AB02FV :@8AB0;VG=0 AB@C:BC@0 :0@:0AC, I> <VAB8Bь <>;5:C;C =0DB0;V=C C O:>ABV 

3>ABO 7 ?>7=0G5=8<8 Ã···Ã 270є<>4VO<8 E07OW=-3VABь. 

�@V< B>3>, 70<V=0 =0DB0;V=C DB>@>20=8< 0=0;>3>< 715@V30є G>B8@8:@>:>289 

?5@5EV4, 0;5 7=86Cє :@8B8G=V B5<?5@0BC@8 ?@81;87=> =0 15 �, I> A2V4G8Bь ?@> 

1V;ьH B>=:89 A?>AV1 =0;0HBC20==O 2;0AB82>AB59 %#.52  

!0@5HBV, <>;5:C;8 3>AB59 C ?>@>6=8=0E <>6CBь 1CB8 EV<VG=> <>48DV:>20=V 

in situ. �2545==O <0;5W=>2>3> 0=3V4@84C (MA) C O:>ABV 0:B82=>3> 3>ABO C :0@:0A 

[Fe(pz)2(Pt(CN)4)]×0.9(MA)×H2O (FepzPt×0.9(MA)×H2O) ?@872>48Bь 4> 

42>E5B0?=>3> %# ($8A. 1.16).53 �@V< B>3>, 715@V30==O C 2>;>3><C A5@54>28IV 

?@872>48Bь 4> ?>2=>3> ?5@5B2>@5==O MA 2 <0;5W=>2C :8A;>BC, C @57C;ьB0BV G>3> %# 

AB0є =5?>2=8< V 2V41C20єBьAO ?@8 =86GV9 B5<?5@0BC@V. )>G0 ?5@5B2>@5==O є ;8H5 

:207V>1>@>B=8< G5@57 G0AB:>2C 45A>@1FVN ?@8 =03@V20==V, V45O 22545==O 0:B82=>3> 

3>ABO 2V4:@820є =>2V <>6;82>ABV 4;O AB2>@5==O 1030B>DC=:FV>=0;ь=8E <0B5@V0;V2 7V 

%#. 

 

$8A. 1.16. �@82V %# 4;O FepzPt, FepzPt×0.9(MA)×H2O B0 9>3> 453V4@0B>20=>3> 
?>EV4=>3>. 

1.3 $C=:FV>=0;ь=V <0B5@V0;8 7V !� 

1.3.1 �0=><0B5@V0;8 7V !� 

$>7@>1:0 B0 E0@0:B5@8AB8:0 <0B5@V0;V2 7V %# =0 =0=>@>7<V@=><C @V2=V є 

?>?C;O@=8< =0?@O<:>< 4>A;V465=ь 7024O:8 28A>:><C ?>B5=FV0;C WE 70AB>AC20==O C 
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=0=>5;5:B@>==8E ?@8AB@>OE. �<5=H5==O @>7<V@V2 G0AB8=>: :><?;5:AC 28O28;> 

7=0G=89 2?;82 =0 B5<?5@0BC@C, ?>2=>BC B0 :>>?5@0B82=VABь %#.6,7,34,54 

�A=CNBь B@8 >A=>2=V H;OE8 >B@8<0==O =0=>1'є:BV2 7V %#: A8=B57 C 6>@AB:8E 

<0B@8FOE, A8=B57 C <'O:8E <0B@8FOE B0 157<0B@8G=89 <5B>4 ($8A. 1.17). 

 

$8A. 1.17.  0B@8G=V <5B>48 A8=B57C =0=>>19є:BV2 7V %#. 

%8=B57 C 6>@AB:8E <0B@8FOE 
#@8=F8? Fь>3> <5B>4C ?>;O30є C 28:>@8AB0==V =0=>@50:B>@V2 7 <57>?>@8AB8E 
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"CNRS", ?>:070=V =0 2AB02FV, =0?8A0=V ;075@=8< ?@><5=5< CO2 V 70;8H0NBьAO 
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8) =0 >A=>2V 5?>:A84=>W A<>;8.107 �><?>78B 1C2 =0?8;5=89 =0 A8;V:>=>2C ?V4;>6:C 
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48=0<VG=8E @568<0E, V 1C;> 28O2;5=> 7=0G=C 7<V=C @57>=0=A=>W G0AB>B8 ?@8 %#. 

*59 :><?>78B B0:>6 1C2 =0=5A5=89 A?@5є< =0 ?>;V5AB5@=C ?;V2:C, 4;O AB2>@5==O 
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�=0G=V CA?VE8 1C;8 4>AO3=CBV C 283>B>2;5==V 307>28E A5=A>@V2 =0 >A=>2V 

<5B0;>>@30=VG=8E :0@:0AV2 7V %#. /: 707=0G0;>Aь @0=VH5, 0=0;>38 :;0B@0BV2 

�>D<0==0 є ?>@8AB8<8, V E0@0:B5@8AB8:8 WE %# 4C65 GCB;82V 4> =0O2=>ABV 

3>ABь>28E <>;5:C;.47,109 &><C 1030B> 7 F8E :0@:0AV2 є ?5@A?5:B82=8<8 <0B5@V0;0<8 
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A?>;C: (�"%), O:89 DC=:FV>=Cє 70 @0EC=>: 7<V= 2;0AB82>AB59 %# ($8A. 1.31).110 �;O 
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GCB;82VABN (:V;ь:0 A>B5=ь ppm).  
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$8A. 1.31. &5<?5@0BC@=0 70;56=VABь χ & 4;O ?>;V:@8AB0;VG=>3> 7@07:C 
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>13>2>@5=>W 28I5, 2;0AB82>ABV %# <>6CBь 1CB8 45I> =5AB01V;ь=8<8 2 C<>20E 
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57 
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A?V=>2>3> AB0=C 2V4 B5<?5@0BC@8 B0 B8A:C, I> ?@872>48Bь 4> 7<V=8 WE DV78G=8E 
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2 ?@8:;045=><C B8A:C <>6CBь 1CB8 287=0G5=V G5@57 A?V22V4=>H5==O A?V=>28E AB0=V2 

70 4>?><>3>N >?B8G=>W A<C38 ?>3;8=0==O ($8A 1.320).111 �0?@5AB0-(5@=0=457 B0 

V=HV 28:>@8AB>2C20;8 :><?>78B8 7 [Fe(NH2trz)3](BF4)2 B0 @V7=8E >@30=VG=8E 

?>;V<5@V2 4;O 283>B>2;5==O B5@<>E@><=8E A5=A>@V2, O:V 7<V=N20;8 :>;ь>@8 <V6 

1V;8< (�% AB0=), @>6528<, A2VB;>-@>6528< B0 DV>;5B>28< (!% AB0=) ($8A 

1.321).104,105 �0@:0A=V A?>;C:8 7V %# B0:>6 ?@>O28;8 ?>B5=FV0; O: 5;5:B@8G=V 

70?0<9OB>2CNGV ?@8AB@>W. #@>B5, AB01V;ь=89 ?@0FNNG89 ?@8AB@V9 =0 WE >A=>2V I5 

=5 AB2>@5=89, =0 2V4<V=C 2V4 48A:@5B=8E :><?;5:AV2.112,113  

�0@:0A=V A?>;C:8 B0:>6 <>6CBь 1CB8 28:>@8AB0=V C AB2>@5==V <5E0=VG=8E 

:0=B8;525@V2, >A:V;ь:8 ?V4 G0A %# 2V41C20єBьAO 7<V=0 >19є<C :@8AB0;VG=>W �@0B:8, 

O:0 <>65 1CB8 ?5@5B2>@5=0 =0 <5E0=VG=C @>1>BC. �CAA5:AC B0 V=. 1C;8 ?V>=5@0<8 C 

2?@>20465==V >@30=VG=8E ?>;V<5@=8E :><?>78BV2 7 ;V=V9=8<8 :><?;5:A0<8 =0 

>A=>2V FeII-1,2,4-B@807>;C C <5E0=VG=V ?@8AB@>W ($8A 1.322).17,90,107,114 �>=8 B0:>6 

?@>45<>=AB@C20;8 F59 5D5:B 4;O <>=>:@8AB0;V2 B@828<V@=8E :0@:0A=8E A?>;C: 
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?>;V<5@=8E :><?>78BV2. 

�0 >AB0==є 45AOB8;VBBO 7=0G=0 :V;ь:VABь @>1VB 1C;0 ?@8A2OG5=0 2;0AB82>ABO< 
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$8A. 1.32. #@8:;048 ?@8AB@>W2 ?5@5<8:0GV2: (0) 70;56=VABь 2<VABC !% D@0:FVW 

[Fe(pz)Pt(CN)4] 2V4 ?>B5=FV0;C, 70AB>A>20=>3> 4> ?'є7>5;5<5=B0, O:89 ?5@5B2>@Nє 

9>3> =0 B8A:, 28<V@O=0 ?@8 293 K.111 (1) �>1@065==O @V7=8E ?>;V<5@=8E :><?>78BV2 
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?V428I5==O <5E0=VG=>W <VF=>ABV B0 ABV9:>ABV 4> 7=>H5==O <0B5@V0;V2 7 e�E.136 

"A:V;ь:8 B8A: V >1'є< є C=V25@A0;ь=8<8 B5@<>48=0<VG=8<8 25;8G8=0<8 2 1C4ь-O:V9 

0B><=V9 A8AB5<V, ��E =5 <0є >A>1;828E 28<>3 4> A8AB5<8, 0 7<V=0 5=B@>?VW 

?;0AB8G=>3> :@8AB0;0 V 42>28<V@=>3> ?5@>2A:VBC ?V4 G0A D07>2>3> ?5@5E>4C 

?5@528ICє 100 �6 :3-1 K-1, I> A?V2@>7<V@=> 7 :><5@FV9=> 4>ABC?=8< @V4:8< 

E>;>4>035=B>< R134a.1373141 &><C ?>40;ьH89 @>728B>: ��E B5E=>;>3VW >E>;>465==O 

є =5>1EV4=8< V =52V4:;04=8<. 

' 4>A;V465==OE ��E >E>;>465==O, A?>;C:8 7V %# ?@825@B0NBь 25;8:C C203C 

G5@57 WE=N <5=HC H8@8=C 3VAB5@578AC V 28IC GCB;82VABь 4> B8A:C, I> 4>72>;Oє 

4>AO3B8 >1>@>B=>3> F8:;C ?@8 =86G><C B8A:C. ' 2016 @>FV A?>;C:8 7V %# 2?5@H5 

1C;8 73040=V O: 2V4<V==V :0=4840B8 4;O ��E >E>;>465==O.142 /: 2V4><>, %# 

2V41C20єBьAO ?V4 4VєN 7>2=VH=VE D0:B>@V2 V AC?@>2>46CєBьAO 7=0G=8<8 >1'є<=8<8 

B0 5=B@>?V9=8<8 7<V=0<8. ' FV;><C, 7<V=0 5=B@>?VW (ΔS%# = ΔS5; + ΔS:>;) C E>4V %# 

<0є 42V A:;04>2V: 7<V=0 5;5:B@>==>W 5=B@>?VW:  

ΔS5; = Rln[(2S�% + 1)/(2S!% + 1)] (1.3), 

O:0 A:;040є 13.4 �6 <>;ь-1 K-1 4;O A?>;C: Fe(Ⅱ) 7V %# V 28=8:0є 2=0A;V4>: 7<V=8 

5;5:B@>==>W :>=DV3C@0FVW; B0 7<V=8 :>;820;ь=>W 5=B@>?VW (ΔS:>;) 2=0A;V4>: 7<V=8 

>1'є<C (ΔV%#). )>G0 45:V;ь:0 A?>;C: 7V %# ?>:070;8 2V4<V==89 ��E, WE ΔS%# є 

<5=H>N =V6 C ��E <0B5@V0;V2 =0 >A=>2V ?;0AB8G=8E :@8AB0;V2 B0 :><5@FV9=8E 

@V4:8E E;04035=BV2.1433151 �V;ьHVABь ΔS%# ?>2'O70=8E 7V %# AB0=>2;OBь 100 �6 :3-1 K-

1, V =02VBь O:I> ΔS%# 4;O {Fe[H2B(pz)2]2(bipy)} (pz = ?V@078=, bipy = 1V?V@848=) 

?5@528ICє 100 �6 :3-1 K-1, B> 9>3> B5<?5@0BC@0 ?5@5E>4C (T1/2 = 164 K) 7=0G=> 

=86G0 70 :V<=0B=C B5<?5@0BC@C, I> =5 ?V4E>48Bь 4;O 70AB>AC20==O.148 &><C 4C65 

1060=> HC:0B8 A?>;C:8 7V %# ?>1;87C :V<=0B=>W B5<?5@0BC@8 7 28A>:8< 7=0G5==O< 
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ΔS%#. �3V4=> 7 ;VB5@0BC@=8<8 465@5;0<8, ΔS%# 4;O A?>;C: 7V %# C ?5@5@0EC=:C =0 

1 <>;ь 7=0E>48BьAO 2 4V0?07>=V 50‒80 �6 <>;ь-1 K-1, B><C A?>;C:8 7 <5=H>N 

<>;5:C;O@=>N <0A>N <>6CBь <0B8 1V;ьHC ΔS%# =0 >48=8FN <0A8.1493151 �@V< B>3>, 

>A:V;ь:8 A:;04>2V ΔSSCO A?>;C: 7V %# 70728G09 >1<56CNBьAO ΔS5; V ΔS:>;, 22545==O 

B@5Bь>W A:;04>2>W 9<>2V@=> A?@8OB8<5 71V;ьH5==N  ΔS%#. 

1.5 К>@>B:V 28A=>2:8 4> >3;O4C ;VB5@0BC@8 

1. %?>;C:8 7V %# ?@825@B0NBь 25;8:C C203C G5@57 <>6;82VABь VA=C20==O C 

42>E A?V=>28E AB0=0E B0 7024O:8 740B=>ABV 4> >1>@>B=>3> ?5@5E>4C <V6 =8<8 ?V4 

2?;82>< 7>2=VH=VE D0:B>@V2, B0:8E O: B5<?5@0BC@0, B8A: 01> ?@8ACB=VABь 3>ABь>28E 

<>;5:C;. !0 WE >A=>2V <>6=0 AB2>@8B8 <0B5@V0;8 7 H8@>:8< A?5:B@>< 70AB>AC20==O, 

>A:V;ь:8 40=V <0B5@V0;8 <>6CBь <0B8 @V7=V B5<?5@0BC@8, ?>2=>BC, @V7:VABь B0 

3VAB5@578A ?5@5E>4C. %B2>@5==O =>28E A?>;C: 7V %# є 0:BC0;ь=>N 7040G5N C 

@>7@>1FV <0B5@V0;V2 7 ?@0:B8G=> FV==8<8 E0@0:B5@8AB8:0<8 ?5@5E>4C. 

2. �=0;>38 :;0B@0BV2 �>D<0==0 є >4=8< V7 =09?5@A?5:B82=VH8E 4;O 

?@0:B8G=>3> 70AB>AC20==O :;0AV2 A?>;C: 7V %#. )0@0:B5@8AB8:8 %# C 

FV0=><5B0;0B=8E :><?;5:A0E A8;ь=> 70;560Bь 2V4 ?@8@>48 N-4>=>@=>3> ;V30=4C B0 

70<VA=8:V2 C 35B5@>F8:;VG=><C D@03<5=BV, <5B0;>FV0=V4C B0 =0O2=>ABV 3>ABь>28E 

<>;5:C;.  

3. �<V=0 <0965 2AVE DV78G=8E 2;0AB82>AB59, C B><C G8A;V 5;5:B@>?@>2V4=>ABV, 

<0B5@V0;V2 7V %# 4>72>;Oє 28:>@8AB>2C20B8 WE C @>;V ?5@5<8:0GV2 @V7=><0=VB=8E 

B8?V2. #@>B5 70;8H0єBьAO =54>A;V465=8< 2?;82 7>2=VH=ь>3> B8A:C =0 7<V=C 

5;5:B@>?@>2V4=>ABV C E>4V %#.  

4. "B@8<0==O B0 282G5==O =>28E =0=>A8AB5< 7V %# є =04728G09=> 206;828< 

=0?@O<:>< C 4>A;V465==V <0B5@V0;V2-?5@5<8:0GV2, >A:V;ь:8 7<5=H5==O @>7<V@C 

G0AB8=:8 ACBBє2> 2?;820є =0 2AV E0@0:B5@8AB8:8 ?5@5E>4C. "4=0: 4;O 0=0;>3V2 

:;0B@0BV2 �>D<0==0 @>7<V@=89 5D5:B 4>A;V465=89 ;8H5 4;O 42>28<V@=8E 

:0@:0A=8E A?>;C: V 4;O :><?;5:AV2 A:;04C [Fe(pz){M(CN)4}] (M = Ni, Pd, Pt). 

5. %B2>@5==O ?>;V<5@=8E :><?>78BV2 7V %# є I5 >4=8< H;OE>< 4;O 

@>7H8@5==O A?5:B@C 70AB>AC20=ь <0B5@V0;V2 7V %#. �>:@5<0, є ?V>=5@Aь:V @>1>B8 WE 
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2?@>20465==O C =0=>-, <V:@>- B0 <0:@><5E0=VG=V ?@8AB@>W. �E @>1>B0 70157?5GCєBьAO 

7<V=>N >19є<C :><?;5:AC 70 @0EC=>: ?5@5E>4C C 4>AB0B=ь> 2C7ь:><C ?@><V6:C 

B5<?5@0BC@. #@>B5 <0;> C2038 ?@84V;5=> 4>A;V465==N 7<V=8 <5E0=VG=8E 

E0@0:B5@8AB8: ?>;V<5@=8E :><?>78BV2 (<>4C;N .=30) 2=0A;V4>: ?5@5E>4C. 

!54>A;V465=8< є 5D5:B 2<VABC :><?;5:AC 7V %# =0 5;0AB8G=V 2;0AB82>ABV, B0 

2V4ACB=V B5>@5B8G=V <>45;V 4;O ?>OA=5==O B5@<><5E0=VG=>W ?>254V=:8 ?>;V<5@=8E 

:><?>78BV2 7V %#. 

6. %# AC?@>2>46CєBьAO ?>3;8=0==O</284V;5==O< B5?;>B8, I> 4>72>;Oє 

28:>@8AB>2C20B8 A?>;C:8 7V %# C O:>ABV B25@4>BV;ь=8E >E>;>46C20GV2. "4=0: 4> 

Fь>3> G0AC =5 >B@8<0=> A?>;C:, O:V 1 284V;O;8 4>AB0B=N :V;ь:VABь B5?;>B8 2 E>4V 

?5@5E>4C, 4;O :>=:C@5=FVW 7 :><5@FV9=> 4>ABC?=8<8 >E>;>46C20G0<8, 0 B0:>6 7 

@>1>G8< 4V0?07>=>< B5<?5@0BC@ 1;87ь:> :V<=0B=>W, I> ?>;53HC20;> 1 WE ?@0:B8G=5 

28:>@8AB0==O.  

1.6 �>AB0=>2:0 7040GV 4>A;V465==O 

1. #@8 0=0;V7V %# 2 0=0;>30E :;0B@0BV2 �>D<0==0 1C;> 28>:@5<;5=> 

FV0=>0C@0B=89 :><?;5:A Fe(II) 7 ?V@078=><. �V= є A8=B5B8G=> ?@>AB8< V <0є @V7:89 

7025@H5=89 ?5@5EV4, =5GCB;8289 4> 3>ABь>28E <>;5:C;, 7 3VAB5@578A>< 28I5 

:V<=0B=>W B5<?5@0BC@8. *V 2;0AB82>ABV є 206;828<8 4;O @50;V70FVW H8@>:>3> @O4C 

70AB>AC20=ь. %0<5 B><C 1C;> ?>AB02;5=> 7040GC 28:>@8AB0B8 F59 :><?;5:A O: 

>A=>2C 4;O @O4C =0=>- B0 :><?>78B=8E <0B5@V0;V2-?5@5<8:0GV2. 

2. �2060NG8 =0 206;82VABь B0 0:BC0;ь=VABь 7040GV 7 >B@8<0==O B0 4>A;V465==O 

=0=><0B5@V0;V2 7V %#, 1C;> 28@VH5=> >B@8<0B8 =0=>G0AB8=:8 :><?;5:AC  

[Fe(pz){Au(CN)2}2], 4>A;V48B8 WE AB@C:BC@C, >?B8G=V B0 A?5:B@>A:>?VG=V 2;0AB82>ABV 

>B@8<0=8E =0=>G0AB8=>:, ?5@52V@8B8 =0O2=VABь @>7<V@=>3> 5D5:BC.  

3. �2060NG8 =0 =54>A;V465==VABь 2?;82C 7>2=VH=ь>3> B8A:C =0 5;5:B@8G=V 

2;0AB82>ABV :><?;5:AV2 7V %#, 1C;> 28@VH5=> 282G8B8 7<V=C 5;5:B@>?@>2V4=>ABV B0 

4V5;5:B@8G=>W ?@>=8:=>ABV 2=0A;V4>: ?5@5E>4C 2 :><?;5:AV [Fe(pz){Au(CN)2}2] ?@8 

?V428I5==8E B8A:0E. 
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4. "A:V;ь:8 2=0A;V4>: %# >19є< :><?;5:AC [Fe(pz){Au(CN)2}2] 71V;ьHCєBьAO 

=0 10.6% 274>26 >4=>3> 7 :@8AB0;>3@0DVG=8E =0?@O<:V2, 1C;0 ?>AB02;5=0 7040G0 

28:>@8AB0B8 F59 5D5:B B0 225AB8 40=89 :><?;5:A C ?>;V<5@=V :><?>78B8 @V7=>3> 

A:;04C B0 4>A;V48B8 7<V=C ?@C6=8E 2;0AB82>AB59 >B@8<0=8E :><?>78BV2 7V %# C 

70;56=>ABV 2V4 B5<?5@0BC@8 B0 2<VABC :><?;5:AC. &0:>6 1C;> 28@VH5=> @>7@>18B8 

<0B5<0B8G=C <>45;ь, O:0 1 ?>OA=N20;0 B5@<><5E0=VG=C ?>254V=:C :><?>78BV2 V 

2@0E>2C20;0 1 ?@C6=V 2;0AB82>ABV :><?;5:AC, I> 7<V=NNBьAO 2=0A;V4>: %#, V 

B5?;>25 @>7H8@5==O :><?>=5=BV2 :><?>78BC.  

5. �@0E>2CNG8 VA=C20==O :><?;5:AV2 A:;04C [Fe(L)2(XCN)2], 45 ) = S, Se, B0 

?@8B0<0==VABь %# F8< A?>;C:0<, 1C;> 28@VH5=> A8=B57C20B8 :><?;5:A 7 ?V@078=>< 

O: ;V30=4>< B0 BH3CN2 O: :>-;V30=4>< B0 ?5@52V@8B8 =0 =0O2=VABь %# 2 FV9 A?>;CFV. 

6. �@0E>2CNG8 =87ь:C <>;O@=C <0AC =0 >48= F5=B@ Fe(II), 1C;> 28@VH5=> 

287=0G8B8 ?8B><C <0A>2C 7<V=C 5=B@>?VW ?@8 %# 2 40=><C :><?;5:AV. *5 <>3;> 1 

70157?5G8B8 28:>@8AB0==O 40=>W A?>;C:8 C AB2>@5==V B25@4>BV;ь=8E >E>;>46C20GV2. 
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$"��І� 2. ��%#�$� �!&��Ь!� +�%&�!� 

2.1  5035=B8 

/: 28EV4=V @5035=B8 B0 @>7G8==8:8 4;O A8=B57C FV;ь>28E A?>;C: 

28:>@8AB>2C20;8 ?>@>H>: <5B0;VG=>3> 70;V70, ?-B>;C5=AC;ьD>=0B=C :8A;>BC, 

?V@078=, :0;V9 48FV0=>0C@0B(I), =0B@V9 FV0=>1>@3V4@84, ?>;V2V=V;V45=DB>@84 (#��(, 

M~534 000), ?>;V<5B8;<5B0:@8;0B (#  �, M~300), =-?5=B0=>;, =-35:A0=>;, 

&@8B>= )-100, 48<5B8;AC;ьD>:A84, E;>@>D>@<, 5B0=>;, 2-1CB0=>=. 'AV 707=0G5=V 

@5035=B8 B0 @>7G8==8:8 1C;8 ?@8410=V C :><5@FV9=8E 465@5; B0 28:>@8AB0=V 157 

4>40B:>2>3> >G8I5==O. (5@C< (��) B>78;0B 35:A03V4@0B 1C2 >B@8<0=89 70 ?>?5@54=ь> 

>?8A0=>N <5B>48:>N.152 

2.2 !8=B57 4>A;V46C20=8E 7@07:V2 

�><?;5:A [Fe(pz){Au(CN)2}2] 1C2 >B@8<0=89 70 45I> 7<V=5=>N <5B>48:>N, 

70?@>?>=>20=>N �C@0;ьAь:8< B0 V=.153 

%8=B57 ?>;V:@8AB0;VG=>3> 7@07:C [Fe(pz){Au(CN)2}2]. �> 2>4=>3> @>7G8=C 
(0.1 <;) Fe(OTs)2×6H2O (OTs 3 B>78;0B-0=V>=) (40.5 <3, 0.08 <<>;ь, 1 5:2.) 4>40;8 

2>4=89 @>7G8= (0.1 <;) ?V@078=C (12.8 <3, 0.16 <<>;ь, 2 5:2.). "B@8<0=89 @>7G8= 

6>2B>3> :>;ь>@C 4>40;8 4> 15710@2=>3> 2>4=>3> @>7G8=C(0.1 <;) KAu(CN)2 (46.1 <3, 

0.16 <<>;ь, 1 5:2.). "4@07C A?>AB5@V30;>Aь CB2>@5==O OA:@02>-G5@2>=>3> >A04C. 

"A04C 40;8 2V4AB>OB8Aь 1 3>48=C, 2V44V;8;8 H;OE>< F5=B@8DC3C20==O, ?@><8;8 

2>4>N B0 5B0=>;>< B0 28ACH8;8 =0 ?>2VB@V. �8EV4: 45.1 <3 (90%). �;O C8H4Au2FeN6: 

@>7@0E>20=> (%) C 15.16; N 13.26; H 0.64; 7=0945=> C 15.55, N 13.54, H 0.62. 

�@C389 7@07>: :><?;5:AC [Fe(pz){Au(CN)2}2] 4;O 4>A;V465==ь 2?;82C 
7>2=VH=ь>3> B8A:C =0 5;5:B@8G=V 2;0AB82>ABV 1C2 A8=B57>20=89 7 28:>@8AB0==O< 5 

5:2V20;5=BV2 ?V@078=C. �;O C8H4Au2FeN6: @>7@0E>20=> (%) C 15.16; N 13.26; H 0.64; 

7=0945=> C 15.44, N 13.22, H 0.63.  

%8=B57 ?>;V:@8AB0;VG=>3> 7@07:C [Fe(pz)2(BH3CN)2]. !04;8H>: NaBH3CN 
(100.5 <3, 1.6 <<>;ь, 2 5:2.) 48A?5@3C20;8 2 5B0=>;V (5 <;) V 7<VH0;8 7 @>7G8=>< 

Fe(OTs)2×6H2O (202.4 <3, 0.4 <<>;ь, 1 5:2.) 2 5B0=>;V (1 <;). "B@8<0=89 @>7G8= 
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Fe(BH3CN)2 2V44V;8;8 2V4 =5@>7G8=5=>3> 70;8H:C F5=B@8DC3C20==O< V ?@8 

?5@5<VHC20==V 4> =ь>3> 4>40;8 =04;8H>: ?V@078=C (192.3 <3, 2.4 <<>;ь, 3 5:2.) 2 

5B0=>;V (0.5 <;). +5@57 5 E28;8= A?>AB5@V30;>AO CB2>@5==O G5@2>=8E :@8AB0;V2, 

?@840B=8E 4;O <>=>:@8AB0;VG=>3> @5=B35=V2Aь:>3> 0=0;V7C. +5@57 1 3>48=C B5<=>-

G5@2>=89 ?>;V:@8AB0;VG=89 ?>@>H>: [Fe(pz)2(BH3CN)2] 2840;8;8 7 @>7G8=C 

F5=B@8DC3C20==O<, ?@><8;8 5B0=>;>< V 28ACH8;8 =0 ?>2VB@V. �8EV4: 60.5 <3 (51%). 

