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ABSTRACT 

Struhatska M.B. The influence of the nature of the complex particle and the outer-sphere 

counterion on the spectral properties of lanthanide complexes with bidentate chelating 

phosphoryl ligands. 3 Qualification research work in manuscript form. Dissertation for the 

Degree of Doctor of Philosophy in natural sciences, specialty 102 3 chemistry. 3 Taras 

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

2025. 

 

The dissertation is devoted to studying the influence of the nature of the complex particle 

and the outer-sphere counterion on the spectral properties of lanthanide complexes with 

bidentate chelating phosphoryl ligands. The primary goal was to establish the dependence of 

the spectral characteristics of lanthanide complexes on the nature of the phosphoryl ligand, the 

type of cationic component, and the counterion to create new materials applicable in modern 

optical and electronic engineering technologies. 

 Research Objectives: 

- Synthesize lanthanide complexes with phosphoryl ligands. 

- Determine their crystal and molecular structures using X-ray diffraction analysis. 

- Study the spectral properties of the complexes, focusing on luminescence sensitization 

mechanisms. 

- Investigate the thermal stability of the complexes. 

- Analyze the dependence of spectral properties on the chemical nature of the counterion 

and cationic component. 

 Sixty-four complex compounds were synthesized, 50 of which were obtained for the 

first time. Luminescent properties of europium, terbium, and dysprosium complexes 

demonstrated high emission sensitization efficiency due to phosphoryl ligands. The ligands, 

carbacylamidophosphates (CAPhs) and sulfonylamidophosphates (SAPhs), derivatives of 

phosphoric acid with the functional fragment C(O)N(H)P(O). They are characterized by a high 
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chelating ability and ensure the stability of the complexes by forming strong bonds with 

lanthanide ions. Types of phosphoryl ligands: 

• Dimethyl-N-trichloroacetylamidophosphate (HL1): 

   - Formula: (CCl3C(O)N(H)P(O)(OMe)2). 

   - A simple CAPh ligand for reproducible synthesis of tetrakis-, tris-, and bis-

complexes. 

• Bis-N,N,N',N'-tetraethyl-N''-(trichloroacetyl)phosphortriamide (HL2): 

   - Formula: [(CCl3C(O)N(H)(P(O)(NEt2)2)]. 

   - A triamidic CAPh ligand effective as a luminescence sensitizer which is used for the 

synthesis of cationic and neutral mixed-ligand compounds that exhibit bright metal-centered 

luminescence. 

• Dimethyl(phenylsulfonyl)amidophosphate (HL3): 

   - Formula: (PhSO2N(H)P(O)(OMe)2). 

   - SAPh ligand, containing a phenyl radical (Ph) and a sulfonyl group (SO2), tends to 

form anionic and cationic complexes with excellent photophysical properties. 

 These ligands form strong complexes with lanthanide ions through oxygen atom 

coordination, ensuring high stability of the complexes both in solid state and in solutions. The 

presence of phosphoryl, carbonyl, and sulfonyl groups enables efficient UV absorption and 

energy transfer to the central metal ion, enhancing f-f transitions, making the ligands universal 

<antennas=. Substitution of functional groups on the ligand allows for the tuning of the spectral 

characteristics of the complexes. The inclusion of dipyridyl (2,2'-bipyridyl, bpy) in the 

coordination sphere of lanthanide complexes plays a significant role in improving their 

physicochemical properties and expanding their functionality. Dipyridyl acts as a sensitizer, 

absorbing UV radiation and transferring the energy to the central lanthanide ion. This enhances 

the efficiency of sensitized luminescence. The introduction of dipyridyl enables the creation of 
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various types of mixed-ligand complexes (e.g., [Ln(L)2(bpy) 2]BPh4 or [Ln(L)2(NO3)(bpy)]), 

providing additional flexibility in the design of materials with desired properties. 

The study utilized a wide range of physicochemical methods, including IR, NMR, 

electronic, luminescent spectroscopy, thermogravimetric analysis, X-ray diffraction, powder 

XRD and elemental analysis and trilonometric titration. Cationic, neutral, and anionic 

complexes with carbacylamidophosphate and sulfonylamidophosphate ligands were 

synthesized: 

• Cat[Ln(L1)4], where Cat+ = NMe4+, NEt4+, PPh4+; 

• [Ln(L1-3)2(bpy)2]BPh4; 

• [Ln(L2)2(NO3)(bpy)]; 

• [Ln(L1,2)3(bpy)]. 

The triplet energy levels of the ligands were determined, ensuring optimal energy 

redistribution during emission processes. The luminescence lifetimes were experimentally 

measured (up to 2.78 ms for europium and 2.9 ms for terbium), along with intrinsic quantum 

yields exceeding 58% for the synthesized complexes, which are crucial indicators for their 

application in optical technologies. Thermal stability studies revealed that most of the 

synthesized complexes retain their structure at temperatures around 150°C, enabling their use 

in high-temperature conditions. 

The practical significance of this work lies in the creation and investigation of new types of 

luminophores for white light-emitting diodes (WLEDs) and organic light-emitting diodes 

(OLEDs). Moreover, the established correlations in the properties of the complexes can be 

utilized to develop materials with specific physicochemical properties for applications in 

medicine, biology, and electronics. The research findings expand knowledge in the field of 

lanthanide coordination chemistry, highlighting their high potential in modern materials 

science technologies. These results are significant for the further development of coordination 
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chemistry and materials science, providing a foundation for designing new functional materials 

with tailored properties. 

Keywords: lanthanide complexes, spectral properties, phosphoryl ligands, 

carbacylamidophosphates, sulfonylamidophosphates, infrared spectroscopy, OLED, 

sensitization, photoluminescence, luminophores, X-ray analysis, crystal structure, hydrogen 

bonding, emission lifetime, quantum yield. 
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2848<>3> A2VB;0, I> 7C<>2;5=> 28A>:>N 9<>2V@=VABN 15728?@><V=N20;P=8E d-d 

?5@5E>4V2. !02VBP O:I> A?>AB5@V30єBPAO 28?@><V=N20==O, 2>=> 70728G09 <0є H8@>:89 

4V0?07>= E28;P G5@57 A8;P=5 @>7I5?;5==O d-@V2=V2 [17]. 

�;O :><?;5:AV2 ;0=B0=>W4V2, ?>;5 ;V30=4C <>65 2?;820B8 =0 V=B5=A82=VABP 

28?@><V=N20==O 4f-4f ?5@5E>4V2 C A?5:B@0E, V =57=0G=>N <V@>N =0 WE 5=5@3VN. *59 2?;82 

A?@8G8=5=89 B0:8<8 D0:B>@0<8, O: 5D5:B8 :@8AB0;VG=>3> ?>;O (A;01:5 @>7I5?;5==O 4f-

>@1VB0;59); =5D5;>0C:A5B8G=89 5D5:B (:>20;5=B=VABP 729O7:C ;V30=4-<5B0;); 3V?5@GCB;82V 

?5@5E>48 (f-f ?5@5E>48, GCB;82V 4> >B>G5==O); 5D5:B8 ?5@5=>AC 70@O4C 2V4 ;V30=4C 4> 

<5B0;C 01> 2V4 <5B0;C 4> ;V30=4C). ' 28?04:C 6 ?5@5EV4=8E <5B0;V2 @>7I5?;5==O d-

>@1VB0;59 V, 2V4?>2V4=>, 5=5@3VO d-d ?5@5E>4V2 7=0G=> 70;568BP 2V4 A8;8 ;V30=4=>3> ?>;O 

[18]. 

!5D5;>0C:A5B8G=89 5D5:B 4 F5 7<5=H5==O <V65;5:B@>==>3> 2V4HB>2EC20==O 

2A5@548=V 9>=0 <5B0;C ?@8 CB2>@5==V 729O7:V2 7 ;V30=40<8. *5 2V41C20єBPAO, O:I> 729O7>: 

;V30=4-<5B0; <0є :>20;5=B=89 E0@0:B5@. "4=0: C ;0=B0=>W4V2 729O7C20==O 70;8H0єBPAO 

?5@5206=> V>==8<, I> @>18BP =5D5;>0C:A5B8G=89 5D5:B 7=0G=> A;01H8<, =V6 C 

?5@5EV4=8E <5B0;V2 [19, 20, 21]. )>G0 1V;PHVABP f-f ?5@5E>4V2 5:@0=>20=V 2V4 2?;82C 

;V30=4V2, 45O:V 7 =8E GCB;82V 4> >B>G5==O. &0:V ?5@5E>48 =07820NBP 3V?5@GCB;828<8, V 

2>=8 2V41C20NBPAO 70 C<>28 28:>=0==O ?@028; 2V41>@C |ΔJ| ≤ 2, |ΔL| ≤ 2 V ΔS = 0. #@8:;048 



27 
 

3V?5@GCB;828E ?5@5E>4V2: Nd³z: 4I9/2 3 4G5/2 (~580 =<); Ho3+: 5I8 3 5G6 (~450 =<); Er3+: 4I15/2 

3 2H11/2 (~525 =<); Sm³z: 6F1/2 3 6H5/2 (~1560 =<); Dy³z: 6H15/2 3 4F11/2 (~1300 =<) [22, 23, 24, 

25, 26]. %<C38 F8E ?5@5E>4V2 45<>=AB@CNBP 7<V=8 V=B5=A82=>ABV 70;56=> 2V4 B8?C 

;V30=4C, E>G0 WE=O 5=5@3VO 70;8H0єBPAO <0965 =57<V==>N. 

#5@5=>A 70@O4C <V6 <5B0;>< V ;V30=4>< <>65 7=0G=> 2?;820B8 =0 7030;P=V >?B8G=V 

2;0AB82>ABV :><?;5:AV2 ;0=B0=>W4V2. &8?8 ?5@5=>AC 70@O4C: 2V4 ;V30=4C 4> <5B0;C 

(LMCT) (2V41C20єBPAO C 5;5:B@>=530B82=8E ;V30=4V2); 2V4 <5B0;C 4> ;V30=4C (MLCT) 

(E0@0:B5@=89 4;O 5;5:B@>=-4>=>@=8E ;V30=4V2, =0?@8:;04, π-0:F5?B>@V2). �=5@3VO 

?5@5=>AC 70@O4C 70;568BP 2V4 >?B8G=>W 5;5:B@>=530B82=>ABV ;V30=4C [27, 28]. #5@5=>A8 

70@O4C G0AB> A?>AB5@V30NBPAO 2 C;PB@0DV>;5B>2V9 B0 2848<V9 >1;0ABV A?5:B@0, 7<V=NNG8 

:>;V@ :><?;5:AV2 [29].  

 

1.2.  �V4><V B8?8 :><?;5:AV2 ;0=B0=>W4V2 =0 >A=>2V :0@10F8;0<V4>D>AD0B=8E V 

AC;PD>=V;0<V4>D>AD0B=8E ;V30=4V2 

�0@10F8;0<V4>D>AD0B=V (��() B0 AC;PD>=V;0<V4=V (%�() ;V30=48 (@8A. 1.2.1) 

<0NBP 3=CG:V AB@C:BC@8 V 740B=V 72'O7C20B8AP V7 @V7=8<8 V>=0<8 ;0=B0=>W4V2 C 283;O4V O: 

<>=>-, 1V-, B0: V ?>;V45=B0B=8E D>@<, I> 70157?5GCє @>7<0WBBO :><?;5:A=8E AB@C:BC@ [30]. 

�> A:;04C :><?;5:AV2 FV ;V30=48 <>6CBP 2E>48B8 O: C =59B@0;P=V9 <>;5:C;O@=V9 D>@<V, 

B0: V 2 45?@>B>=>20=><C AB0=V. �0;56=> 2V4 A?V22V4=>H5==O AC<0@=>3> 70@O4C 2AVE 

;V30=4V2, I> 2E>4OBP 4> :>>@48=0FV9=>W AD5@8 ;0=B0=>W40, 4> 9>3> 2;0A=>3> 70@O4C, 

CB2>@5=89 :><?;5:A <>65 1CB8 <>;5:C;O@=8<, :0BV>==8< 01> 0=V>==8<. �AV B@8 B8?8 

:>>@48=0FV9=8E A?>;C: ;0=B0=>W4V2 =0 AP>3>4=V 1C;8 >45@60=V 7 ��( ;V30=40<8, B>4V O: 

A5@54 %�(-2<VA=8E :><?;5:AV2 >?8A0=V ;8H5 <>;5:C;O@=V B0 0=V>==V A?>;C:8. 

)0@0:B5@=8<8 :>>@48=0FV9=8<8 G8A;0<8 (�+) 4;O :><?;5:AV2 ;0=B0=>W4V2 =0 >A=>2V 

��( V %�( ;V30=4V2 є 6-10. *59 4V0?07>= :>>@48=0FV9=8E G8A5; 70157?5GCє <>6;82VABP 

:>=B@>;N20B8 AB@C:BC@C :><?;5:AC, 20@VNNG8 @>7<V@ V 5;5:B@>==V 2;0AB82>ABV ;V30=4V2. 

!09@>7?>2AN465=VH8< є �+ 8. &8?>2V :>>@48=0FV9=V ?>;V54@8 (�#) F5=B@0;P=8E 9>=V2 
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;0=B0=>W4V2 C :><?;5:A0E V7 ��(/%�(: >4=>H0?:>289 >:B054@ (�+ 7), >4=>-, 42>- V 

B@8H0?:>20 B@83>=0;P=0 ?@87<0 (�+ 7-9), 28:@82;5=0 :204@0B=0 0=B8?@87<0 B0 

4>45:054@ )>@40 (�+ 8) V :;V=:>@>=0 (�+ 10). 

 

$8AC=>: 1.2.1. �030;P=0 D>@<C;0 :0@10F8;0<V4>D>AD0B=8E V 

AC;PD>=V;0<V4>D>AD0B=8E ;V30=4V2. 

 

• !59B@0;P=V :><?;5:A8 ;0=B0=>W4V2 V7 ��( V %�( ;V30=40<8 

�><?;5:A8 ;0=B0=>W4V2 V7 =C;P>28< 70@O4>< :><?;5:A=>W G0AB8=8, >:@V< ��(/%�( 

;V30=4V2, <VABOBP ;V30=48-?@>B89>=8 (E;>@84-, =VB@0B-, 1@><V4-, BV>FV0=0B-0=V>=8 [31, 32, 

33], =59B@0;P=V >@30=VG=V ;V30=48 (HMPA, 2,29-48?V@848;, 2,29-1V?V@8<V48=, 1,10-

D5=0=B@>;V=, &$$" [34, 35, 36, 37]) 01> <>;5:C;8 @>7G8==8:0 C :>>@48=0FV9=V9 AD5@V 

F5=B@0;P=>3> 0B><0 [38, 32]. �>40B:>2V =59B@0;P=V >@30=VG=V ;V30=48 <>6CBP, ?>4V1=> 4> 

��(/%�(, 28ABC?0B8 2 O:>ABV 0=B5=, 70157?5GCNG8 5D5:B82=VH5 71C465==O 9>=0 

;0=B0=>W4C. &0:>6, C A:;04V :><?;5:AV2 <>6CBP 1CB8 ?@8ACB=V A>;P20B>20=V <>;5:C;8 

@>7G8==8:0 [39].  