�;O C10H14B2FeN6: @>7@0E>20=> (%) C 40.51; H 4.73; N 28.36; 7=0945=>: C 40.35; H 

4.79; N 28.27. 

%8=B57 =0=>G0AB>: [Fe(pz){Au(CN)2}2]. $>7G8= Fe(OTs)2×6H2O (44 <3, 1 5:2.) 
B0 ?V@078=C (14 <3, 2 5:2.) C � %" (0.2 <;) 4>4020;8 4> I>9=> ?@83>B>20=>3> 

@>7G8=C &@8B>= )-100 (3.0 3) B0 A?8@BC (3.0 <;: =-?5=B0=>; 4;O 7@07:C 1 B0 =-
35:A0=>; 4;O 7@07:C 2) C E;>@>D>@<V (20 <;). *N AC<VH ?5@5<VHC20;8 ?@>BO3>< 5 
E28;8= 4> CB2>@5==O ?@>7>@>3> @>7G8=C. &0:V 6 A0<V 4VW ?>2B>@N20;8 7 @>7G8=>< 50 

<3 (2 5:2.) K[Au(CN)2] C � %" (0.2 <;), I>1 >B@8<0B8 4@C389 28EV4=89 @>7G8=. *V 

420 @>7G8=8 7;820;8 B0 ?5@5<VHC20;8 ?@>BO3>< 4 3>48=. 'B2>@5==89 >A04 

=0=>G0AB8=>: 2V44V;O;8 F5=B@8DC3C20==O<, ?@><820;8 5 @07V2 E;>@>D>@<><, I>1 

?>71CB8AO 70;8H:V2 #�$ B0 ACH8;8 =0 ?>2VB@V. �8EV4: 30 <3 (55%) 4;O 1 and 29 <3 
(53%) for 2. �;O C8H4Au2FeN6: @>7@0E>20=> (%) C 15.16; H 0.64; N 13.26; 7=0945=> 
4;O 1: C 16.04; H 0.99; N 12.83. �=0945=> 4;O 2: C 15.65; H 0.91; N 12.93. 

%8=B57 ?>;V<5@=8E :><?>78BV2 #��(–[Fe(pz){Au(CN)2}2]. 
#>;V2V=V;V45=DB>@84 7<VHC20;8 7 2-1CB0=>=>< ( ��) V 3@V;8 =0 2>4O=V9 10=V ?@8 

60°C 4> ?>2=>3> @>7G8=5==O ?>;V<5@C. *59 @>7G8= 7<VHC20;8 7 ?>4@V1=5=8< C 

ABC?FV ?>@>H:>< [Fe(pz){Au(CN)2}2], O:89 48A?5@3C20;8 <5E0=VG=> B0 2 '�-10=V. 

#>BV< >B@8<0=C ACA?5=7VN 28;820;8 =0 =03@VBC V=5@B=C ?>25@E=N (B5D;>=) 704;O 

28?0@>2C20==O @>7G8==8:0 (C<>28 5:A?5@8<5=BC 72545=V 2 &01;. 2.1). �@07:8 7 

1V;ьH8< 2<VAB>< 0:B82=>3> :><?;5:AC 283>B>2;O;8 70 =86G8E B5<?5@0BC@, I>1 

70?>1V3B8 WE 738=0==N B0 45D>@<0FVW C ?@>F5AV 28?0@>2C20==O @>7G8==8:0. 

"B@8<0=V ?;V2:8 2V4?0;N20;8 C ACH8;ь=V9 H0DV ?@8 115°C ?@>BO3>< 2 3>48= 7 

<5B>N 7<5=H5==O :V;ь:>ABV 45D>@<0FV9 B0 <5E0=VG=8E =0?@C65=ь 2 ?>;V<5@=V9 
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<0B@8FV, O:V <>3;8 CB2>@8B8AO ?V4 G0A WE A8=B57C. #;V2:8 7 2<VAB>< :><?;5:AC ?>=04 

35% 28O28;8AO :@8E:8<8 V =5?@840B=8<8 4;O ?>40;ьH>3> B5@<><5E0=VG=>3> 

0=0;V7C. 

&01;8FO 2.1. �V;ь:>ABV @5035=BV2 B0 C<>28 283>B>2;5==O ?>;V<5@=8E :><?>78BV2. 

�<VAB (%) m%# (<3) m#��( (<3) VMEK (<;) T28?. (°C) 

10 2 18 0.4 40 

15 4.5 25.5 0.4 40 

20 5 20 0.4 40 

25 5 15 0.5 30 

30 6 14 0.5 30 

35 8 14.8 0.8 30 

 

%8=B57 ?>;V<5@=>3> :><?>78BC #  �–[Fe(pz)2(BH3CN)2]. �0 0=0;>3VG=>N 
<5B>48:>N 28I5 ?>@>H>: :><?;5:AC [Fe(pz)2(BH3CN)2] (4 <3) 48A?5@3C20;8 C 

@>7G8=V #  � (16 <3) 2 E;>@>D>@<V (0.25 <;), <5E0=VG=> ?5@5<VHCNG8 ?@>BO3>< 

5 E28;8=. "B@8<0=C ACA?5=7VN 28;820;8 =0 =03@VBC 4> 35°C V=5@B=C ?>25@E=N 

(B5D;>=) 704;O 28?0@>2C20==O @>7G8==8:0. #VA;O 2V44V;5==O 2V4 AC1AB@0BC, ?;V2:C 

2V4?0;N20;8 C ACH8;ь=V9 H0DV ?@8 95°C ?@>BO3>< 1 3>48=8. 

2.3 І=AB@C<5=B0;ь=V 4>A;V465==O 

&5<?5@0BC@>70;56=V <03=VB=V 28<V@N20==O ?@>2>48;8AO 70 4>?><>3>N 

<03=VB><5B@0 MPMS3 SQUID (Quantum Design Inc.) 2 @568<V ?>ABV9=>3> AB@C<C 

(DC), ?V4 4VєN ?>ABV9=>3> <03=VB=>3> ?>;O 1000 �, 7V H284:VABN 

=03@V2C/>E>;>465==O 1 01> 2 K E2-1. �0=V 1C;8 A:>@83>20=V 7 C@0EC20==O< 2=5A:V2 

4V0<03=VB=>ABV 7@07:0 B0 B@8<0G0 70 4>?><>3>N :>=AB0=B #0A:0;O.154  03=VB=V 40=V 

?@8 28A>:><C B8A:C 1C;8 >B@8<0=V 70 4>?><>3>N :;VI>2>3> B8?C :0<5@8, 

2V4:0;V1@>20=>W ?> ?5@5E>4C A28=FN C =04?@>2V4=89 AB0=. 

�8<V@N20==O @5=B35=V2Aь:>W 48D@0:FVW <>=>:@8AB0;V2 4;O 

[Fe(pz)2(BH3CN)2] ?@>2>48;8 70 4>?><>3>N Oxford-Diffraction XCALIBUR E CCD 
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48D@0:B><5B@0 7 3@0DVB>28< <>=>E@><>20=8< 28?@><V=N20==O< Mo-K³ (» = 0.7093 

Å). �0=V 718@0;8 ?@8 293 K. �=B53@0FVN 40=8E V 287=0G5==O 5;5<5=B0@=>W :><V@:8 

?@>2>48;8 70 4>?><>3>N ?0:5B0 CrysAlisPro 2V4 Oxford Diffraction. %B@C:BC@8 1C;8 

28@VH5=V ?@O<8< <5B>4>< 70 4>?><>3>N SHELXT 7 28:>@8AB0==O< <5B>4V2 

2=CB@VH=ь>3> D07C20==O B0 CB>G=5=V 70 4>?><>3>N SHELXL 7 28:>@8AB0==O< 

<5B>4C =09<5=H8E :204@0BV2.155,156 Olex2 28:>@8AB>2C202AO O: 3@0DVG=89 V=B5@D59A 

4;O ?@>3@0< SHELX.157 �AV =52>4=52V 0B><8 1C;> CB>G=5=>, 28:>@8AB>2CNG8 

0=V7>B@>?=C <>45;ь.  >;5:C;C ?V@078=C CB>G=N20;8 O: @>7C?>@O4:>20=C <V6 42><0 

?>78FVO<8 (50:50). 'AV 0B><8 3V4@>35=C 1C;> @>7<VI5=> =0 @>7@0E>20=8E ?>78FVOE B0 

CB>G=5=> 70 4>?><>3>N riding model. 

#>@>H:>2V 48D@0:FV9=V @5=B35=>3@0<8 7@07:V2 =0=>G0AB>: 

[Fe(pz){Au(CN)2}2] 70?8AC20;8 =0 48D@0:B><5B@V Shimadzu D6000 

(28?@><V=N20==O Cu-K³) 2 4V0?07>=V 2� 2V4 5° 4> 50° 7 :@>:>< 0.01° ?@8 293 K. 

�=0;V7  <5B>4>< $VB25;ь40 >B@8<0=8E 48D@0:B>3@0< ?@>2>482AO 70 4>?><>3>N 

?@>3@0<=>3> 70157?5G5==O GSAS II.158 

#>@>H:>2V 48D@0:B>3@0<8 ?>@>H:0 [Fe(pz)2(BH3CN)2] 70?8AC20;8 =0 

48D@0:B><5B@V Rigaku SmartLab 9kW (28?@><V=N20==O Cu-K³) ?@8 293 K (!% 

D>@<0) V 368 K (�% D>@<0) C 4V0?07>=V 2� = 5365° V :@>:>< 0.005°. 'B>G=5==O 

28A>:>A?V=>2>W :@8AB0;VG=>W AB@C:BC@8 ?@>2>48;8 70 4>?><>3>N ?@>3@0<=>3> 

70157?5G5==O Expo2014. !52>4=52V 0B><8 1C;8 CB>G=5=>, 28:>@8AB>2CNG8 

V7>B@>?=C <>45;ь. �>268=0 72'O7:V2 1C;0 >1<565=>N 4> 7030;ь=>2V4><8E 7=0G5=ь. 

 >;5:C;C ?V@078=C CB>G=N20;8 O: @>7C?>@O4:>20=C <V6 42><0 ?>78FVO<8 (50:50). 

�;O :0;>@8<5B@8G=8E 4>A;V465=ь [Fe(pz)2(BH3CN)2] 48D@0:B>3@0<8 

70?8AC20;8 =0 Rigaku SmartLab SE (28?@><V=N20==O Cu-K³) C 4V0?07>=V B5<?5@0BC@ 

2V4 300 4> 379 K. �<V=0 ?0@0<5B@V2 5;5<5=B0@=>W :><V@:8 C 70;56=>ABV 2V4 

B5<?5@0BC@8 1C;0 >B@8<0=0 70 4>?><>3>N 0=0;V7C <5B>4>< �5109;O, 

28:>@8AB>2CNG8 ?@>3@0<=5 70157?5G5==O GSAS-Ⅱ. 

�8<V@N20==O >?B8G=>3> 2V418BBO ?@>2>48;>Aь 70 4>?><>3>N 07>B=>3> 

?@>B>G=>3> :@V>AB0BC Linkam DSC 600 B0 AB5@5><V:@>A:>?C Optica SZM-1, 
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>A=0I5=>3> :0<5@>N Sigeta UCMOS 1300. #>2VB@O 284C20;8 7 :0<5@8 ?@8;04C 

ACE8< 07>B><. (>B>3@0DVW 1C;8 7@>1;5=V 02B><0B8G=> 70 4>?><>3>N ?@>3@0<=>3> 

70157?5G5==O ToupView (>4=5 7>1@065==O 2V4?>2V40є >4=><C 3@04CAC). "1@>1:0 

7>1@065=ь ?@>2>48;0Aь 70 4>?><>3>N ?@>3@0<=>3> 70157?5G5==O ImageJ. 

�8<V@N20==O >?B8G=>3> 2V418BBO ?@>2>48;8Aь 7V H284:VABN 0.5‒10 K E2-1.  

 5AA10C5@V2Aь:V A?5:B@8 57Fe (?@8 293 V 353 �) 1C;8 70?8A0=V 70 4>?><>3>N 

<5AA10C5@V2Aь:>3> A?5:B@><5B@0 Wissel 7 ?>ABV9=8< ?@8A:>@5==O<, >A=0I5=>3> 

07>B=8< ?@>B>G=8< :@V>AB0B><. 57Co, 21C4>20=89 2 @>4Vє2C <0B@8FN, 

28:>@8AB>2C202AO C O:>ABV 465@5;0 28?@><V=N20==O. �@07:8 3>BC20;8 H;OE>< 

@>7<VI5==O ?>@>H:C [Fe(pz)2(BH3CN)2] (50 <3) C ?>;V<5B8;<5B0:@8;0B=8E 

B@8<0G0E. �=0;V7 5:A?5@8<5=B0;ь=8E 40=8E ?@>2>48;8 70 4>?><>3>N ?@>3@0<=>3> 

70157?5G5==O Recoil. �7><5@=V 7AC28 =02545=> 2V4=>A=> <5B0;VG=>3> 70;V70 70 

:V<=0B=>W B5<?5@0BC@8. 

&� -7>1@065==O 1C;8 7@>1;5=V 7 28:>@8AB0==O< <V:@>A:>?C JEOL JEM-1011. 

�@07:8 1C;8 ?V43>B>2;5=V H;OE>< =0=5A5==O :@0?;V ACA?5=7VW G0AB8=>: C 

E;>@>D>@<V =0 <V4=C �@0B:C, ?>:@8BC 2C3;5F5<. %� -7>1@065==O 1C;8 7@>1;5=V 70 

4>?><>3>N <V:@>A:>?0 Hitachi SU-70. +0AB8=:8 1C;8 =0=5A5=V =0 0;N<V=Vє2C 

?V4:;04:C 7 ACA?5=7VW C B>;C>;V, O:C >B@8<0;8 H;OE>< 48A?5@3C20==O 2 '�-10=V. 

�+-A?5:B@8 =0=>G0AB8=>: [Fe(pz){Au(CN)2}2] 1C;8 70?8A0=V 70 4>?><>3>N 

FTIR-?@8;04C Frontier (Perkin Elmer), >A=0I5=>3> A8AB5<>N Spotlight, ?@8 

:V<=0B=V9 B5<?5@0BC@V B0 ?@8 393 K 2 A?5:B@0;ь=><C 4V0?07>=V <V6 550 B0 4000 A<21 

7 @>74V;ь=>N 740B=VABN 1 A<21.  

�+ A?5:B@8 [Fe(pz)2(BH3CN)2]  70?8AC20;8 ?@8 293 � 70 4>?><>3>N 

A?5:B@><5B@0 PerkinElmer BX II 7 28:>@8AB0==O< B5E=>;>3VW ATR (40003650 A<21). 

$0<0=V2Aь:V A?5:B@8 =0=>G0AB8=>: [Fe(pz){Au(CN)2}2] 1C;8 >B@8<0=V 70 

4>?><>3>N @0<0=V2Aь:>3> <V:@>A?5:B@><5B@0 Xplora (Horiba). Nd:YAG ;075@ 7 

4>268=>N E28;V 532 =< 28:>@8AB>2C20;0AO O: 465@5;> 71C465==O. 
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%?5:B@>A:>?VG=V 28<V@N20==O ?@8 7<V==V9 B5<?5@0BC@V ?@>2>48;8AO 7 

28:>@8AB0==O< :@V>AB0B0 Linkam THMS600. 

�<V=0 @0<0=V2Aь:8E A?5:B@V2 ?>@>H:C [Fe(pz)2(BH3CN)2] 70;56=> 2V4 

B5<?5@0BC@8 28<V@N20;0AO 70 4>?><>3>N :>=D>:0;ь=>3> A?5:B@><5B@0 Horiba 

Jobin Yvon HR800 7 ;075@>< 532 =< O: 465@5;>< 71C465==O. &5<?5@0BC@0 ?V4 G0A 

28<V@N20=ь :>=B@>;N20;0AO :@V>AB0B>< Linkam HMS600/TMS94. 

%?5:B@8 01A>@1FVW '(- B0 2848<>3> 28?@><V=N20==O 1C;8 70?8A0=V ?@8 298 � 

B0 368 � 70 4>?><>3>N Varian Cary® 50 UV-Vis A?5:B@>D>B><5B@0 (19031100 =<). 

�8<V@N20==O 48=0<VG=>3> @>7AVN20==O A2VB;0 (�$%) ?@>2>48;8AO 7 @>7G8=V2 

?@5:C@A>@V2 B0 :>;>W4V2 =0=>G0AB8=>: C E;>@>D>@<V 70 4>?><>3>N Malvern Zetasizer 

Nano ZS B0 >1@>1;O;8AO 70 4>?><>3>N AB0=40@B=>3> ?@>3@0<=>3> 70157?5G5==O 

Malvern Zetasizer. 

�;5<5=B=89 0=0;V7 (C, H, N) ?@>2>48;8 70 4>?><>3>N 5;5<5=B=>3> 0=0;V70B>@0 

Vario Micro Cube (Elementar) CHNOS. 

�8<V@N20==O 5;5:B@>?@>2V4=>ABV ?@>2>48;8 70 4>?><>3>N V<?540=A=>3> 

A?5:B@><5B@0 CONCEPT 40 (Novocontrol Technologies GmbH) O: DC=:FVN 

B5<?5@0BC@8 ?@8 ?>ABV9=><C B8A:C. %?5:B@8 @5єAB@C20;8 70 4>?><>3>N 

28A>:>5D5:B82=>3> G0AB>B=>3> 0=0;V70B>@0 Alpha-A (3 <:�F 3 20  �F) B0 

4>40B:>2>3> <>4C;N AB2>@5==O 28A>:>3> B8A:C 4;O 4V5;5:B@8G=8E 28<V@N20=ь 2V4 

0 4> 3 :10@ 2 4V0?07>=V B5<?5@0BC@ 253250 °C. &5<?5@0BC@C 7<V=N20;8 2 @568<V 

@>73>@B:8 7V H284:VABN 0.5 � E2-1 ?@8 =03@V20==V B0 >E>;>465==V, 0 B8A: 7<V=N20;8 

2@CG=C, I>1 ?V4B@8<C20B8 AB0;5 7=0G5==O (± 5 10@) ?@>BO3>< CAь>3> 4V0?07>=C 

@>73>@B:8 B5<?5@0BC@8, ?@8 Fь><C 157?5@5@2=> 70?8ACNG8 G0AB>B=V A?5:B@8.  

 VF=VABь ?>;V<5@=8E :><?>78BV2 =0 @>7BO3 282G0;0AO 70 4>?><>3>N :@V>AB0B0 

Linkam TST350 ?@8 H284:>ABV =03@V20==O/>E>;>465==O 2 K E2-1 C B5<?5@0BC@=><C 

4V0?07>=V 303-403 K. "1@>1:0 40=8E 28:>=C20;0AO 70 4>?><>3>N ?@>3@0<=>3> 

70157?5G5==O Link. �><?>78B=V 7@07:8 28@V70;8 ?@O<>:CB=>W D>@<8 7 <>45;ь=8<8 

?0@0<5B@0<8 (?@81;87=> 20×7.5×0.1 <<). 
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&5@<>3@02V<5B@8G=V 4>A;V465==O (&��) 1C;8 ?@>2545=V 70 4>?><>3>N 

0=0;V70B>@0 Shimadzu DTG-60H. 

�8<V@N20==O 48D5@5=FV9=>W A:0=CNG>W :0;>@8<5B@VW (�%�) ?@>2>48;8Aь 70 

4>?><>3>N Linkam DSC 600. �%� ?@>DV;V 1C;> >B@8<0=> 7V H284:VABN 

=03@V20==O/>E>;>465==O 10 � E221. 

�;O ?@>2545==O 28<V@N20==ь ?V4 3V4@>AB0B8G=8< B8A:>< 28:>@8AB>2C202AO 

48D5@5=FV9=89 A:0=CNG89 :0;>@8<5B@ ¼DSC7, Setaram. %?5FV0;ь=0 ?0=5;ь 

28A>:>3> B8A:C 28:>@8AB>2C20;0Aь 4;O AB2>@5==O B0 @53C;OFVW =5>1EV4=>3> B8A:C 

07>BC. #8B><=0 B5?;>є<=VABь (Cp) 28<V@N20;0AO 70 4>?><>3>N A8AB5<8 PPMS-16. 
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$"��І� 3. !�!"+�%&�!�� �" #���%' [Fe(pz){Au(CN)2}2] � 
��%"�"&� #�$�&'$!�  %#І!"��  #�$�)"�"  

' 40=><C @>74V;V >?8A0=> <5B>4 >B@8<0==O B0 2;0AB82>ABV =0=>G0AB8=>: 

:><?;5:AC [Fe(pz){Au(CN)2}2]
153 (Aupz). *59 :><?;5:A <0є @V7:89 7025@H5=89 

?5@5EV4, =5GCB;8289 4> 3>ABь>28E <>;5:C;, 7 3VAB5@578A>< 28I5 :V<=0B=>W 

B5<?5@0BC@8. �@V< B>3>, ?@>2>48BьAO ?>@V2=O==O AB@C:BC@=8E, >?B8G=8E B0 

A?5:B@>A:>?VG=8E E0@0:B5@8AB8:, 0 B0:>6 >A=>2=8E ?0@0<5B@V2 %# >B@8<0=8E 

=0=>G0AB8=>: V <0:@>A:>?VG=>3> ?>@>H:C :><?;5:AC.  

3.1. �B@8<0==O 4>A;V46C20=8E 7@07:V2 

!0=>G0AB8=:8 :>>@48=0FV9=>3> ?>;V<5@C Aupz >B@8<C20;8 C 283;O4V :>;>W4C 
2 E;>@>D>@<V H;OE>< @50:FVW <V6 ?V@078=>28< :><?;5:A>< 70;V70(II) ?-

B>;C5=AC;ьD>=0BC B0 :0;V9 48FV0=0C@0BC(I). #@5:C@A>@8 @>7G8=O;8 2 

48<5B8;AC;ьD>:A84V B0 4>4020;8 4> @>7G8=C &@8B>= X-100 V A?8@BV2 C5/C6 (C5 = =-

?5=B0=>; V C6 = =-35:A0=>;) C E;>@>D>@<V. &@8B>= X-100 28:>@8AB>2C202AO O: 

?>25@E=52>-0:B82=0 @5G>28=0 B0 AB01V;V70B>@ 4;O =0=>G0AB8=>:, 0 A?8@B8 

28:>@8AB>2C20;8AO O: :>AC@D0:B0=B8 C 28?04:C 7@07:V2 1 B0 2 2V4?>2V4=> ($8A. 3.1a). 

�8<V@N20==O 48=0<VG=>3> @>7AVN20==O A2VB;0 (�$%) ?>:070;>, I> ?>G0B:>2V 

@>7G8=8 є >4=>@V4=8<8, 70 28=OB:>< @>7G8=C, I> <VAB8Bь 

Fe(OTs)2×6H2O/?V@078=/&@8B>= X-100/=-35:A0=>; ($8A. 3.12). *59 5D5:B ?>2'O70=89 

7 3V@H>N @>7G8==VABN =5>@30=VG=8E ?@5:C@A>@V2 C <5=H ?>;O@=><C =-35:A0=>;V 

?>@V2=O=> 7 =-?5=B0=>;><. #VA;O >1'є4=0==O @>7G8=V2 @5035=BV2 A?>AB5@V30;>AO 

CB2>@5==O :><?;5:AC G5@57 ?>ABC?>2C 7<V=C :>;ь>@C 7 A2VB;>->@0=652>3> 4> 

OA:@02>-G5@2>=>3>. �$% ?>:07Cє 48=0<VG=5 7@>AB0==O =0=>G0AB8=>: C @>7G8=0E 

($8A. 3.15 V 6). �8O2;5=>, I> G0AB8=:8 1 ?@8?8=ONBь A2V9 @VAB ?@81;87=> G5@57 80 

E28;8=, B>4V O: G0AB8=:8 2 ?@>4>26CNBь 03@530FVN =02VBь G5@57 3 3>48=8 
?5@5<VHC20==O. *5 A2V4G8Bь ?@> B5, I> =-35:A0=>; O: <5=H ?>;O@=89 @>7G8==8:, є 

<5=H 5D5:B82=8< :>AC@D0:B0=B><, =V6 1V;ьH ?>;O@=89 =-?5=B0=>; C AB01V;V70FVW 

=0=>G0AB8=>: 2V4 03@530FVW. "B@8<0=V :>;>W4=V @>7G8=8 AB01V;ь=V ?@81;87=> 12 

3>48= 4> ?>G0B:C ?>2V;ь=>3> >A0465==O. !0=>G0AB8=:8 2V44V;O;8AO 2V4 <0B>G=>3> 
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@>7G8=C 70 4>?><>3>N F5=B@8DC3C20==O G5@57 G>B8@8 3>48=8 ?5@5<VHC20==O 4;O 

?>40;ьH8E 5:A?5@8<5=BV2.  

 

$8A. 3.1. (0) %E5<0 ?@83>BC20==O =0=>G0AB8=>:. =-#5=B0=>; 01> =-35:A0=>; 

28:>@8AB>2CNBьAO O: :>AC@D0:B0=B8 C 28?04:0E 1 V 2 2V4?>2V4=>. (1, 2, 3, 4) �$% 
28<V@N20==O @>7G8=V2 @5035=BV2. �V;ь:VA=89 @>7?>4V; 70 @>7<V@0<8 2:070=89 C 

2V4A>B:0E =0=>G0AB8=>: 4;O B@ь>E ?>A;V4>2=8E 28<V@N20=ь (G>@=V, G5@2>=V B0 A8=V 

:@82V) ?@8 293 �; (5, 6) �V;ь:VA=89 @>7?>4V; 70 @>7<V@0<8 2 70;56=>ABV 2V4 G0AC, I> 

?>:07Cє CB2>@5==O =0=>G0AB8=>: 7V %# V WE 03@530FVN 7 G0A><. 

3.2 �V:@>A:>?VG=V 4>A;V465==O =0=>G0AB8=>: [Fe(pz){Au(CN)2}2] 

�;O >B@8<0==O &� -7>1@065=ь =0=>G0AB8=:8 1C;8 ?>2B>@=> 48A?5@3>20=V C 

E;>@>D>@<V B0 =0=5A5=V =0 TEM-�@0B:C. �;O >FV=:8 @>7<V@C :>6=>3> 7@07:0 1C;> 

27OB> 4> C2038 I>=09<5=H5 100 >1'є:BV2 70 4>?><>3>N ?@>3@0<=>3> 70157?5G5==O 

ImageJ. $5?@575=B0B82=V <V:@>A:>?VG=V 7>1@065==O B0 2V4?>2V4=V @>7?>4V;8 @>7<V@V2 

?>:070=V =0 $8A. 3.2. !0=>G0AB8=:8 <0NBь :@C3;C D>@<C, ?>;V48A?5@A=V B0 7;53:0 

03@53>20=V. %5@54=V9 4V0<5B@ AB0=>28Bь 38 ± 11 =< 4;O 1 B0 54 ± 15 =< 4;O 2. �;O 
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7@07:0 2, ?@8 A8=B57V O:>3> 28:>@8AB>2C202AO =-35:A0=>; O: :>AC@D0:B0=B, 
A?>AB5@V30єBьAO 28I0 03@530FVO. �8IC 3=CG:VABь 0;:V;ь=>3> ;0=FN30 B0:>6 <>6=0 

2V4=5AB8 4> Fь>3> 5D5:BC.159 

 

$8A. 3.2. &� -7>1@065==O =0=>G0AB8=>: 1 (0) V 2 (1), =0=5A5=8E =0 <V4=C �@0B:C, 
?>:@8BC 2C3;5F5<, B0 2V4?>2V4=V @>7?>4V;8 @>7<V@V2 4;O 1 (2) V 2 (3). 

3.3 !B@C:BC@=V 4>A;V465==O =0=>G0AB8=>: [Fe(pz){Au(CN)2}2] 

%B@C:BC@0 707=0G5=>W A?>;C:8 1C;0 >?8A0=0 �C@0;ьAь:8< B0 V=.153 �>=0 

A:;040єBьAO 7 =5A:V=G5==8E H0@V2 Fe{Au(CN)2}2, 45 :>65= ;V=V9=89 D@03<5=B 

Au(CN)2 >B>G5=89 42><0 0B><0<8 Fe, 0 :>65= 0B>< Fe 72'O70=89 7 G>B8@<0 

D@03<5=B0<8 Au(CN)2. *V H0@8 7'є4=0=V <VAB:>28<8 ;V30=40<8 ?V@078=C, I> 

709<0NBь 0:AV0;ь=V ?>;>65==O =02:>;> 0B><V2 Fe, CB2>@NNG8 B@828<V@=89 :0@:0A. 