' A:;04V <>;5:C;O@=8E :><?;5:AV2 F5=B@0;P=89 9>= ;0=B0=>W4C <>65 

:>>@48=C20B8 2V4 42>E 4> G>B8@P>E <>;5:C; ��( ;V30=4C. � >AB0==P><C 28?04:C 

28?04:C, ��( ;V30=48 ?5@51C20NBP C A:;04V :><?;5:AC 2 =59B@0;P=V9 D>@<V B0 

:>>@48=CNBPAO <>=>45=B0B=> G5@57 0B>< >:A835=C D>AD>@8;P=>W 3@C?8 (Ln(NO3)3(HL)4) 

[40]. �=H8<8 B8?0<8 <>;5:C;O@=8E :>>@48=0FV9=8E A?>;C: V7 =59B@0;P=8<8 ��( 

;V30=40<8, I> :>>@48=CNBPAO <>=>45=B0B=>, є B@8A- B0 1VA-��( :><?;5:A8: LnCl3(HL)3 

(�+ = 6); LnCl3(HL)2(H2O) (�+ = 6); LnBr3(HL)3 (�+ = 6); Ln(NO3)3(HL)3 (�+ = 9); 

Ln(NO3)3(HL)2·(H2O)3 (�+ = 10, >4=0 7 B@P>E <>;5:C; 2>48 =5 :>>@48=>20=0); 
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Ln(NCS)3(HL)3·nSolv (Solv = CH3OH, n = 1; Solv = iPrOH, n = 1, 2; �+ = 7) [31, 32, 38, 41, 

40, 42, 43, 44, 45]. ' :><?;5:A0E, 45 :0@10F8;0<V4>D>AD0B=89 ;V30=4 72'O7CєBPAO 7 0B><>< 

;0=B0=>W4C <>=>45=B0B=>, :>>@48=0FVO 2V41C20єBPAO G5@57 >48= 0B><, O:89 є 4>=>@>< 

5;5:B@>==>W ?0@8 (=09G0ABVH5 3 >:A835=), 70157?5GCNG8 CB2>@5==O A;01:>3> 

:>20;5=B=>3> 72'O7:C 7 ;0=B0=>W4><. #@8:;048 45O:8E AB@C:BC@=8E D>@<C; =59B@0;P=8E 

:><?;5:AV2 V7 <>=>45=B0B=>-E5;0B>20=8<8 ��(-;V30=40<8 C <>;5:C;O@=V9 D>@<V 

=02545=> =0 @8A. 1.2.2.  >=>45=B0B=89 A?>AV1 :>>@48=0FVW ?@8B0<0==89 

D>AD>@B@80<V4=8< ;V30=40< C =59B@0;P=V9 D>@<V, 0 B0:>6 ��( ;V30=40< 

D>ADV=0<V4=>3> B8?C [46, 47] B0 =5 70DV:A>20=89 4;O ��( 7 5AB5@=8<8 70<VA=8:0<8 ?@8 

D>AD>@8;P=V9 3@C?V, 0 B0:>6 4;O %�( ;V30=4V2.  

�><?;5:A8 є2@>?VN B0 ?@075>48<C 7 ;V30=4>< CCl3CO-NH-PO(NEt2)2 A:;04C 

LnCl3(HL)3 V Ln(NO3)3(HL)3 [31] 240;>AO >45@60B8 C 283;O4V <>=>:@8AB0;V2 25;8:>3> 

@>7<V@C 3 1x2x3 <<. *5 40;> <>6;82VABP >B@8<0B8 A?5:B@8 ?>3;8=0==O, 71C465==O B0 

5<VAVW 7 28A>:>N @>74V;P=>N 740B=VABN. 

 

 

$8AC=>: 1.2.2. %B@C:BC@=V D>@<C;8 45O:8E ?@54AB02=8:V2 <>;5:C;O@=8E 

:><?;5:AV2 V7 =59B@0;P=8<8 <>=>45=B0B=>-E5;0B>20=8<8 ��( ;V30=40<8 (27OB> 7 

@>1VB [43, 46]). 
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' 28?04:C 1V45=B0B=>W :>>@48=0FVW :0@10F8;0<V4>D>AD0B=V B0 

AC;PD>=V;0<V4>D>AD0B=V ;V30=48 CB2>@NNBP 72'O7:8 V7 ;0=B0=>W4>< G5@57 420 4>=>@=V 

0B><8 3 >:A835=C :0@1>=V;P=>W/AC;PD>=V;P=>W B0 >:A835=C D>AD>@8;P=>W 3@C?. &0:0 

AE5<0 729O7C20==O ?V428ICє B5@<>48=0<VG=C AB01V;P=VABP :><?;5:AV2 V 4>72>;Oє 

D>@<C20B8 AB@C:BC@=> 6>@AB:VHV B0 ABV9:VHV 4> 453@040FVW AB@C:BC@8. �;O ��( 

D>AD>@B@80<V4=>3> B8?C 2V4><V 28?04:8 1V45=B0=>W :>>@48=0FVW O: C <>;5:C;O@=V9, B0: 

V 2 0F84>D>@<V. &>4V O: 4;O %�( V 3@C?8 0<V4>D>AD0B=8E ��( 3 ;8H5 2 0F84>D>@<V. 

#@8:;048 <>;5:C;O@=8E :><?;5:AV2 ;0=B0=>W4V2 V7 ?>;V45=B0B=>E5;0BCNG8< B8?>< 

:>>@48=0FVW =59B@0;P=>3> ��( ;V30=4C: Ln(NO3)3(HL)2 (�+ = 10, 1V45=B0B=0 

:>>@48=0FVO) [38, 44]; Ln(HL)2(NO3)∙i-PrOH (�+ = 8, B@845=B0B=0 :>>@48=0FVO ;V30=4C 

A:>@?V>=0B=>3> B8?C) [48] (@8A. 1.2.3).  

 >;5:C;O@=V :><?;5:A8 ;0=B0=>W4V2 <>6CBP <VAB8B8 B@8 45?@>B>=>20=V %�( 

;V30=48, I> :>>@48=CNBPAO 1V45=B0B=8< A?>A>1><, V 2V4?>2V40NBP 7030;P=8< D>@<C;0< 

LnL3, Ln(L)3∙nQ, 45 Q 3 =59B@0;P=89 >@30=VG=89 ;V30=4 01> <>;5:C;0 @>7G8==8:0, [49, 

50, 51, 52, 53]. �5O:V ?@8:;048 AB@C:BC@=8E D>@<C; ?>:070=> =0 @8A. 1.2.4. 

 

$8AC=>:. 1.2.3. %B@C:BC@=V D>@<C;8 45O:8E ?@54AB02=8:V2 =59B@0;P=8E 

:><?;5:AV2 V7 45?@>B>=>20=8<8 1V- B0 B@845=B0B=>-E5;0B>20=8<8 ��( ;V30=40<8 

(27OB> 7 @>1VB [44, 39]). 
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�V45=B0B=0 :>>@48=0FVO ��(-;V30=4V2 C 0F84>D>@<V @50;V7CєBPAO 2 :><?;5:A0E 

LnL3, Ln2L6, Ln(L)3∙nQ, 45 Q 3 =59B@0;P=89 >@30=VG=89 ;V30=4 01> <>;5:C;0 @>7G8==8:0 

(�+ = 7, 8), LnL3(i-PrOH)2∙i-PrOH (�+ = 8) [1, 34, 35, 36, 38, 40, 41, 42, 44, 54, 55, 56, 57, 

58, 59]. #@8:;048 45O:8E AB@C:BC@=8E D>@<C; :><?;5:AV2 40=>3> B8?C =02545=> =0 @8A. 

1.2.5. 

�V4><V ?@8:;048 A?>;C:, :>;8 4> A:;04C >4=>3> :><?;5:AC 2E>48BP >48= ��( 

;V30=4 C =59B@0;P=V9 D>@<V, :>>@48=>20=89 <>=>45=B0B=>, V 4@C389 3 2 0F84>D>@<V, 

:>>@48=>20=89 1V45=B0B=>: Ln(NO3)2(L)(HL)2(VPrOH) (�+ = 9), Ln(NO3)2(L)(HL)2 (�+ = 

8), Ln(NO3)2(L)(HL)(H2O)2 (�+ = 9) [40]. #@8:;04 1C4>28 >4=>3> 7 ?5@5;VG5=8E 

:><?;5:AV2 7>1@065=> =0 @8A. 1.2.6. 

 

$8AC=>: 1.2.4. %B@C:BC@=V D>@<C;8 45O:8E ?@54AB02=8:V2 =59B@0;P=8E 

:><?;5:AV2 V7 45?@>B>=>20=8<8 1V45=B0B=>-E5;0B>20=8<8 %�( ;V30=40<8 (27OB> 7 

@>1VB [50, 52]). 
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$8AC=>:. 1.2.5. %B@C:BC@=V D>@<C;8 45O:8E ?@54AB02=8:V2 =59B@0;P=8E 

:><?;5:AV2 V7 45?@>B>=>20=8<8 1V45=B0B=>-E5;0B>20=8<8 ��( ;V30=40<8 (27OB> 7 

@>1VB [1, 36, 44]). 

 

$8AC=>: 1.2.6. (@03<5=B AB@C:BC@8 :><?;5:AC Lu(NO3)2(L)(HL)2 V7 <>=>- B0 

1V45=B0B=>-E5;0B>20=8<8 ��(-;V30=40<8 2 <>;5:C;O@=V9 B0 0F84>D>@<V, 2V4?>2V4=> 

(CH2-3@C?8 ;V30=4V2 >?CI5=>) (27OB> 7 @>1>B8 [40]). 
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• �0BV>==V :><?;5:A8 ;0=B0=>W4V2 V7 ��( V %�( ;V30=40<8 

' :0BV>==8E :><?;5:A0E V>= ;0=B0=>W40 7 ?>78B82=8< 70@O4>< (=09G0ABVH5 3+, 

@V4H5 2+ 01> 4+) :>>@48=Cє =59B@0;P=V G8 0=V>==V ;V30=48, 0 @57C;PBCNG89 ?>78B82=89 

70@O4 CB2>@5=>W :><?;5:A=>W G0AB>G:8 :><?5=ACєBPAO 0=V>=0<8. !59B@0;P=V B8?8 

;V30=4V2 (=0?@8:;04, 2>40, 0<V=8, D>ADV=8, HMPA, 2,29-48?V@848;, 1,10-D5=0=B@>;V=, 

&$$") D>@<CNBP 729O7:8 70 @0EC=>: 4>=>@=8E 0B><V2 (O, N, P B>I>) B0 =0A8GCNBP 

:>>@48=0FV9=C AD5@C ;0=B0=>W4C. �=V>==V (=0?@8:;04, ��(, %�(, ³-48:5B>=0B8, 

AC;PD>=0B8, D>ADV=0B8 B>I>) G0AB:>2> :><?5=ACNBP ?>78B82=89 70@O4 V>=0 

;0=B0=>W40, 0;5 AC<0@=89 70@O4 :><?;5:AC 70;8H0єBPAO 4>40B=8< V :><?5=ACєBPAO 

B0:8<8 ?@>B89>=0<8, O: =VB@0B-, E;>@84-, B5B@0D5=V;1>@0B-0=V>=8, 0 B0:>6 [BF4]{, 

[PF6]{ B0 V=. [60, 61, 62]. �V4><V B0:V ?@54AB02=8:8 2<VA=8E :0BV>==8E :><?;5:AV2: 

[Ln(L)2(Hmpa)2]BPh4, [Ln(L)(Hmpa)4](BPh4)2 [38], [Ln(L)2(Hmpa)3]BPh4 [54], 

[Ln(L)2(&$$")n]BPh4, n = 2 [54] V 3 [63]; [Ln(L)2bipy2]BPh4 (�+ = 8) [48]. �> A:;04C 2AVE 

28I5 ?5@5;VG5=8E :0BV>==8E :><?;5:AV2 2E>4OBP ��( 0<V4=>3> B8?C. #@8:;04 

AB@C:BC@=>W D>@<C;8 :0BV>==>3> :><?;5:AC ?>:070=> =0 @8A. 1.2.7. "19є<=89 ?@>B89>= 

?>78B82=> 2?;820є =0 :@8AB0;V70FVN :><?;5:AV2, 4>72>;ONG8 >B@8<C20B8 FV;P>2V 

A?>;C:8 H284H5 V 7 1V;PH8<8 28E>40<8. �0BV>==V :><?;5:A8 ;0=B0=>W4V2 V7 %�( 

;V30=40<8 B0 ��( 5AB5@=>3> B8?C @0=VH5 =5 1C;8 2V4><V V >45@60=V 2 40=V9 @>1>BV 

2?5@H5.  

 

$8AC=>:. 1.2.7. %B@C:BC@=0 D>@<C;0 :0BV>==>3> :><?;5:AC =0 >A=>2V ��( 

;V30=4C (27OB> 7 @>1>B8 [168]). 
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• �=V>==V :><?;5:A8 ;0=B0=>W4V2 V7 ��( V %�( ;V30=40<8 

!530B82=> 70@O465=0 :><?;5:A=0 G0AB>G:0 0=V>==8E :><?;5:AV2 [LnL4]{ 

2@V2=>206CєBPAO :0BV>=><, O:8< <>6CBP A;C3C20B8 ?>EV4=V V<V407>;C [64], ;C6=V <5B0;8 

[65], ?>EV4=V 0<>=VN [66], B5B@0D5=V;D>AD>=V9 [67, 55], ?V@>;V48=V9 B>I>. 'B2>@5==O 

B5B@0:VA-:><?;5:AV2, ?5@5206=>, =5 є ?@8B0<0==8< D>AD>@B@80<V4=8< ;V30=40<. 

#@>B5, 4;O 0<V4>D>AD0B=8E ;V30=4V2 B5B@0:VA-:><?;5:A8 28O28;8AP E0@0:B5@=8<8. ' 

0=V>==8E :><?;5:A0E ?@8@>40 :0BV>=C є 4>40B:>28< G8==8:><, O:89 2?;820є =0 

2;0AB82>ABV :><?;5:AC, 7<V=NNG8 9>3> AB@C:BC@C B0 ;>:0;P=C 35><5B@VN F5=B@0;P=>3> 

V>=0 ;0=B0=>W40 [64, 68, 69]. ,8@>:89 @O4 4>A;V465=8E =0 AP>3>4=V 0=V>==8E 

:><?;5:AV2 2:;NG0є ��(- V %�(-2<VA=V A?>;C:8: Na[LnL4], Na[LnL4]∙H2O, 

NEt4[Ln(L)4], PPh4[Ln(L)4], NaNdL4(i-PrOH)2∙i-PrOH, [R][LnL4] (R = C2mim, C4mim), 

[NaDy(L)4]2∙i-PrOH [38, 53, 55, 42, 48, 57, 64, 66, 68, 69, 70, 71, 72, 73, 74, 75, 76] (@8A. 

1.2.8). 

�;O 45O:8E B5B@0:VA-:><?;5:AV2 1C;> ?>:070=>, I> 2>=8 E0@0:B5@87CNBPAO 

28A>:>N B5@<VG=>N ABV9:VABN, OA:@02>N ;N<V=5AF5=FVєN, <VABOBP ;V30=48, I> <0NBP 

28A>:C 5=5@3VN B@8?;5B=8E @V2=V2, 0 4;O >4=>3> 284C :><?;5:AV2 28O2;5=> 

B@V1>;N<V=5AF5=B=V 2;0AB82>ABV [68]. !0 ?@8:;04V B5B@0:VA-:><?;5:AV2 V7 %�( 

;V30=40<8 ?>:070=0 CG0ABP A8=3;5B=>3> @V2=O ;V30=4V2 C A5=A81V;V70FVW ;N<V=5AF5=FVW 

;0=B0=>W4V2 [73].  
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• �V- B0 ?>;VO45@=V :><?;5:A8 

#>;VO45@=V :><?;5:A8 2:;NG0NBP :V;P:0 V>=V2 <5B0;C, 729O70=8E ;V30=40<8, I> 

28:>=CNBP @>;P <VAB:V2 (@8A. 1.2.9). �>=8 2V47=0G0NBPAO FV:028<8 <03=VB=8<8 

2;0AB82>ABO<8 [77, 78]. !0@07V 4>A;V465=> @O4 B8?V2 1V- B0 ?>;VO45@=8E :><?;5:AV2 

;0=B0=>W4V2 V7 1V45=B0B=> E5;0B>20=8<8 ��( V %�( ;V30=40<8 2 0F84>D>@<V: Ln2(L)6∙n(½-

(´,´-bipy)) [38, 41, 55], Ln2L6(Solv)2(´,´-Dipy) (Solv = H2O, iPrOH) [40], Ln5L10(OH)5 [42], 

Ln2L3phen2 [79], Ln2L3·4H2O, Ln2L3bipy2∙2H2O [80], [Eu2(L)2(Ph2POO)4](CH3OH)2 [81], 

Ln5L6(½-L)4(½3-OH)4(½4-OH) [82]. �5B5@>1VO45@=V :><?;5:A8 <>6CBP <VAB8B8, >:@V< 9>=V2 

;0=B0=>W4V2, B0:>6 ;C6=V 01> 3d-<5B0;8: [Na2LnL4(OTf)DMF] (L = N-

(48D5=V;D>AD>@8;)?V@078=-2-:0@1>:A0<V4, OTf = B@8D;C>@><5B0=AC;PD>=0B, DMF = 

N,N-48<5B8;D>@<0<V4) [5, 83], [ZnXLnL2Ac], [NiXLnL(NO3)2], [NiX(MeOH)LnL2Ac] 7 

�+ = 9 V 10, X 3 >A=>28 ,8D0) [54]. %5@54 ?>;VO45@=8E :><?;5:AV2 2V4><V B0:>6 ?@8:;048 

CB2>@5==O A?>;C: 35;V:0B=>3> B8?C, B0:8E O: NEt4[NaLn2L4(H2O)], 

Na[NaLn2L4(H2O)]∙2H2O [84], (N!Et3)2[Ln2(L)4] [48]. 

�VO45@=89 3d-4f :><?;5:A [Zn(½-Vp)Lu(L)2(½-OAc)], 45 Vp 3 >A=>20 ,8DD0 6,69-

{(1E,19E)-[?@>?0=-1,3-48W;1VA(070=V;V;V45=)]1VA(<5B0=V;V;V45=)}bis(2-<5B>:A8D5=>;)), L 

3 ��( ;V30=4 N-[1VA(4V5B8;0<V=>)D>AD>@8;]-2,2,2-B@8E;>@>0F5B0<V4 ?@>O282 A515 C 

 

$8AC=>: 1.2.8. %B@C:BC@=V D>@<C;8 45O:8E V7 2V4><8E 0=V>==8E ��(- V %�(-

2<VA=8E :><?;5:AV2 (27OB> 7 @>1VB [76, 1]). 



36 
 

:0B0;V7V, 5D5:B82=> ?@8H284H82H8 @50:FVN 3V4@>;V7C D>AD>4V5AB5@=>3> 729O7:C V7 

28:>@8AB0==O< AC1AB@0BC-V<VB0FVW $!� 2-(3V4@>:A8?@>?V;)-p-=VB@>D5=V; D>AD0BC HPNP 

[85]. ' 4>A;V465==OE [5, 83], ?@8A2OG5=8E ?>;VO45@=8< ��(-2<VA=8< A?>;C:0< A:;04C 

[Na2LnL4(OTf)DMF], 28A2VB;5=> 28?04>: >45@60==O :><?;5:AV2 є2@>?VN B0 B5@1VN V7 

289=OB:>2> 28A>:8<8 7=0G5==O<8 7030;P=8E :20=B>28E 28E>4V2 5<VAVW: QLEu = QLTb = 98 

%, QLDy = 17%, QLSm = 11%, QLYb = 5.8%, 0 :><?;5:A8 =5>48<C B0 VB5@1VN є @V4:VA=8< 

28?04:>< ;N<V=5AF5=B=8E <>=><>;5:C;O@=8E <03=VBV2 (SIM), 2;0AB82>ABV O:8E 

45<>=AB@CNBP 7=0G=89 ?>B5=FV0; 4;O 70AB>AC20==O 2 1V>A5=A>@0E B0 1V>2V7C0;V70FVW. 

 

• #>;V<5@=V :><?;5:A8 ;0=B0=>W4V2 

#>;V<5@=V :><?;5:A8 3 F5 :>>@48=0FV9=V A?>;C:8, 2 O:8E V>=8 <5B0;C 7'є4=0=V 7 

>@30=VG=8<8 01> =5>@30=VG=8<8 ;V30=40<8, CB2>@NNG8 ?>2B>@N20=V AB@C:BC@=V >48=8FV. 

!0 2V4<V=C 2V4 ?@>AB8E :>>@48=0FV9=8E :><?;5:AV2, ?>;V<5@=V :><?;5:A8 <0NBP 

 

$8AC=>: 1.2.9. #@8:;048 ?>;VO45@=8E :><?;5:AV2 (23>@V) [79, 81]; ?@8:;048 

B5B@045=B0B=>W F8:;VG=>W (a) V ?5=B045=B0B=>W F8:;VG=>W (1) :>>@48=0FVW ��( ;V30=4C 

N-(48D5=V;D>AD>@8;)?V@078=-2-:0@1>:A0<V4C [5]; 35:A045=B0B=0 :>>@48=0FVO 48<5B8; 

N-15=7>W;0<V4>D>AD0BC (2) [82]. 
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AB@C:BC@8, 45 1030B>F5=B@>20 :>>@48=0FVO ;V30=4V2 ?@872>48BP 4> CB2>@5==O ;V=V9=8E, 

AVBG0AB8E 01> B@828<V@=8E AB@C:BC@, O:V <>6CBP @>7BO3C20B8AO 2 :V;P:>E =0?@O<:0E. &0:0 

@V7=><0=VB=VABP D>@<CєBPAO 7024O:8 740B=>ABV ;V30=4V2 :>>@48=C20B8AO 7 :V;P:><0 V>=0<8 

<5B0;V2 >4=>G0A=>, I> 4>72>;Oє AB2>@N20B8 <5@56C 72'O7:V2.  

' ?>;V<5@=8E :><?;5:A0E ;V30=48 <>6CBP CB2>@N20B8 O: :>>@48=0FV9=V 72'O7:8 7 

<5B0;528<8 F5=B@0<8, B0: V A;01:V <V6<>;5:C;O@=V 270є<>4VW (=0?@8:;04, 2>4=52V 

729O7:8, π-π 270є<>4VW), O:V B0:>6 A?@8ONBP AB01V;V70FVW ?>;V<5@=>W AB@C:BC@8.  

' A?>;CFV [Nd(Ll)3DPE]n 4>40B:>289 ;V30=4 1,2-1VA(4-?V@848;5B8;5=) 28:>=Cє 

<VAB:>2C DC=:FVN, �+ =5>48<C 8 [86]. �V4><V ?>;V<5@=V :><?;5:A8 =0 >A=>2V %�(-

;V30=4V2: {Na[Yb(L)4(iPrOH)]}n [87], {Na[Ln(L)4]}n [53, 88, 89]. �5O:V ?@8:;048 

?@>V;NAB@>20=V =0 @8A. 1.2.10.  

#>;V<5@=89 :><?;5:A =5>48<C {Na[Nd(L)4]}n =0 >A=>2V %�(-;V30=4C 

C6H5S(O)2NP(O)(OCH3)2, >?8A0=89 C ?@0FV [89], 1C;> >45@60=> C 283;O4V :@8AB0;V2 

4>AB0B=P> 25;8:>3> @>7<V@C, I> 4>72>;8;> @5B5;P=VH5 4>A;V48B8 5;5:B@>==C 1C4>2C 

;0=B0=>W40 H;OE>< 282G5==O 28A>:>@>74V;P=8E A?5:B@V2 ?>3;8=0==O B0 5<VAVW. 

 

$8AC=>: 1.2.10. %B@C:BC@=0 D>@<C;0 ?>;V<5@=>3> %�(-2<VA=>3> :><?;5:AC 

{Na[Yb(L)4(iPrOH)]}n (7;V20); D@03<5=B 1C4>28 V 270є<=5 @>7B0HC20==O C ?@>AB>@V 

V>=V2 Na+ B0 La3+ C :><?;5:AV Na[La(L)4] (A?@020) (27OB> 7 @>1VB [87, 88]). 
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1.3. +8==8:8, I> 2?;820NBP =0 ;N<V=5AF5=B=V E0@0:B5@8AB8:8 ;0=B0=>W4V2 C 

:><?;5:A0E 

�N<V=5AF5=B=V E0@0:B5@8AB8:8 ;0=B0=>W4V2 C :><?;5:A0E 70;560BP 2V4 @O4C 

G8==8:V2, O:V 287=0G0NBP 5D5:B82=VABP 71C465==O V 28?@><V=N20==O, 0 B0:>6 30AV==O 

;N<V=5AF5=FVW. %5@54 :;NG>28E D0:B>@V2 284V;ONBP =0ABC?=V: 

• #@8@>40 <5B0;C: A5@54 ;N<V=5AF5=B=8E V>=V2 Ln(III) є2@>?V9 V B5@1V9 

=091V;PH 5D5:B82=> 28?@><V=NNBP O: 2 @>7G8=V, B0: V 2 B25@4><C AB0=V. %<C38 

28?@><V=N20==O Eu(III) A?@8G8=5=V 5;5:B@>==8<8 ?5@5E>40<8 7 =09=86G>3> 

71C465=>3> AB0=C 5D0, 0 A<C38 28?@><V=N20==O Tb(III) 3 7 =09=86G>3> 71C465=>3> 

AB0=C 5D4, =0 >A=>2=89 AB0= 7FJ (J=6-0). ' 28?04:C V>=V2 >1>E <5B0;V2 V=B5=A82=VABP, 

@>7I5?;5==O B0 5=5@3VO A<C3 28?@><V=N20==O, 0 B0:>6 2V4=>A=0 V=B5=A82=VABP @V7=8E 

A<C3 4C65 GCB;82V 4> A8<5B@VW B0 ?@8@>48 ;V30=4=>3> >B>G5==O. �=HV G;5=8 @O4C 

;0=B0=>W4V2 28?@><V=NNBP ;N<V=5AF5=FVN =01030B> <5=H 5D5:B82=>, >A>1;82>, 

O:I> =5 ?5@51C20NBP C B25@4><C AB0=V, I> ?>29O70=> 7 30AV==O< 5<VAVW 2 ?@>F5AV 

15728?@><V=N20;P=>W @5;0:A0FVW [90, 91, 92, 93, 94]. 

• �;P154> (0=B5==89 5D5:B) ;V30=4=>3> >B>G5==O: <>;5:C;8-;V30=48 <>6CBP 

?>3;8=0B8 A2VB;> C H8@>:><C 4V0?07>=V 7024O:8 =0O2=>ABV E@><>D>@=8E 3@C? B0 

?5@54020B8 5=5@3VN =0 28?@><V=N20;P=V @V2=V V>=0 ;0=B0=>W40, O:89 є F5=B@>< 5<VAVW. 

�8709= ;V30=4V2, I> 740B=V 729O7C20B8 9>=8 ;0=B0=>W4V2, 4>72>;82 AB2>@N20B8 

:V=5B8G=> V=5@B=V :><?;5:A8. &0:8<8 ;V30=40<8 <>6CBP 1CB8 :@8?B0=48, ?>40=48, 

:0;V:A0@5=8, <0:@>F8:;VG=V, 35B5@>1V0@8;P=V, B5@D5=V;P=V ;V30=48, 15B048:5B>=8 V WE 

?>EV4=V, ?@>B5W=8, ?>EV4=V :0@1>=>28E :8A;>B [95]. �=B5=A82=VABP ;N<V=5AF5=FVW 

70;568BP 2V4 5D5:B82=>ABV ?>3;8=0==O A2VB;0 ;V30=4><, 5D5:B82=>ABV ?5@5=5A5==O 

5=5@3VW 7 ;V30=4C =0 <5B0; V 5D5:B82=>ABV <5B0;-F5=B@>20=>W ;N<V=5AF5=FVW. �D5:B 

0=B5=8 4>72>;Oє >B@8<0B8 OA:@02C ;N<V=5AF5=FVN =572060NG8 =0 =87P:V :>5DVFVє=B8 

?>3;8=0==O ;0=B0=>W4V2. �;O 70157?5G5==O A5=A81V;V70FVW 5<VAVW ;V30=4 <0є 
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704>2>;P=OB8 45:V;P:0 C<>2: 2V= <0є <VAB8B8 >48= G8 1V;PH5 E@><>D>@V2 V7 28A>:8< 

<>;O@=8< :>5DVFVє=B>< 5:AB8=FVW, 0 4570:B820FV9=V ?5@5E>48 S1³S0 (D;C>@5AF5=FVO) 

V T1³S0 (D>AD>@5AF5=FVO) ;V30=4C <0NBP 1CB8 <V=V<0;P=V. "45@60=V ;N<V=5AF5=B=V 

:><?;5:A8 <>6=0 @>73;O40B8 O: A2VB;>?5@5B2>@N20;P=V <>;5:C;O@=V 45209A8 LCMD 

[96]. 