+5@57 25;8:V ?>B5=FV9=V ?>@8 C ?V4�@0BFV :0@:0AC AB@C:BC@0 707=0є ?5@5?;VB0==O 

42>E V45=B8G=8E AVB>:, I> ?@872>48Bь 4> IV;ь=>3> ?0:C20==O, 4>40B:>2> 7'є4=0=>3> 

0C@>DV;ь=8<8 270є<>4VO<8. 

!0 48D@0:B>3@0<0E >1>E 7@07:V2 =0=>G0AB8=>: A?>AB5@V30NBьAO 4C65 

@>7H8@5=V ?V:8, I> є >GV:C20=8< O: @57C;ьB0B 7<5=H5==O @>7<V@V2 :@8AB0;VBV2. 

!091V;ьH ?><VB=5 A?>AB5@565==O - 7;8BBO ?V:V2 020 V 002, ?@8ACB=VE C 

48D@0:B>3@0<V ?>@>H:C :><?;5:AC (>@B>@><1VG=0 A8AB5<0, ?@>AB>@>20 3@C?0 
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Fmmm) ($8A. 3.30).  8 ?@8?CA:0є<>, I> F59 5D5:B ?>2'O70=89 V7 7<V=>N A8<5B@VW 7 

>@B>@><1VG=>W =0 B5B@03>=0;ь=C. #@8<VB=>, I> B0:0 7<V=0 A8<5B@VW V=>4V 

A?>AB5@V30єBьAO O: 5D5:B @>7<V@C, >A>1;82> 2 >:A84=8E A8AB5<0E.160 

 

$8A. 3.3. (a) �<>45;ь>20=V 48D@0:B>3@0<8 4;O >@B>@><1VG=>3> 7@07:0 Aupz (‒‒) V 
9>3> B5B@03>=0;ь=>W <>45;V (‒‒). #>:070=> 7;8BBO ?V:V2 (020) B0 (002). (1) #0B5@=8, 
>B@8<0=V 70 4>?><>3>N 0=0;V7C $VB25;ь40 4;O 1 B0 2, 28:>=0=V 7 28:>@8AB0==O< 

B5B@03>=0;ь=>W AB@C:BC@=>W <>45;V. 

�8:>@8AB>2CNG8 >B@8<0=V ?0B5@=8 B0 B5B@03>=0;ь=C <>45;ь :><?;5:AC 

(2AB02:8 =0 $8A. 3.30), 1C;> ?@>2545=> 0=0;V7 <5B>4>< $VB25;ь40 ($8A. 3.31). 

'@0E>2CNG8 =04728G09=> CH8@5=V ?V:8, F5 1C;> 7@>1;5=> ;8H5 4;O >FV=:8 

?0@0<5B@V2 :><V@:8 B0 @>7<V@V2 :@8AB0;VBV2. �;O 0=0;V7C 28:>@8AB>2C20;8AO ;8H5 

40=V 7 <0;8< :CB>< 48D@0:FVW. "B@8<0=V ?0@0<5B@8 C7030;ь=5=V 2 &01;8FV 3.1. �0@B> 

2V47=0G8B8, I> 73040=0 7<V=0 A8<5B@VW A?>AB5@V30єBьAO 4;O >1>E 7@07:V2. *5 

?>29O70=> 7 B8<, I> @>7<V@ :@8AB0;VBV2 <0965 >4=0:>289 4;O 1 V 2, =572060NG8 =0 
7=0G=C @V7=8FN 2 @>7<V@0E G0AB8=>: 70 40=8<8 TEM. *5 4C65 206;82>, >A:V;ь:8 

@>7<V@ :@8AB0;VBV2 <>65 1CB8 206;82VH8< D0:B>@>< C 287=0G5==V 45O:8E 

2;0AB82>AB59, =V6 @>7<V@ G0AB8=>: (O:V V=>4V є 03;><5@>20=8<8 :@8AB0;VB0<8). 
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&01;8FO 3.1. "1@0=V AB@C:BC@=V ?0@0<5B@8, >B@8<0=V 4;O ?@>V=45:A>20=8E 

48D@0:B>3@0< A8=B57>20=8E =0=>G0AB>: 

#0@0<5B@8 1 2 

a (Å) 14.325(3) 14.407(4) 

c (Å) 6.84(6) 6.41(30) 

V (Å3) 1404(11) 1330(60) 

Rp 0.077 0.070 

Rwp 0.104 0.089 

$>7<V@ 4><5=V2 (=<) 16.4 13.4 

 

3.4 �?B8G=V 4>A;V465==O =0=>G0AB8=>: [Fe(pz){Au(CN)2}2] 

#@8 %# :>>@48=0FV9=V A?>;C:8 702648 7<V=NNBь :>;V@, I> >1C<>2;5=> 

7<V=0<8 2 d-d 5;5:B@>==8E ?5@5E>40E B0 A<C30E ?5@5=>AC 70@O4C. �V4?>2V4=>, 

:><?;5:A Aupz @V7:> 7<V=Nє A2V9 :>;V@ 2V4 G5@2>=>3> 2 =87ь:>A?V=>2><C AB0=V 4> 
6>2B>3> C 28A>:>A?V=>2><C AB0=V. !0 $8AC=:C 3.4 ?>:070=0 70;56=VABь >?B8G=>3> 

2V418BBO 2V4 B5<?5@0BC@8 (?5@H89 B5@<VG=89 F8:;) 4;O =0=>G0AB8=>: C ?>@V2=O==V 

7 <0A82><, O:89 4;O Fь>3> :><?;5:AC <VAB8Bь G0AB8=:8 @>7<V@>< A>B=V =0=><5B@V2. 

�=0G5==O B5<?5@0BC@ %#, >B@8<0=V 2 F8E 5:A?5@8<5=B0E, C7030;ь=5=V 2 &01;8FV 3.2. 

!0=>G0AB8=:8 707=0NBь ?5@5E>4V2 ?@8 T1/2± = 362 K V T1/2³ = 347 K 4;O 1, V ?@8 T1/2± 
= 363 K V T1/2³ = 348 K 4;O 2. 
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$8A. 3.4. �@82V B5<?5@0BC@=> V=4C:>20=>3> %# (?5@H89 F8:;) =0=>G0AB8=>: 1 B0 2 
C ?>@V2=O==V 7 Aupz, >B@8<0=V H;OE>< 28<V@N20==O >?B8G=>3> 2V418BBO 2 
70;56=>ABV 2V4 B5<?5@0BC@8 2 4V0?07>=V 313-393 K 7V H284:VABN 2 K E2-1. �AB02;5=V 

D>B>3@0DVW =0=>G0AB8=>: C @V7=8E A?V=>28E AB0=0E, 7@>1;5=V ?@8 318 K (!%) V 393 

K (�%). 

"B@8<0=V @57C;ьB0B8 A2V4G0Bь, I> =0=>G0AB8=:8 ?@>O2;ONBь :>>?5@0B82=89 

%# 7 3VAB5@578A>< ?@8 B5<?5@0BC@0E 28I5 :V<=0B=>W. "4=0: ?5@5EV4 7<VI5=89 4> 

=86G8E B5<?5@0BC@, =V6 C <0A82C. ' 28?04:C 0=0;>3V2 :;0B@0BV2 �>D<0==0 FV 

?0@0<5B@8 %# 70728G09 A8;ь=VH5 70;560Bь 2V4 @>7<V@C G0AB8=>:. !0?@8:;04, 

7<5=H5==O @>7<V@C 4> 50 =< 4;O Fe(pz)Pt(CN)4 ?@8725;> 4> 72C65==O 3VAB5@578AC 7 

30 K 4> 10 K. #>40;ьH5 7<5=H5==O 4> 7 =< ?@8725;> 4> ?>2=>3> 7=8:=5==O 

3VAB5@578AC, V ?5@5EV4 AB02 =5?>2=8< B0 <5=H @V7:8<, 7V 7<VI5==O< B5<?5@0BC@8 

?5@5E>4C =0 30 K.63,64 �=0;>3VG=89 5D5:B A?>AB5@V302AO 4;O 42>28<V@=8E 

:>>@48=0FV9=8E ?>;V<5@V2 B8?C �>D<0==0 Fe(py)2Ni(CN)4 V [Fe(3-Fpy)2M(CN)4 (M = 

Ni, Pd, Pt). �<5=H5==O @>7<V@C G0AB8=>: 4;O F8E :><?;5:AV2 ?@872>48;> 4> 

7=865==O B5<?5@0BC@8 ?5@5E>4C, 7<5=H5==O H8@8=8 3VAB5@578AC B0 ?>O28 ?><VB=>W 

70;8H:>2>W �% D@0:FVW.62,65 "4=0: C 28?04:C Fe(2-mpz)2Ni(CN)4 B5<?5@0BC@0 

?5@5E>4C 1C;0 <0965 B0:>N 6 A0<>N 4;O =0=>?;0AB8=>:, @>7<V@ O:8E @>7?>4V;O2AO 

C 42>E 4V0?07>=0E @>7<V@V2 (50‒150 =< B0 300‒600 =<), C ?>@V2=O==V 7 <0A82>< 

:><?;5:AC. #@>B5 FV =0=>G0AB8=:8 ?@>O2;O;8 ?;02=89 >4=>5B0?=89 %#, =0 2V4<V=C 
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2V4 <0A82C, I> <02 @V7:89 42>5B0?=89 ?5@5EV4.66 ' 28?04:C =0=>G0AB8=>: Aupz 
7<5=H5==O @>7<V@C =5 <0;> 7=0G=>3> 2?;82C =0 2;0AB82>ABV %#, >4=0:, 7<5=H5==O 

@>7<V@C G0AB8=>: 7@>18;> ?5@5EV4 B@>E8 ?;02=VH8<, >A>1;82> 4;O =09<5=H8E 

=0=>G0AB8=>: 1. �8E>4OG8 7 <V:@>A:>?VG=8E 28<V@N20==ь, 45 H8@8=0 =0 ?V228A>BV 
@>7?>4V;C A5@54 @>7<V@V2 4;O 2 є 1V;ьH>N, =V6 4;O 1 (30 =< ?@>B8 24 =<), 2?;82 
48A?5@A=>ABV =0 ?0@0<5B@8 ?5@5E>4C <5=H89, =V6, 2;0A=5, A0< @>7<V@=89 5D5:B. 

�V;ьH5 B>3>, 4C65 AE>689 @>7<V@ :@8AB0;VBV2 2 >1>E 7@07:0E <>65 2V4V3@020B8 

28@VH0;ь=C @>;ь C 287=0G5==V E0@0:B5@8AB8: %#, I> A?>AB5@V30NBьAO 4;O 1 V 2. 

&01;8FO 3.2. &5<?5@0BC@8 %# 4;O Aupz B0 A8=B57>20=8E =0=>G0AB>: >B@8<0=V 2 

E>4V >?B8G=8E 4>A;V465=ь B0 ?>@V2=O==O 7 B5<?5@0BC@0<8 ?5@5E>4C ?>@>H:C B0 

=0=>G0AB>: Ptpz. 

 [Fe(pz){Au(CN)2}2] [Fe(pz)Pt(CN)4] 

 Aupz 1 2 Ptpz(×2H2O)32 #>A.63 #>A.63 #>A.64 #>A.64 

T1/2↑ (K) 371 362 363 240 240 268 275 288 

T1/2↓ (K) 357 347 348 220 240 262 265 266 

ΔT (K) 14 15 15 20 0 6 10 22 

$>7<V@ 

(=<) 

 38 54  7 14 50 230 

 

3.5 !?5:B@>A:>?VG=V 4>A;V465==O =0=>G0AB8=>: [Fe(pz){Au(CN)2}2] 

�+- B0 @0<0=V2Aь:0 A?5:B@>A:>?VO 28:>@8AB>2C20;8AO 4;O 4>A;V465==O O: 

=0=>G0AB8=>:, B0: V <0A82C C !% B0 �% AB0=0E. *V <5B>48 є H284:8<8 4;O 

<>=VB>@8=3C AB@C:BC@=8E 7<V= ?@8 %#. �<V=8 2 E0@0:B5@=8E @0<0=V2Aь:8E B0 �+-

A<C30E 2V4A;V4:>2C20;8AO 7024O:8 7<V=0< C 2V4?>2V4=8E A?5:B@0E ?@8 

=03@V20==V/>E>;>465==V. *V 7<V=8 ?>2'O70=V 7V AB@C:BC@=8<8 7<V=0<8, I> 70728G09 

2V41C20NBьAO ?@8 %#, 0 B0:>6 ?V4B25@46CNBь 9>3> >1>@>B=VABь. *5 5D5:B82=89 

V=AB@C<5=B, O:89 4>72>;Oє >FV=8B8 ?>2=>BC %#, 107CNG8Aь =0 ?>O2V/7=8:=5==V 

?52=8E A<C3, E0@0:B5@=8E 4;O !% 01> �% :><?;5:AC. 
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$0<0=V2Aь:V A?5:B@8 <0A82C B0 =0=>G0AB>: 1 V 2 ?>4V1=V <V6 A>1>N, I> 
A2V4G8Bь ?@> B5, I> ?5@5EV4 4> =0=>@>7<V@=8E >19є:BV2 =5 7<V=Nє ?@8@>4C 

:><?;5:AC Aupz. %<C38 20;5=B=8E :>;820=ь ?V@078=C <>6=0 7=09B8 ?@8 1612 A<⁻¹, 
45D>@<0FV9=V :>;820==O C‒H 72'O7:C ‒ ?@8 1225 A<⁻¹, ?;>I8==V :>;820==O 

?V@078=>2>3> F8:;C ?@8 1037 A<⁻¹ B0 677 A<⁻¹ 4;O !% D>@<8 :><?;5:AC. *V:02>, I> 

20;5=B=V :>;820==O FV0=V4=>W 3@C?8 =5 A?>AB5@V30NBьAO 4;O !% AB0=C. %?@020 2 

B><C, I> 4>268=0 E28;V 465@5;0 71C465==O (532 =<) 4>1@5 A?V2?040є 7V A<C3>N 

?>3;8=0==O d-d ?5@5E>4C 2 !% D>@<V :><?;5:AC. %<C3C ?@8 2262 A<⁻¹ <>6=0 

22060B8 :><1V=0FVєN 45D>@<0FV9=8E :>;820=ь C‒H 72'O7:C B0 F8:;C 7024O:8 

@57>=0=A=><C ?>A8;5==N, O:5 2V41C20єBьAO ;8H5 2 !% D>@<V. %<C38 C G0AB>B=><C 

4V0?07>=V =86G5 600 A<⁻¹ ?5@5206=> 7C<>2;5=V :>;820==O<8 <5B0;-;V30=4, 0;5 WE 

V45=B8DV:0FVO <>65 1CB8 A:;04=>N G5@57 =87ь:C V=B5=A82=VABь A83=0;C B0 7=0G=5 

=0:;040==O <V6 @V7=8<8 A<C30<8. !572060NG8 =0 F5, <>6=0 V45=B8DV:C20B8 

=87ь:>V=B5=A82=V A<C38 ?@8 560 A<⁻¹ B0 420 A<⁻¹, O:V <>6=0 2V4=5AB8 4> 20;5=B=8E 

:>;820=ь Au‒C B0 Fe‒NNC 2V4?>2V4=>. 

%<C38 20;5=B=8E :>;820=ь, I> =0;560Bь &@8B>= )-100, =5 A?>AB5@V30;8AO 

G5@57 WE=N =87ь:C V=B5=A82=VABь ?>@V2=O=> 7V A<C30<8, I> =0;560Bь Aupz ($8A. 

3.50). #@8 =03@V20==V 7@07:V2 @0<0=V2Aь:V A?5:B@8 2V4>1@060NBь AB@C:BC@=V 7<V=8, 

A?@8G8=5=V ?5@5E>4>< !%´�%. 'AV 707=0G5=V 28I5 A<C38 (:@V< ½(Fe‒NNC)) 

707=0NBь ;8H5 =57=0G=8E 7AC2V2 (7-15 A<⁻¹) 4> =86G8E G0AB>B. "4=0:, O: V 

>GV:C20;>AO, =09ACBBє2VHV 7<V=8 A?>AB5@V30NBьAO 4;O G0AB>B 20;5=B=>3> :>;820==O 

Fe‒N. #@8 ?5@5E>4V V=B5=A82=VABь :>;820=ь ½(Fe‒NNC) ?>2V;ь=> 7<5=HCєBьAO, B>4V 

O: A<C30 ?@8 198 A<⁻¹ (½(Fe‒Npz), O:C =5 284=> C A?5:B@V !% D>@<8, ?>ABC?>2> 

7'O2;OєBьAO. *V 7<V=8 1V;ьH 28@07=V 4;O 1 B0 2 ($8A. 3.52, 3). #@8<VB=>, I> 
V=B5=A82=VABь A<C38 ?@8 80 A<⁻¹, O:C <>6=0 2V4=5AB8 4> 45D>@<0FV9=8E :>;820=ь 

C‒Au‒C, 71V;ьHCєBьAO ?@8 =03@V20==V. 

 8 B0:>6 A?>AB5@V30;8 ?>ABC?>2C ?>O2C A<C38 ?@8 2187 A<⁻¹ (½(CN)) ?@8 

=03@V20==V, O:0 7=8:0є ?@8 >E>;>465==V 4> :V<=0B=>W B5<?5@0BC@8. �=0;>3VG=>, 

A;01:>V=B5=A82=V A<C38 ?@8 1905 A<⁻¹ V 2072 A<⁻¹, O:V <>6=0 2V4=5AB8 4> 

:><1V=>20=8E 20;5=B=8E :>;820=ь, ?>ABC?>2> V 72>@>B=ь> 7=8:0NBь V 7'O2;ONBьAO  
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$8A. 3.5. $0<0=V2Aь:V A?5:B@8 Aupz B0 =0=>G0AB8=>: 1 V 2 C !% B0 �% AB0=0E (a); 
7<V=0 45O:8E D@03<5=BV2 A?5:B@V2 ?V4 G0A =03@V20==O V >E>;>465==O ?>@>H:C Aupz 
(1), 1 (2) V 2 (3). 
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?@8 ?5@5E>4V !%´�% ($8A. 3.51-3). &0:V 7<V=8 45<>=AB@CNBь =5 ;8H5 AB@C:BC@=V 

7<V=8 ?@8 %#, 0;5 B0:>6 2V4>1@060NBь 7=8:=5==O A<C38 ?>3;8=0==O ?@8 524 =< 

?@8 ?5@5E>4V 7 !% 4> �%, O:0 71V30єBьAO 7 4>268=>N E28;V ;075@0 (532 =<). 

!0 $8AC=:C 3.6 7>1@065=V �+ A?5:B@8 =0=>G0AB8=>: B0 <0A82C Aupz, 70?8A0=V 
?@8 293 K (!% AB0=) B0 393 K (�% AB0=). /: V >GV:C20;>AO, A?5:B@8 2V4@V7=ONBьAO 

4;O :>6=>3> 7V A?V=>28E AB0=V2. �;O 7@07:0 Aupz A<C30 20;5=B=8E :>;820=ь ½(CN) 
7=0E>48BьAO ?@8 2180 A<⁻¹ 4;O !% D>@<8. #@8<VB=>, I> ?>@V2=O=> 7 KAu(CN)2,161 

2>=0 7<VI5=0 4> 28I8E G0AB>B (40 A<⁻¹) G5@57 CB2>@5==O <VAB:V2 Au‒CN‒Fe 2 

:>>@48=0FV9=><C ?>;V<5@V. �0 =87ь:8E B5<?5@0BC@ 20;5=B=V :>;820==O 

0@><0B8G=>3> F8:;C 7=0E>4OBьAO ?@8 1620‒1500 A<⁻¹, A<C38 45O:8E :><1V=>20=8E 

:>;820=ь ‒ ?@8 1200‒1000 A<⁻¹, ?>70?;>I8==V :>;820==O C‒H 72'O7:V2 7=0E>4OBьAO 

?@8 820 A<⁻¹, 0 45D>@<0FV9=V :>;820==O F8:;C ?@8 668 A<⁻¹. #@8 =03@V20==V FV A<C38 

7<VICNBьAO =0 2-20 A<⁻¹ 7 <0:A8<0;ь=8< 7<VI5==O< 4;O A<C3 ?>70?;>I8==8E 

:>;820=ь C‒H 72'O7:V2. �07=0G8<>, I> %# 28:;8:0є ?>O2C =>28E V=B5=A82=8E A<C3 

?@8 1126 A<⁻¹, 1088 A<⁻¹ B0 1057 A<⁻¹, O:V, 9<>2V@=>, ?>2'O70=V 7 :><1V=>20=8<8 

0A8<5B@8G=8<8 :>;820==O<8 C‒C B0 N‒C 729O7:V2 B0 ?;>I8==8<8 :>;820==O<8 

?V@078=C.162 

 

$8A. 3.6. �+ A?5:B@8 Aupz B0 =0=>G0AB>: 1 B0 2 C !% B0 �% AB0=0E.  
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�=B5@?@5B0FVO A?5:B@V2 =0=>G0AB8=>: є A:;04=VH>N G5@57 =0O2=VABь 

70;8H:>28E A;V4V2 ?>25@E=52>-0:B82=>W @5G>28=8. !572060NG8 =0 =87ь:89 2<VAB, 

28A>:>V=B5=A82=V A<C38, I> 2V4?>2V40NBь 20;5=B=8< :>;820==O< 729O7:V2 C‒O, 

?;>I8==8< :>;820==O< C‒H B0 45D>@<0FV9=8< :>;820==O< O‒H 2V4 &@8B>=C X-

100 G0AB:>2> <0A:CNBь A<C38 ?>3;8=0==O =0=>G0AB8=>: C 4V0?07>=V 850-1550 A<⁻¹. 

�=0;V7 V=B5=A82=>AB59 A<C3 ?>:0702, I> 1 <VAB8Bь 45I> 1V;ьHC :V;ь:VABь 
?>25@E=52>-0:B82=>W @5G>28=8, =V6 2, I> 1V;ьH5 2?;820є =0 @>7<V@ V 03@530FVN 
G0AB8=>:, =V6 =0 WE DV78:>-EV<VG=V 2;0AB82>ABV. #@8 =03@V20==V A<C38, ?>2'O70=V 7 

:><?;5:A><, 707=0NBь ?>4V1=8E 7AC2V2, O: V 4;O Aupz. �>;820;ь=V A?5:B@8 
45<>=AB@CNBь V45=B8G=VABь 7@07:V2 Aupz B0 =0=>G0AB8=>:. 'AV >?8A0=V A?5:B@0;ь=V 
7<V=8 70;560Bь 2V4 B5<?5@0BC@8, I> @>18Bь WE =04V9=8<8 V=48:0B>@0<8 4;O 

<>=VB>@8=3C ?5@5E>4C !%´�%. �=8:=5==O 45O:8E A<C3 ?@8 =87ь:8E 01> 28A>:8E 

B5<?5@0BC@0E B0:>6 4>1@5 ?V4B25@46Cє ?>2=>BC %# 2 >1>E =0?@O<:0E. 

3.6 К>@>B:V 28A=>2:8 4>  >74V;C 3 

1. !0=>G0AB8=:8 :>>@48=0FV9=>3> ?>;V<5@C [Fe(pz){Au(CN)2}2] 7V %# <>6CBь 

1CB8 CA?VH=> >B@8<0=V H;OE>< @50:FVW <V6 28EV4=8<8 @5035=B0<8 C ?@8ACB=>ABV 

?>25@E=52>-0:B82=>W @5G>28=8 T@8B>= X-100 V C5/C6 A?8@BV2 O: :>-#�$C 2 

>@30=VG=><C A5@54>28IV.  

2. #>:070=>, I> @>7<V@ G0AB8=>: <>6=0 :>=B@>;N20B8, 7<V=NNG8 ?>;O@=VABь 

@50:FV9=>3> A5@54>28I0, O:0 70;568Bь 2V4 281>@C A?8@BC C O:>ABV :>-#�$C (0 A0<5 

2V4 4>268=8 9>3> 0;:V;ь=>3> ;0=FN30). %5@54=V9 @>7<V@ G0AB8=>: AB0=>28Bь 38 =< 

(C 28?04:C 28:>@8AB0==O =-?5=B0=>;C) V 54 =< (C 28?04:C 28:>@8AB0==O =-

35:A0=>;C). #>@>H:>289 @5=B35=>D07>289 0=0;V7 ?>:0702, I> G0AB8=:8 

A:;040NBьAO 7 <0;8E :@8AB0;VBV2 @>7<V@>< 16 =< V 13 =<, 0 7<V=8 @5D;5:AV2 =0 

?>@>H:>3@0<0E 4>72>;ONBь ?@8?CAB8B8 7<V=C A8<5B@VW 2=0A;V4>: @>7<V@=>3> 

5D5:BC. 

3. "B@8<0=V =0=>G0AB8=:8 :><?;5:AC 715@V30NBь :>>?5@0B82=89 %#, 

0=0;>3VG=89 4> ?>@>H:C Aupz. �<5=H5==O @>7<V@C ?@872>48Bь 4> 7=865==O 
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B5<?5@0BC@ ?5@5E>4C 7 ?><V@=8< 2?;82>< =0 @V7:VABь V :>>?5@0B82=VABь, 0 ?>2=>B0 

?5@5E>4C ?@8 Fь><C 715@V30єBьAO.  

4. �+-A?5:B@8 ?>:070;8, I> &@8B>= X-100 2E>48Bь 4> A:;04C =0=>@>7<V@=>3> 

<0B5@V0;C, V, 9<>2V@=>, 28:>=Cє @>;ь AB01V;V7CNG>3> 035=B0, 7<5=HCNG8 03@530FVN, 

7>:@5<0 4;O 7@07:0 1.  
5. "B@8<0=V 40=V 2=>AOBь 2:;04 C D>@<C;N20==O 7030;ь=8E 70:>=><V@=>AB59 

I>4> %# 2 =0=>G0AB8=:0E 0=0;>3V2 :;0B@0BV2 �>D<0==0. �>:@5<0, 206;82>N є 

2V4ACB=VABь 3>ABь>2>3> 5D5:BC, 0 B0:>6 =0O2=VABь @V7:>3> ?5@5E>4C 70 B5<?5@0BC@, 

1;87ь:8E 4> :V<=0B=>W. 

$57C;ьB0B8, ?@54AB02;5=V C 40=><C @>74V;V, 1C;8 >?C1;V:>20=V 2 1 =0C:>2V9 

AB0BBV: J. Mol. Struct. 2024, 1318, 139302. 
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$"��І� 4. �"%�І���!!/ �#���' &�%�' !� ����&$"#$"�І�!І%&Ь 
!�!"#"$",�І� [Fe(pz){Au(CN)2}2] �І %#І!"��  #�$�)"�"  

�3V4=> 7 @O4>< ?>?5@54=VE @>1VB 7 4>A;V465==O 2?;82C %# =0 

5;5:B@>?@>2V4=VABь 22060єBьAO, I> 7030;>< =87ь:>A?V=>289 AB0= є 1V;ьH 

?@>2V4=8<.1163120,1253127 #@>B5 VA=Cє B5>@VO, I> 2 <560E >4=VєW A?>;C:8 70 ?52=8E 

A?5F8DVG=8E C<>2 <>6=0 7<V=8B8 =0?@O<>: ?5@5<8:0==O 5;5:B@>?@>2V4=>ABV 

H;OE>< 7AC2C B5<?5@0BC@8 %# 70 4>?><>3>N 7>2=VH=ь>3> B8A:C120, O:89, O: 2V4><>, 

AB01V;V7Cє =87ь:>A?V=>289 AB0=.133 

' 40=><C @>74V;V >?8A0=> 4>A;V465==O 70;56=>ABV 5;5:B@>?@>2V4=>ABV 2V4 

A?V=>2>3> AB0=C 42>E =0=>:@8AB0;VG=8E 7@07:V2 :><?;5:AC [Fe(pz){Au(CN)2}2] ?@8 

@V7=8E 7>2=VH=VE B8A:0E. "B@8<0=V @57C;ьB0B8 >13>2>@NNBьAO 7 C@0EC20==O< 

70;56=>ABV ?0@0<5B@V2 0:B820FVW ?@>2V4=>ABV 2V4 A?V=>2>3> AB0=C. 