• %B5EV><5B@VO: A?V22V4=>H5==O <5B0;C 4> ;V30=4C <>65 <0B8 2?;82 =0 

5D5:B82=VABP ;N<V=5AF5=FVW :><?;5:AV2 ;0=B0=>W4V2, O: 1C;> ?>:070=> C @>1>BV [97]. 

� A0<5: 7-?><V6 B@P>E :><?;5:AV2 7V A?V22V4=>H5==O<8 9>=0 є2@>?VN 4> ;V30=4C 2,6-

1VA(1H-?V@07>;-3-V;)?V@848=C 1 : 1, 1 : 2 V 1 : 3, =094>2H89 G0A 68BBO 5<VAVW ?@8 77 V 

295 � V =0928I89 7030;P=89 :20=B>289 28EV4 70DV:A>20=> 2 >AB0==P><C 28?04:C. 

#@8G8=0 ?>;O30є C B><C, I> G8< 1V;PH5 E@><>D>@V2 729O70=> 7 V>=>< ;0=B0=>W4C, B8< 

28I8< є ?>3;8=0==O 28?@><V=N20==O B0, 2V4?>2V4=>, 5D5:B82=VH0 ?5@540G0 5=5@3VW 

4> Ln³z. 

• �=5@3VO 71C465=8E AB0=V2 ;V30=4C: 206;82>N є C73>465=VABP 5=5@35B8G=8E 

@V2=V2 ;V30=4C V F5=B@0;P=>3> V>=0 4;O 7<5=H5==O :>=:C@5=FVW =51060=8E ?5@5E>4V2 

(=0?@8:;04, 72>@>B=>3> B@0=AD5@C 5=5@3VW, D;C>@5AF5=FVW 01> D>AD>@5AF5=FVW 

;V30=4C) V 71V;PH5==O 5=5@3VW, ?5@540=>W =0 V>= ;0=B0=>W40 (IET). �=5@3VO 

28?@><V=N20;P=>3> @V2=O ;0=B0=>W4C <0є 1CB8 =86G>N 70 5=5@3VN B@8?;5B=>3> @V2=O 

;V30=4C, B0: I> 9<>2V@=VABP ?5@5E>4C 7 B@8?;5B=>3> =0 28?@><V=N20;P=89 @V25=P 

(T1³ff) є 28A>:>N, 0 15728?@><V=N20;P=8E ?5@5E>4V2 C 71C465=><C 9>=V <5B0;C 3 

=87P:>N. �;O :><?;5:AV2 є2@>?VN :20=B>2V 28E>48 =0928IV, O:I> @V7=8FO 5=5@3V9 <V6 

B@8?;5B=8< @V2=5< ;V30=4C T1 V 5<VAV9=8< @V2=5< 5D0 є2@>?VN ;568BP C 4V0?07>=V 

2500-2800 A<-1. �;O :><?;5:AV2 B5@1VN >?B8<0;P=0 @V7=8FO <V6 B@8?;5B=8< @V2=5< V 

28?@><V=N20;P=8< 5D4 @V2=5< AB0=>28BP 1;87P:> 2000 A<-1 [16]. /:I> FO @V7=8FO 

5=5@3V9 <5=H0, B> VA=Cє 9<>2V@=VABP 72>@>B=P>3> B@0=AD5@C 5=5@3VW 7 <5B0;C =0 

B@8?;5B=89 @V25=P ;V30=4C (@8A. 1.3.1). �0728G09, @>7H8@5==O π-A?@O65=>W A8AB5<8 2 

;V30=4V ?@872>48BP 4> 7=865==O 5=5@3VW @V2=O T1. 
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• #@8@>40 B0 A8<5B@VO :>>@48=0FV9=>3> >B>G5==O 287=0G0NBP @>7I5?;5==O 4f-

>@1VB0;59, I> 2?;820є =0 >A>1;82>ABV 5;5:B@>==8E ?5@5E>4V2. � V>=0E ;0=B0=>W4V2 f3

f-?5@5E>48 є 701>@>=5=8<8 70 48?>;5< C A8<5B@8G=><C A5@54>28IV, ?@>B5, AB0NBP 

1V;PH 4>72>;5=8<8, :>;8 A8<5B@VO 7<5=HCєBPAO. /:I>, =0?@8:;04, IV;P=>ABV 70@O4C 

42>E :0@1>=V;P=8E 0B><V2 >:A835=C 2 48:5B>=V V WE 2V4AB0=P 2V4 V>=0 ;0=B0=>W40 @V7=V, 

B> <5B0; 7=0E>48B8<5BPAO 2 0A8<5B@8G=><C ?>;V ;V30=4C; V=H8<8 A;>20<8, F59 

:><?;5:A =5 <0є F5=B@C A8<5B@VW. &><C 28:>@8AB0==O 48:5B>=0B=>3> ;V30=4C 7 42><0 

0A8<5B@8G=8<8 :0@1>=V;P=8<8 0B><0<8 :8A=N <0є 71V;PH8B8 9<>2V@=VABP f3f-

?5@5E>4V2, 40NG8 2 @57C;PB0BV V=B5=A82=C 5<VAVN [94]. 

• #@>F5A8 15728?@><V=N20;P=>W @5;0:A0FVW (<C;PB8D>=>==0 @5;0:A0FVO, 

:>=F5=B@0FV9=5 30AV==O, ?5@540G0 5=5@3VW ACAV4=V< V>=0<) <>6CBP ?>=86C20B8 

:20=B>2C 5D5:B82=VABP ;N<V=5AF5=FVW. �=B5=A82=VABP 28?@><V=N20==O 7 7040=>3> 

71C465=>3> @V2=O ;0=B0=>W4C 70;568BP 2V4 28?@><V=N20;P=>W B0 15728?@><V=N20;P=>W 

9<>2V@=>AB59. �20=B>289 28EV4 28@060єBPAO O: QY = ∑��∑��+�ÿ�, 45 Ar 3 9<>2V@=>ABV 
28?@><V=N20;P=8E ?5@5E>4V2, 0 Wnr 3 15728?@><V=N20;P=8E. ' 1V;PH>ABV 28?04:V2 70 

15728?@><V=N20;P=89 ?@>F5A 2V4?>2V40є <C;PB8D>=>==0 @5;0:A0FVO [96] (@8A. 1.3.2). 

*5 15728?@><V=N20;P=89 ?@>F5A, ?@8 O:><C 71C465=89 5;5:B@>= C V>=V <5B0;C 

2B@0G0є 5=5@3VN, ?5@540NG8 WW :>;820;P=8< @V2=O< =02:>;8H=P>W ґ@0B:8 3 <>;5:C; 

 

$8AC=>: 1.3.1. �;NAB@0FVO ?@>F5AC 72>@>B=>3> ?5@5=>AC 5=5@3VW 2 :><?;5:AV 

B5@1VN (3+). 
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@>7G8==8:0 01> ;V30=4C. �V= 4><V=Cє, :>;8 5=5@35B8G=89 @>7@82 <V6 5;5:B@>==8<8 

AB0=0<8 є 4>AB0B=P> <0;8<, I>1 1CB8 ?5@5:@8B8< :V;P:><0 D>=>=0<8. �;O 

?>:@0I5==O ;N<V=5AF5=FVW 28:>@8AB>2CNBP A5@54>28I0 7 =87P:8<8 D>=>==8<8 

5=5@3VO<8 (DB>@84=V, >:A84=V, >:A8AC;PDV4=V, 20=040B=V, >:A8D;C>@84=V B0 

>:A8E;>@84=V ґ@0B:8) [98, 99]. �8A>:>5=5@35B8G=V :>;820==O 9>=C N3{ [100], 729O7:V2 

O3H [101], N3H [102], 0 B0:>6, C <5=HV9 <V@V, C3H, C=O V S=O [103, 104] V 0<V4=>W 

3@C?8 O=CN-H V7 28A>:>N 5=5@3VєN, 0 B0:>6 WE >25@B>=8 <>6CBP «30A8B8» 

;N<V=5AF5=FVN H;OE>< 15728?@><V=N20;P=>W ?5@540GV 5=5@3VW. "AF8;OB>@8 OH, 

=0?@8:;04, C 729O70=8E <>;5:C;0E 2>48 01> 5B0=>;C, є >4=8<8 7 =095D5:B82=VH8E 

30A=8:V2 ;N<V=5AF5=FVW O: C B25@4><C AB0=V, B0: V 2 @>7G8=V. �V4><>, I> ABC?V=P 

30AV==O ;N<V=5AF5=FVW <>;5:C;0<8 2>48 70;568BP 2V4 B5<?5@0BC@8 B0 2V4AB0=V <V6 

;V30=4>< V ;0=B0=>W4><. &0:>6, 2V= >15@=5=> ?@>?>@FV9=89 5=5@35B8G=><C @>7@82C 

ΔE <V6 28?@><V=NNG8< @V2=5< V =0928I8< ?V4@V2=5< >A=>2=>3> AB0=C ;0=B0=>W40. ' 

28?04:C 9>=0 B5@1VN FO @V7=8FO 5=5@3V9 є =091V;PH>N 7-?><V6 CAVE ;0=B0=>W4V2 B0 

A:;040є 1;87P:> 15000 A<-1. &><C, Tb(III) <5=H GCB;8289 4> 30AV==O "!-

>AF8;OB>@0<8, =V6 V=HV 9>=8 ;0=B0=>W4V2. �C;> ?>:070=>, I> G0A 68BBO 71C465=>3> 

AB0=C Ln(III) B0 V=B5=A82=VABP ;N<V=5AF5=FVW ;V=V9=> 7@>AB0NBP 7V 7<5=H5==O< 

 

$8AC=>: 1.3.2. �;NAB@0FVO ?@>F5AC 15728?@><V=N20;P=>3> ?5@5=>AC 5=5@3VW 

H;OE>< 2V1@0FV9=>W @5;0:A0FVW 2 9>=V Nd(III). �40?B>202=> 7 @>1>B8 [94]. 
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:V;P:>ABV <>;5:C; 2>48 C 2=CB@VH=V9 :>>@48=0FV9=V9 AD5@V ;0=B0=>W40. [90, 105, 106, 

107, 108]. �BV<, 4;O @O4C ?>;V<5@=8E <5B0;>@30=VG=8E A?>;C: =0O2=VABP 

:>>@48=>20=8E <>;5:C; 2>48, 70;CG5=8E C <VF=V 2=CB@VH=P>- V <V6<>;5:C;O@=V 

2>4=52V 72'O7:8, =5 ?@872>48BP 4> 30AV==O 5<VAVW [109, 110]. 

�>=F5=B@0FV9=89 5D5:B ?>;O30є C 48<5@870FVW 01> 03@530FVW :><?;5:AV2 

;0=B0=>W4V2 ?@8 71V;PH5==V :>=F5=B@0FVW, I> 7<V=Nє 5D5:B82=VABP ?5@5=5A5==O 

5=5@3VW <V6 <>;5:C;0<8 9>=0 B0 ;V30=4C. �50:B820FVO 28?@><V=N20;P=8E @V2=V2 

;0=B0=>W4V2 C @>7G8=V 2V41C20єBPAO G5@57 48?>;P-48?>;P=89 ?5@5=>A 5=5@3VW <V6 

ACAV4=V<8 :><?;5:A0<8. �8DC7VO :><?;5:A=8E G0AB>G>: C @V4:V9 A8AB5<V A?@8G8=Oє WE 

AB8:0==O, B@0=AD5@ 5=5@3VW G5@57 :@>A-@5;0:A0FVN V ?5@5=>A 71C465==O. �@>A-

@5;0:A0FVO 3 F5 ?@>F5A, ?@8 O:><C 5=5@3VO 71C465==O, A?>G0B:C ;>:0;V7>20=0 =0 

>4=><C V>=V, G0AB:>2> ?5@540єBPAO 4> ACAV4=P>3> V>=0, 70;8H0NG8 >18420 V>=8 =0 

=86G8E 5=5@35B8G=8E @V2=OE, O:V H284:> >?CA:0NBPAO 4> >A=>2=>3> AB0=C.  V3@0FVO 

71C465=8E AB0=V2 =5 30A8BP ;N<V=5AF5=FVN AB@V<:> A0<0 ?> A>1V, 0;5 ?V428ICє 

9<>2V@=VABP 30AV==O [94]. 

• �=5@3VO AB0=C ?5@5=>AC 70@O4C 7 ;V30=4C =0 <5B0; (LMCT) <0є 2?;82 =0 

25;8G8=C :20=B>2>3> 28E>4C ;N<V=5AF5=FVW A?>;C: Eu(III) 7024O:8 9>3> =87P:><C 

>:8A=>-2V4=>2=><C ?>B5=FV0;C V, 2 <5=HV9 <V@V, Nd(III), Sm(III), Tm(III) V Yb(III) (@8A. 

1.3.3) [111]. /: ?@028;>, 71C465==O AB0=C LMCT C <5B0;>:><?;5:A0E ?@872>48BP 4> 

2V4=>2;5==O V>=V2 <5B0;C B0 >4=>G0A=>3> >:8A=5==O ;V30=4V2. !09ACBBє2VH5 30AV==O 

;N<V=5AF5=FVW :><?;5:AV2 є2@>?VN G5@57 AB0= LMCT 2V41C20єBPAO, :>;8 5=5@3VO LMCT 

7=0E>48BPAO 40;5:> 2V4 A8=3;5B=>3> V 1;87P:> 4> =86G>3> B@8?;5B=>3> @V2=O ;V30=4C 

[112, 113]: F5, 70728G09, 4> 22-24 000 A<-1. "4=0: AB0= LMCT 206:> 28O28B8, >A:V;P:8 

2V= G0AB> ?5@5:@820єBPAO 7 V=H8<8 AB0=0<8 ;V30=4C. � V=H>3> 1>:C, 9>3> <>6=0 

7<VAB8B8 4> 28I>W 5=5@3VW, 28:>@8AB>2CNG8 ;V30=48 7 28I>N >?B8G=>N 

5;5:B@>=530B82=VABN [114, 115].  
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• &5<?5@0BC@0: ?@8 =03@V2V 71V;PHCєBPAO 9<>2V@=VABP 15728?@><V=N20;P=8E 

?5@5E>4V2, I> ?@872>48BP 4> 7<5=H5==O V=B5=A82=>ABV ;N<V=5AF5=FVW.  5E0=V7< 

B5<?5@0BC@=>W GCB;82>ABV :><?;5:AV2 ;0=B0=>W4V2 107CєBPAO =0 B5?;>2><C 30AV==V; 

=091V;PH89 2=5A>: C F5 2=>A8BP B5@<VG=0 450:B820FVO 5=5@35B8G=8E @V2=V2 

(=0?@8:;04, 5D1 B0 5D0 V>=0 є2@>?VN). �50:B820FVO 2V41C20єBPAO 2=0A;V4>: 

15728?@><V=N20;P=>3> ?@>F5AC, 7C<>2;5=>3> 270є<>4VєN 5;5:B@>==>3> 

5=5@35B8G=>3> @V2=O 7 >B>G5==O< G5@57 <>;5:C;O@=V :>;820;P=V @V2=V. &5@<VG=0 

450:B820FVO ?5@5E>4C 7 5=5@35B8G=8E @V2=V2 ;0=B0=>W40 B0:>6 <>65 2V4V3@020B8 

206;82C @>;P, 0 7 5=5@35B8G=8E @V2=V2 ;V30=4C ?5@54 ?5@54020==O< 5=5@3VW =0 AB0=8 

є2@>?VN, O: 22060єBPAO, @>18BP ;8H5 =57=0G=89 2=5A>: C 7030;P=89 ?@>F5A. 