4.1 �B@8<0==O B0 7030;ь=0 E0@0:B5@8AB8:0 4>A;V46C20=8E 7@07:V2 

�20 7@07:8 [Fe(pz){Au(CN)2}2] 1C;8 A8=B57>20=V C 283;O4V ?>@>H:C 70 

>?8A0=>N <5B>48:>N153, 70 28=OB:>< B>3>, I> 1C2 28:>@8AB0=89 =04;8H>: ?V@078=C 

(5 5:2V20;5=BV2 C 28?04:C %1 B0 2 5:2V20;5=B8 4;O %2). �?;82 B5<?5@0BC@8 B0 B8A:C 
=0 ?5@5=5A5==O 70@O4C B0 =0 2;0AB82>ABV %# 4;O >1>E 7@07:V2 1C2 4>A;V465=89 

H;OE>< 28<V@N20==O <03=VB=>W A?@89=OB;82>ABV B0 <5B>4>< V<?540=A=>W 

A?5:B@>A:>?VW. �;5<5=B=89 0=0;V7, �+ A?5:B@>A:>?VO B0 A:0=CNG0 5;5:B@>==0 

<V:@>A:>?VO (%� ) ?>:070;8 70;56=VABь <>@D>;>3VW B0 A:;04C 7@07:V2 2V4 <5B>4C 

A8=B57C. �>A;V465==O <5B>4>< %�  >1>E 7@07:V2 28O28;> 4@>B>?>4V1=V 

=0=>G0AB8=:8 7 A5@54=ь>N 4>268=>N 140 B0 200 =< B0 7 A5@54=V< 4V0<5B@>< 60 B0 

70 =< 4;O %1 B0 %2 2V4?>2V4=> ($8A. 4.10, 1). 
)V<VG=0 V45=B8G=VABь G0AB8=>: ?V4B25@465=0 WE <03=VB=8<8 2;0AB82>ABO<8 

($8A. 4.12), 5;5<5=B=8< 0=0;V7>< (@>7@0E>20=> 4;O C8H4Au2FeN6: C = 15.16%, N = 

13.26%, H = 0.64%; 7=0945=> 4;O %1: C = 15.44%, N = 13.22%, H = 0.63%; 7=0945=> 
4;O %2: C = 15.55%, N = 13.54%, H = 0.62%) B0 �+ A?5:B@0<8 ($8A. 4.13). 
&5<?5@0BC@=C 70;56=VABь 4>1CB:C <>;O@=>W <03=VB=>W A?@89=OB;82>ABV B0 

B5<?5@0BC@8 (χ T) 4>A;V46C20;8 2 <03=VB=><C ?>;V ?>ABV9=>3> AB@C<C 1000 � 7V 
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H284:VABN =03@V20==O/>E>;>465==O 2 � E221. "18420 7@07:8 <0NBь %# 7 B5@<VG=8< 

3VAB5@578A>< H8@8=>N ?@81;87=> C 17 K 7 F5=B@>< 1;87ь:> 359 (%1) B0 362 K (%2), 
2V4?>2V4=>, 0;5 3VAB5@578A є 1V;ьH @V7:8< 4;O 7@07:0 %1 ($8A. 4.12), I> 2:07Cє =0 
<>6;82C 1V;ьHC :@8AB0;VG=VABь B0 / 01> 28IC >4=>@V4=VABь 7@07:0. �=0G5==O χ T 

?@81;87=> 3.6 A<3 <>;ь21 K ?@8 28A>:8E B5<?5@0BC@0E 2V4?>2V40є ?>2=VABN 

70A5;5=><C �% AB0=C (S = 2), B>4V O: ?@8 =87ь:8E B5<?5@0BC@0E !% AB0= (S = 0) 

B0:>6 є ?>2=VABN 70?>2=5=8<, 7=0G5==O χ T C Fь><C A?V=>2><C AB0=V =01;860єBьAO 

4> =C;O 4;O >1>E 7@07:V2. 

 

$8A. 4.1. )0@0:B5@8AB8:0 7@07:V2: (0, 1) <V:@>D>B>3@0DVW %� , (2) B5<?5@0BC@=0 

70;56=VABь 4>1CB:C <>;O@=>W <03=VB=>W A?@89=OB;82>ABV B0 B5<?5@0BC@8 (χ T) 2V4 

=03@V20==O B0 >E>;>465==O B0 (3)  �+ A?5:B@8 7@07:V2 %1 B0 %2. 

4.2 �?;82 B8A:C =0 5;5:B@>?@>2V4=VABь =0=>?>@>H:V2 [Fe(pz){Au(CN)2}2] ?@8 

7<V==><C AB@C<V 

�?;82 B8A:C =0 5;5:B@>?@>2V4=VABь 42>E 7@07:V2 0=0;V7C20;8 70 4>?><>3>N 

V<?540=A=>3> A?5:B@><5B@0 (100 <�F 3 1  �F) O: DC=:FVN 2V4 B5<?5@0BC@8 (253250 

°C) ?@8 AB0;8E 7=0G5==OE B8A:C (4> 3 :10@). %8;V:>=>2C >;VN 28:>@8AB>2C20;8 C 

O:>ABV A5@54>28I0 4;O V=5@B=>W ?5@540GV 3V4@>AB0B8G=>3> B8A:C. !0 $8AC=:C 4.2 

?>:070=V B5<?5@0BC@=V 70;56=>ABV 4V9A=>W G0AB8=8 5;5:B@>?@>2V4=>ABV 7<V==>3> 
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AB@C<C (σ»), 4V9A=>W G0AB8=8 4V5;5:B@8G=>W ?@>=8:=>ABV (¸») B0 CO2=>W G0AB8=8 

5;5:B@8G=>3> <>4C;O (M¼), 70?8A0=V 4;O 7@07:C %1 ?@8 @V7=8E 7=0G5==OE B8A:C ?@8 
G0AB>BV 7<V==>3> AB@C<C 100 �F.  

 

$8A. 4.2. &5<?5@0BC@=V 70;56=>ABV (0) 4V9A=>W G0AB8=8 5;5:B@>?@>2V4=>ABV; (1) 

4V9A=>W G0AB8=8 4V5;5:B@8G=>W ?@>=8:=>ABV; (2) CO2=>W G0AB8=8 5;5:B@8G=>3> 

<>4C;O 70?8A0=V ?@8 G0AB>BV ?@8:;045=>3> 5;5:B@8G=>3> ?>;O 100 �F ?@8 7<V==8E 

7>2=VH=VE B8A:0E 4;O 7@07:0 %1. (3) P, T-D07>20 4V03@0<0, >B@8<0=0 7 5;5:B@8G=8E 
28<V@N20=ь. (,B@8E>2V ;V=VW ‒ >@Vє=B8@8 4;O :@0I>3> @>7C<V==O). 

#@8 0B<>AD5@=><C B8A:C F59 7@07>: ?@>O2;Oє B5@<VG=89 3VAB5@578A C A2>WE 

5;5:B@8G=8E 2;0AB82>ABOE, ?>29O70=89 V7 O28I5< %#. #>4V1=> 4> ?>?5@54=VE 

@57C;ьB0BV2, !% AB0= є 1V;ьH 5;5:B@>?@>2V4=8< C ?>@V2=O==V 7 �% AB0=>< (?@8 350 

K σ!% = 7.6 × 10210 %< A<21 B0 σ�% = 3.8 × 10310 %< A<21). #@8 71V;ьH5==V 7>2=VH=ь>3> 

B8A:C H8@8=0 3VAB5@578AC 70;8H0єBьAO <0965 ?>ABV9=>N, 0;5 B5<?5@0BC@8 

?5@5E>4C 7@>AB0NBь ?@81;87=> =0 13 � :10@21, I> ?>B@0?;Oє 2 4V0?07>= 7=0G5=ь, 

2;0AB8289 :><?;5:A0< 7V %#.133 �07=0G8<>, I> VA=Cє 2V4E8;5==O 2V4 ;V=V9=>ABV ?@8 

1V;ьH 28A>:8E B8A:0E, 0;5 2 Fь><C 4V0?07>=V B8A:V2 B5<?5@0BC@8 ?5@5E>4C <>6=0 
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>FV=N20B8 7 28A>:>N =5287=0G5=VABN. *V @57C;ьB0B8 4>1@5 C73>46CNBьAO 7 

<03=VB=8<8 28<V@N20==O<8 ?V4 7>2=VH=V< B8A:>< ($8A. 4.3). 

 

$8A. 4.3. &5<?5@0BC@=0 70;56=VABь �% D@0:FVW, 70DV:A>20=0 ?V4 G0A <03=VB=8E 

28<V@N20=ь 7@07:C %1 ?@8 42>E @V7=8E 7>2=VH=VE B8A:0E. 

!0 $8AC=:C 4.2 <>6=0 ?>10G8B8, I> 0<?;VBC40 7<V=8 5;5:B@>?@>2V4=>ABV B0 

4V5;5:B@8G=>W ?@>=8:=>ABV 2=0A;V4>: %#, B>1B> (σ!% - σ�%)/σ!% B0 (¸!% - ¸�%)/¸�%, 

@V7:> 7<5=HCєBьAO V7 71V;ьH5==O< B8A:C B0 7=8:0є 1;87ь:> 2000 10@. ' @57C;ьB0BV 

?@8 28A>:8E B8A:0E 3VAB5@578A 7=8:0є, 0 <0B5@V0; E0@0:B5@87CєBьAO >4=0:>28<8 

7=0G5==O<8 5;5:B@>?@>2V4=>ABV B0 4V5;5:B@8G=>W ?@>=8:=>ABV 2 42>E A?V=>28E 

AB0=0E. *5 =5A?>4V20=5 A?>AB5@565==O 4;O Aupz A8;ь=> :>=B@0ABCє 7 B8<, I> 1C;> 
>B@8<0=> 4;O [Fe(Htrz)2(trz)](BF4). ' 28?04:C >AB0==ь>3> 5;5:B@>?@>2V4=VABь B0 

0<?;VBC40 ?5@5<8:0==O ACBBє2> 7@>AB0;8 ?@8 ?@8:;040==V B8A:C.116 �=8:=5==O 

0<?;VBC48 ?5@5<8:0==O ?@>2V4=>ABV 4;O Aupz є ?@>3@5ACNG8<, I> A?@>AB>2Cє 
3V?>B57C AB@C:BC@=>3> ?5@5E>4C, A?@8G8=5=>3> B8A:><, I> ;568Bь 2 >A=>2V Fь>3> 

O28I0. *5 B0:>6 =5 є @57C;ьB0B>< =572>@>B=>W 7<V=8 :0@:0AC, >A:V;ь:8 ?>G0B:>2V 

2;0AB82>ABV 2V4=>28;8AO ?@8 45:><?@5AVW. �06;82> B0:>6 707=0G8B8, I> @57C;ьB0B8, 

?@54AB02;5=V =0 $8AC=:C 4.2, 1C;8 2V4B2>@5=V :V;ь:0 @07V2 4;O >4=VєW V BVєW 6 =0206:8 

7@07:C, 0 B0:>6 7 V=H8<8 =0206:0<8 B>3> A0<>3> 7@07:C 7 BVєW 6 ?0@BVW A8=B57C. 

�5@CG8 4> C2038 2AV FV D0:B8, <>6=0 ?@8?CAB8B8, I> 7<5=H5==O 0<?;VBC48 

?5@5<8:0==O 5;5:B@>?@>2V4=>ABV ?V4 B8A:>< C Fь><C 7@07:C ?>2'O70=5 7 
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270є<>2?;82>< ?0@0<5B@V2 0:B820FVW ?@>2V4=>ABV B0 7AC2C B5<?5@0BC@8 %# ?V4 4VєN 

7>2=VH=ь>3> B8A:C. 

4.3 "5>@5B8G=5 <>45;N20==O B5<?5@0BC@=8E 70;56=>AB59 5;5:B@>?@>2V4=>ABV 

=0=>?>@>H:V2 C @V7=8E A?V=>28E AB0=0E B0 ?@8 @V7=8E B8A:0E 

#0@0<5B@8 0:B820FVW 5;5:B@>?@>2V4=>ABV 2 42>E A?V=>28E AB0=0E 287=0G0;8 70 

4>?><>3>N @V2=O==O �@@5=VCA0: 

� =  �0þ2 �����         (4.1) 
45 Ã0 є ?5@545:A?>=5=FV9=8< <=>6=8:><, �a 3 5=5@3VO B5@<VG=>W 0:B820FVW, 0 kB 3 

:>=AB0=B0 �>;ьF<0=0. /: ?>:070=> 2 &01;8FV 4.1, 5=5@3VO 0:B820FVW =86G0 4;O !% 

AB0=C C 2Aь><C 4V0?07>=V B8A:C. �06;82C @>;ь C 2;0AB82>ABOE ?5@5=>AC 70@O4C 

2V4V3@0є ?5@545:A?>=5=FV9=89 <=>6=8: Ã0, O:89 70;568Bь 2V4 42>E :>=:C@5=B=8E 

25;8G8=: 2V4AB0=ь AB@81:0 (1V;ьH5 4;O �% AB0=C) B0 G0AB>B0 AB@81:V2 (1V;ьH5 4;O 

!% AB0=C). ' 28?04:C AB@81:>2>3> <5E0=V7<C ?5@5=5A5==O 70@O4C, G0AB> 

28:>@8AB>2CєBьAO 48DC7V9=5 @V2=O==O �9=HB59=0 4;O >1'є4=0==O ?@>2V4=>ABV 

?>ABV9=>3> AB@C<C 7 G0AB>B>N AB@81:V2: �þý = ��(ÿ�)26��ă �� = ��(ÿ�)26��ă �0�exp [2 ý���ă]       (4.2) 
45 nc 3 IV;ь=VABь =>AVW2 70@O4C, e 3 5;5:B@>==89 70@O4, a 3 2V4AB0=ь AB@81:0, Vp 3 

G0AB>B0 AB@81:V2, V0p 3 2V4?>2V4=0 G0AB>B0 D>=>=V2, 0 Ep 3 5=5@3VO 0:B820FVW ?@>F5AC 

AB@81:0. �030;><, <>6=0 ?@8?CAB8B8, I> Ep = Ea 163. 

&01;8FO 4.1. #0@0<5B@8 0:B820FVW ?@>2V4=>ABV 7<V==>3> AB@C<C (1 �F) C !% B0 �% 

AB0=0E 4;O 7@07:0 %1. 

&8A: (10@)* σ!% (%< <-1) σ�% (%< <-1) EaHC(5�) Ea�C(5�) 

1 1.1(9)×1024 6.3(3)×1023 0.22(2) 0.36(2) 

500 1.3(4)×1023 1.1(1)×1022 0.31(9) 0.40(1) 

1000 1.7(2)×1023 2.1(1)×1022 0.34(1) 0.43(4) 
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1500 8.2(1)×1023 1.9(4)×1021 0.40(8) 0.51(8) 

*#@8 1V;ьH 28A>:8E B8A:0E 5;5:B@8G=V 2;0AB82>ABV 42>E A?V=>28E AB0=V2 =5 

@>7@V7=ONBьAO 

�8:>@8AB>2CNG8 FV ?0@0<5B@8, <8 5:AB@0?>;N20;8 B5<?5@0BC@=C 70;56=VABь 

5;5:B@>?@>2V4=>ABV 4;O 42>E A?V=>28E AB0=V2 ($8A. 4.4). �8O28;>Aь, I> 42V :@82V Ã 

= f (T), I> E0@0:B5@87CNBь B5<?5@0BC@=C 70;56=VABь 5;5:B@>?@>2V4=>ABV C �% V !% 

AB0=0E, ?5@5B8=0NBьAO ?@8 B5<?5@0BC@V ?5@5B8=C ?@>2V4=>AB59 (T##), O:0 <0є 

B5=45=FVN 4> 7=865==O 7V 71V;ьH5==O< B8A:C. ' B>9 65 G0A, O: <8 10G8;8 28I5, 

B5<?5@0BC@0 %# (T%#) <>=>B>==> 7@>AB0є V7 71V;ьH5==O< B8A:C. �:A?5@8<5=B8 

?>:07CNBь, I> ?@8 B8A:C 2V4 2 4> 3 :10@ T## j T%#, I> ?>OA=Nє 7=8:=5==O 

?5@5<8:0==O ?@>2V4=>ABV ?@8 %#. 

 

$8A. 4.4. &5<?5@0BC@=V 70;56=>ABV 5;5:B@>?@>2V4=>ABV 7@07:0 %1 2 !% B0 �% AB0=0E 
?@8 @V7=8E B8A:0E, 7<>45;ь>20=V 7 28:>@8AB0==O< ?0@0<5B@V2 0:B820FVW 7 &01;8FV 

4.1. 

!0 60;ь, ?@8;04>2V <>6;82>ABV ?@8:;040==O B8A:C >1<56CNBьAO 3 :10@, 0 

>B65, ?5@5EV4 2V4 1V;ьH ?@>2V4=>3> !% AB0=C 4> 1V;ьH ?@>2V4=>3> �% AB0=C =5 <>65 

A?>AB5@V30B8AO 4;O 7@07:0 %1. "4=0: F59 5D5:B AB0є ?><VB=8< 4;O 7@07:0 %2. *59 
7@07>: <0є B>9 A0<89 A:;04 V 2;0AB82>ABV %#, I> V %1, 0;5 2V= E0@0:B5@87CєBьAO 
V=H>N <V:@>AB@C:BC@>N V, 9<>2V@=>, V=H>N :@8AB0;VG=VABN. &5<?5@0BC@=0 

70;56=VABь 5;5:B@>?@>2V4=>ABV B0 4V5;5:B@8G=>W ?@>=8:=>ABV %2 =5 ?>:07Cє =VO:>W 
70;56=>ABV 2V4 A?V=>2>3> AB0=C ?@8 0B<>AD5@=><C B8A:C, I> <>65 2:07C20B8 =0 B5, 
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I> 4;O Fь>3> 7@07:0 T## j T%# 265 ?@8 B8A:C 2 1 0B< ($8A. 4.50). � V=H>3> 1>:C, ?@8 

7>2=VH=ь><C B8A:C 28I5 1000 10@, B5@<VG=89 3VAB5@578A 79O2;OєBьAO 2 

B5<?5@0BC@=V9 70;56=>ABV 5;5:B@>?@>2V4=>ABV, 2:07CNG8 =0 �% AB0= O: =0 1V;ьH 

?@>2V4=89 ($8A. 4.51).  

 

$8A. 4.5. (0) &5<?5@0BC@=0 70;56=VABь 5;5:B@>?@>2V4=>ABV 7<V==>3> AB@C<C (½ = 100 

�F), 70DV:A>20=0 =0 7@07:C %2 ?@8 @V7=8E 7>2=VH=VE B8A:0E. %B@V;:8 2:07CNBь =0 
2V4?>2V4=V B5<?5@0BC@8 ?5@5<8:0==O; (1) &5<?5@0BC@=0 70;56=VABь 

5;5:B@>?@>2V4=>ABV 7<V==>3> AB@C<C (½ = 100 �F), 70DV:A>20=0 4;O 7@07:V2 %1 B0 %2 

?V4 7>2=VH=V< B8A:>< 1500 10@. 

�<V=0 ?@>2V4=>ABV <V6 42><0 A?V=>28<8 AB0=0<8 2 Fь><C 7@07:C 4>A8Bь <0;0 

(~10212 %< A<21), I> 70 25;8G8=>N A?V2@>7<V@=> 7 4@59D0<8 ?@>2V4=>ABV, 

28:;8:0=8<8 F8:;VG=8< ?5@5?04>< B5?;0/B8A:C. #@>B5 B>9 D0:B, I> <8 

A8AB5<0B8G=> A?>AB5@V30;8 ?@8 :>6=><C B8A:C 28IC ?@>2V4=VABь ?@8 >E>;>465==V, 

?V4B25@46Cє =0HC 3V?>B57C ?@> B5, I> C 28?04:C 7@07:0 %2 ?@8:;045==O B8A:C 
?@872>48Bь 4> T## <T%#, B>1B> �% AB0= AB0є 1V;ьH 5;5:B@>?@>2V4=8< ($8A. 4.6). 
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$8A. 4.6. &5<?5@0BC@=V 70;56=>ABV 5;5:B@>?@>2V4=>ABV 7<V==>3> AB@C<C 7@07:0 %2 
?@8 @V7=8E 7>2=VH=VE B8A:0E: (0) 1000 10@; (1) 1500 10@; (2) 2500 10@; (3) 3000 10@. 

' 2AB02:0E 7>1@065=V 70;56=>ABV dσ / dT 2V4 T. 

/: 265 7304C20;>AO @0=VH5, 7@07:8 %1 B0 %2 A8=B57C20;8 7 28:>@8AB0==O< 
@V7=>W :V;ь:>ABV ?V@078=C. *5 =5 2?;8=C;> ACBBє2> 0=V =0 @>7<V@ =0=>:@8AB0;V2, 0=V 

=0 A:;04 7@07:0 B0 9>3> <03=VB=V 2;0AB82>ABV. "4=0: <>6CBь 1CB8 =57=0G=V 

2V4<V==>ABV 2 :@8AB0;VG=>ABV B0 :V;ь:>ABV 45D5:BV2 (=0?@8:;04, 20:0=AV9 Au(CN)2), 

O:V <>6CBь 2?;820B8 =0 5;5:B@>?@>2V4=VABь. *O 3V?>B570 ?V4B25@46CєBьAO 

<03=VB=8<8 40=8<8, O:V ?>:07CNBь, I> %1 45<>=AB@Cє 1V;ьH @V7:89 %#, =V6 %2. 
�0@B> B0:>6 707=0G8B8, I> AB@C:BC@0 Aupz ?>1C4>20=0 7 42>E >4=0:>28E 
?5@5?;5B5=8E 3D-:0@:0AV2153. �024O:8 Fь><C =5 70;8H0єBьAO ?>@>6=8= 4;O <>;5:C; 

@>7G8==8:0, I> @>18Bь F59 :><?;5:A =5GCB;828< 4> 3>ABь>28E 5D5:BV2, O:V 70728G09 

A?>AB5@V30NBьAO 2 3D-0=0;>30E :;0B@0BV2 �>D<0==0109. � V=H>3> 1>:C 206;82>N 

>A>1;82VABN 1C4>28 Aupz є 7=0G=0 0=V7>B@>?=0 45D>@<0FVO, O:0 2V41C20єBьAO ?@8 
%#. �>=0 ACBBє2> 7<V=Nє 35><5B@VN :0@:0A0, I>, O: =0A;V4>:, <>65 B0:>6 2?;820B8 

=0 5;5:B@>?@>2V4=VABь :><?;5:AC. 
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4.4 К>@>B:V 28A=>2:8 4>  >74V;C 4 

1. #>:070=>, I> ?@8 70AB>AC20==V 7>2=VH=ь>3> B8A:C, <>6=0 :5@>20=> 

7<V=N20B8 5;5:B@>?@>2V4=VABь :><?;5:AC Aupz 7V %#. 
2. #>:070=>, I> =0?@O<>: 7<V=8 5;5:B@>?@>2V4=>ABV (C 1V: 7<5=H5==O 01> 

71V;ьH5==O) ?V4 G0A ?5@5E>4C 70;568Bь 2V4 5=5@3VW B5@<VG=>W 0:B820FVW B0 7AC2C 

B5<?5@0BC@8 %# ?V4 4VєN B8A:C. 

3. #>:070=>, I> C<>28 A8=B57C <>6CBь ACBBє2> 2?;820B8 =0 5;5:B@8G=V 

2;0AB82>ABV 7@07:V2 2 <560E >4=VєW A?>;C:8.  

4. "B@8<0=V @57C;ьB0B8 A?>=C:0NBь 4> ?>40;ьH>3> 282G5==O 70;56=>ABV 

5;5:B@>?@>2V4=>ABV B0 4V5;5:B@8G=>W ?@>=8:=>ABV <0B5@V0;V2 7V %# 2V4 A?V=>2>3> 

AB0=C, C B><C G8A;V 7 C@0EC20==O< G0AB>B8 ?@8:;045=>3> 5;5:B@8G=>3> ?>;O 4;O 

H8@H>3> @>7C<V==O <5E0=V7<V2 ?>;O@870FVW 4V5;5:B@8:V2.  

$57C;ьB0B8, ?@54AB02;5=V C 40=><C @>74V;V, 1C;8 >?C1;V:>20=V 2 1 =0C:>2V9 

AB0BBV: Magnetochemistry 2020, 6 (3), 31. 
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$"��І� 5.  �)�!І+!І ���%&��"%&І #"�І �$!�) �" #"��&І� �І 
%#І!"��  #�$�)"�"  !� "%!"�І [Fe(pz){Au(CN)2}2] &� #��( 

�83>B>2;5==O :><?>78BV2 =0 >A=>2V :><?;5:AV2 7V %# є ?5@52V@5=8< A?>A>1>< 

@>7H8@5==O @>7<0WBBO <0B5@V0;V2-?5@5<8:0GV2 5;5:B@><5E0=VG=8E B0 <03=VB=8E 

2;0AB82>AB59.92,164,165 �65 7@>1;5=> ?5@HV :@>:8 C @>7@>1FV =>28E 42>H0@>28E 

:0=B8;525@V2 =0 >A=>2V :><?;5:AV2 B0 ?>;V<5@V2 7V %#.17,107,114,166 �2>@>B=89 

<5E0=VG=89 @CE B0:8E <5E0=V7<V2 4>AO30єBьAO 2 @57C;ьB0BV B5@<VG=>-, 5;5:B@>- 01> 

D>B>V=4C:>20=8E A?V=>28E ?5@5E>4V2. &0:89 B8? <0B5@V0;V2 є ?5@A?5:B82=8< 4;O 

@>7@>1:8 <V:@>- B0 =0=>5;5:B@><5E0=VG=8E A8AB5< ( � % V !� %), HBCG=8E 

<9O7V2 B0 ?@8AB@>W2-?5@5<8:0GV2.90,167 

!0 40=89 <><5=B 265 A:>=AB@C9>20=> 9 4>A;V465=> @V7=V ?@8AB@>W, O:V 

A:;040NBьAO ?5@5206=> 7 42>H0@>28E AB@C:BC@, =0 ?@54<5B 35=5@0FVW WE 

<5E0=VG=>3> @CEC C 2V4?>2V4ь =0 7<V=C A?V=>2>3> AB0=C :><?;5:AC. %;V4 70C2068B8, 

I> E0@0:B5@ @CEC 157?>A5@54=ь> ?>29O70=89 7 ?@C6=8<8 2;0AB82>ABO<8 0:B82=8E 

<0B5@V0;V2.16,168,169 

' 40=><C @>74V;V >?8A0=> 283>B>2;5==O :><?>78B=8E ?;V2>: 7V %# 7 @V7=8< 

2<VAB>< 0:B82=>3> :><?;5:AC =0 >A=>2V [Fe(pz){Au(CN)2}2] B0 ?>;V2V=V;V45=DB>@84C 

(#��(). "A:V;ь:8 %# 2 >B@8<0=8E ?;V2:0E <>65 1CB8 ;53:> 28:>@8AB0=89 4;O 

35=5@0FVW <5E0=VG=>3> @CEC, 1C;> 4>A;V465=> WE ?@C6=V 2;0AB82>ABV C 70;56=>ABV 2V4 

B5<?5@0BC@8 B0 2<VABC :><?;5:AC. !572060NG8 =0 25;8:C :V;ь:VABь <>6;828E 

?0@0<5B@V2, O:V <>6CBь 2?;8=CB8 =0 <5E0=VG=89 2V43C: :><?>78BV2 7V %#,  287=0G5=> 

2?;82 22545==O :><?;5:AC 7V %# =0 ?@C6=V 2;0AB82>ABV :><?>78BC B0 @>7@0E>20=> 

70;56=VABь ?@C6=8E 2;0AB82>AB59 :><?>78BV2 7V %# 2V4 B5<?5@0BC@8, 2@0E>2CNG8 

2<VAB 0:B82=>3> :><?;5:AC B0 @>7H8@5==O 2=0A;V4>: %#.  

5.1 �B@8<0==O 4>A;V46C20=8E :><?>78BV2 

�><?>78B=V ?;V2:8 1C;8 >B@8<0=V <5B>4>< 28;820==O 48A?5@3>20=>3> 

:><?;5:AC Aupz C @>7G8=V #��( C 2-1CB0=>=V =0 @>7V3@VBC V=5@B=C ?>25@E=N 
(B5D;>=) ($8A. 5.1). "B@8<0=V ?;V2:8 2V4?0;N20;8 C ACH8;ь=V9 H0DV 7 <5B>N 

7<5=H5==O :V;ь:>ABV 45D>@<0FV9 B0 <5E0=VG=8E =0?@C3 2 ?>;V<5@=V9 :><?>=5=BV, 
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O:V <>3;8 CB2>@8B8AO ?V4 G0A WE A8=B57C. #VA;O 2V4?0;C ?;V2:8 4>A;V46C20;8AO C 

B5<?5@0BC@=> 70;56=8E >?B8G=8E V <5E0=VG=8E 5:A?5@8<5=B0E =0 @>7BO3C20==O. 

#;V2:8 7 2<VAB>< =0?>2=N20G0 ?>=04 35% 28O28;8AO :@8E:8<8 V =5?@840B=8<8 4;O 

?>40;ьH>3> <5E0=VG=>3> 0=0;V7C.  

 

$8A. 5.1. %E5<0B8G=5 7>1@065==O ?@>F5AC 283>B>2;5==O :><?>78B=8E ?;V2>: 

5.2 �?B8G=V 4>A;V465==O !� C ?>;V<5@=8E :><?>78B0E =0 >A=>2V [Fe(pz){Au(CN)2}2] 

B0 ���$ 

/: 2V4><>, %# AC?@>2>46CєBьAO @V7:>N 7<V=>N :>;ь>@C :><?;5:AC, I> 

?>2'O70=> 7V 7<V=>N 5=5@3VW d-d ?5@5E>4V2 V 7AC2>< A<C3 ?5@5=5A5==O 70@O4C <5B0;-

;V30=4 ?@8 ?5@5<8:0==V. "B@8<0=V ?;V2:8 <0NBь :>;V@ 28EV4=>3> :><?;5:AC: 2>=8 

OA:@02> G5@2>=V C !% AB0=V V 6>2BVNBь ?@8 ?5@5E>4V C �% AB0=. %# C ?;V2:0E 

#��(/:><?;5:A 7V %# 4>A;V46C20;8 70 7<V=>N WE >?B8G=>3> 2V418BBO ?@8 7<V=V 

B5<?5@0BC@8. 'AV >B@8<0=V :><?>78B8 ?>:070;8 @V7:89 %# 7 H8@>:>N ?5B;5N 

B5?;>2>3> 3VAB5@578AC ($8A. 5.2). &5<?5@0BC@8 ?5@5E>4C ?>ABC?>2> 7AC20NBьAO 

(&01;. 5.1), I> <>6=0 ?>OA=8B8 ?@C6=>N 270є<>4VєN <V6 :><?;5:A>< V ?>;V<5@=>N 

<0B@8F5N. %;V4 707=0G8B8, I> B5?;>25 @>7H8@5==O ?>;V<5@C B0:>6 <>65 2?;820B8 

=0 ?5@5EV4.  >6=0 ?><VB8B8 7@>AB0==O 3VAB5@578AC 4;O :><?>78BV2 >20% </<, I>, 

<>6;82>, ?>2'O70=5 7 03;><5@0FVєN G0AB8=>: 7V %# (40=89 5D5:B A?>AB5@V30єBьAO V 

?@8 <5E0=VG=8E 28<V@N20==OE). &0:0 03;><5@0FVO ?@872>48Bь 4> 270є<>4VW <V6 

G0AB8=:0<8 :><?;5:AC V ?V428ICє :>>?5@0B82=VABь A8AB5<8.
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$8A. 5.2. �<V=0 V=B5=A82=>ABV 2V418B>3> A2VB;0 4;O :><?;5:AC B0 9>3> :><?>78BV2, 

?>2'O70=0 7V %#. ,284:VABь 7<V=8 B5<?5@0BC@8 AB0=>28Bь 2 � E2-1. 

&01;8FO 5.1. &5<?5@0BC@8 A?V=>28E ?5@5E>4V2 4;O Aupz B0 9>3> :><?>78BV2 7 

#��(. 

�<VAB (%) 100 10 15 20 25 30 35 

T1/2± (K) 372 374 380 375 381 380 382 

T1/2³ (K) 357 345 351 347 347 349 345 

&T (K) 15 29 29 28 34 31 37 

 

5.3 �>A;V465==O ?@C6=>ABV ?>;V<5@=8E :><?>78BV2 

�>A;V465==O ?@C6=8E 2;0AB82>AB59 :><?>78B=8E <0B5@V0;V2 40є 7<>3C 

7@>7C<VB8 WE 740B=VABь 28B@8<C20B8 <5E0=VG=C =0?@C3C ?@8 @V7=8E =020=B065==OE. 

�:A?5@8<5=B ?>;O30є C @>7BO3=5==V :><?>78B=>W ?;V2:8, ?@8 Fь><C DV:ACєBьAO A8;0 

@>7BO3C O: DC=:FVO 2V4 ?>4>265==O (45D>@<0FVW). !0 @8AC=:C 5.3 7>1@065=0 :@820 

70;56=>ABV <5E0=VG=>W =0?@C38 2V4 45D>@<0FVW 4;O :><?>78BC 10% </<, O: ?@8:;04 

B8?>2>W <5E0=VG=>W ?>254V=:8 ?;0AB8G=>3> <0B5@V0;C. �CB =0E8;C 9>3> ?>G0B:>2>W 

;V=V9=>W G0AB8=8 2V4?>2V40є <>4C;N .=30 :><?>78BC: 
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 � = ÿÿ   (5.1) 

45 Ã 3 <5E0=VG=5 =0?@C65==O, · – 45D>@<0FVO. *V 25;8G8=8 @>7@0E>2CNBьAO 

=0ABC?=8< G8=><: � = þ�0 (5.2) ε  = Ā��0  (5.3) 

45 F 3 A8;0 @>7BO3C, A0 3 ?>G0B:>20 ?;>I0 ?>?5@5G=>3> ?5@5@V7C 7@07:0, ΔL 3 7<V=0 

4>268=8 7@07:0, L0 3 ?>G0B:>20 4>268=0 7@07:0.170  

 

$8A. 5.3. �5D>@<0FV9=0 :@820, ?>1C4>20=0 ?@8 H284:>ABV @>7BO3C 0.1 << A-1, =0 O:V9 

?>7=0G5=> 4V0?07>= ?@C6=>W 45D>@<0FVW 4;O :><?>78BC=0 >A=>2V #��(, I> <VAB8Bь 

10% </< Aupz. �CB =0E8;C 284V;5=>W :@82>W 287=0G0єBьAO <>4C;5< .=30 

:><?>78BC. 

 

!0 @8AC=:C 5.4 7>1@065=> 70;56=VABь <>4C;O .=30 :><?>78BV2 7 @V7=8< 

2<VAB>< :><?;5:AC ?@8 303 �. !0 ?>G0B:C <>4C;ь .=30 7@>AB0є 7V 71V;ьH5==O< 

2<VABC Aupz 2V4 2.0(4) �#0 4;O G8AB>3> #��( (F5 7=0G5==O 4>1@5 C73>46CєBьAO 7V 

7=0G5==O<8, 7=0945=8<8 2 ;VB5@0BC@=8E 465@5;0E171,172) 4> <0:A8<0;ь=>3> 

7=0G5==O 2.8(2) �#0 ?@8 20% </<, >A:V;ь:8 6>@AB:VABь Aupz ?><VB=> 28I0 70 

6>@AB:VABь #��(.1733175 #@8 4>4020==V 1V;ьH>W :V;ь:>ABV =0?>2=N20G0 <>4C;ь 

.=30 @V7:> 7<5=HCєBьAO 4> 0.51(4) �#0 ?@8 35% </<. %:>@VH 70 2A5, F5 O28I5 

28:;8:0=> 270є<>4VєN <V6 G0AB8=:0<8 B0 WE 03;><5@0FVєN 2A5@548=V <0B@8FV. 
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�3@530FVO G0AB8=>: @>18Bь :><?>78B8 :@8E:8<8, I> ?@872>48Bь 4> @0==ь>W 

@C9=0FVW =0 <56V @>74V;C B0 7=865==O <>4C;O .=30.176,177 Juhasz B0 V=.178 ?>:070;8, 

I> G0AB8=:8 <5=H>3> @>7<V@C 70157?5GCNBь 1V;ьHC ?;>IC ?>25@E=V 4;O 04357VW 

?>;V<5@/=0?>2=N20G, I> 2 @57C;ьB0BV A;C3Cє 1V;ьH5 5D5:B82=><C 0@<C20==N 

:><?>78BC. 

 

$8A. 5.4.  >4C;ь .=30 :><?>78BV2 7V %# =0 >A=>2V #��( O: DC=:FVO 2V4 2<VABC 

:><?;5:AC (5:A?5@8<5=B0;ь=V 40=V ▪, <>45;ь )0;?V=0-*0O ●) ?@8 303 �. �=B5@20;8 

?>E81>: 2V4?>2V40NBь AB0=40@B=8< 2V4E8;5==O<. 

"4=0 7 :;0A8G=8E <>45;59 4;O >FV=:8 <>4C;O ?@C6=>ABV ?>;V<5@=8E 

:><?>78BV2 =040=0 )0;?V=>< B0 9>3> A?V2@>1VB=8:0<8.179 *O <>45;ь 0:B82=> 

28:>@8AB>2CєBьAO 4;O ?@>3=>7C20==O 7<V=8 <5E0=VG=>W <VF=>ABV :><?>78BV2 C 

70;56=>ABV 2V4 2<VABC 0:B82=>3> :><?>=5=BC.1803184 �>=0 >?8ACє <>4C;ь ?@C6=>ABV 

:><?>78BC O: DC=:FVN 2V4 <>4C;V2 ?>;V<5@C B0 9>3> =0?>2=N20G0, D>@<8 G0AB8=>: 

V =0?@O<:C =020=B065==O: �> =  �CB? 1+Āā�AаC12ā�AаC  (5.4) 

45 E: B0 E?>; ?@54AB02;ONBь <>4C;ь .=30 :><?>78BC B0 ?>;V<5@C 2V4?>2V4=>, · 3 

?0@0<5B@ D>@<8, I> 70;568Bь 2V4 35><5B@VW =0?>2=N20G0 B0 =0?@O<:C 

=020=B065==O, φ=0? 3 >19є<=0 G0AB:0 =0?>2=N20G0, 0 ¸ @>7@0E>2CєBьAO =0ABC?=8< 

G8=><: 
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 � =  (�AаC�CB?21)(�AаC�CB?+Ā)  (5.5) 

45 E=0? 3 <>4C;ь .=30 =0?>2=N20G0. · = 2(w/t), 45 w 3 4>268=0 G0AB8=:8 274>26 

=0?@O<:C ?@8:;045=>W =0?@C38, 0 t 3 B>2I8=0 G0AB8=>:. �;O ?@0:B8G=> V7>B@>?=8E 

G0AB8=>:, 28:>@8AB0=8E C FV9 @>1>BV, A?V22V4=>H5==O AB>@V= 4>@V2=Nє >48=8FV, 

B><C · = 2.185 

�;O <>45;N20==O ?@C6=8E 2;0AB82>AB59 4>A;V46C20=8E :><?>78BV2 1C;> 

70AB>A>20=> <5B>4 )0;?V=0-*0O.  >4C;ь .=30 :><?;5:AC 7V %# ?@8@V2=O;8 4> 7.5 

�#0, I> @0=VH5 1C;> 287=0G5=> 4;O :><?;5:AC ?>4V1=>3> A:;04C B0 AB@C:BC@8.17 

"19є<=V G0AB:8 1C;8 @>7@0E>20=V 70 4>?><>3>N <0A>28E G0AB>: B0 3CAB8= 

:><?>=5=BV2 (1.78 3/A<-3 4;O #��(; 3.13 3/A<-3 4;O Aupz C !% AB0=V153): �СП = �СПÿCB?ÿСП(12�СП)+�СПÿCB?  (5.6) 

45 ⍴ B0 w 3 3CAB8=0 B0 <0A>20 G0AB:0 2V4?>2V4=>; ?>; 2V4=>A8BьAO 4> #��(, 0 !� 

2V4=>A8BьAO 4> Aupz. !0 @8AC=:C 5.4 ?>@V2=NNBьAO 5:A?5@8<5=B0;ь=V 40=V 7 

B5>@5B8G=8<8 7=0G5==O<8, >B@8<0=8<8 7 <>45;V )0;?V=0-*0O 4;O :><?>78BV2 C !% 

AB0=V.  >6=0 ?>10G8B8, I> 4;O :><?>78BV2 <20 % </< A?>AB5@V30єBьAO 

?5@5410GC20=5 7@>AB0==O 7 45O:8<8 2V4E8;5==O<8 2V4 B5>@5B8G=>W <>45;V. �5O:0 

=5>4=>@V4=VABь :><?>78BV2, 0=V7>B@>?VO G0AB8=>: V WE ?5@5206=0 >@Vє=B0FVO <>6CBь 

A?@8OB8 Fь><C ?>A8;5==N. 

5.4 "5@<><5E0=VG=V 4>A;V465==O ?>;V<5@=8E :><?>78BV2 

�;O 4>A;V465==O B5@<><5E0=VG=>W ?>254V=:8 :><?>78BV2 7V %#, ?;V2:8 

28@V70;8Aь C 283;O4V ?@O<>:CB=8E A<C6>: (?@81;87=> 20×7.5×0.1 <<). �>6=C V7 

F8E A<C6>: DV:AC20;8 <V6 42><0 @CE;828<8 70B8A:0G0<8 V 

=03@V20;8/>E>;>46C20;8 70 C<>28 AB0;>W 45D>@<0FVW, >4=>G0A=> 28<V@NNG8 

<5E0=VG=5 =0?@C65==O C 70;56=>ABV 2V4 B5<?5@0BC@8. *N 6 ?@>F54C@C 

?>2B>@N20;8 4;O @V7=8E 45D>@<0FV9 (O:V =5 ?5@528IC20;8 1.5% ?>G0B:>2>W 

4>268=8 7@07:0). #5@54 4>AO3=5==O< %# ?@8 =03@V20==V A?>AB5@V30;>AO ?>ABC?>25 

7<5=H5==O A8;8, =5>1EV4=>W 4;O ?V4B@8<:8 ?>ABV9=>W 45D>@<0FVW ($8A. 5.5). 
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$8A. 5.5. &5<?5@0BC@=> 70;56=0 7<V=0 =0?@C38 4;O :><?>78BV2 =0 >A=>2V #��( 7 

@V7=8< 2<VAB>< Aupz ?@8 Δl = 0.175 <<. 

' ?5@HC G5@3C F5 ?>2'O70=> 7 B5?;>28< @>7H8@5==O< :><?>=5=BV2 (1V;ьH>N 

<V@>N ?>;V<5@C, B5?;>25 @>7H8@5==O :><?;5:AC <5=H ACBBє25). $>7<'O:H5==O 

?>;V<5@C 2=0A;V4>: =03@V20==O B0:>6 є ?@8G8=>N 7<5=H5==O <5E0=VG=>3> 

=0?@C65==O. "4=0: ?><VB=0 7<V=0 45D>@<0FVW 2V41C20єBьAO 2 >1;0ABV %#, O:0 

3>;>2=8< G8=>< ?>29O70=0 7 @V7:8< @>7H8@5==O</A:>@>G5==O< :><?;5:AC ?@8 %#. 

&0:0 ?>254V=:0 AB0є 1V;ьH ?><VB=>N 4;O :><?>78BV2 7 28A>:8< 2<VAB>< :><?;5:AC 

($8A. 5.60). �@V< B>3>, 20@B> 707=0G8B8, I> ?@8 28A>:8E B5<?5@0BC@0E V <0;V9 

45D>@<0FVW 28<V@O=5 =0?@C65==O ?040є 4> =C;O, >A:V;ь:8 B5?;>25 @>7H8@5==O 

7@07:0 4>AO30є (V ?5@528ICє) 25;8G8=C 45D>@<0FVW :><?>78BC. 

"B@8<0=V 40=V 4>72>;8;8 =0< 157?>A5@54=ь> AB568B8 70 2V4=>H5==O< 

=0?@C38 4> 45D>@<0FVW 2 70;56=>ABV 2V4 B5<?5@0BC@8, >4=0: B5?;>25 @>7H8@5==O 

C=5<>6;82;Nє 287=0G5==O <>4C;V2 .=30 :><?>78BV2 70 @V7=8E B5<?5@0BC@ ($8A. 

5.62). &8< =5 <5=H, 70 4>?><>3>N =0H>3> <5B>4C 28<V@N20==O 240;>AO ?><VB8B8 

C=V:0;ь=C B5@<><5E0=VG=C ?>254V=:C: 4;O :><?>78BC 7 =091V;ьH8< 2<VAB>< 

:><?;5:AC 7V %# (35 % </<) ($8A. 5.61 ,3) ?5@5EV4 7 �% AB0=C 4> !% 28:;8:0є 

7<5=H5==O =0?@C38. *5 <>65 >7=0G0B8, I> =87ь:>A?V=>20 D>@<0 :><?>78BC є <5=H 

6>@AB:>N, =V6 28A>:>A?V=>20, =5 482;OG8Aь =0 AB8A=5==O G0AB8=>: :><?;5:AC ?@8 

>E>;>465==V. 
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$8A. 5.6. �0;56=VABь <5E0=VG=>3> =0?@C65==O 2V4 B5<?5@0BC@8 ?@8 H284:>ABV 

=03@V20==O/>E>;>465==O 2 K E2-1 4;O :><?>78BC =0 >A=>2V #��(, I> <VAB8Bь 30% 

</< (0) V 35% (1) Aupz ?@8 @V7=8E 45D>@<0FVOE. ' 2AB02FV 71V;ьH5=0 >1;0ABь 335-

400 �, :@82V @>7AC=CBV 4;O :@0I>3> @>7C<V==O; $>7@0E>20=5 A?V22V4=>H5==O 

=0?@C30/45D>@<0FVO 2 70;56=>ABV 2V4 B5<?5@0BC@8 4;O 30 % </< (2) V 35 % </< (3). 

5.5 �>45;N20==O <5E0=VG=8E 2;0AB82>AB59 ?>;V<5@=8E :><?>78BV2 

�030;ь=5 =0?@C65==O ?>;V<5@=>3> :><?>78BC =0 >A=>2V :><?;5:AC 7V %# C 

=87ь:>A?V=>2><C AB0=V (Ã!%) <>65 1CB8 >B@8<0=> 7 70:>=C ;V=V9=>W 

B5@<>5;0AB8G=>ABV186: 

�НС = �(�0 2 �т5D@) = � (Ā�0�0 2 ÿ>��)  (5.7) 

45 ·0 3 ?>G0B:>20 45D>@<0FVO, ·B5@< 3 45D>@<0FVO, I> 28=8:0є 2=0A;V4>: 

B5?;>2>3> @>7H8@5==O, ΔT 3 B5<?5@0BC@0 28I5 B5<?5@0BC@8 =02:>;8H=ь>3> 

A5@54>28I0, L0 3 ?>G0B:>20 4>268=0 7@07:0, 0 ΔL0 2V4?>2V40є WW 7<V=V ?V4 G0A 

?>G0B:>2>3> ?@8:;045==O <5E0=VG=>3> =0?@C65==O, α: 3 :>5DVFVє=B ;V=V9=>3> 

B5?;>2>3> @>7H8@5==O :><?>78BC. "AB0==N 25;8G8=C <>6=0 28@078B8 O: AC<<C 
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:>5DVFVє=BV2 B5?;>2>3> @>7H8@5==O :><?>=5=BV2 :><?>78BC 7 C@0EC20==O< WE 

>19є<=>W G0AB:8: 

ÿ> =  ÿCB?�CB? + ÿСП�СП  (5.8) 

45 φ?>; V φ%# 3 >19є<=V G0AB:8 :><?>=5=BV2. $>7@0EC=>: :>5DVFVє=BC B5?;>2>3> 

@>7H8@5==O :><?>78BC 1C;> ?@>2545=> 7 28:>@8AB0==O ;VB5@0BC@=8E 40=8E: α?>; = 

1.37×10-4 K-1, α%#!% = 2.80×10-4 K-1, α%#�% = 1.80×10-4 K-1.153,171 ' 28?04:C :><?>78BC 

C 28A>:>A?V=>2><C AB0=V, @V2=O==O (5.7) A;V4 <>48DV:C20B8 7 C@0EC20==O< 

45D>@<0FVW, 28:;8:0=>W %# (·%#): 

�ВС = �(�0 2 �т5D@ 2 �СП) = � (Ā��0 2 ÿ>�� 2 ā�0�СП (Ā��0 )13)  (5.9) 

45 ´ 3 :>5DVFVє=B 5D5:B82=>ABV ?5@540GV 45D>@<0FVW, ΔV/V0 3 2V4=>A=0 7<V=0 

>19є<C ?@8 %#. &5<?5@0BC@=C 70;56=VABь <>4C;O .=30 <>6=0 @>7@0EC20B8 

=0ABC?=8< G8=><187: 

� = �0 × þ��(2Ā��)  (5.10) 

45 E0 4 <>4C;ь .=30 ?@8 ?>G0B:>2V9 B5<?5@0BC@V 5:A?5@8<5=BC (303 K), ³ 

4 ?0@0<5B@ <0B5@V0;C, O:89 70728G09 7=0E>48BьAO 2 4V0?07>=V <V6 0.018-0.03 K-1.1873

189 

!0 @8AC=:C 5.7 ?>:070=> @>7@0E>20=V 70;56=>ABV <5E0=VG=>W =0?@C38 2V4 

B5<?5@0BC@8 4;O 30 % </< :><?>78BC (2 >1>E A?V=>28E AB0=0E). 
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$8AC=>: 5.7. �<>45;ь>20=V :@82V 70;56=>ABV <5E0=VG=>W =0?@C38 2V4 B5<?5@0BC@8 

4;O :><?>78BV2 Aupz-#��( 30 % </< (0) V 35 % </< (1) 2 >1>E A?V=>28E AB0=0E ?@8 

25;8G8=V 45D>@<0FVW ¸ = 1.5×10-2. ' 2AB02:0E 7>1@065=> 71V;ьH5=V 45O:V 

B5<?5@0BC@=V >1;0ABV. 

*O <>45;ь <>65 ?>OA=8B8 7030;ь=C ?>254V=:C :><?>78BV2 7 2<VAB>< 

:><?;5:AC 10-30 % </<, 45 7<5=H5==O <5E0=VG=>3> =0?@C65==O 7 @>AB>< 

B5<?5@0BC@8 2 >A=>2=><C 287=0G0єBьAO ?0@0<5B@>< <0B5@V0;C (³) V ;V=V9=8< 

B5?;>28< @>7H8@5==O< :><?>78BC. �>6=0 :@820 2V4?>2V40є >:@5<><C A?V=>2><C 

AB0=C, 0 @V7=8FO <V6 =8<8 7C<>2;5=0 @V7=8<8 >19є<=8<8 G0AB:0<8 :><?;5:AV2 

(2>=0 28I0 4;O �% D>@<8 V =86G0 4;O !%, B>4V O: <0A>20 G0AB:0 70;8H0єBьAO 

=57<V==>N), @V7=8<8 ;V=V9=8<8 B5?;>28<8 @>7H8@5==O<8 4;O @V7=8E A?V=>28E 

AB0=V2 V 5D5:B82=VABN ?5@540GV 45D>@<0FVW.  >6=0 7<>45;N20B8 ?5@5B8= :@828E 

4;O !% V �% AB0=V2, I> <>6=0 A?>AB5@V30B8 4;O :><?>78BC 7 35 % </< :><?;5:AC 

($8A. 5.71). *O <>45;ь 2@0E>2Cє, I> <>4C;ь .=30 B0 ;V=V9=5 @>7H8@5==O :><?;5:AC 

28IV 4;O �% AB0=C, =V6 4;O !%. �>5DVFVє=B ;V=V9=>3> @>7H8@5==O 4;O :>6=>3> 

AB0=C 22060єBьAO ?>ABV9=8< C 2Aь><C 4V0?07>=V B5<?5@0BC@, ?@>B5 2V= <>65 

:>;820B8AO, O: 1C;> ?>:070=> �C42V=>< B0 V=.190 4;O FV0=>35B5@>1V<5B0;VG=>3> 

0=0;>30 Ag3[Co(CN)6]. %;V4 B0:>6 2@0E>2C20B8, I> 5D5:B82=VABь ?5@540GV 

45D>@<0FVW <0є B5=45=FVN 4> 7=865==O 7V 7@>AB0==O< G0AB:8 :><?;5:AC. 
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)>G0 70?@>?>=>20=0 <>45;ь є 4>A8Bь 5<?V@8G=>N, F5 ?5@H0 A?@>10 

V=B5@?@5BC20B8 2;0AB82>ABV :><?>78BV2 7V %#, V <8 A?@>1C20;8 2@0EC20B8 >A=>2=V 

D0:B>@8, O:V <>6CBь 2?;820B8 =0 ?>254V=:C F8E ?>;V<5@=8E :><?>78BV2. 

5.6 К>@>B:V 28A=>2:8 4>  >74V;C 5 

1. "B@8<0=> :><?>78B=V ?;V2:8 =0 >A=>2V Aupz B0 #��( 7 2<VAB>< :><?;5:AC 

4> 35% </< H;OE>< 48A?5@3C20==O ?>@>H:C :><?;5:AC C @>7G8=V ?>;V<5@C B0 

?>40;ьH>3> 28?0@>2C20==O @>7G8==8:0.  

2. #>:070=>, I> 2 >B@8<0=8E :><?>78B=8E <0B5@V0;0E %#, 2;0AB8289 

:><?;5:AC, 715@V30єBьAO, I> 1C;> ?>:070=> 70 7<V=>N WE >?B8G=8E 2;0AB82>AB59.  

3. �0 4>?><>3>N <5E0=VG=>3> 0=0;V7C ?@C6=>ABV =0 @>7BO3 28O2;5=> 5D5:B 

7<VF=5==O ?;V2>:, O:89 <0є <VAF5 4> 20 % </< 2<VABC, B>4V O: ?>40;ьH5 7@>AB0==O 

:>=F5=B@0FVW :><?;5:AC @V7:> 7=86Cє <>4C;ь .=30 <0B5@V0;C, I>, A:>@VH 70 2A5, 

28:;8:0=> 270є<>4VєN <V6 G0AB8=:0<8 B0 WE 03@530FVєN 2A5@548=V ?>;V<5@C.  

4. �0 4>?><>3>N B5@<><5E0=VG=>3> 0=0;V7C >B@8<0=8E :><?>78BV2 ?@8 AB0;V9 

45D>@<0FVW 28O2;5=> A:;04=C ?>254V=:C :><?>78BV2 ?@8 @V7=8E =020=B065==OE, I> 

70728G09 AC?@>2>46CєBьAO ?04V==O< =0?@C65==O ?@8 ?5@5E>4V 7 !% AB0=C C �%. 

"4=0: 4;O :><?>78BC 7 =0928I8< 2<VAB>< :><?;5:AC B0:5 ?04V==O A?>AB5@V30єBьAO 

O: ?@8 ?5@5E>4V 7 !% 4> �% D>@<8, B0: V ?@8 72>@>B=><C ?5@5E>4V 7 �% 4> !%.  

5. �C;>  AB2>@5=> <0B5<0B8G=C <>45;ь, I> ?>OA=Nє B5@<><5E0=VG=C 

?>254V=:C :><?>78BV2 7 C@0EC20==O< ?@C6=8E 2;0AB82>AB59 :><?>=5=BV2, 2?;82C 

A?V=>2>3> AB0=C =0 FV ?@C6=V 2;0AB82>ABV, B0 7 C@0EC20==O< B5?;>2>3> @>7H8@5==O 

:><?;5:AC B0 ?>;V<5@C.  

6. "B@8<0=V @57C;ьB0B8 <>6CBь 2V4V3@0B8 206;82C @>;ь C ?>40;ьH><C 

@>728B:C ?5@5<8:0GV2 =0 >A=>2V :><?>78B=8E <0B5@V0;V2 V A8AB5<  � %/!� %.  

$57C;ьB0B8, ?@54AB02;5=V C 40=><C @>74V;V, 1C;8 >?C1;V:>20=V 2 1 =0C:>2V9 

AB0BBV: Polymer, 2022, 238, 124410. 
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$"��І� 6. %#І!"��� #�$�)І� ' *І�!"�"$�І�$��!" ' 
�" #���%І Fe(II) � #І$���!"  &� �" #"��&І !� �"�" "%!"�І 

' 40=><C @>74V;V >?8A0=> =>2C :>>@48=0FV9=C A?>;C:C Fe(II) 7V %#, AB@C:BC@0 

O:>W AD>@<>20=0 42>28<V@=8< 44 :0@:0A>< 157 <>;5:C; @>7G8==8:0, V <VAB8Bь 

?V@078= V BH3CN2 C O:>ABV ;V30=4V2. &0:>6 282G5=> B0 >13>2>@5=> WW :@8AB0;VG=C 

AB@C:BC@C, <03=VB=V, >?B8G=V B0 B5@<>48=0<VG=V 2;0AB82>ABV. !0 >A=>2V >B@8<0=>W 

A?>;C:8 1C;> >B@8<0=> ?>;V<5@=C :><?>78B=C ?;V2:C 7 #  �. �;0AB82>ABV WW %# 

B0:>6 >13>2>@5=>. 