&5<?5@0BC@=0 GCB;82VABP ;N<V=5AF5=FVW :><;5:AV2 ;0=B0=>W4V2 70AB>A>2CєBPAO C 

B5E=>;>3VW 283>B>2;5==O >?B8G=8E B5@<><5B@V2 [116, 117, 118, 119, 120]. 

• #@8ACB=VABP ?5@5EV4=8E <5B0;V2, ?52=8E 0=V>=V2 (=0?@., CO32{, F{, CrO42−, 

Cr2O72−), <>;5:C; (N2, H2O2, O2, >@30=VG=V A?>;C:8), 0 B0:>6 @! A5@54>28I0 7<V=NNBP 

V=B5=A82=VABP ;N<V=5AF5=FVW :><?;5:AV2 =0 >A=>2V ;0=B0=>W4V2, ?5@5206=> є2@>?VN B0 

B5@1VN. #>4V1=V GCB;82V :><?;5:A8 B0 3V1@84=V <0B5@V0;8 =0 >A=>2V ;0=B0=>W4V2 (MOF) 

70AB>A>2CNBP O: EV<VG=V A5=A>@8 [121, 122, 123, 124, 125, 126, 127]. 

• #>70AD5@=V 270є<>4VW <>6CBP VAB>B=> 2?;820B8 =0 AB@C:BC@=V B0 >?B8G=V 

2;0AB82>ABV :><?;5:AV2 ;0=B0=>W4V2, ?@> I> 1C45 9B8 <>20 =86G5 (@>74V; 1.4). 

 

$8AC=>: 1.3.3. #@>F5A 30AV==O ;N<V=5AF5=FVW 70 CG0ABN AB0=C ?5@5=>AC 70@O4C 7 

;V30=4C =0 <5B0;. 
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�=65=5@VO ;N<V=5AF5=B=8E 2;0AB82>AB59 :><?;5:AV2 ;0=B0=>W4V2 ?5@5410G0є 

@5B5;P=89 4>1V@ ;V30=4V2, >?B8<V70FVN 35><5B@VW :>>@48=0FV9=>3> >B>G5==O, 28:;NG5==O 

2>48 7 ?5@H>W :>>@48=0FV9=>W AD5@8 B0 <V=V<V70FVN 465@5; 2=CB@VH=P>3> 9 7>2=VH=P>3> 

30AV==O. *5 4>72>;Oє 4>AO30B8 28A>:>W OA:@02>ABV B0 B@820;>3> G0AC 68BBO 5<VAVW 4;O 

?@0:B8G=8E 70AB>AC20=P C 1V>A5=A>@8FV, >?B>5;5:B@>=VFV B0 1V><548F8=V. 

 

1.4. �8O2;5=89 2?;82 ?>70AD5@=8E V>=V2 V ?>70AD5@=8E 270є<>4V9 =0 ;N<V=5AF5=B=V 

E0@0:B5@8AB8:8 :><?;5:AV2 ;0=B0=>W4V2 

!0O2=VABP V>=V2 ?>70 :>>@48=0FV9=>N AD5@>N (:0BV>=V2 01> 0=V>=V2) <>65 2?;820B8 

=0 A8<5B@VN >B>G5==O V>=0 ;0=B0=>W4C, ABC?V=P 45D>@<0FVW :>>@48=0FV9=>3> ?>;V54@0 B0 

=5:>20;5=B=V 270є<>4VW ?@>B89>=C 7 ;V30=4>< (2>4=52V 729O7:8, V>==V ?0@8, �-π-AB5:V=3 
B>I>). *5 <>65 <0B8 2?;82 =0 C?0:>2:C :@8AB0;VG=>W AB@C:BC@8, 4>268=C 729O7:V2 <V6 

0B><0<8-4>=>@0<8 V Ln, @>7?>4V; 70@O4C <V6 0B><0<8, I> D>@<CNBP :@8AB0;VG=C ґ@0B:C, 

5=5@3VN AB0=C 2=CB@VH=P>;V30=4=>3> ?5@5=>AC 70@O4C (ILCT) 01> B@8?;5B=>3> AB0=C 

;V30=4C, 0 >B65, V =0 ;N<V=5AF5=B=V E0@0:B5@8AB8:8. %5@54 <5E0=V7<V2 2?;82C 

?>70AD5@=8E V>=V2 B0 270є<>4V9 =0 ;N<V=5AF5=B=V E0@0:B5@8AB8:8 :><?;5:AV2 

;0=B0=>W4V2 <>6=0 28>:@5<8B8 =0ABC?=V: 

• �<V=0 ;>:0;P=>3> A5@54>28I0 B0 35><5B@VW :><?;5:AC 

#>70AD5@=V V>=8 (=0?@8:;04, ;C6=V <5B0;8, 30;>35=V48 >:@V< D;C>@84C, [BF4]{, 

[AlCl4]{, [PF6]{, [SbF6]{ 01> >@30=VG=V <>;5:C;8 [128, 129, 130]) <>6CBP CB2>@N20B8 9>==V 

?0@8 7 V>==8<8 D@03<5=B0<8 :><?;5:AC (=0?@8:;04, :>;8 ;0=B0=>W4 C D>@<V 0=V>==>W 01> 

:0BV>==>W :><?;5:A=>W G0AB>G:8 [LnLn]), 2?;820NG8 =0 ?@>AB>@>25 @>7<VI5==O ;V30=4V2 V 

=5:>20;5=B=V 270є<>4VW, B>G:>2C 3@C?C, D>@<C 01> ABC?V=P 28:@82;5==O ?>;V54@0, 2V4AB0=P 

;V30=4-<5B0;, I>, C A2>N G5@3C, <>65 7<V=N20B8 ABC?V=P @>7I5?;5==O 4f-@V2=V2 

;0=B0=>W40 70 @0EC=>: 270є<>4VW 7 ?>;5< ;V30=4C 01> 5D5:B82=VABP A5=A81V;V70FVW. �5O:V 

?@8:;048 40=8E 70:>=><V@=>AB59 28A2VB;5=> C @>1>B0E [130, 131, 132].  

• �>4=52V 729O7:8 B0 30AV==O ;N<V=5AF5=FVW 
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/:I> C 7>2=VH=V9 AD5@V =0O2=V <>;5:C;8 2>48 01> V=HV ?@>B>=>4>=>@=V 3@C?8 

(3 OH, 3 NH B>I>), O:V <>6CBP CB2>@N20B8 729O7:8 7 ;0=B0=>W4=8< F5=B@><, F5 

?@872>48BP 4> 71V;PH5==O V<>2V@=>ABV 15728?@><V=N20;P=8E ?5@5E>4V2 70 @0EC=>: 

:>;820;P=8E (2V1@0FV9=8E) @V2=V2, B8< A0<8< 7=86CNG8 :20=B>289 28EV4 (5D5:B 30AV==O) 

[133]. ' ?C1;V:0FVW [134] 1C;> ?>:070=> 71V;PH5==O 7=0G5=P G0AC 68BBO B0 2=CB@VH=P>3> 

:20=B>2>3> 28E>4C 4;O 1572>4=8E B5B@0:VA-:><?;5:AV2 ?>@V2=O=> 7 3V4@0B>20=8< B@8A-

:><?;5:A>< 7024O:8 7<5=H5==N H284:>ABV 15728?@><V=N20;P=8E ?@>F5AV2, ?>29O70=8E 

V7 D>=>==>N 270є<>4VєN <V6 >AF8;OB>@0<8 5D0 V O 3 H. �5B0;P=VH5 30AV==O 

;N<V=5AF5=FVW 70 @0EC=>: 28A>:>5=5@35B8G=8E >AF8;OB>@V2 1C;> >?8A0=> 2 @>74V;V 1.3. 

• �<V=0 5D5:B82=>W 6>@AB:>ABV A5@54>28I0 

#>70AD5@=V 9>=8 B0 <V6<>;5:C;O@=V :>=B0:B8 <>6CBP «70:@V?;N20B8» AB@C:BC@C 

:><?;5:AC, 7<5=HCNG8 A2>1>4C 2=CB@VH=VE >15@B0;P=8E 01> :>;820;P=8E @CEV2 ;V30=4V2. 

*59 5D5:B ?@>O282AO, =0?@8:;04, 2 B5B@0:VA-:><?;5:A0E 7 =0B@Vє28< :0BV>=>< 7 @>1>B8 

[135] V 2 35B5@>O45@=8E :><?;5:A0E [Na2LnL4(OTf)DMF] [5, 83]. #V428I5=0 «6>@AB:VABP» 

:>>@48=0FV9=>3> >B>G5==O <>65 7<5=H8B8 9<>2V@=VABP :>;820;P=>3> 30AV==O, 

71V;PHCNG8 G0A 68BBO 71C465=>3> AB0=C ;0=B0=>W40. 

•  >4C;OFVO 5=5@3VW =09=86G>3> B@8?;5B=>3> AB0=C ;V30=4C 

�>;8 ;V30=4 є 2V4?>2V40;P=8< 70 5D5:B 0=B5=8 (?5@5=5A5==O 5=5@3VW 2V4 ;V30=4C =0 

V>= ;0=B0=>W40), ?>70AD5@=V 270є<>4VW <>6CBP B@>E8 7AC20B8 5=5@3VN AB0=C &1 ;V30=4C. *5 
2?;820є =0 5D5:B82=VABP 2=CB@VH=P>A8AB5<=>W :>=25@AVW (ISC) V ?>40;PH>3> ?5@5=5A5==O 

5=5@3VW =0 F5=B@ Ln3+ [65, 69]. 

 

":@V< ;C6=8E <5B0;V2, ?@8:;040<8 ?@>B89>=V2 C B5B@0:VA-:><?;5:A0E ;0=B0=>W4V2 

<>6CBP 28ABC?0B8 >@30=VG=V <>;5:C;8: V<V407>;V9, ?V@>;V48=V9, ?V?5@848=V9, ?V@848=V9, 

?>EV4=V 0<>=VN, D>AD>=V9 [64, 130, 136, 137, 138]). !5>@30=VG=8<8 0=V>=0<8 C :0BV>==8E 
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:><?;5:A0E <>6CBP 1CB8 30;>35=V48 (>:@V< D;C>@84V2) [BF4]{, [AlCl4]{, [PF6]{, CF3SO3{ 

01> [SbF6]{ [60, 61, 62].  

' 4>A;V465==V [139] 1C;> ?@>45<>=AB@>20=> 7=0G=89 2?;82 :>=B@V>=V2 [NBu4]+, 

[C4mim]+ V [C4mpyr]+ C :><?;5:A0E Q[Eu(NTA)4] (NTA = =0DB>W;B@8DB>@0F5B>=0B) =0 

AB@C:BC@=C ?>254V=:C 48:5B>=0B=>3> 0=V>=C, 0 B0:>6 =0 ;N<V=5AF5=B=V 2;0AB82>ABV 

B5B@0:VA-:><?;5:AC. � V=HV9 @>1>BV [140] 282G5==O 2?;82C 4>268=8 :0@1>=>2>3> ;0=FN30 

2 A:;04V V<V407>;Vє28E :0BV>=V2 :><?;5:AV2 Cnmim[Ln(tta)4] (n = 3-8, tta = 

B5=>W;B@8D;C>@>0F5B>=0B) =0 >?B8G=V 2;0AB82>ABV ?>:070;>, I> H;OE>< 20@VN20==O 

:V;P:>ABV 0B><V2 :0@1>=C 2 ;0=FN30E ?@>B89>=V2 <>6=0 2?;820B8 =0 B@820;VABP G0AC 

68BBO B0 2=CB@VH=V9 :20=B>289 28EV4. �2545==O ?@>B89>=C NEt4+ [69] 70<VABP Cs+ [65] C 

:@8AB0;VG=V9 @5HVBFV :><?;5:AV2 [LnL4]{ V7 48<5B8;-N-15=7>W;0<V4>D>AD0B>< 

?@872>48BP 4> 7<V= C :@8AB0;VG=><C ?0:C20==V :><?;5:AV2, 7=0G=>3> 7=865==O WE=VE 

B5<?5@0BC@ ?;02;5==O B0 @>7:;04C (?@81;87=> =0 100 °C), 7=865==O 5=5@3VW =09=86G>3> 

B@8?;5B=>3> AB0=C ;V30=4V2, G0AC 68BBO ;N<V=5AF5=FVW B0 :20=B>2>3> 28E>4C 

;N<V=5AF5=FVW, @>1;OG8 :><?;5:A V7 F57Vє< 1V;PH ?5@A?5:B82=8< C ?@0:B8G=><C 

70AB>AC20==V. #@8 ?>@V2=O==V :><?;5:AV2 NEt4[LnL4] [141] V PPh4[LnL4] [68] V7 ;V30=4>< 

48D5=V;-N-15=7>W;0<V4>D>AD0B>< 79OA>20=>, I> ?5@H89 B8? :><?;5:AV2 ?@54AB02;Oє 

A>1>N 0<>@D=V A?>;C:8, O:V <0NBP 1V;PHV 7=0G5==O G0AC 68BBO, 0;5 <5=H89 :20=B>289 

28EV4, 0 4@C389 3 :@8AB0;VG=V, B@81>;N<V=5AF5=B=V, 7 45I> <5=H8< G0A>< 68BBO 

;N<V=5AF5=FVW, 0;5 28I8< :20=B>28< 28E>4><. )V@0;P=V B5B@0:VA-:><?;5:A8 MI[Eu((+)-

hfbc)]4 7 ?@>B89>=0<8 MI = Cs V Na [142], 0 B0:>6 MI = Na, K, Rb, Cs [143] (hfbc = 3-