6.1 !B@C:BC@=V 4>A;V465==O :><?;5:AC [Fe(pz)2(BH3CN)2] 

�><?;5:A [Fe(pz)2(BH3CN)2] C 283;O4V G5@2>=8E :@8AB0;V2 H284:> 

CB2>@NєBьAO ?@8 @50:FVW Fe(BH3CN)2 7 ?V@078=>< 2 5B0=>;V. �@8AB0;VG=0 AB@C:BC@0 

[Fe(pz)2(BH3CN)2] 1C;0 >B@8<0=0 ?@8 293 K. *59 :><?;5:A :@8AB0;V7CєBьAO 2 

B5B@03>=0;ь=V9 ?@>AB>@>2V9 3@C?V I4/mmm 7 42><0 D>@<C;ь=8<8 >48=8FO<8 

[Fe(pz)2(BH3CN)2] =0 :><V@:C (&01;. 6.1). (@03<5=B 9>3> AB@C:BC@8, I> V;NAB@Cє 

:>>@48=0FV9=C AD5@C Fe(II), ?>:070=> =0 $8AC=:C 6.10. �>= 70;V70(II) 7=0E>48BьAO 2 

>A>1;82V9 ?>78FVW (?>78FVO '09:>DD0 20); 2V= <0є :>>@48=0FV9=5 >B>G5==O FeN6 C 

D>@<V 7;53:0 AB8A=CB>3> >:B054@0, O:89 D>@<CєBьAO 7 42>E 0:AV0;ь=8E 

<>=>45=B0B=8E 0=V>=V2 BH3CN2 V G>B8@ь>E 5:20B>@V0;ь=8E 0B><V2 =VB@>35=C 7 

<VAB:>28E ?V@078=>28E ;V30=4V2. #@8 293 � A5@54=O 2V4AB0=ь 729O7:C <Fe‒N> 4;O 

[Fe(pz)2(BH3CN)2] 4>@V2=Nє 1.981(2) Å, I> 2V4?>2V40є !% AB0=C.15 'AV 5:20B>@V0;ь=V 

4>268=8 729O7:C Fe3N >4=0:>2V B0 4>@V2=NNBь 1.995(6) Å. �:AV0;ь=V 72'O7:8 

:>@>BHV V 4>@V2=NNBь 1.952(4), 9<>2V@=>, G5@57 =530B82=89 70@O4 =0 0:AV0;ь=8E 

;V30=40E, I> @>18Bь WE A8;ь=VH8<8 Ã-4>=>@0<8. 

#V@078=>289 ;V30=4 <>65 >15@B0B8AO =02:>;> >A59 a 01> b. *5 ?@872>48Bь 4> 

9>3> @>7C?>@O4:C20==O <V6 42><0 ?>78FVO<8 2 AB@C:BC@V, >B@8<0=V9 ?@8 :V<=0B=V9 

B5<?5@0BC@V (50:50) ($8A. 6.12). 

"B@8<0=89 ?;>A:89 AB@C:BC@=89 D@03<5=B CB2>@Nє 42>28<V@=V H0@8 C 

?;>I8=V ab 7 V>=0<8 70;V70 C 2C7;0E B0 ?V@078=>28<8 ;V30=40<8 C O:>ABV <VAB:V2. 44 

2D AVBG0ABV :0@:0A8 7 @>7<V@0<8 :><V@:8 6.797 Å × 6.797 Å C:;045=V A?>A>1>< 
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A�A� ($8A. 6.20, 1) B0:, I> 3@C?8 BH3 2:07CNBь =0 :204@0B=V >B2>@8 ACAV4=VE H0@V2. 

&0:89 B8? 42>28<V@=8E AVB>: 7V %# =0 >A=>2V Fe(II), 7 FV0=>1>@3V4@84-0=V>=><, 

2V4><89 4;O =01030B> 1V;ьH8E <VAB:>28E N,N'-4>=>@=8E ;V30=4V2, B0:8E O: 1,2-

1VA(4-?V@848;)5B0=, 1,4-1VA(?V@84-4-8;)15=7>;, 1,1,2,2-B5B@0:VA(4-(?V@848=-4-

V;)D5=V;)5B5=.39341 

 

$8AC=>: 6.1. (0) (@03<5=B :@8AB0;VG=>W AB@C:BC@8 [Fe(pz)2(BH3CN)2]. �>48 

A8<5B@VW: (i) +x, 1-y, 1-z; (ii) +y, 1-x, +z; (iii) 1-x, 1-y, 1-z; (iv) 1-y, +x, +z; (1) �83;O4 

:@8AB0;VG=>W AB@C:BC@8 [Fe(pz)2(BH3CN)2], I> 45<>=AB@Cє =5A:V=G5==89 2D H0@; 

(2) (@03<5=B :@8AB0;VG=>W AB@C:BC@8, I> 45<>=AB@Cє @>7C?>@O4:C20==O <>;5:C;8 

?V@078=C ?> 42>E ?>78FVOE C74>26 >AV a 01> b. 

"A=>2=8<8 A;01:8<8 270є<>4VO<8, I> 2V4?>2V40NBь 70 AB01V;V70FVN 

42>28<V@=8E H0@V2 C B@828<V@=><C AC?@0<>;5:C;O@=><C :0@:0AV, є :>=B0:B8 C‒

H···H‒B ($8A. 6.22). *V :>=B0:B8 265 2V4><V 7 ;VB5@0BC@8 O: 482>4=52V 729O7:8.191 �E 

<>6=0 @>73;O40B8 O: 270є<>4VN <V6 ?@>B>=>< C‒H ?V@078=C V 729O7:>< B3H C 

FV;><C. �>=8 <>6CBь 2V4V3@020B8 206;82C @>;ь C AB01V;V70FVW IV;ь=>W C?0:>2:8 

42>28<V@=8E H0@V2 ?@8 :@8AB0;V70FVW. ' 4>A;V46C20=><C :><?;5:AV :>=B0:B8 H···H 

AB0=>2;OBь 2.076‒2.254 Å, :CB8 B‒H···H V C‒H···H 4>@V2=NNBь 132.93155.7° V 

119.7‒142.6° 2V4?>2V4=>. *V 7=0G5==O E0@0:B5@=V 4;O 482>4=528E 729O7:V2 C‒

H·+···H·33B,40 ?@8 Fь><C A;V4 2@0E>2C20B8, I> 4>268=8 729O7:V2 B3H B0 C3H 1C;8 

70DV:A>20=V ?@8 CB>G=5==V. �8A>:0 =52?>@O4:>20=VABь 0B><V2 3V4@>35=C 2 BH3-3@C?V, 

O:0 ?>2'O70=0 7 28A>:>N A8<5B@VєN :><?;5:AC, B0:>6 A?@8Oє 48A?5@AVW 2V4AB0=59 

H···H :>=B0:BV2. 
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�0728G09 <V6<>;5:C;O@=V 270є<>4VW 2 :><?;5:A0E SCO ?@54AB02;5=V 

2>4=528<8 729O7:0<8192,193 B0 Ã-Ã AB5:V=3><,1933195 B>4V O: 482>4=52V 729O7:8 є 

@V4:VA=8<8, >A:V;ь:8 :><?;5:A8 7V %# =5 <VABOBь 3V4@84V2 <5B0;V2, 1>@0=V2 01> 

?>4V1=8E D@03<5=BV2, I> 2:;NG0NBь H·‒. � >?8AC20=><C :><?;5:AV ?@8ACB=VABь 

3@C? BH3 AB8<C;Nє 482>4=52V 270є<>4VW, O:V 2V4?>2V40NBь 70 C?0:C20==O 

42>28<V@=8E H0@V2 70 B8?>< ABAB, I> ?@872>48Bь 4> IV;ь=>3> B@828<V@=>3> 

AC?@0<>;5:C;O@=>3> C?>@O4:C20==O B0 30@0=BCє 2V4ACB=VABь 2V;ь=>3> ?@>AB>@C 4;O 

1C4ь-O:>3> 2:;NG5==O 3>ABO. � A0<5 2V4ACB=VABь 3>AB59 2V4?>2V40є 70 AB01V;ь=VABь 

?>254V=:8 %#. !0?@8:;04, 5D5:B8 2V4 3>ABь>2>W 2>48 70728G09 A?>AB5@V30NBьAO 2 

:><?;5:A0E B0:8E B8?V2, O: 1,2,4-B@807>;2<VA=V :><?;5:A8196 B0 0=0;>38 :;0B@0BV2 

�>D<0==0197,198. 

 

$8AC=>: 6.2. (0, 1) �70є<>@>7B0HC20==O 2D AVBG0AB8E H0@V2 [Fe(pz)2(BH3CN)2] 

?>:070=> A2VB;8< B0 B5<=8< :>;ь>@0<8; (2) (@03<5=B :@8AB0;VG=>W AB@C:BC@8 V7 

7>1@065==O< 482>4=528E :>=B0:BV2 H···H (HB@8E>2V ;V=VW). 

#>@V2=O==O ?>@>H:>28E 48D@0:B>3@0< 4;O ?>;V:@8AB0;VG=>3> 7@07:0, 

>B@8<0=>3> ?V4 G0A A8=B57C, 4>1@5 C73>46CєBьAO V7 7=0945=>N :@8AB0;VG=>N 

AB@C:BC@>N ($8A. 6.3a). !0 60;ь, ?@8 =03@V20==V <>=>:@8AB0;V2 4> B5<?5@0BC@, ?@8 

O:8E 2>=8 ?5@51C20NBь C �% AB0=V, 2>=8 2B@0G0NBь A2>N O:VABь V AB0NBь 

=5?@840B=8<8 4;O @5=B35=V2Aь:>3> 0=0;V7C. #>@>H:>3@0<8 ?>;V:@8AB0;VG=>3> 

7@07:0 ?@8 368 � ?>:07CNBь ?><VB=C 7<V=C AB@C:BC@8, ?>29O70=C 7V %#. %;V4 

2V47=0G8B8, I> ?>@>H:>3@0<0, 70?8A0=0 ?VA;O 10 ?>A;V4>2=8E B5?;>28E F8:;V2, 

2:07Cє =0 ?>2=C >1>@>B=VABь AB@C:BC@=8E 7<V=, O:V 2V41C20NBьAO 2 :><?;5:AV ?V4 G0A 
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%# ($8A. 6.3a). �=45:A0FVO 48D@0:B>3@0<8 ?>:07Cє, I> :><?;5:A 715@V30є 

B5B@03>=0;ь=C A8<5B@VN C �% AB0=V, 0 5;5<5=B0@=0 :><V@:0 71V;ьHCєBьAO =0 10.6%. 

*O 7<V=0 2V41C20єBьAO G5@57 @>7H8@5==O 2 =0?@O<:0E a V b =0 6.3% 2 :>6=><C 

=0?@O<:C. *5 @>7H8@5==O  28:;8:0=> ?>4>265==O< 729O7:C Fe3N, O:5 70728G09 

A?>AB5@V30єBьAO ?@8 %# (?@81;87=> 0.2 Å 4;O Fe(II)). #V@078=>2V ;V30=48 є 

6>@AB:8<8, B><C F5 284>265==O 5D5:B82=> ?5@540єBьAO ?> 44 :0@:0A=8< AVB:0<. 

 5=H B8?>25 A:>@>G5==O =0 2.2% A?>AB5@V30єBьAO 274>26 >AV c. !572060NG8 =0 B5, 

I> 2V4AB0=ь 2V4 0B><C Fe 4> BH3CN3 B0:>6 71V;ьHCєBьAO, @>7H8@5==O @>7<V@C AVB:8 

4> 7.229 Å × 7.229 Å ?@872>48Bь 4> 45O:8E 7<V= C 35><5B@VW :>=B0:BV2 H···H V 

4>72>;Oє IV;ь=VH5 C?0:>2C20B8 2D H0@8 274>26 =0?@O<:C c (8.04 Å C !% AB0=V 

?@>B8 7.86 Å C �% AB0=V). 'B>G=5==O <5B>4>< $VB25;ь40 AB@C:BC@8 C �% AB0=V ($8A. 

6.31) 45<>=AB@Cє 704>2V;ь=C <>45;ь 7 >A=>2=8<8 AB@C:BC@=8<8 ?0@0<5B@0<8, 

?V4AC<>20=8<8 2 &01;8FV 6.1. 

 

$8A. 6.3. 0) �:A?5@8<5=B0;ь=V B0 @>7@0E>20=V 7V AB@C:BC@8 <>=>:@8AB0;C (298 �) 

?>@>H:>2V 48D@0:B>3@0<8 [Fe(pz)2(BH3CN)2]; 48D@0:B>3@0<0, 70?8A0=0 ?VA;O 10 

F8:;V2 =03@V20==O/>E>;>465==O (75;5=89), ?>:07Cє 72>@>B=VABь 7<V= C AB@C:BC@V 

D078 ?V4 G0A %#; 1) 5:A?5@8<5=B0;ь=V (368 �) B0 7<>45;ь>20=V 7 CB>G=5=>W <5B>4>< 

$VB25;ь40 AB@C:BC@8 48D@0:B>3@0<8 [Fe(pz)2(BH3CN)2]. $V7=8FN ?>:070=> A8=ь>N 

;V=VєN =86G5. 

$>7H8@5==O >19є<C 702648 AC?@>2>46Cє %# C :><?;5:A0E ?5@5EV4=8E 

<5B0;V2. �0728G09 B8?>20 7<V=0 4>268=8 729O7:C Fe‒N AB0=>28Bь ~ 0.2 A (~10%), 
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?@>B5 7030;ь=5 @>7H8@5==O >19є<C 287=0G0єBьAO =0O2=VABN >19є<=8E >@30=VG=8E 

;V30=4V2, @>7<V@ O:8E є AB0;8<. !0 7030;ь=5 @>7H8@5==O B0:>6 2?;820NBь ;01V;ь=V 

D@03<5=B8/:>=B0:B8, 35><5B@VN O:8E <>6=0 :>@83C20B8 ?@8 ?5@5E>4V. �0728G09 

@>7H8@5==O 7=0E>48BьAO 2 4V0?07>=V 2-10%, =0?@8:;04, 4;O ?>4V1=>3> :><?;5:AC 7 

4>2H8< <VAB:>28< ;V30=4>< A?>AB5@V30єBьAO @>7H8@5==O 5.5%.40 #@>B5 2A5 6 B0:8 

20@B> 2V47=0G8B8 45O:V 28=OB:>2V ?@8:;048 7 <0;8<8 ;V30=40<8, :>;8 @>7H8@5==O 

4>AO30є 7=0G5=ь 28I5, =V6 C =0HV9 A?>;CFV.4,199 

&01;8FO 6.1. ":@5<V AB@C:BC@=V ?0@0<5B@8 [Fe(pz)2(BH3CN)2] C !% B0 �% D>@<0E  

#0@0<5B@ !% (293 K) �% (368 K) 

a (Å) 6.797(3) 7.229(2) 

b (Å) 6.797(3) 7.229(2) 

c (Å) 16.082(5) 15.717(2) 

V (Å3) 743.0(7) 821.366(6) 

Fe‒N1 (Å) 1.952(4) 2.146(4)* 

Fe‒N2 (Å) 1.995(6) 2.176(4)* 

<Fe‒N> (Å) 1.981(2) 2.166(4) 

Voct  [FeN6] (Å3) 10.367 13.562 

ζ (Å) 0.115 0.080 

B···C (Å) 3.7386 3.7190 

*40=V ?0@0<5B@8 1C;8 >1<565=V C A2>WE 4>?CAB8<8E 7=0G5==OE ?V4 G0A CB>G=5==O 

<5B>4>< $VB25;ь40 

6.2 �>A;V465==O !� C :><?;5:AV [Fe(pz)2(BH3CN)2] 

 03=VB=V 4>A;V465==O 

&5<?5@0BC@=C 70;56=VABь <03=VB=>W A?@89=OB;82>ABV ?>@>H:C 

[Fe(pz)2(BH3CN)2] ?@8 =03@V20==V/>E>;>465==V 2 4V0?07>=V 273 ‒ 373 � =02545=> =0 

$8AC=:C 6.4. �0 :V<=0B=>W B5<?5@0BC@8 7=0G5==O χMT AB0=>28Bь 0.20 A<3 � <>;ь‒1, 

I> 2V4?>2V40є 9>=C Fe(II) C 4V0<03=VB=><C =87ь:>A?V=>2><C AB0=V (S = 0). !5=C;ь>2V 
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7=0G5==O χMT 70 =87ь:8E B5<?5@0BC@ <>6=0 ?>OA=8B8 =5B>G=8< V=B53@C20==O< 

A83=0;C G5@57 =525;8:C :V;ь:VABь 4V0<03=VB=>3> 7@07:0 (O: >?8A0=> =86G5, 

<5AA10C5@V2Aь:89 A?5:B@ :><?;5:AC A2V4G8Bь ?@> 2V4ACB=VABь 1C4ь-O:8E 70;8H:V2 

28A>:>A?V=>2>W D@0:FVW 70 =87ь:>W B5<?5@0BC@8). �=0G5==O χMT 70;8H0єBьAO <0965 

?>ABV9=8< ?@8 =03@V20==V 4> 334 K. #@8 ?>40;ьH><C =03@V20==V χMT @V7:> 7@>AB0є 

7 T1/2± = 338 K, 4>AO30NG8 7=0G5==O 3.57 A<3 K <>;ь‒1 ?@8 373 K, I> 2:07Cє =0 

?@0:B8G=> 7025@H5=89 ?5@5EV4 4> ?0@0<03=VB=>3> 28A>:>A?V=>2>3> AB0=C (S = 2). 

#>40;ьH89 @568< >E>;>465==O 2:07Cє =0 =0O2=VABь 3VAB5@578AC 7 H8@8=>N 12 K 7 

T1/2³ = 326 K. %# 2V4B2>@NєBьAO V 2 =0ABC?=><C B5@<0;ь=><C F8:;V, O: 284=> 7 

AC?5@?>78FVW 42>E :@828E ?5@5E>4C ($8A. 6.4). &0:>3> @>4C @V7:V ?5@5E>48 28I5 

:V<=0B=>W B5<?5@0BC@8 =5 є H8@>:> @>7?>2AN465=8<8 V 7451V;ьH>3> <0NBь <VAF5 

2 :><?;5:A0E Fe(II) 7 4-70<VI5=8<8 1,2,4-B@807>;0<8200 B0 0=0;>30<8 :;0B@0BV2 

�>D<0==0.201 &0:V A?V=>2V ?5@5E>48 є >4=8<8 7 =09FV:02VH8E, >A:V;ь:8 2>=8 

2V41C20NBьAO ?@8 B5E=>;>3VG=> 206;828E B5<?5@0BC@0E V <0NBь «5D5:B ?0<9OBV», 

28:;8:0=89 3VAB5@578A><. 

 <E. 6.4. �47AVFAV 6?4EF<6BEFV (;4?9:AVEFь χ T 6V8 T) ;4C<E4AV 6 

D9:<@4I A47DV64AAO F4 BIB?B8:9AAO ;V L6<8>VEFN 2 K I6−1 G 86BI CBE?V8B6A<I 

F9C?B6<I J<>?4I (FBK><) F4 DB;D4IB64A4 >D<64, CB5G8B64A4 ;7V8AB @B89?V Ш?VIF9D4

�DV>4@9D4 (EGJV?ьA4 ?VAVO). !CB?G>4 89@BAEFDGє >BBC9D4F<6A<= !� ; L<D<ABN 

F9D@VKAB7B 7VEF9D9;<EG 12 K (T ± = 338 K, T ³ = 326 K). �BEFGCB69 ;5V?ьL9AAO 

χ T 6<M9 350 K E>BDVL ;4 6E9 CBOEANєFьEO 8V4@47AVFA<@ 6A9E>B@.
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�>>?5@0B82=VABь ?5@5E>4C 70728G09 ?V4B25@46CєBьAO 9>3> @V7:VABN B0 

=0O2=VABN 3VAB5@578AC. �V;ь:VA=8< :@8B5@Vє< >FV=:8 :>>?5@0B82=>ABV є ?0@0<5B@ 

:>>?5@0B82=>ABV (�), O:89 22>48BьAO <>45;;N ,;VEB5@0-�@V:0<5@0202: ln (12�ВС)�ВС =  Ā�+ÿ(122�ВС)āăD 2 ĀĂā
89 γ�! – 6<EB>BECVAB64 K4EF>4, – 74;B64 EF4?4 ΔH – ;@VA4 9AF4?ьCVW, ΔS – ;@VA4 

9AFDBCVW, ТD CB6’O;4A4 ;V %# (F9D@B8<A4@VKAV C4D4@9FD< !� 5G?< DB;D4IB64AV ; 

6<@VDN64Aь �!К, BC<E4A<I FGF A<:K9). З@B89?ьB64A4 >D<64 CB>4;4A4 A4  <EGA>G 

V 6V8CB6V84є Γ = 6.6 >�: @B?ь‒1, MB 6>4;Gє A4 6<EB>G >BBC9D4F<6AVEFь !�

CBDV6AOAB ; 2RT = 5.6 >�: @B?ь‒1

�D<@VFAB, MB A4=5?<:KV EFDG>FGDAV 4A4?B7< 8BE?V8:G64AB7B >B@C?9>EG, O>V 

@VEFOFь SCN− 45B SeCN− G O>BEFV >B ?V74A8V6, A9 @4NFь !� , MB G;7B8:GєFьEO 

D4;B@ V; ;474?ьABN F9A89AJVєN 5V?ьL 6VDB7V8AB7B !� G JV4AB5BD7V8D<8A<I 

>B@C?9>E4I CBDV6AOAB ; FVB F4 E9?9ABJV4A4FA<@< >B@C?9>E4@<, A9;4?9:AB 6V8 

>D<EF4?VKABW GC4>B6>< F4 CD<DB8< N ?V74A8G.

МеAA54Cе@і6Aьк4 A?екB@>Aк>?ія

�9FB8 Fe �9EE54G9DV6Eь>BW EC9>FDBE>BCVW є >?NKB6<@ @9FB8B@ 8BE?V8:9AAO V 

I4D4>F9D<EF<>< ECB?G> H9DG@G. �4  <EGA>G ;B5D4:9AB BFD<@4AV 

@9EE54G9DV6Eь>V EC9>FD< 8?O CBDBL>G 6 �! F4 �! EF4A4I.
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 <E. . �9EE54G9DV6Eь>V EC9>FD< CD< 293 V 353 K 89@BAEFDGNFь 

CB6A<= C9D9IV8 @V: 8V4@47AVFA<@< F4 C4D4@47AVFA<@< EF4A4@< 6EVI Fe(II) J9AFDV6.

�EAB6A<@< C4D4@9FD4@<, O>V @B:A4 BFD<@4F< ; @9EE54G9DV6Eь><I EC9>FDV6, є

V;B@9DA<= ;EG6 (δ) F4 >648DGCB?ьA9 DB;M9C?9AAO (ΔE ). І;B@9DA<= ;EG6 

59;CBE9D98AьB ;4?9:<Fь 6V8 ;4E9?9ABEFV DV6AV6 64?9AFABW B5B?BA><. �F:9, 84A<= 

C4D4@9FD 8B;6B?Oє BFD<@4F< VAHBD@4JVN CDB EFGCVAь B><EA9AAO F4 ECVAB6<= EF4A 

@9F4?VKAB7B J9AFDG. К648DGCB?ьA9 DB;M9C?9AAO (ΔE ) A9E9 VAHBD@4JVN CDB 

@B?9>G?ODAG 5G8B6G F4 8B84F>B6G VAHBD@4JVN CDB ECVAB6<= EF4A F4 EFGCVAь 

B><EA9AAO @9F4?VKAB7B J9AFDG. �B FB7B :, BFD<@4AV 84AV 84?< @B:?<6VEFь 

6<;A4K<F< 6@VEF A<;ь>B V 6<EB>BECVAB6BW HD4>JV= ;4 86BI F9@C9D4FGD.

�9EE54G9DV6Eь>V EC9>FD< >B@C?9>EG G 86BI ECVAB6<I EF4A4I (�! CD< 293 K V 

�! CD< 353 K) 89@BAEFDGNFь CB6A<= C9D9IV8 6 B5BI A4CDO@>4I. �D< 293 К EC9>FD 

89@BAEFDGє B8<A 8G5?9F V; V;B@9DA<@ ;EG6B@ δ�! = 0.327(1) @@

E−1 V >648DGCB?ьA<@ DB;M9C?9AAO@ ΔE �! = 0.458(1) @@ E−1, MB 6V8CB6V84є Fe(II) G 

�! EF4AV. �D< A47DV64AAV 8B 353 K EC9>FD 89@BAEFDGє CB6A9 ;A<>A9AAO 

A<;ь>BECVAB6<I K4EF<AB> V 6<A<>A9AAO AB6B7B 8G5?9FG, I4D4>F9DAB7B 8?O �! EF4AG 

δ�! = 1.026(1) @@ E−1 V ΔE �! = 1.356(1) @@ E−1
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6.3 �?B8G=V 4>A;V465==O !� C :><?;5:AV [Fe(pz)2(BH3CN)2] B0 C ?>;V<5@=><C 

:><?>78BV =0 9>3> >A=>2V 

!� ;46:8< EGCDB6B8:GєFьEO ;@VABN >B?ьBDG 6A4E?V8B> ;@VA< 

9?9>FDBAA<I C9D9IB8V6 6 VBA4I @9F4?V6 V E@G7 C9D9ABEG ;4DO8G. "4><@ K<AB@, 

F9D@BIDB@A<= 9H9>F, MB ECBEF9DV74єFьEO, 8B;6B?Oє 6V8E?V8>B6G64F< F9@C9D4FGDAB 

VA8G>B64AV ECVAB6V C9D9IB8< 6 >B@C?9>E4I L?OIB@ 6<@VDN64AAO VAF9AE<6ABEFV 

CDBCGM9AB7B, 6V85<FB7B 45B DB;EVOAB7B E6VF?4. �FD<@4A<= >B@C?9>E @4є F9@AB

K9D6BA<= >B?VD G A<;ь>BECVAB6B@G EF4AV V CB@4D4AK96<= G 6<EB>BECVAB6B@G. Ц9 

CB6’O;4AB ;V ;@VABN EC9>FDV6 CB7?<A4AAO >B@C?9>EG CD< !�: E@G74 CD< 530 A@ 

(V@B6VDAB CB6’O;4A4 ; ² ) ;A<>4є CD< C9D9IB8V �!²�!, FB8V O> VALV E@G7< 

C9D9ABEG ;4DO8G FDBI< ;@VMGNFьEO 45B A9 ;4;A4NFь ;@VA ( <E 6.6

 <E. 6.6. �?9>FDBAAV EC9>FD< ;4C<E4AV 8?O 86BI ECVAB6<I EF4AV6.

�CF<KA9 6V85<FFO O> HGA>JVO F9@C9D4FGD< A46989AB A4 

 <EGA>G 6.74. ЗA4K9AAO F9@C9D4FGD C9D9IB8G, BFD<@4AV 6 BCF<KA<I 9>EC9D<@9AF4I, 

G;7B8:GNFьEO ; BFD<@4A<@< 6 @47AVFA<I 6<@VDN64AAOI: T ± = 337 K V T ³ = 321 

K. �9;4?9:AVEFь HBD@< >D<6BW !� 6V8 L6<8>BEFV E>4AG64AAO (6 8V4C4;BAV 0.5 –

I6– ) CB>4;4AB A4  <EGA>G 6.75 ?<L9 ; 8G:9 A9;A4KA<@< ;@VA4@< >D<6BW A47DV64AAO. 