35?B0DB>@1CB8;@8;-(+)-:0<D>@0B), 1C;8 4>A;V465=V <5B>4>< F8@:C;O@=> ?>;O@87>20=>W 

D>B>;N<V=5AF5=FVW (CPL)1 4;O >FV=:8 EV@0;P=8E :>=DV3C@0FV9 =02:>;> V>=0 Ln3+. �C;> 

79OA>20=>, I> 25;8G8=0 7=0G5=P D0:B>@0 48A8<5B@VW ;N<V=5AF5=FVW glum 70;568BP 2V4 

 
1 *8@:C;O@=> ?>;O@87>20=0 ;N<V=5AF5=FVO (CPL) 4 F5 EV@>>?B8G=5 O28I5, ?@8 

O:><C ;N<V=5AF5=B=0 A?>;C:0 01> <0B5@V0; 28?@><V=Nє ;V2>- B0 ?@02>F8@:C;O@=> 
?>;O@87>20=5 A2VB;> @V7=>W V=B5=A82=>ABV =0 ?52=V9 4>268=V E28;V ?VA;O 71C465==O 
=5?>;O@87>20=8< A2VB;><. 
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@>7<V@V2 V>=V2 ;C6=8E <5B0;V2. �=B5=A82=>ABV ;N<V=5AF5=FVW F8E B5B@0:VA-:><?;5:AV2 C 

@>7G8=0E CHCl3 7@>AB0;8 C B0:><C ?>@O4:C: Na < K < Rb < Cs. �=0;>3VG=V @57C;PB0B8, 0 

A0<5, 71V;PH5==O >?B8G=>W 0:B82=>ABV 7V 7@>AB0==O< @>7<V@C :0BV>=0 ;C6=>3> <5B0;C 

>?8A0=> 4;O 35B5@>1V<5B0;VG=8E :><?;5:AV2 M+[Eu((+)3tfac)4] (M = Cs, Rb, K, Na, tfac = 

3-B@8D;C>@>0F5B8;:0<D>@0B) [144]. �D5:B :0BV>=V2 =0 D>B>DV78G=V B0 <03=VB=V 

2;0AB82>ABV C :><?;5:A0E Q[RE(L4)] (Q = Na+, PPh4+, RE = Y3+, Eu3+, Tb3+, L = 2,2,2-

B@8E;>@>-N-(48D5=V;D>AD>@8;)0F5B0<V4) ?@>45<>=AB@>20=> C @>1>BV [135]: 1C;> 

?>:070=>, I> 70 >4=0:>2>3> B8?C :>>@48=0FVW B0 0=0;>3VG=8E 5=5@3V9 A8=3;5B=>3> B0 

B@8?;5B=>3> AB0=V2 ;V30=4C, B8? ?@>B89>=0 2?;820є =0: 45D>@<0FVN :>>@48=0FV9=>3> 

?>;V54@0 (A8;P=VH0 4;O Na[LnL4]) V, 2V4?>2V4=>, =0 D>@<C B0 A?V22V4=>H5==O 

V=B5=A82=>AB59 A<C3 A?5:B@0 5<VAVW :><?;5:AV2 є2@>?VN B0 B5@1VN; =0 B@820;VABP G0AC 

68BBO V 2=CB@VH=V9 :20=B>289 28EV4 (28IV 4;O Na[LnL4]); =0 5D5:B82=VABP A5=A81V;V70FVW 

28?@><V=N20==O (28I0 4;O Na[LnL4]); 71V;PH5==O 2V4AB0=V 4>=>@-0:F5?B>@ V 7<5=H5==O 

H284:>ABV 2=CB@VH=P><>;5:C;O@=>3> ?5@5=>AC 5=5@3VW (IET) 4;O [PPh4][LnL4] ?>@V2=O=> 

7 Na[LnL4].  

' 4>A;V465==V [145] 28A2VB;5=> 2?;82 ?@>B89>=V2 Cl{, Br{, I{, 0 B0:>6 PF6{ =0 

A?5:B@0;P=V 2;0AB82>ABV B@8A-:><?;5:AV2 Eu(II) 7 ;V30=4>< 1,4,7,10,13,16,21,24-

>:B00701VF8:;>[8.8.8]35:A0:>70=><. �8O2;5=> 1V;PH89 :>@>B:>E28;P>289 7AC2 C 

A?5:B@0E ?>3;8=0==O, 71C465==O B0 5<VAVW C 28?04:C :><?;5:AV2 V7 0=V>=0<8 Cl{, Br{ 

?>@V2=O=> 7 I{ V PF6{. %B0BBO [146] >?8ACє, O: @V7=V ?@>B8V>=8 (ClO4{ B0 CF3SO3{) V 

:>>@48=>20=V 0=V>=8 (Cl{ B0 Br{) 2?;820NBP =0 AB@C:BC@=V B0 >?B8G=V 2;0AB82>ABV 

EV@0;P=8E :><?;5:AV2 Zn2Dy 7 >A=>20<8 ,8DD0. �AB0=>2;5=>, I> 70<V=0 ?@>B89>=V2 

ClO4{ B0 CF3SO3{ ?@872>48BP 4> 7=0G=8E 7<V= :>>@48=0FV9=>3> A5@54>28I0 V>=V2 Dy3+. 

#@>B8V>=8 2?;820NBP =0 740B=VABP :><?;5:AV2 4> 35=5@0FVW 4@C3>W 30@<>=V:8 (second 

harmonic generation, SHG), :;NG>2>3> ?0@0<5B@C 4;O =5;V=V9=>W >?B8:8, I> ?>2'O70=> 7V 

7<V=>N 48?>;P=>3> <><5=BC B0 A8<5B@VW <>;5:C;. ' @57C;PB0BV 282G5==O :><?;5:AV2 

[Ln(pinF)2(THF)2][M(THF)2] (pinF = ?5@D;C>@>?V=0:>;0B, Ln = Ce, Eu, Y, Gd, Pr, M+ = Na+, 
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K+) [147] 79OA>20=>, I> B8? ?@>B89>=C 2?;8=C2 =0 <>;P=C <>;O@=89 :>5DVFVє=B 

01A>@1FVW, D>@<C A?5:B@V2 5<VAVW B0 25;8G8=C 7AC2C %B>:A0 2=0A;V4>: 7<V= C 35><5B@VW B0 

A>;P20B0FVW :><?;5:AV2, ?@8G><C =5 A?>AB5@V30;>AO 7<V= C V=D@0G5@2>=8E A?5:B@0E. ' 

?@0FV [148] ?@>45<>AB@>20=> 2?;82 EV<VG=8E 72'O7:V2 =0 ;N<V=5AF5=B=V 2;0AB82>ABV 

:><?;5:AV2 є2@>?VN(���) 7 @V7=8<8 A?V22V4=>H5==O<8 1,10-D5=0=B@>;V=C, E;>@84-0=V>=V2 

V <>;5:C; 2>48 C 2=CB@VH=V9 V 7>2=VH=V9 :>>@48=0FV9=8E AD5@0E. �C;> 28O2;5=>, I> 

5=5@3VO =5:>20;5=B=8E 270є<>4V9, I> <0NBP <VAF5 C 4@C3V9 :>>@48=0FV9=V9 AD5@V 

(2>4=52V 270є<>4VW B0 π-AB5:V=3), A?V2<V@=0 7 5=5@3VєN 729O7:V2 ;0=B0=>W4-;V30=4, 0 B0:>6 

B5, I> 7>2=VH=P>AD5@=V 270є<>4VW <>6CBP ACBBє2> 2?;820B8 =0 4>268=C 729O7:V2 <V6 

0B><0<8 C 2=CB@VH=V9 :>>@48=0FV9=V9 AD5@V. �> B>3> 6, π-AB5:V=3-270є<>4VW 28:;8:0NBP 

?5@5@>7?>4V; 70@O4V2 =0 ;V30=40E D5=0=B@>;V=C, I> ?@872>48BP 4> ?>O28 AB0=C 

2=CB@VH=P>;V30=4=>3> ?5@5=>AC 70@O4C (ILCT), O:89 ?52=>N <V@>N 15@5 CG0ABP C 

A5=A81V;V70FVW ;N<V=5AF5=FVW Eu(III). 

�?;82 4@C3>W :>>@48=0FV9=>W AD5@8 =0 D>B>DV78G=V 2;0AB82>ABV :>>@48=0FV9=8E 

A?>;C: Ln3+ є 206:> ?@>3=>7>20=8<, 0 =0O2=V 2V4<V==>ABV G0AB> 70;8H0NBPAO =54>AB0B=P> 

7@>7C<V;8<8. &><C 4>A;V465==O, I> A?@8ONBP 3;81H><C @>7C<V==N G8==8:V2, O:V 

2?;820NBP =0 FV 2;0AB82>ABV, <0NBP FV==VABP. "B@8<0=V 7=0==O 4>72>;OBP 5D5:B82=VH5 

?@>5:BC20B8 B0 24>A:>=0;N20B8 D>B>DV78G=V E0@0:B5@8AB8:8 ?5@5B2>@N20GV2 

5;5:B@><03=VB=>3> 28?@><V=N20==O =0 >A=>2V :><?;5:AV2 ;0=B0=>W4V2 V E5;0BV2 7 

0=B5==>N DC=:FVєN.  

 

�>@>B:V 28A=>2:8 

�>A;V465==O :><?;5:AV2 ;0=B0=>W4V2 A2V4G8BP ?@> WE 7=0G=89 ?>B5=FV0; C 30;C7OE 

28A>:8E B5E=>;>3V9. '=V:0;P=V >?B8G=V, :0B0;VB8G=V B0 <03=VB=V 2;0AB82>ABV F8E 

:><?;5:AV2 287=0G0NBPAO >A>1;82>ABO<8 WE=P>W 5;5:B@>==>W AB@C:BC@8, 7>:@5<0 

G0AB:>2> 70?>2=5=8<8 4f->@1VB0;O<8, O:V 5:@0=>20=V 70?>2=5=8<8 5s- B0 5p->@1VB0;O<8. 

�024O:8 FP><C :><?;5:A8 ;0=B0=>W4V2 740B=V 5D5:B82=> ?>3;8=0B8 B0 28?@><V=N20B8 
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A2VB;> 2 H8@>:><C A?5:B@0;P=><C 4V0?07>=V 4 2V4 C;PB@0DV>;5B>2>3> 4> 1;86=P>3> 

V=D@0G5@2>=>3>. &0:V 2;0AB82>ABV, C ?>є4=0==V 7 28A>:>N AB01V;P=VABN A?>;C:, @>1;OBP 

:><?;5:A8 ;0=B0=>W4V2 ?5@A?5:B82=8<8 4;O 70AB>AC20=P C <548F8=V, >?B>5;5:B@>=VFV B0 

1V>A5=A>@8FV. 

�><?;5:A8 ;0=B0=>W4V2 7 ��( V %�( ;V30=40<8 <0NBP H8@>:89 A?5:B@ AB@C:BC@=>W 

>@30=V70FVW: 2V4 =59B@0;P=8E V :0BV>==8E 4> 0=V>==8E V ?>;VO45@=8E A?>;C:. #@8 FP><C 

=091V;PH5 AB@C:BC@=8E D>@< :><?;5:AV2 >?8A0=> 4;O ��( 0<V4=>3> B8?C. 

�>>@48=0FV9=V G8A;0 *� :><?;5:AV2 =0 >A=>2V ��( V %�( 20@VNNBP 2V4 6 4> 10, 

70157?5GCNG8 3=CG:VABP C AB2>@5==V <>;5:C;O@=8E 0@EVB5:BC@. �8:>@8AB0==O 

:0@10F8;0<V4>D>AD>=0B=8E V AC;PD>=V;0<V4>D>AD>=0B=8E ;V30=4V2 4>72>;Oє 

AB2>@N20B8 AB01V;P=V A?>;C:8 7 28A>:>N B5@<>48=0<VG=>N ABV9:VABN. �024O:8 

@V7=><0=VB=>ABV A:;04C, 1C4>28 B0 B5@<>48=0<VG=V9 AB01V;P=>ABV, :><?;5:A8 ;0=B0=>W4V2 

V7 ��( V %�( ;V30=40<8 ?@54AB02;ONBP A>1>N C=V25@A0;P=C ?;0BD>@<C 4;O @>7@>1:8 

28A>:>?@>4C:B82=8E <0B5@V0;V2 7 FV==8<8 >?B8G=8<8 B0 <03=VB=8<8 E0@0:B5@8AB8:0<8. 

�024O:8 <>6;82>ABV =0;0HBC20==O WE=VE 2;0AB82>AB59 H;OE>< <>48DV:0FVW ;V30=4=>3> 

A5@54>28I0 FV A?>;C:8 <0NBP 7=0G=89 ?>B5=FV0; 4;O 28:>@8AB0==O C 1V><548F8=V, 

>?B>5;5:B@>=VFV, A5=A>@8FV B0 V=H8E V==>20FV9=8E B5E=>;>3VOE. 

"A>1;8289 V=B5@5A 4;O =0C:>2FV2 AB0=>2;OBP <5E0=V7<8 ;N<V=5AF5=FVW :><?;5:AV2 

;0=B0=>W4V2, 0465 5D5:B82=VABP 28?@><V=N20==O :><?;5:AV2 70;568BP 2V4 1030BP>E 

D0:B>@V2, @>7C<V==O O:8E @>18BP <>6;828< FV;5A?@O<>20=89 48709= A?>;C: 7 

V=B5=A82=>N 4>23>B@820;>N ;N<V=5AF5=FVєN.  

!0 ;N<V=5AF5=B=V E0@0:B5@8AB8:8 :><?;5:AV2 7=0G=> 2?;820NBP B0:V G8==8:8, O: 

5=5@35B8G=0 2V4?>2V4=VABP <V6 @V2=O<8 ;V30=4V2 B0 V>=V2 ;0=B0=>W4V2, 0 B0:>6 ?@8ACB=VABP 

<>;5:C; @>7G8==8:0, I> <>6CBP 30A8B8 ;N<V=5AF5=FVN G5@57 ?5@540GC 5=5@3VW =0 

28A>:>G0AB>B=V :>;820==O. �06;82C @>;P 2V4V3@0є 5D5:B «0=B5=8» 4 740B=VABP ;V30=4V2 

5D5:B82=> ?>3;8=0B8 A2VB;> V ?5@54020B8 5=5@3VN =0 V>= ;0=B0=>W40, I> 4>72>;Oє 

4>AO30B8 OA:@02>W 5<VAVW =02VBP 70 C<>2 =87P:8E :>5DVFVє=BV2 ?>3;8=0==O A0<8E V>=V2. 
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�?;82 7>2=VH=VE V>=V2 B0 <V6<>;5:C;O@=8E 270є<>4V9 =0 AB@C:BC@C B0 2;0AB82>ABV 

:><?;5:AV2 B0:>6 <>65 1CB8 7=0G=8<. �AB0=>2;5=>, I> 7>2=VH=V :0BV>=8 01> 0=V>=8 

<>6CBP 7<V=N20B8 35><5B@VN :>>@48=0FV9=>W AD5@8, 2?;820NG8 =0 ;N<V=5AF5=B=V 

E0@0:B5@8AB8:8. *5 4>72>;Oє AB2>@N20B8 <0B5@V0;8 7 =0;0HB>20=8<8 D>B>DV78G=8<8 

2;0AB82>ABO<8 4;O A?5F8DVG=8E 70AB>AC20=P. 