Ц9 CV8F69D8:Gє 6V8EGFAVEFь ;A4KA<I >VA9F<KA<I 9H9>FV6 CV8 K4E C9D9IB8G 6 JV= 

ECB?GJV. "9@C9D4FGDA<= ;EG6 G CBDV6AOAAV ; @47AVFA<@< 6<@VDN64AAO@<, L6<8L9 
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;4 6E9, CB6'O;4A<= ; DV;ABN F9D@4?V;4JVєN ;D4;>V6. �CF<KAV ;B5D4:9AAO CBDBL>G 

CD< 293 K V 363 K CB>4;4AV A4  <EGA>G 6.76.  V;>4 ;@VA4 >B?ьBDG 

F4 DV;><= C9D9IV8 �!´�! DB5?OFь J9= >B@C?9>E CD<645?<6<@ F9D@BIDB@A<@ 

VA8<>4FBDB@, O><= ;84FA<= HGA>JVBAG64F< 6<M9 >V@A4FABW F9@C9D4FGD<.

 <E. . a) �BD@4?V;B64A9 6V8B5D4:9AAO O> HGA>JVO 

F9@C9D4FGD<, 6<@VDOABW 6 D9:<@4I A47DV64AAO F4 BIB?B8:9AAO ;V L6<8>VEFN 2 К

I6−1 5) �BE?V8:9AAO 6C?<6G L6<8>BEFV ;@VA< F9@C9D4FGD< (0.5‒10 К I6−1) A4 ;@VAG 

BCF<KAB7B 6V85<FFO CD< !� 8?O CBDBL>G 6) �CF<KAV ;B5D4:9AAO 

6 B5BI ECVAB6<I EF4A4I, ;DB5?9AV CD< 293 K (�!) V 363 K (�!).

�4 BEAB6V BFD<@4AB7B >B@C?9>EG @B:A4 EF6BD<F< >B@CB;<FAV C?V6>< ; 

BD74AVKA<@< CB?V@9D4@< ;4 8BCB@B7BN CDBJ98GD<, CB8V5ABW 8B BC<E4ABW 6  B;8V?V 

. �4A9E9AAO EGEC9A;VW >B@C?9>EG 6 DB;K<AV �MMA/CHCl A4 A9=FD4?ьAG CB69DIAN 

CD<;6B8<Fь 8B GF6BD9AAO C?V6B> ( <E. 6 4). ЦV C?V6>< 5G?< 6V8C4?9AV CD< 95 °C V 

84?V 6<>BD<EF4AV 8?O BCF<KABW I4D4>F9D<EF<><. �BDBL>B7D4@4 A9 CB>4;Gє VEFBFA<I 

;@VA G EFDG>FGDV >B@C?9>EG CD< GF6BD9AAV >B@CB;<FG ( <E. 6 5). �DBF9 ;@VA< 

VAF9AE<6ABEF9= 89O><I CV>V6 @B:GFь E6V8K<F< CDB C9D964:AG BDVєAF4JVN K4EF<AB> 

>B@C?9>EG 6 CB?V@9DAV= @4FD<JV 6;8B6: C?BM<A< ab. "4>B: @B:A4 CD<CGEF<F< 

K4EF>B69 6V8L4DG64AAO.
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 <E.  6.8. 4) !I9@4F<KA9 ;B5D4:9AAO BFD<@4AAO >B@CB;<FABW C?V6><. 5) �BDV6AOAAO 

CBDBL>B7D4@ (298 K) CBDBL>G >B@C?9>EG F4 >B@CB;<FABW C?V6>< 

A4 BEAB6V �MMA F4 >B@C?9>EG (20 @4E.%). 6) �BD@4?V;B64A9 6V85<FFO E6VF?4 

>B@CB;<FG A4 BEAB6V O> HGA>JVO F9@C9D4FGD<, 6<@VDOA9 CD< 

L6<8>BEFV E>4AG64AAO 2 К I6 . #E9D98<AV DB;@VM9AV HBFB7D4HVW C?V6>< (20 @4E.%) 

G �! F4 �! EF4A4I.

 B;DB5?9AV C?V6>< @4NFь F4><= E4@<= >B?VD, MB V >B@C?9>E, 4 E4@9 F9@AB

K9D6BA<= CD< A<;ь><I F9@C9D4FGD4I (A<;ь>BECVAB64 HBD@4) V CB@4D4AK96<= CD< 

6<EB><I F9@C9D4FGD4I (6<EB>BECVAB64 HBD@4). !� 6 >B@CB;<F4I 8BE?V8:G64?< ;4 

;@VABN BCF<KAB7B 6V85<FFO CD< ;@VAV F9@C9D4FGD<. КB@CB;<FAV C?V6>< 

89@BAEFDGNFь DV;><= !� V; F9D@VKA<@ 7VEF9D9;<EB@ G FB@G : 8V4C4;BAV F9@C9D4FGD, 

MB = 6?4EA9 >B@C?9>E (T ± = 340 K V T ³ = 321 K 8?O 20 @4E.%) ( <E. 6 6). "4>4 

F9D@BIDB@A4 CB698VA>4 DB5<Fь CB?V@9DAV >B@CB;<F< A4 BEAB6V 

CD<645?<6<@ F9D@BIDB@A<@ @4F9DV4?B@ 8?O DV;AB@4AVFA<I E9AEBDV6 V @4D>9DV6. 

�B?V@9DAV >B@CB;<F< F4>B: C9DEC9>F<6AV 8?O 6<7BFB6?9AAO >4AF<?969DV6 ;V !� 

K9D9; CB@VFA9 B5’є@A9 DB;L<D9AAO, MB 6<A<>4є CD< !�

6.4 "5@<VG=V 4>A;V465==O :><?;5:AC [Fe(pz)2(BH3CN)2] 

КD<6V 8<H9D9AJV4?ьABW E>4AGNKBW >4?BD<@9FDVW BFD<@4AV 8?O 

, CB>4;4AV A4  <EGA>G a O> HGA>JVO ΔC ). �D< A47DV64AAV 

ECBEF9DV74єFьEO 9A8BF9D@VKA<= CV>, O><= CB6'O;4A<= ; C9D9IB8B@ �!²�!; >D<64 
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BIB?B8:9AAO @4є 9>;BF9D@VKA<= CV>, CB6'O;4A<= ; C9D9IB8B@ �!²�!. �FD<@4AV 

>D<F<KAV F9@C9D4FGD< (T ± = 338 K V T ³ = 322 K) CB8V5AV 8B BFD<@4A<I 6 VAL<I 

9>EC9D<@9AF4I. !9D98AV ;A4K9AAO ;@VA< 9AF4?ьCVW (ΔH) V ;@VA< 9AFDBCVW (ΔS

CB6’O;4AV ;V %# ΔH = 19.4 >�: @B?ь−1 V ΔS = 58.7 �: @B?ь−1 −1, 6V8CB6V84NFь 

;A4K9AAO@, O>V ;4;6<K4= ECBEF9DV74NFьEO 8?O VAL<I >BBC9D4F<6A<I ECVAB6<I

C9D9IB8V6.

 <E. . a) КD<6V �!К, MB CB>4;GNFь F9C?B6V 9H9>F< C9D95V7G !� G CBDBL>G 

. �<@VDN64AAO CDB6B8<?< ;V L6<8>VEFN A47DV64AAO F4 

BIB?B8:9AAO 10 K I6−1. 5) "�� V �"� >D<6V ;4C<E4AV CD< 300

К 6 EFDG@9AV 4D7BAG.

"9D@B7D46V@9FD<KAV 6<@VDN64AAO ( <E. 5) 6>4;GNFь A4 EF45V?ьAVEFь 

>4D>4E4 CD<5?<;AB 8B 410 K V =B7B CBEFGCB69 DB;>?484AAO 6<M9 JVєW F9@C9D4FGD<. 

"9D@VKA<= DB;>?48 6V85G64єFьEO 6 L<DB>B@G 8V4C4;BAV F9@C9D4FGD, MB DB5<Fь 

A9@B:?<6<@ ECV66V8ABL9AAO 6FD4F< @4E< ; B>D9@<@< HD47@9AF4@< 

>BBD8<A4JV=AB7B >4D>4EG. �D<@VFAB, MB >D<64 8<H9D9AJV4?ьAB7B F9D@VKAB7B 

4A4?V;G (�"�) @4є 9A8BF9D@VKA<= CV> CD< 333 К, O><= @B:9 6V8CB6V84F< !�.

 

6.5 К>@>B:V 28A=>2:8 4> @>74V;C 6 

1. �G?B BFD<@4AB AB6G 86B6<@VDAG @9F4?B BD74AVKAG >4D>4EAG ECB?G>G ; 

>BBC9D4F<6A<@ %# 6<M9 >V@A4FABW F9@C9D4FGD<. Ц9= C9D9IV8 є DV;><@, ;469DL9A<@ 



115 
 

V 6V8F6BDN64A<@, V 6V85G64єFьEO CD< 338 К 6 D9:<@V A47DV64AAO F4 CD< 326 К 6 

D9:<@V BIB?B8:9AAO, 6<O6?ONK< C9F?N 7VEF9D9;<EG 12 К.

2. �B>4;4AB, MB 6 BFD<@4AV= ECB?GJV !� EGCDB6B8:GєFьEO VEFBFABN ;@VABN 

>B?ьBDG (K9D6BA<= ´ BD4A:96<=), ;A4KABN ;@VABN B5’є@G (10.6 %) G F9IAB?B7VKAB

CD<645?<6B@G 8V4C4;BAV DB5BK<I F9@C9D4FGD. 

3. �G?B BFD<@4AB CB?V@9DA<= >B@CB;<F A4 BEAB6V E<AF9;B64AB7B >B@C?9>EG

F4 ����. �G?B CB>4;4AB, MB !� G >B@CB;<FV ;59DV74єFьEO. Ц9 E6V8K<Fь CDB 

@B:?<6VEFь VAF97DG64AAO >B@C?9>EG G CB?V@9DAV @4FD<JV ; @9FBN EF6BD9AAO 

@9I4AVKA<I >BAEFDG>JV= A4 BEAB6V F4><I >B@CB;<FV6.

�>4;4AV 6<M9 BEB5?<6BEFV D4;B@ V; CDBEFBFBN E<AF9;G ; >B@9DJV=AB 

8BEFGCA<I ?V74A8V6 V EF45V?ьAVEFN 6 8V4C4;BAV F9@C9D4FGD, CD< O><I 6V85G64єFьEO 

C9D9@<>4AAO, DB5?OFь AB6<= JV4AB5BD7V8D<8A<= >B@C?9>E ) ; CVD4;<AB@

CD<645?<6<@ @4F9DV4?B@ C9D9@<>4K9@ 8?O DV;AB@4AVFA<I ;4EFBEG64Aь, ;B>D9@4 8?O 

6<7BFB6?9AAO F9D@BIDB@A<I E9AEBDV6 45B @4D>9DV6. �FD<@4AAO JьB7B >B@C?9>EG 

CV8F69D8:Gє V89N CDB F9, MB AB6V CD4>F<KAB JV>46V @4F9DV4?< 6E9 M9 @B:A4 

BFD<@4F< ; CDBEF<I V ?97>B8BEFGCA<I D9479AFV6.

$57C;ьB0B8, ?@54AB02;5=V C 40=><C @>74V;V, 1C;8 >?C1;V:>20=V 2 1 =0C:>2V9 

AB0BBV: Inorg. Chem., 2022, 61 (37), 14761314769. 
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$"��І� 7. �"%�І���!!/ ��$"���"$�+!"�" �(��&' #І� +�% 
%#І!"�"�" #�$�)"�' ' *І�!"�"$�І�$��!" ' �" #���%І Fe(II) 

� #І$���!"  

/: >4=V 7 =092V@>3V4=VH8E 0=0;>3V2 B@048FV9=>W B5E=>;>3VW 

?0@>:><?@5AV9=>3> >E>;>465==O, B25@4>BV;ь=V >E>;>46C20GV, I> ?@0FNNBь 70 

?@8=F8?>< 10@>:0;>@8G=>3> 5D5:BC (���), ?@825@B0NBь 7=0G=C C203C 2 >AB0==V 

@>:8. %?>;C:8 7V %# 22060NBьAO ?@840B=8<8 4;O @>1>B8 ?@8 =87ь:8E B8A:0E 

7024O:8 28A>:V9 GCB;82>ABV 4> B8A:C B0 <0;V9 H8@8=V 3VAB5@578AC. "4=0: 7<V=0 

5=B@>?VW (ΔS%#) B0:8E A?>;C: <5=H0, =V6 C V=H8E :;0AV2 10@>:0;>@8G=8E <0B5@V0;V2 

(?;0AB8G=8E :@8AB0;V2 B0 42>28<V@=8E ?5@>2Aь:VBV2). 

�><?;5:A [Fe(pz)2(BH3CN)2], O:89 <0є =525;8:C <>;O@=C <0AC (295.7 3 

<>;ь⁻¹), ?@>O2;Oє %# ?>1;87C :V<=0B=>W B5<?5@0BC@8, I> AC?@>2>46CєBьAO 25;8:>N 

?8B><>N 7<V=>N 5=B@>?VW (S%# ~ 200 �6 :3⁻¹ K⁻¹) B0 7<V=>N >1'є<C (V%# ~ 10%), 

0 9>3> AB@C:BC@0 ?>:07Cє, I> ?V@078= ?5@51C20є C AB0B8G=><C @>7C?>@O4:C20==V, I> 

>7=0G0є, I> A?>;C:0 <>65 <0B8 B@5BN :><?>=5=BC 7<V=8 5=B@>?VW 4 @5>@Vє=B0FV9=C 

7<V=C 5=B@>?VW (S@5>).2083210 �8E>4OG8 7 F8E E0@0:B5@8AB8:, =5>1EV4=> 4>A;V48B8 

70;56=VABь %# 2V4 B8A:C 4;O [Fe(pz)2(BH3CN)2] V >FV=8B8 9>3> ?>B5=FV0; C 

10@>:0;>@8G=><C >E>;>465==V. 

7.1 �>A;V465==O AB@C:BC@=8E 7<V= ?V4 G0A !� 2 [Fe(pz)2(BH3CN)2] <5B>4>< 

?>@>H:>2>W @5=B35=V2Aь:>W 48D@0:FVW  
/: 1C;> >?8A0=> C ?>?5@54=ь><C @>74V;V, 4>A;V465==O B5<?5@0BC@=>W 

70;56=>ABV 4>1CB:C <>;O@=>W A?@89=OB;82>ABV V B5<?5@0BC@8 (χM�) ?>:07Cє, I> 
[Fe(pz)2(BH3CN)2] ?@>O2;Oє %# ?>1;87C :V<=0B=>W B5<?5@0BC@8 7 3VAB5@578A><. 

�>268=0 72'O7:C Fe‒N 7<V=NєBьAO @07>< 7 5;5:B@>==>N 

70?>2=5=VABN/=570?>2=5=VABN 2 0=B8729O7CNGV9 >@1VB0;V 3d >1>;>=:8 ?V4 G0A %#, 

I> 2 A2>N G5@3C 28:;8:0є @>7H8@5==O/A:>@>G5==O :@8AB0;VG=>W �@0B:8. 

&5<?5@0BC@=> 70;56=0 ?>@>H:>20 @5=B35=V2Aь:0 48D@0:FVO 2 4V0?07>=V 2θ 2V4 5 4> 

45° 2V4 300 4> 379 K ?>:070;0 7=0G=C :>@5;OFVN 7V %#. �8D@0:FV9=89 ?V: @0?B>2> 
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7<VICєBьAO ?V4 G0A %# G5@57 7<V=C ?0@0<5B@V2 @5HVB:8, 45 AB0=8 �% B0 !% 

A?V2VA=CNBь 1;87ь:> 349 K ($8A. 7.1).  

 

$8A. 7.1. �<V=0 @5=B35=>D07>28E 48D@0:B>3@0< ?>@>H:C [Fe(pz)2(BH3CN)2] 7 

?V428I5==O< B5<?5@0BC@8. 

� >1>E A?V=>28E AB0=0E [Fe(pz)2(BH3CN)2]  7=0E>48BьAO C B5B@03>=0;ь=V9 D07V 

7 ?@>AB>@>2>N 3@C?>N I4/mmm. �>=8 Fe(Ⅱ) 7=0E>4OBьAO C 7;53:0 AB8A=CB><C 

>:B054@8G=><C :>>@48=0FV9=><C A5@54>28IV FeN6, CB2>@5=><C H;OE>< 

:>>@48=0FVW 0B><V2 07>BC 42>E <>=>45=B0B=8E 0=V>=V2 NCBH32 B0 G>B8@ь>E <>;5:C; 

?V@078=C 2 0:AV0;ь=8E B0 5:20B>@V0;ь=8E ?>;>65==OE 2V4?>2V4=>. #V@078= <>65 

>15@B0B8AO 274>26 =0?@O<:V2 a B0 b, 45<>=AB@CNG8 @>7C?>@O4:C20==O <V6 42><0 

?>;>65==O<8. #>є4=CNG8 V>=8 Fe(Ⅱ) B0 ;V30=48 ?V@078=C, CB2>@NєBьAO 42>28<V@=0 

:204@0B=0 @5HVB:0 4*4 =0 ?;>I8=V ab, 0 @568< C:;040==O ABAB C74>26 >AV c 

7<CHCє BH3-3@C?C 2:07C20B8 =0 F5=B@ @5HVB:8 ACAV4=VE H0@V2. �0 4>?><>3>N 

0=0;V7C <5B>4>< �5109;O 1C;> >B@8<0=> B0 ?>:070=>  ($8A. 7.2) 7<V=C ?0@0<5B@V2 B0 

>19є<C 5;5<5=B0@=>W :><V@:8 2 70;56=>ABV 2V4 B5<?5@0BC@8. �7 ?V428I5==O< 

B5<?5@0BC@8 7<V=8 ?0@0<5B@V2 5;5<5=B0@=>W :><V@:8 a B0 c ?>:07CNBь 28A>:C 

0=V7>B@>?VN ?@8 ?5@5E>4V 7 !% 4> �% AB0=C, 45 ?0@0<5B@ a 71V;ьHCєBьAO, 0 ?0@0<5B@ 
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c 7<5=HCєBьAO. *5 ?>2'O70=> 7V 7<V=>N <V6H0@>2>W 270є<>4VW 70 @0EC=>: 482>4=528E 

72'O7:V2 (C2H·+···H·22B) ?VA;O @>7H8@5==O ?;>I8=8 ab, CB2>@5=>W 70 CG0ABV 

6>@AB:>3> 35B5@>F8:;VG=>3> ;V30=4C. "1'є< 5;5<5=B0@=>W :><V@:8 @>7H8@82AO 

?@81;87=> =0 9% (ΔV%# j 38 Å3) ?@8 ?5@5E>4V 2V4 !% 4> �%, I> 1V;ьH5, =V6 C 

1V;ьH>ABV >?8A0=8E A?>;C: 7V %#.2113213  

 

$8A. 7.2. (0) �=0;V7 <5B>4>< �5109;O ?>@>H:>28E 48D@0:B>3@0< [Fe(pz)2(BH3CN)2]   

70 >1@0=8E B5<?5@0BC@ (300 K - G8AB89 !% AB0=, 349 K - 7<VH0=89 AB0= !% V �%, V 

379 K - G8AB89 �% AB0=), * ?>7=0G0є A83=0; ?;0B8=>2>W :><V@:8 7@07:0. (1) �<V=0 

?0@0<5B@V2 :><V@:8 2V4 B5<?5@0BC@8, >B@8<0=0 H;OE>< 0=0;V7C <5B>4>< �5109;O. 

(2) �<V=0 >1'є<C 5;5<5=B0@=>W :><V@:8 2V4 B5<?5@0BC@8 ?V4 G0A =03@V20==O. 

�V4?>2V4=> 4> @V2=O==O �;0C7VCA0-�;0?59@>=0: þă1/2þÿ =  Ā�СПĀĂСП   (7.1) 

G8< 1V;ьH5 ΔV%#, B8< 28I0 GCB;82VABь 4> B8A:C, I> A?@8Oє 4>AO3=5==N 72>@>B=>3> 

��� C H8@H><C B5<?5@0BC@=><C 4V0?07>=V B0 ?@8 =86G><C ?@8:;045=><C B8A:C.  

7.2 !?5:B@>A:>?VG=V 4>A;V465==O !� 2 [Fe(pz)2(BH3CN)2]  

"A:V;ь:8 70 4>?><>3>N B5<?5@0BC@=> 70;56=8E @0<0=V2Aь:8E A?5:B@V2 <>6=0 

2V4A;V4:>2C20B8 ?@>F5A %#, V 2>=8 4> ?52=>W <V@8 2V4>1@060NBь 7<V=C G0AB>B8 

@5>@Vє=B0FV9=>3> @CEC C A?>;CFV,2143217 1C;> 70?8A0=> @0<0=V2Aь:V A?5:B@8 ?@8 
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=03@V20==V [Fe(pz)2(BH3CN)2] 2 4V0?07>=V 2V4 273 4> 373 K ($8A. 7.3). #>4V1=> 4> 

@0=VH5 >?8A0=8E A?>;C: 7V %#, O:V <VABOBь ?V@078= C O:>ABV ;V30=4C, A<C30 

2=CB@VH=ь>?;>I8==8E 45D>@<0FV9=8E :>;820==ь ?V@078=C ?@8 672 A<-1 7<VAB8;0AO 

4> 648 A<-1 ?@8 ?5@5E>4V 7V !% AB0=C 4> �%.209 � ?5@5E>4>< V=B5=A82=VABь FVєW A<C38 

?@8 672 A<-1 7<5=HCєBьAO, B>4V O: 79O2;OєBьAO =>20 ?@8 648 A<-1. $0<0=V2Aь:V A?5:B@8 

?>:07CNBь, I> ?@8 313 K VA=Cє =525;8:0 �% D@0:FVO, V %# 2V41C20єBьAO C H8@>:><C 

B5<?5@0BC@=><C 4V0?07>=V, I> >1C<>2;5=> B5?;>28< 5D5:B>< ;075@0, ?52=8<8 

45D5:B0<8 C <V:@>:@8AB0;VG=><C 7@07:C B0 ?>E81:0<8 28<V@N20=ь <V6 B5@<>?0@>N 

B0 D0:B8G=>N B5<?5@0BC@>N. #@8 ?5@5E>4V !%²�% @>7H8@NNBьAO A<C38 

20;5=B=8E :>;820=ь ?V@078=C ?@8 1027 A<-1, ?>70?;>I8==8E :>;820=ь ?V@078=C ?@8 

1230 A<-1 B0 20;5=B=8E :>;820=ь ?@8 1600 A<-1 ($8A. 7.31). 

  
$8A. 7.3. (0) $0<0=V2Aь:V A?5:B@8 [Fe(pz)2(BH3CN)2], 70?8A0=V ?@8 @V7=8E 

B5<?5@0BC@0E ?@8 =03@V20==V. (1) �1V;ьH5=V A<C38 :>;820=ь 284V;5=8E >1;0AB59 

A?5:B@V2. 

$>71V@ A<C38 1V;O 1600 A<-1 70 4>?><>3>N DC=:FVW �>@5=F0 ?>:07Cє, I> 

=0?V2H8@8=0 ?@8 ?>;>28=V <0:A8<C<C (FWHM) 71V;ьHCєBьAO 7 ?5@5E>4>< 

!%²�%, I> A2V4G8Bь ?@> 71V;ьH5==O G0AB>B8 >15@B0==O (@5>@Vє=B0FVW) 

@>7C?>@O4:>20=>3> ?V@078=C ($8A. 7.41). *5 4>40є A:;04>2C ΔS@5> 4> ΔS%# A?>;C:8 

[Fe(pz)2(BH3CN)2], B>1B> ΔS%# = ΔS5; + ΔS:>; + ΔS@5>. +0AB:0 ΔS@5> ?>B@51Cє 
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?>40;ьH>3> 287=0G5==O 70 4>?><>3>N =59B@>==8E @>7AVN20;ь=8E B5E=V:. $0=VH5 

1C;> 287=0G5=>, I> 4;O [Fe(pz)2(BH3CN)2] 7=0G5==O ΔS%# AB0=>28Bь 60 �6 <>;ь-1 K-

1, I> 71V30єBьAO 7 <>;O@=>N 7<V=>N 5=B@>?VW 1V;ьH>ABV A?>;C: 7V %# (50-80 �6 <>;ь-

1 K-1), I> 2:07Cє =0 B5, I> 22545==O ΔS@5> <>65 ?>:@0I8B8 ΔS%# ;8H5 ?52=>N 

<V@>N, 0;5 5D5:B >1<565=89, I> C73>46CєBьAO 7 2V4><8<8 40=8<8 ?@> B5, I> G0AB:0 

ΔS@5> C A?>;CFV Fe(pz)[Pt(CN)4] 2V4=>A=> <0;0.2083210 

 

$8A. 7.4. (0) �<V=0 =>@<0;V7>20=>W V=B5=A82=>ABV B0 @>7H8@5==O A<C38 20;5=B=8E 

:>;820=ь 0@><0B8G=>3> F8:;C ?@8 =03@V20==V. (1) &5<?5@0BC@=0 70;56=VABь FWHM 

(=0?V2H8@8=0 ?@8 ?>;>28=V <0:A8<C<C) 2V4 B5<?5@0BC@8 4;O >:@5<8E A<C3 (#V: 1 3 

1600 A<-1, #V: 2 3 1608 A<-1, #V: 3 3 1605 A<-1). 

7.3 �>A;V465==O �К� [Fe(pz)2(BH3CN)2] ?@8 @V7=8E B8A:0E 

+5@57 A:;04=VABь 70157?5G5==O 01A>;NB=> 04V010B8G=>3> A5@54>28I0 ?@8 

>FV=FV ��E ?@O<8<8 <5B>40<8, 70728G09 28:>@8AB>2CNBьAO :207V?@O<V <5B>48 

H;OE>< 28<V@N20==O :@828E B5?;>2>3> ?>B>:C 70 @V7=8E 3V4@>AB0B8G=8E B8A:V2.218 

 8 28<V@O;8 :0;>@8<5B@8G=V :@82V :><?;5:AC 7V %# [Fe(pz)2(BH3CN)2] 70 @V7=8E 

B8A:V2 (0, 0.2, 0.4, 0.6, 0.8, 1 :10@) B0 A:>@83C20;8 WW 107>2C ;V=VN ($8A. 7.5). "A:V;ь:8 

7>2=VH=V9 B8A: AB01V;V7Cє !% AB0=, :@820 B5?;>2>3> ?>B>:C 7<VICєBьAO 4> 28A>:>W 

B5<?5@0BC@8 7V 71V;ьH5==O< ?@8:;045=>3> B8A:C. #V:8 :@828E B5?;>2>3> ?>B>:C 4;O 

?@>F5AV2 =03@V20==O B0 >E>;>465==O 287=0G0NBьAO O: T1/2± B0 T1/2³, 2V4?>2V4=>. /: 

?>:070=> =0 $8A. 7.51, >1842V T1/2± B0 T1/2³ 45<>=AB@CNBь ;V=V9=C 70;56=VABь 2V4 
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B8A:C, V þă1/2 ↑þÿ   V þă1/2 ↓þÿ  AB0=>2;OBь 15.6 K :10@21 B0 20.2 K :10@21, 2V4?>2V4=>. "A:V;ь:8 þă1/2 þÿ  4;O ?@>F5AC >E>;>465==O 1V;ьH0, F5 A?@8G8=Oє 7<5=H5==O H8@8=8 
3VAB5@578AC 7 B8A:>< 2V4 18 K ?@8 0 :10@ 4> 14 K ?@8 B8A:C 1 :10@. +CB;82VABь 4> 

B8A:C :><?;5:AC [Fe(pz)2(BH3CN)2] 0=0;>3VG=0 GCB;82>ABV 4> B8A:C A?>;C: 7V %# 

(þă1/2 þÿ  =10∼20 K :10@21) V ACBBє2> 28I0, =V6 C 1V;ьH>ABV ?;0AB8G=8E :@8AB0;V2 B0 
<0B5@V0;V2 ��� =0 >A=>2V <5B0;V2, I> 70157?5GCє @>1>BC >E>;>46C20G0 2 H8@>:><C 

B5<?5@0BC@=><C 4V0?07>=V.140,141,1433145,2193221  

 

$8A. 7.5. (0) �@82V B5?;>2>3> ?>B>:C 4;O ?@>F5AV2 =03@V20==O (5=4>B5@<VG=8E) B0 

>E>;>465==O (5:7>B5@<VG=8E) 70 @V7=8E B8A:V2 7 2V4:>@83>20=>N 107>2>N ;V=VєN. (1) 

�0;56=VABь B5<?5@0BC@8 ?5@5E>4C 2V4 ?@8:;045=>3> 7>2=VH=ь>3> B8A:C. 