�024O:8 @V7=><0=VB=>ABV A:;04C, 1C4>28 B0 B5@<>48=0<VG=V9 AB01V;P=>ABV, 

:><?;5:A8 ;0=B0=>W4V2 V7 ��( V %�( ;V30=40<8 ?@54AB02;ONBP A>1>N C=V25@A0;P=C 

?;0BD>@<C 4;O @>7@>1:8 28A>:>?@>4C:B82=8E <0B5@V0;V2 7 FV==8<8 DV78:>->?B8G=8<8 

E0@0:B5@8AB8:0<8, 0 <>6;82VABP =0;0HBC20==O WE=VE 2;0AB82>AB59 H;OE>< <>48DV:0FVW 

;V30=4=>3> A5@54>28I0 @>18BP FV A?>;C:8 ?>B5=FV9=8<8 4;O 28:>@8AB0==O C 

D;C>@5AF5=B=V9 1V><548F8=V, >?B>5;5:B@>=VFV, A5=A>@8FV B0 V=H8E V==>20FV9=8E 

B5E=>;>3VOE. #>40;PH5 282G5==O 270є<>4VW ;0=B0=>W4V2 V7 DC=:FV>=0;V7>20=8<8 

>@30=VG=8<8 ;V30=40<8, 7>:@5<0 :0@10F8;0<V4>D>AD0B0<8 B0 

AC;PD>=V;0<V4>D>AD0B0<8, <>65 ?@8725AB8 4> @>7@>1:8 =>28E 3V1@84=8E <0B5@V0;V2 V7 

?>:@0I5=8<8 >?B8G=8<8 2;0AB82>ABO<8. #>40;PHV 4>A;V465==O ?>28==V 1CB8 

A?@O<>20=V =0 >?B8<V70FVN <5E0=V7<V2 ?5@5=5A5==O 5=5@3VW 2 :><?;5:A0E Ln³z3

>@30=VG=89 ;V30=4, 282G5==O 2?;82C :>>@48=0FV9=>3> A5@54>28I0 =0 V=B5=A82=VABP V 

AB01V;P=VABP ;N<V=5AF5=FVW, @>7@>1:C 1030B>DC=:FV>=0;P=8E <0B5@V0;V2 =0 >A=>2V 

;0=B0=>W4V2 4;O >?B8G=8E, 1V><548G=8E B0 A5=A>@=8E B5E=>;>3V9. 
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$"���� 2. %�!&�� ��( ����!���, �) !�&$�Є��) %"��� &� 

�""$��!�*��!�) %#"�'� ��!&�!"���� !� �) "%!"�� 

2.1.  �8EV4=V @5G>28=8 

#@8 A8=B57V ;V30=4V2 ��( B8?C (HL1,2) 28:>@8AB>2C20;8 7030;P=V <5B>48:8 [55, 38]. 

%�(-;V30=4 HL3 >45@6C20;8 70 ?@>F54C@>N, >?8A0=>N 2 [149]. ' O:>ABV 28EV4=8E 

@5G>28= 27OB> B@8E;>@0F5B0<V4, ?5=B0E;>@84 D>AD>@C, 485B8;0<V=, 0<V4 AC;PD>:8A;>B8, 

D>@<V0B=C :8A;>BC, <5B8;0B =0B@VN. %BC?V=P G8AB>B8 28:>@8AB0=8E @535=BV2 3 <G.4.0=. 

!0B@Vє2V A>;V ;V30=4V2 >B@8<C20;8 4VєN @>7G8=V2 1V:0@1>=0BC B0 <5B8;0BC =0B@VN =0 

@>7G8=8 ;V30=4V2 2 >@30=VG=8E @>7G8==8:0E [38, 55, 149]. #@8 A8=B57V :>>@48=0FV9=8E 

A?>;C: (�%) ;0=B0=>W4V2 O: 28EV4=V @5G>28=8 28:>@8AB>2C20;8 3V4@0B>20=V E;>@848 B0 

=VB@0B8 ;0=B0=>W4V2 :20;VDV:0FVW <E.G.= B0 <G.4.0=. �V;P:VABP :@8AB0;V70FV9=>W 2>48 

@>7@0E>2C20;8 70 :><?;5:A>=><5B@8G=> 7=0945=8< 2<VAB>< <5B0;C 2 ?@5?0@0BV [150] 7 

<5B>N @>7@0EC=:C 5:2V20;5=B=>W :V;P:>ABV 453V4@0BCNG>3> @5035=BC B@85B8>@B>D>@<V0BC. 

/: 453V4@0BCNG89 @5035=B ?V4 G0A A8=B57C �% 28:>@8AB>2C20;8 :><5@FV9=89 B@85B8; 

>@B>D>@<0B. #@8 >B@8<0==V :><?;5:AV2, :@V< ��( ;V30=4V2, 28:>@8AB0=V 2,2´-48?V@848; 

(bpy), =0B@V9 B5B@0D5=V;1>@0B, B5B@0<5B8;0<>=V9 E;>@84, B5B@05B8;0<>=V9 E;>@84 B0 

B5B@0D5=V;D>AD>=V9 1@><V4 :20;VDV:0FVW <E.G.=. �8:>@8AB0=V 2 @>1>BV >@30=VG=V 

@>7G8==8:8 01A>;NBC20;8 70 4>?><>3>N AB0=40@B=8E ?@5?0@0B82=8E <5B>4V2 [151]. 

 

2.2.   5B>48 4>A;V465==O A8=B57>20=8E A?>;C: 

%8=B57>20=V A?>;C:8 282G0;8 <5B>40<8 B@8;>=><5B@8G=>3> B8B@C20==O, 

5;5<5=B=>3>, @5=B35=>AB@C:BC@=>3>, @5=B35=>D07>2>3> 0=0;V7C, V=D@0G5@2>=>W, / $ 

(1!), 5;5:B@>==>W B0 ;N<V=5AF5=B=>W A?5:B@>A:>?VW B0 B5@<>3@02V<5B@VW. 

�;5<5=B=89 0=0;V7. �<VAB C, H, N C A8=B57>20=8E :><?;5:A0E 287=0G0;8 70 

4>?><>3>N 0=0;V70B>@V2 CHNS Vario EL Cube V Carlo Erba; 0=0;V7 =0 2<VAB $�� C 

:><?;5:A0E 28:>=C20;8 70 4>?><>3>N AB0=40@B=8E <5B>4V2 :><?;5:A>=><5B@8G=>3> 

B8B@C20==O [150]. 
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�+ A?5:B@>A:>?VO. �+ A?5:B@8 A8=B57>20=8E A?>;C: 70?8A0=V 2 4V0?07>=V 400-4000 V 

50-400 A<-1 =0 (C@9є A?5:B@>D>B><5B@0E Perkin3Elmer Spectrum BX V Brücker IFS66/S 

FTIR. �@07:8 3>BC20;8 C 283;O4V B01;5B>: C KBr. 

/ $ A?5:B@>A:>?VO. C?5:B@8 1! / $ 70?8AC20;8 ?@8 :V<=0B=V9 B5<?5@0BC@V =0 

V<?C;PA=><C @04V>A?5:B@><5B@V Varian Mercury 400 7 @>1>G>N G0AB>B>N 400 M�F, 

Bruker Avance 500 7 @>1>G>N G0AB>B>N 500 M�F V Bruker Avance DRX 400 7 G0AB>B>N 400 

 �F. �;O 70?8AC A?5:B@V2 28:>@8AB>2C20;8 @>7G8=8 A?>;C: C � %"-d6 B0 E;>@>D>@<V-

d1.  

�;5:B@>==0 A?5:B@>A:>?VO. �;5:B@>==V A?5:B@8 48DC7=>3> 2V418BBO :@8AB0;VG=8E 

7@07:V2 2 4V0?07>=V 220 3 400 =< @5єAB@C20;8 =0 ?@8;040E Shimadzu UV-2600V V Specord 

M 40 Carl Zeiss, 2 4V0?07>=V 400-900 =< 3 =0 ?@8;04V Cary 5000. �;5:B@>==V A?5:B@8 

?>3;8=0==O @>7G8=V2 A?>;C: C 0F5B>=V V 0F5B>=VB@8;V C 4V0?07>=V 400-900 V 220 3 400 =< 

@5єAB@C20;8 =0 ?@8;040E Cary 5000 V Shimadzu UV-2600V. 

�5;8G8=8 5=5@3VW =09=86G8E B@8?;5B=8E @V2=V2 ;V30=4V2 C A:;04V :><?;5:AV2 

287=0G0;8 70 A?5:B@0<8 D>AD>@5AF5=FVW :><?;5:AV2 304>;V=VN ?@8 77 �. 

%?5:B@8 ;N<V=5AF5=FVW B0 71C465==O ;N<V=5AF5=FVW >B@8<0=8E A?>;C: є2@>?VN B0 

B5@1VN @5єAB@C20;8 =0 A?5:B@>D;C>@8<5B@0E «Fluorolog FL 3-22», FSL 920 (45B5:B>@ 

R928P (Hamamatsu, /?>=VO)), V =0 A?5:B@>D;C>@8<5B@V Fluoromax34P (Horiba Jobin Yvon). 

�8<V@N20==O :V=5B8:8 70BCE0==O 4-f-;N<V=5AF5=FVW ?@>2>48;8 7 28:>@8AB0==O< 

D>AD>@8<5B@0 FL-1040 <Horiba Jobin Yvon= 7 V<?C;PA=>N :A5=>=>2>N ;0<?>N (G0AB>B0 

V<?C;PAV2 0.05 3 25 �F, H8@8=0 V<?C;PAC ?@8 <0:A8<C<V 4>268=8 E28;V 3 <:A, H8@8=0 

<0;>V=B5=A82=>3> «E2>AB0» 30 <:A), A?5:B@><5B@0 FSL 920 7 :A5=>=>2>N ;0<?>N 

µF920H 60 W, V D;C>@8<5B@0 Fluoromax34P (Horiba Jobin Yvon), >1;04=0=>3> A8AB5<>N 

G0A-:>@5;P>20=>3> ?V4@0EC=:C >:@5<8E D>B>=V2 (TCSPC) FluoroHub-B 7 V<?C;PA=>N 

:A5=>=>2>N ;0<?>N.  

$5=B35=>AB@C:BC@=89 0=0;V7 ($%B�) ?@>2>48;8 =0 02B><0B8G=><C 48D@0:B><5B@V 

Xcalibur-3 CCD, Agilent an Xcalibur, Bruker APEX-II CCD =0 MoK³-28?@><V=N20==V. 
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�@8AB0;VG=V AB@C:BC@8 1C;8 @>7H8D@>20=V 70 4>?><>3>N ?@>3@0<=8E ?0:5BV2 CrysAlis 

PRO [152], SHELXT [153], SHELXL, SHEIXT [154] V OLEX2 [155]. %B@C:BC@8 CB>G=5=> 

70 F2 ?>2=><0B@8G=8<  !� 2 0=V7>B@>?=><C =01;865==V 4;O 2AiE 0B><i2, :@i< 3i4@>35=C. 

$5=B35=>D07>289 0=0;V7 ($(�) ?@>2>48;8 =0 48D@0:B><5B@V Shimadzu XRD-6000 

7 CuK³-28?@><V=N20==O< (¼ = 1.5418 Å), 2 V=B5@20;V 2¸=5-50⁰ 7 :@>:>< 0.05⁰ (4>40B>: 6). 

&5@<>3@02V<5B@8G=V 4>A;V465==O ?@>2>48;8 7 28:>@8AB0==O< A8=E@>==>3> 

&�/�&� 0=0;V70B>@0 Shimadzu DTG-60H. �@07:8 =03@V20;8 2V4 20 4> 600 °% 2 0B<>AD5@V 

?>2VB@O 7V H284:VABN =03@V2C 10 °%/E2. /: AB0=40@B=89 <0B5@V0; 4;O ?>@V2=O==O 

28:>@8AB>2C202AO 4@V1=>:@8AB0;VG=89 ?>@>H>: Al2O3 (0;PD0-<>48DV:0FVO). 

 

2.3. %8=B57 ;V30=4V2 

' @>1>BV 28:>@8AB>2C20;8AP 0<V4>D>AD0B=89 V D>AD>@0<V4=89 ��( ;V30=48, 0 

B0:>6 %�( ;V30=4: 

�V30=4 !0720 #>7=0G5==O #>A8;0==O 

 

48<5B8;-N-B@8E;>@0F5B8;0<V4>D>AD0B HL1 [55] 

 

1VA-N,N,N9,N9-B5B@05B8;-N=-

(B@8E;>@0F5B8;)D>AD>@B@80<V4 

HL2 [38] 

 

�8<5B8;(D5=V;AC;PD>=V;)0<V4>D>AD0B HL3 [149] 

�81V@ ;V30=4V2 >1C<>2;5=89 >A>1;82>ABO<8 WE 1C4>28 B0 2V4=>A=>N ?@>AB>B>N V 

2V4B2>@N20=VABN WE A8=B57C, I> 206;82> 4;O ?@0:B8G=>3> 28:>@8AB0==O. 
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2.3.1. %8=B57 48<5B8;-N-B@8E;>@0F5B8;0<V4>D>AD0BC HL1 

�V30=4 48<5B8;-N-B@8E;>@0F5B8;0<V4>D>AD0B HL1 A8=B57>20=> 70 <5B>48:>N 

[55]. /: 28EV4=V @5G>28= 28:>@8AB>2C20;8 B@8E;>@0F5B0<V4, ?5=B0E;>@84 D>AD>@C. 

#5@H0 AB04VO A8=B57C (B0: 720=0 D>AD07>-@50:FVO) 3 7030;P=0 4;O 2AVE D>AD>@0<V4=8E 

A?>;C: 3 72>48BPAO 4> 270є<>4VW 0<V4C 2V4?>2V4=>W :8A;>B8 B0 ?5=B0E;>@84C D>AD>@C 7 

CB2>@5==O< B@8E;>@D>AD07>0F84>A?>;C:8 70 AE5<>N =0 @8A. 2.3.1.1. 