!0 >A=>2V :0;>@8<5B@8G=>W :@82>W 70 @V7=8E 3V4@>AB0B8G=8E B8A:V2, <>6=0 

>B@8<0B8 V7>10@=C 7<V=C 5=B@>?VW (ΔSV1) ?>2'O70=C 7V %# 70 4>?><>3>N =0ABC?=>W 

D>@<C;8222,223: 

ΔSV1 = ∫ 1ă þĀþăăă0 ý�  (7.2) 
45 þĀþă =  Ā̇|ă|̇  (Ā̇ B0 �̇ ‒ F5 B5?;>289 ?>BV: V H284:VABь 7<V=8 B5<?5@0BC@8 

2V4?>2V4=>) V T0 ‒ F5 4>2V;ь=> 281@0=0 >?>@=0 B5<?5@0BC@0 (45 5=B@>?VO 22060єBьAO 

@V2=>N 0). ΔSV1 ?@>F5AV2 =03@V20==O B0 >E>;>465==O O: DC=:FVO B5<?5@0BC@8 70 

@V7=8E B8A:V2 7>1@065=V =0 $8A. 7.60,1, 2V4?>2V4=>. /: ?>:070=> =0 $8A. 7.62, ΔS%# 
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70 0B<>AD5@=>3> B8A:C AB0=>28Bь 202 �6 :321 �21, I> 2V4?>2V40є @0=VH5 >B@8<0=8< 

@57C;ьB0B0<. ΔS%# 7<5=HCєBьAO <>=>B>==> 7V 71V;ьH5==O< B8A:C, 0=0;>3VG=> 

?>254V=FV >4=>28<V@=8E ;0=FN3>28E A?>;C: 7V %#143, 9<>2V@=> G5@57 7<5=H5==O 

ΔS:>; B0 ΔS@5> 2=0A;V4>: AB8A=5==O :@8AB0;VG=>W @5HVB:8 ?V4 B8A:><. �7>B5@<VG=0 

7<V=0 5=B@>?VW (ΔSVB) B0 04V010B8G=0 7<V=0 B5<?5@0BC@8 (ΔT04) є 206;828<8 

?0@0<5B@0<8 4;O >FV=:8 2;0AB82>AB59 ��� <0B5@V0;V2, 45 ΔSVB  2V4?>2V40є @V7=8FV 

:@82>W ΔSV1  70 0B<>AD5@=>3> B8A:C (0 :10@) B0 ?@8:;045=>3> B8A:C (P). !0 >A=>2V 

:@82>W ΔSV1 70 @V7=8E B8A:V2 >B@8<0=> :@82C =572>@>B=>W V7>B5@<VG=>W 7<V=8 5=B@>?VW 

(ΔSVB,=572) ($8A.7.63) ?@8 ?@8:;045==V B0 7=OBBV B8A:C O: DC=:FVN B5<?5@0BC@8 70 

=0ABC?=8<8 D>@<C;0<8224: 

ΔSVB,=572 (0 ² $) = ΔSV1³ (&, $) 2 ΔSV1³ (&, 0)  (7.3) 

ΔSVB,=572 ($ ² 0) = ΔSV1± (&, 0) 2 ΔSV1± (&, $)   (7.4) 

 

$8A. 7.6. (0), (1) �0;56=VABь ΔSV1 2V4 B5<?5@0BC@8 ?@8 =03@V20==V B0 >E>;>465==V 

2V4?>2V4=> ?@8 @V7=8E B8A:0E. (2) �<V=0 ΔS%# ?@8 @V7=8E B8A:0E. (3) ΔSVB O: DC=:FVO 

B5<?5@0BC@8 4;O ?@>F5AV2 ?V428I5==O B0 7=865==O B8A:C. 

$57C;ьB0B8 ?>:07CNBь, I> ?@8 B8A:C 2Aь>3> 0.4 :10@ <0:A8<0;ь=5 7=0G5==O 

=572>@>B=>W V7>B5@<VG=>W 7<V=8 5=B@>?VW (ΔSVB,=572,<0:A) AB0=>28Bь 182 �6 :3-1 �-1, I> 

4>@V2=Nє ?@81;87=> 90% =0A8G5=>W ΔSVB,=572. *5 >7=0G0є, I> =525;8:89 
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3V4@>AB0B8G=89 B8A: <>65 70157?5G8B8 7025@H5=89 ?@>F5A %#. !0 Aь>3>4=V 

[Fe(pz)2(BH3CN)2] є ?5@H8< :><?;5:A>< 7V %#, O:89 4>AO30є 7<V=8 5=B@>?VW ��� 

?>=04 150 �6 :3-1 �-1 ?@8 B0:><C =525;8:><C @>1>G><C B8A:C. #@8 1 :10@ 7=0G5==O 

ΔSVB,=572,<0:A 4>AO30є =0A8G5=>3> 7=0G5==O 1;87ь:> 200 �6 :3-1 �-1, I> 242VGV 1V;ьH5, 

=V6 C :><?;5:AV2 7V %#, >?8A0=8E C 4>A;V465==OE ���.1433145 ' 40=><C 28?04:C, 

>A:V;ь:8 :>5DVFVє=B B5?;>2>3> @>7H8@5==O (³ = 6.2 × 10-5 �-1) 4;O :><?;5:AC 

[Fe(pz)2(BH3CN)2] 2V4=>A=> <0;89, 4>40B:>20 7<V=0 5=B@>?VW (ΔS+ = 2 [(���ă)ÿ=0] ×�ÿ =  2(� × ÿ) × �ÿ) G5@57 2?;82 B8A:C =0 B5?;>є<=VABь AB0=>28Bь ;8H5 4.7 �6 
:3-1 �-1 ?@8 1 :10@, G8< <>6=0 7=5EBC20B8. !572>@>B=0 04V010B8G=0 7<V=0 

B5<?5@0BC@8 (ΔT04,=572,<0:A) ��� <>65 1CB8 ?@81;87=> >FV=5=0 O: ΔT04,=572,<0:A j |þă1/2þÿ | × �ÿ, I> AB0=>28Bь 20 � 4;O :><?;5:AC [Fe(pz)2(BH3CN)2] ?@8 1 :10@. 
' ?@0:B8G=8E 70AB>AC20==OE 4C65 206;820 72>@>B=VABь <0B5@V0;V2 7 ���.225 

�2>@>B=0 V7>B5@<VG=0 7<V=0 5=B@>?VW (ΔSVB,72) @>7@0E>2CєBьAO 70 4>?><>3>N 

=0:;045==O ΔSVB ?@8 =03=VB0==V B8A:C B0 45:><?@5AVW, O: ?>:070=> =0 $8A. 7.7.144,224  

 

$8A. 7.7. �7>B5@<VG=0 7<V=0 5=B@>?VW ?@8 =03=VB0==V B8A:C B0 45:><?@5AVW <V6 0 B0 1 

:10@ є DC=:FVєN B5<?5@0BC@8, 0 BV=ь>289 <0@:5@ 2V4>1@060є 72>@>B=C V7>B5@<VG=C 

7<V=C 5=B@>?VW. 

#@8 1 :10@ <0:A8<0;ь=5 7=0G5==O 72>@>B=>W V7>B5@<VG=>W 7<V=8 5=B@>?VW 

(ΔSVB,72,<0:A) AB0=>28Bь 103 �6 :3-1 K-1, I> AB0=>28Bь ;8H5 ~50% 2V4 =0A8G5=>3> 
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7=0G5==O, 0;5 2A5 I5 A?V2@>7<V@=> 7 V=H8<8 :><?;5:A0<8 7V %#, I> 7304CNBьAO 2 

4>A;V465==OE ���. #@8 1V;ьH 28A>:8E B8A:0E <>6=0 4>AO3B8 ?>2=VABN 72>@>B=>3> 

F8:;C 2 [Fe(pz)2(BH3CN)2], V ΔSVB,72,<0:A ?5@528I8Bь 200 �6 :3-1 K-1. +5@57 5D5:B 

3VAB5@578AC <0:A8<0;ь=0 72>@>B=0 04V010B8G=0 7<V=0 B5<?5@0BC@8 (ΔT04,72,<0:A) 

[Fe(pz)2(BH3CN)2] AB0=>28Bь <0965 0 K ?@8 1 :10@. #@>B5 ?@8 4>AB0B=ь> 28A>:><C 

B8A:C ΔT04,72,<0:A <>6=0 @>7@0EC20B8 O: ~47 K 70 D>@<C;>N ΔT04,72,<0:A j 2 ăĀĂіт�� , 45 
B5?;>є<=VABь (Cp) 22060єBьAO =57<V==>N 2V4 B8A:C.222,223 �V;ьHV 7=0G5==O ΔSVB,72,<0:A V 

ΔT04,72,<0:A 4;O [Fe(pz)2(BH3CN)2] A2V4G0Bь ?@> 9>3> 2V4<V==V 2;0AB82>ABV ���, 0;5, O: 

V C V=H8E <0B5@V0;V2 ���, B5@<VG=89 3VAB5@578A 7=86Cє 72>@>B=VABь ��� V, 

2V4?>2V4=>, 5D5:B82=VABь >E>;>46C20;ь=>W A8AB5<8. "GV:CєBьAO, I> 2 <091CB=VE 

4>A;V465==OE H8@8=C 3VAB5@578AC <>6=0 1C45 7<5=H8B8 70 4>?><>3>N EV<VG=8E 

<>48DV:0FV9 4;O ?V428I5==O 5D5:B82=>ABV [Fe(pz)2(BH3CN)2] O: >E>;>46C20G0, 0 

4V0?07>= B5<?5@0BC@ ��� <>6=0 1C45 =0;0HB>2C20B8, 2818@0NG8 >Aь>2V ;V30=48, 

=0?@8:;04, A8;8 ?>;O >Aь>28E ;V30=4V2 NCBH3, NCSe B0 NCS є  Δ(NCS) < Δ(NCSe) 

< Δ(NCBH3) (B>1B> T1/2(NCS) < T1/2(NCSe) < T1/2(NCBH3)).41,43 

' &01;8FV 7.1 =02545=> ?>@V2=O==O 7<V=8 5=B@>?VW D07>2>3> ?5@5E>4C (ΔS(#) 

B0 70;56=VABь B5<?5@0BC@8 D07>2>3> ?5@5E>4C 2V4 B8A:C 4;O [Fe(pz)2(BH3CN)2] 7 

B8?>28<8 <0B5@V0;0<8 ��� ($8A. 7.8). �84=>, I> ΔS(# 4;O [Fe(pz)2(BH3CN)2] C42VGV 

1V;ьH0, =V6 C 1V;ьH>ABV 4>A;V46C20=8E A?>;C: 7V %#, V =V6 C 1V;ьH>ABV <0B5@V0;V2 

���. &0:>6 :><?;5:A 45<>=AB@Cє 28IC GCB;82VABь 4> B8A:C, I> C73>46CєBьAO 7 

@57C;ьB0B0<8, >13>2>@5=8<8 28I5, 0 >B65 2V= <0є 25;8:89 ?>B5=FV0; 4;O 

70AB>AC20==O 2 ��� >E>;>465==V. "4=0:, O: V V=HV A?>;C:8 7V %#, F59 :><?;5:A <0є 

?>30=C B5?;>?@>2V4=VABь C ?>@V2=O==V 7 <0B5@V0;0<8 =0 >A=>2V A?;02V2,139 I> 

CA:;04=Nє 4>AO3=5==O 5D5:B82=8E F8:;V2 >E>;>46C20==O ?@8 V=B53@0FVW 2 

>E>;>46C20;ь=5 >1;04=0==O. !0@07V >A=>2=8< A?>A>1>< ?>:@0I5==O 

B5?;>?@>2V4=>ABV <0B5@V0;V2 ��� є :><1V=C20==O WE 7 <0B5@V0;0<8 7 28A>:>N 

B5?;>?@>2V4=VABN (B0:8<8 O: 3@0D5=>2V =0=>?;0AB8=8 B0 @>7H8@5=89 3@0DVB), 4;O 

283>B>2;5==O :><?>78B=8E <0B5@V0;V2, 0;5 B0:89 ?V4EV4 7=86Cє 5D5:B82=VABь 
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>E>;>46C20GV2, B><C =5>1EV4=> 7=0E>48B8 =>2V <0B5@V0;8 ��� 7 28A>:>N 

B5?;>?@>2V4=VABN.226,227 

 

$8A. 7.8. �<V=8 5=B@>?VW ΔS(#, 28:;8:0=V D07>28< ?5@5E>4><, V 70;56=VABь 

B5<?5@0BC@8 ?5@5E>4C 2V4 B8A:C ∣dT/dP∣ 4;O [Fe(pz)2(BH3CN)2] ?>@V2=O=> 7 V=H8<8 
<0B5@V0;0<8 ���. �5B0;V =02545=> 2 &01;8FV 7.1. 

&01;8FO 7.1 #>@V2=O==O B5<?5@0BC@8 D07>2>3> ?5@5E>4C (T(#), 5=B@>?VW D07>2>3> 

?5@5E>4C (ΔS(#) B0 70;56=>ABV B8A:C 2V4 B5<?5@0BC@8 ?5@5E>4C <V6 

[Fe(pz)2(BH3CN)2]  B0 B8?>28<8 <0B5@V0;0<8 ���. 

 0B5@V0; T(# (K) S(# (�6 K-1 :3-1) dT(#/dP (K :10@-1) 

Fe49Rh51219 310 13 6.4 

Mn3GaN220 290 22 - 6.5 

C60224 257 27 16.7 

[TPrA][Mn(dca)3]228 330 43 23.1 

TMA229 381 59 40 

AgI230 407 64 -12.8 
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(NH4)2SO4231 219 65 -4.5 

NH4I232 257 71 81 

[(CH3)4N][Mn(N3)3]233 305 80 12 

NdCu3Fe4O12234 300 84 -3.61 

Ni50Mn31.5Ti18.5221 255 85 3.2 

#0@0-:0@1>@0=235 308 103 38 

NH4SCN236 335 129 -30 

(C10H21NH3)2MnCl4237 307 261 28 

!5>?5=B8;3;V:>;ь140 314 361 9.3 

Fe3(bntrz)6(tcnset)6144 318 80 25 

[FeL2][BF4]2143 260 86 10 

[FeL(NCS)2]146 266 90 18.8 

Fe[HB(tz)3]2145 332 99 21.4 

[Fe(pz)2(BH3CN)2] 330 202 20.2 

 

7.4 К>@>B:V 28A=>2:8 4> @>74V;C 7 

1.  5B>4>< @0<0=V2Aь:>W A?5:B@>A:>?VW 4>2545=>, I> 70 @0EC=>: 7<V=8 

>@Vє=B0FVW ?V@078=C 2=0A;V4>: %#, <>;O@=0 7<V=0 5=B@>?VW ?V4 G0A %# (ΔS%#) 

287=0G0єBьAO =5 BV;ь:8 :>;820;ь=>N B0 5;5:B@>==>N A:;04>2>N, 0 I5 9 

@5>@Vє=B0FV9=>N (ΔS@5>). �@0E>2CNG8, I> <>;O@=0 7<V=0 5=B@>?VW [Fe(pz)2(BH3CN)2] 

2=0A;V4>: %# AB0=>28Bь ?@81;87=> 60 �6 <>;ь21 �21, I> A?V2@>7<V@=> 7 1V;ьHVABN 
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A?>;C: 7V %# (50-80 �6 <>;ь-1 K-1), 22545==O B@5Bь>3> 465@5;0 7<V=8 5=B@>?VW ΔS@5> 

<0є =57=0G=89 2?;82 =0 ?V428I5==O ΔS%#.  

2. #>:070=>, I> :><?;5:A 45<>=AB@Cє 2V4=>A=> 28A>:C GCB;82VABь 

B5<?5@0BC@8 %# 4> B8A:C þă1/2 þÿ   = 20.2 � :10@21. �;5 G5@57 2?;82 3VAB5@578AC, 
ΔSVB,72,<0:A (<0:A8<0;ь=5 7=0G5==O 72>@>B=>W V7>B5@<VG=>W 7<V=8 5=B@>?VW) A:;040є 103 

�6 :321 �21, 0 ΔT04,72,<0:A (<0:A8<0;ь=0 72>@>B=0 04V010B8G=0 7<V=0 B5<?5@0BC@8) 

>FV=NєBьAO O: 0 � ?@8 1 :10@. "4=0: ?@8 4>AB0B=ь> 28A>:8E ?@8:;045=8E B8A:0E 

ΔSVB,72,<0:A ?5@528ICє 200 �6 :321 �21, B>4V O: ΔT04,72,<0:A <>65 4>AO30B8 ?@81;87=> 47 

�. *V 420 ?>:07=8:8 242VGV ?5@528ICNBь 7=0G5==O 2 ?>@V2=O==V 7V A?>;C:0<8 7V %#, 

O:V 1C;8 ?>?5@54=ь> >?8A0=V 2 4>A;V465==OE ���. "B65, [Fe(pz)2(BH3CN)2] <0є 

25;8:89 ?>B5=FV0; 70AB>AC20==O C O:>ABV >E>;>46C20G0 7 ���.  

$57C;ьB0B8, ?@54AB02;5=V C 40=><C @>74V;V, 1C;8 >?C1;V:>20=V 2 1 =0C:>2V9 

AB0BBV: Appl. Phys. Lett., 2024, 124, 122202. 
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��%!"��� 

1. �><?;5:A8 Fe(II) 7V %#, I> <VABOBь ?V@078= C O:>ABV ;V30=4C, є 

?5@A?5:B82=8<8 4;O >B@8<0==O @V7=><0=VB=8E <0B5@V0;V2-?5@5<8:0GV2. !0 >A=>2V 

F8E :><?;5:AV2 <>6=0 @>7@>1;OB8 DC=:FV>=0;ь=V =0=>- B0 :><?>78B=V <0B5@V0;8  

4;O AB2>@5==O =>28E EV<VG=8E A5=A>@V2, B5@<>E@><=8E ?V3<5=BV2, A:;04>28E 4;O 

=0=>- B0 <V:@>5;5:B@><5E0=VG=8E A8AB5<. �024O:8 70<V=V :>-;V30=4V2 <>6=0 

>B@8<C20B8 0=0;>38, :>65= 7 O:8E <0є C=V:0;ь=V E0@0:B5@8AB8:8 %# (B5<?5@0BC@0, 

@V7:VABь, 5B0?=VABь, 3VAB5@578A). �06;82>, I> A5@54 F8E :><?;5:AV2 <>6=0 284V;8B8 

>:@5<C 3@C?C, 4;O O:>W FV ?0@0<5B@8 %# є =5GCB;828< 4> 3>ABь>2>3> 5D5:BC.  

2. $>7@>1;5=> <5B>48:C A8=B57C =0=>G0AB8=>: :>>@48=0FV9=>3> ?>;V<5@C 

[Fe(pz){Au(CN)2}2] 7V %# 2 >@30=VG=><C A5@54>28IV 7 28:>@8AB0==O< ?>25@E=52>-

0:B82=>W @5G>28=8 T@8B>=C X-100 V %5/%6 A?8@BV2 O: :>-#�$V2. �8O2;5=>, I> @>7<V@ 

=0=>G0AB8=>: <>6=0 :>=B@>;N20B8, 7<V=NNG8 ?>;O@=VABь A5@54>28I0, I> 

70;568Bь 2V4 281>@C A?8@BC C O:>ABV :>-#�$C (0 A0<5 2V4 4>268=8 9>3> 0;:V;ь=>3> 

;0=FN30). "B@8<0=V =0=>G0AB8=:8 A:;040NBьAO 7 :@8AB0;VBV2 @>7<V@>< 16 =< V 13 

=<, 0 7<V=8, I> A?>AB5@V30;8Aь C ?>@>H:>3@0<0E 7@07:V2, 4>72>;ONBь ?@8?CAB8B8 

7<V=C A8<5B@VW 2=0A;V4>: @>7<V@=>3> 5D5:BC. T@8B>= X-100 2E>48Bь 4> A:;04C 

=0=>@>7<V@=>3> <0B5@V0;C, 9<>2V@=>, 4VNG8 O: AB01V;V7CNG89 035=B. "B@8<0=V 

=0=>G0AB8=:8 715@V30NBь 3VAB5@578A V ?>2=>BC %#, ?>4V1=> 4>  ?>@>H:C 

[Fe(pz){Au(CN)2}2], 0;5 7 =86G8<8 B5<?5@0BC@0<8 ?5@5E>4C.  

3. �C;> ?>:070=>, I> ?@8:;040==O 7>2=VH=ь>3> B8A:C 4>72>;Oє :5@>20=> 

7<V=N20B8 5;5:B@>?@>2V4=VABь :><?;5:AC [Fe(pz){Au(CN)2}2], 0 A0<5 7 

=87ь:>A?V=>2>3> AB0=C 7 28A>:>N 5;5:B@>?@>2V4=VABN 70 0B<>AD5@=>3> B8A:C 4> 

28A>:>A?V=>2>3> AB0=C 7 28A>:>N 5;5:B@>?@>2V4=VABN ?@8 1 :10@ V 28I5. !0?@O<>: 

7<V=8 5;5:B@>?@>2V4=>ABV (C 1V: 7<5=H5==O 01> 71V;ьH5==O) ?V4 G0A ?5@5E>4C 

70;568Bь 2V4 5=5@3VW B5@<VG=>W 0:B820FVW 5;5:B@>?@>2V4=>ABV B0 7AC2C B5<?5@0BC@8 

%# ?V4 4VєN B8A:C. #>:070=>, I> 2 <560E >4=VєW A?>;C:8 C<>28 A8=B57C <>6CBь 

ACBBє2> 2?;820B8 =0 5;5:B@8G=V 2;0AB82>ABV 7@07:V2. 
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4. � >B@8<0=8E :><?>78B=8E ?;V2:0E =0 >A=>2V [Fe(pz){Au(CN)2}2] B0 

?>;V2V=V;V45=DB>@84C V7 2<VAB>< :><?;5:AC 4> 35% </< 715@V30єBьAO %#. �;O 

:><?>78BV2 A?>AB5@V30єBьAO 71V;ьH5==O 6>@AB:>ABV ?;V2>: ?@8 71V;ьH5==V 2<VABC 

:><?;5:AC 4> 20% </<, ?VA;O G>3> ?>40;ьH5 71V;ьH5==O :>=F5=B@0FVW :><?;5:AC 

28:;8:0є 7=865==O <>4C;O .=30 G5@57 03@530FVN G0AB8=>: C ?>;V<5@V. 

&5@<><5E0=VG=89 0=0;V7 :><?>78BV2 ?>:0702, I> 2=0A;V4>: B5@<VG=>3> %# 

A?>AB5@V30єBьAO 7<5=H5==O <5E0=VG=>3> =0?@C65==O, O:5 =5>1EV4=5 4;O ?V4B@8<:8 

AB0;>W 45D>@<0FVW. "4=0:, 4;O :><?>78BC 7 =0928I8< 2<VAB>< :><?;5:AC B0:5 

?04V==O A?>AB5@V30єBьAO O: ?@8 ?5@5E>4V 7 !% 4> �% D>@<8, B0: V ?@8 72>@>B=><C 

?5@5E>4V 7 �% 4> !%. �;O ?>OA=5==O F8E 5D5:BV2 1C;0 AB2>@5=0 <0B5<0B8G=0 <>45;ь, 

I> 2@0E>2Cє ?@C6=V 2;0AB82>ABV :><?>=5=BV2 :><?>78BC, 2?;82 A?V=>2>3> AB0=C =0 

FV ?@C6=V 2;0AB82>ABV B0 B5?;>25 @>7H8@5==O :><?;5:AC B0 ?>;V<5@C.  

5. �?5@H5 1C;> A8=B57>20=> FV0=>1>@3V4@84=89 :><?;5:A Fe(II) 7 ?V@078=>< 

[Fe(pz)2(BH3CN)2]. �8O2;5=>, I> >B@8<0=0 A?>;C:0 <0є 42>28<V@=C H0@C20BC 

AB@C:BC@C, 0 H0@8, O:V <VABOBь 9>=8 Fe(II) C 2C7;0E B0 <>;5:C;8 ?V@078=C C O:>ABV 

<VAB:>28E ;V30=4V2, 729O70=V <V6 A>1>N 482>4=528<8 729O7:0<8 <V6 FV0=>1>@3V4@84-

0=V>=0<8 B0 ?V@078=><. "B@8<0=89 :><?;5:A =5 <VAB8Bь 3>ABь>2V <>;5:C;8 V 

E0@0:B5@87CєBьAO @V7:8< V 2V4B2>@N20=8< %# 28I5 :V<=0B=>W B5<?5@0BC@8: ?@8 338 

� ?V4 G0A =03@V20==O V 326 � ?V4 G0A >E>;>465==O, 7 ?5B;5N 3VAB5@578AC 12 �. %# 

AC?@>2>46CєBьAO B5@<>E@><=8< 5D5:B>< (G5@2>=89 ´ >@0=65289) V 7=0G=>N 

7<V=>N >1'є<C (10.6 %), I> @>18Bь <0B5@V0; ?5@A?5:B82=8< 4;O @O4C ?@0:B8G=8E 

70AB>AC20=ь, 7>:@5<0 AB2>@5==O B5@<>E@><=8E <VB>: 01> :><?>=5=BV2 4;O 

<V:@>5;5:B@><5E0=VG=8E :>=AB@C:FV9. �><?>78B =0 >A=>2V FVєW A?>;C:8 B0 

?>;V<5B8;<5B0:@8;0BC 715@V30є %#. �024O:8 ?@>AB>BV A8=B57C, <0;V9 20@B>ABV 

28EV4=8E @5035=BV2 B0 AB01V;ь=>ABV 2 @>1>G><C B5<?5@0BC@=><C 4V0?07>=V, F59 

:><?;5:A V :><?>78B8 =0 9>3> >A=>2V є ?5@A?5:B82=8< <0B5@V0;><-?5@5<8:0G5< 4;O 

@V7=><0=VB=8E B5E=>;>3VG=8E 70AB>AC20=ь. 

6. �87=0G5=>, I> 70 @0EC=>: =525;8:>W <>;O@=>W <0A8 =0 >48= F5=B@ Fe(II)  

:><?;5:AC [Fe(pz)2(BH3CN)2], 9>3> ?8B><0 <0A>20 7<V=0 5=B@>?VW ?@8 %# є >4=VєN 7 
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=091V;ьH8E A5@54 2V4><8E B25@4>BV;ь=8E >E>;>46C20GV2 7 10@>:0;>@8G=8< 

5D5:B><, C B>9 G0A O: <>;O@=0 7<V=0 5=B@>?VW є A?V2@>7<V@=>N 7 V=H8<8 

:><?;5:A0<8 7V %#. #>:070=>, I> @5>@Vє=B0FVO @>7C?>@O4:>20=>3> ?V@078=C ?V4 G0A 

%# <>65 <0B8 2:;04 C 7<V=C 5=B@>?VW 2=0A;V4>: ?5@5E>4C. �@V< B>3>, :><?;5:A 

45<>=AB@Cє 28A>:C GCB;82VABь B5<?5@0BC@8 %# 4> B8A:C (20.2 � :10@-1) V B><C <0є 

25;8:89 ?>B5=FV0; 70AB>AC20==O C O:>ABV B25@4>BV;ь=>3> >E>;>46C20G0 7 

10@>:0;>@8G=8< 5D5:B><.  
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%?>;C:0 [Fe(pz)2(BH3CN)2] 
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�<?V@8G=0 D>@<C;0 C10H14B2FeN6  C10B2FeN6 
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&5<?5@0BC@0 / K 293 368 
 #@>AB>@>20 3@C?0 I4/mmm I4/mmm 
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Z 2 2 

ρ@>7@. / 3 A<-3 1.322 1.139 
μ / <<-1 1.008 7.299 

$>7<V@ :@8AB0;C / <<3 0.10 × 0.10 × 0.01 ‒‒ 
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�V;ь:VABь @5D;5:AV2 7V1@0=8E / 
=570;56=8E  
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1) X, 1 − Y, Z 
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�B>< �B>< �B>< �CB 4;O !% / ˚ �CB 4;O �% / ˚ 
C2 N2 Fe1 122.2(4) 123.24 
C21 N2 C2 115.5(8) 113.5(13) 
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 1) X, 1 − Y, 1 − Z; 2) 2 − X, Y, Z 

 "1@0=V B>@AV9=V :CB8 4;O [Fe(pz)2(BH3CN)2] 2 !% B0 �% AB0=0E. 

A B C D �CB 4;O !% / ˚ �CB 4;O �% / ˚ 
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