' G>B8@83>@;89 @50:B>@ >1ʼє<>< 250 <; V7 72>@>B=8< E>;>48;P=8:><, <5E0=VG=8< 

?5@5<VHC20G5<, :0?5;P=>N ;V9:>N B0 B5@<><5B@><, 2<VIC20;8 AC<VH 0.25 <>;P (~10 <;) 

<5B0=>;C B0 20 <; 15=7>;C. %C<VH >E>;>46C20;8 4> 0°% (;V4 + NaCl) V, ?@8 5=5@3V9=><C 

?5@5<VHC20==V, ?@8:0?C20;8 @>7G8= 0.05 <>;P B@8E;>@D>AD07>B@8E;>@0F5B8;C C 100 <; 

15=7>;C 7 B0:>N H284:VABN, I>1 B5<?5@0BC@0 @50:FV9=>W AC<VHV :>;820;0AP C <560E 0-

5°C, =0 I> ?>B@V1=> ~ 1 3>4. #VA;O FP>3> @50:FV9=C AC<VH =03@V20;8 4> B5<?5@0BC@8 

1;87P:> 70-80°% ?@>BO3>< 30 E2 4> ?>2=>3> 2840;5==O 307C20B8E ?@>4C:BV2 @50:FVW. 

$>7G8==8:8 2V430=O;8 4>ACE0 C 20:CC<V ?@8 40°%. ' 70;8H:C 3 6>2BC20B0 >;Vє?>4V1=0 

@V48=0. �V30=4 ?5@5:@8AB0;V7>2C20;8 7 V7>?@>?0=>;C B0 ACH8;8 =0 ?>2VB@V. �8EV4 A:;040є 

95% C ?5@5@0EC=:C =0 B@8E;>@D>AD07>B@8E;>@0F5B8;. �;O V45=B8DV:0FVW !L1 287=0G0;8 

9>3> B5<?5@0BC@C ?;02;5==O 3 106°%, I> C73>46CєBPAO 7 ;VB5@0BC@=8<8 40=8<8 [55]. 

 �8<5B8;-N-B@8E;>@0F5B8;0<V4>D>AD0B O2;Oє A>1>N 15710@2=89 

=53V3@>A:>?VG=89 :@8AB0;VG=89 ?>@>H>:, ABV9:89 =0 ?>2VB@V, @>7G8==89 C 1V;PH>ABV 

>@30=VG=8E @>7G8==8:V2 B0 C 2>4=8E @>7G8=0E >A=>2, =5@>7G8==89 C 35:A0=V, 2>4V B0 

:8A;>B0E 157 9>3> 45AB@C:FVW. 
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2.3.2. %8=B57 1VA- N,N,N9,N9 B5B@05B8;-N=-(B@8E;>@0F5B8;)D>AD>@B@80<V4C HL2 

�V30=4 1VA- N,N,N9,N9 B5B@05B8;-N=-(B@8E;>@0F5B8;)D>AD>@B@80<V4 HL2 

A8=B57>20=> 2 B@8 AB04VW [38] (@8A. 2.3.2.1). %C<VH 4@V1=> @>7B5@B8E 40.6 3 (0.25 <>;P) 

B@8E;>@0F5B>0<V4C B0 52.06 3 (0.25 <>;P) ?5=B0E;>@84C D>AD>@C ?><VI0;8 C ?V2;VB@>2C 

:>;1C V7 72>@>B=8< E>;>48;P=8:><, ?>BV< 4>4020;8 50 <; 01A>;NB87>20=>3> CCl4. �>;1C 

=03@V20;8 =0 2>4O=V9 10=V, ?5@5<VHCNG8 WW 2<VAB, B0:8< G8=><, I>1 HCl 284V;O2AO =5 

4C65 V=B5=A82=>. +5@57 25 E2. 2 :>;1V 70;8H02AO 6>2BC20B89 ?@>7>@89 @>7G8=, O:89 

C?0@N202AO C 20:CC<V 2>4>AB@C<5=52>3> =0A>AC ?@8 =03@V20==V =0 2>4O=V9 10=V. #VA;O 

C?0@N20==O @>7G8==8:0 2 :>;1V 70;8H8;0AP 1V;0 :@8AB0;VG=0 @5G>28=0 3 

B@8E;>@D>AD07>B@8E;>@0F5B8;, CCl3C(O)NPCl3. �> :>;18 4>40;8 250 <; 15=75=C ?@8 

A;01:><C =03@V20==V 4> ?>2=>3> @>7G8=5==O. +5@57 72>@>B=89 E>;>48;P=8:, ?>@FVO<8 ?> 

0.3 <;, 4>40;8 4.5 <; <C@0H8=>W :8A;>B8, ?@8 FP><C A?>AB5@V30;>AO 284V;5==O HCl. 

#VA;O 70:V=G5==O @50:FVW 2 @>7G8=V CB2>@82AO :@8AB0;VG=89 >A04 B@8E;>@0F5B>0<V4C 

D>AD0B=>W :8A;>B8. "A04 CCl3C(O)N(H)P(O)Cl2 ?5@5=5A;8 2 B@83>@;89 @50:B>@ 7 

<5E0=VG=8< ?5@5<VHC20G5<, 72>@>B=8< E>;>48;P=8:>< B0 10@1>B5@><, 4>4020;8 CCl4 4> 

?>2=>3> @>7G8=5==O. #@8 ?5@5<VHC20==V B0 >E>;>465==V @50:B>@0 AC<VHHN ;P>4C B0 

A>;V, :@V7P @>7G8= ?@>?CA:0;8 4V5B8;0<V= 4> ;C6=>W @50:FVW @>7G8=C B0 70;8H0;8 @50:B>@ 

=0 :@8AB0;V70FVN. +5@57 4>1C >A04 2V4DV;PB@>2C20;8, FV;P>289 ?@>4C:B 3 1VA-N,N,N9,N9 

B5B@05B8;-N=-(B@8E;>@0F5B8;)D>AD>@B@80<V4 284V;O;8 28?0@N20==O< @>7G8=C C 

$8AC=>: 2.3.1.1. %E5<0 A8=B57C ��( ;V30=4C HL1. 
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20:CC<V. �8EV4 85%. &5<?5@0BC@0 ?;02;5==O 2V4?>2V40є B5>@5B8G=V9 V AB0=>28BP 100 %. 

�@8AB0;VG=89 HL2 3 15710@2=89, =53V3@>A:>?VG=89, ABV9:89 =0 ?>2VB@V ?>@>H>:, 

@>7G8==89 C � %", A?8@B0E, 0F5B>=V, =5@>7G8==89 C 35:A0=V B0 2>4V. 

 

2.3.3. %8=B57 48<5B8;(D5=V;AC;PD>=V;)0<V4>D>AD0BC HL3 

%8=B57 ?@>2>482AO 70 B@8AB04V9=>N @50:FVєN (@8A. 2.3.3.1) 73V4=> 4> >?C1;V:>20=>W 

@0=VH5 <5B>48:8 [149, 156]. �;O >45@60==O 40=>3> %�(-;V30=4C ?@>2>48;8 D>AD07>-

@50:FVN <V6 5:2V<>;O@=8<8 :V;P:>ABO<8 ?>4@V1=5=8E ?5=B0E;>@84C D>AD>@C (0.25 

<>;P, 52.06 3) B0 0<V4C AC;PD>:8A;>B8 (0.25 <>;P, 39.25 3) C B5B@0E;>@<5B0=V 7 

CB2>@5==O< 1V;>W :@8AB0;VG=>W @5G>28=8 (D5=V;AC;PD>=V;)D>AD>@V<V4 B@8E;>@84C, O:89 

157 ?>40;PH>W >G8AB:8 1C;> 22545=> C 270є<>4VN 7 D>@<V0B=>N :8A;>B>N (0.25 <>;P, 11.5 

3) 7 ?>40;PH>N >1@>1:>N <5B8;0B>< =0B@VN (0.75 <>;P, 40.5 3). �8EV4 AB0=>282 90-93%. 

&5<?5@0BC@0 ?;02;5==O 2V4?>2V40є ;VB5@0BC@=8< 40=8< V A:;040є  108 % [157]. %?>;C:0 

@>7G8==0 2 <5B0=>;V, � %", ?@8 =03@V20==V 2 V7>?@>?0=>;V, 4V>:A0=V B0 0F5B>=i, 

?@0:B8G=> =5@>7G8==0 C =5?>;O@=8E @>7G8==8:0E B0 2>4V. 

$8AC=>: 2.3.2.1. %E5<0 A8=B57C ��( ;V30=4C HL2. 
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2.4. %8=B57 =0B@Vє28E A>;59 =0 >A=>2V :0@10F8;0<V4>D>AD0BV2 V 

AC;PD>=V;0<V4>D>AD0BC. 

!0B@Vє2C AV;P 48<5B8;-N-B@8E;>@0F5B8;0<V4>D>AD0BC >B@8<C20;8, 28E>4OG8 7 

1V:0@1>=0BC =0B@VN V @>7G8=C ;V30=4C C 2>4=>-A?8@B>2V9 AC<VHV: 

2HL1 + Na2CO3 = 2NaL1 + CO2 + H2O. 

�> @>7G8=C 0.584 3 (2 <<>;O) !L1 C 2>4=>-A?8@B>2V9 AC<VHV (!2" : i-$r"! = 1:3) 

?@8 =03@V20==V 4>4020;8 ?>@FVO<8 1 <<>;P :0@1>=0BC =0B@VN 4> ?>2=>3> @>7G8=5==O 

>AB0==P>3>. $>7G8= 28?0@>2C20;8 C 20:CC<V, I> ?@872>48;> 4> CB2>@5==O :><?0:B=8E 

4@V1=>:@8AB0;VG=8E >A04V2. �8EV4 A>;V AB0=>282 1;87P:> 95% . %?>;C:0 4>1@5 @>7G8==0 

C 2>4V, � (�, � %", 0F5B>=V, <5B0=>;V, 3V@H5 2 V7>?@>?0=>;V B0 1,4-4V>:A0=V, =5 

@>7G8==V C 5B5@V B0 =5?>;O@=8E 0?@>B>==8E @>7G8==8:0E. 

!0B@Vє2V A>;V 1VA- N,N,N9,N9 B5B@05B8;-N=-(B@8E;>@0F5B8;)D>AD>@B@80<V4C V 

48<5B8;(D5=V;AC;PD>=V;)0<V4>D>AD0BC >B@8<C20;8 270є<>4VєN @>7G8=C 2V4?>2V4=>3> 

;V30=4C 7 <5B8;0B>< =0B@VN C <5B8;>2><C A?8@BV: 

HL2,3 + MeONa = NaL2,3 + MeOH. 

!0206:C 0.015 <>;P (0.345 3) =0B@VN @>7G8=O;8 2 15 <; <5B0=>;C B0 4> FP>3> 

@>7G8=C 4>4020;8 0.015 <>;P HL2,3 2 15 <; <5B0=>;C. "4@07C ?VA;O 7<VHC20==O @>7G8=V2 

;V30=4V2 B0 <5B8;0BC =0B@VN @>7G8==8: 2V430=O;8 C 20:CC<V, 0 >45@60=89 ACE89 70;8H>: 

 

$8AC=>: 2.3.3.1. %E5<0 A8=B57C %�( ;V30=4C HL3. 
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?5@5:@8AB0;V7>2C20;8 V7 V7>?@>?0=>;C B0 ACH8;8 =0 ?>2VB@V. �8E>48 A>;59 AB0=>28;8 

1;87P:> 85 %.  

&5<?5@0BC@8 ?;02;5==O 4;O NaL1, NaL2, NaL3 2V4?>2V4=> AB0=>2;OBP 209, 195 B0 

187 °%. %?>;C:8 O2;ONBP A>1>N 15710@2=V ?>@>H:8, 4>1@5 @>7G8==V C <5B0=>;V, � %", 

� (�, ?@8 =03@V20==V 4>1@5 @>7G8=ONBPAO 2 0F5B>=V, V7>?@>?0=>;V B0 ?@0:B8G=> 

=5@>7G8==V 2 =5?>;O@=8E >@30=VG=8E @>7G8==8:0E. !0B@Vє20 AV;P NaL2 ;53:> 

3V4@>;V7CєBPAO C 2>;>3><C ?>2VB@V. 

 

2.5.  %8=B57 :><?;5:AV2 ;0=B0=>W4V2 7 ;V30=40<8 :0@10F8;- B0 

AC;PD>=V;0<V4>D>AD0B=>3> B8?C. 

!0 >A=>2V A8=B57>20=8E :0@10F8;0<V4>D>AD0BV2 B0 AC;PD>=V;0<V4>D>AD0BC 1C;> 

>45@60=> @O48 :>>@48=0FV9=8E A?>;C: ;0=B0=>W4V2 @V7=>3> A:;04C, I> 1C;8 =040;V 

4>A;V465=V 70 4>?><>3>N @V7=><0=VB=8E DV78:>-EV<VG=8E <5B>4V2 (B01;. 2.5.1). � @O4V2 

:><?;5:AV2, O:V 1C;8 265 2V4><V =0 G0A =0?8A0==O 48A5@B0FVW B0 1C;8 28:>@8AB0=V 4;O 

?@>2545==O ?>@V2=O;P=8E E0@0:B5@8AB8:, 2 B01;8FN 28=5A5=V BV A?>;C:8, 4;O O:8E 1C;8 

?@>2545=V B0 >?8A0=V 2 FV9 @>1>BV 4>40B:>2V 4>A;V465==O. 

 

&01;8FO 2.5.1. �><?;5:A8 ;0=B0=>W4V2 =0 >A=>2V ��( ;V30=4V2 HL1, HL2 B0 %�( 

;V30=4y HL3. 

�><?;5:A   5B0;   5B>48 4>A;V465=P  

�><?;5:A8 =0 >A=>2V HL1 

NMe4[Ln(L1)4] Ln = Y, La, Nd, Eu, Gd, Tb, 

Dy, Yb, Lu [158, 159, 160, 

161] 

�+, / $ (1!), �%#, �%��, $%B�, 

;N<V=., $(�, 5;5<5=B=89 0=0;V7, 

&�� 

NEt4[Ln(L1)4] Ln = Y, La, Nd, Eu, Gd, Tb, 

Dy, Yb, Lu [158, 162] 

�+, / $ (1!), �%#, �%��, $%B�, 

;N<V=., $(�, 5;5<5=B=89 0=0;V7, 

&�� 
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�><?;5:A   5B0;   5B>48 4>A;V465=P  

PPh4[Ln(L1)4] Ln = Nd, Eu, Gd, Tb, Dy, 

Yb, Lu [163, 158, 164] 

�+, / $ (1!), �%#, �%��, $%B�, 

;N<V=., $(�, 5;5<5=B=89 0=0;V7 

[Ln(L1)3(bpy)] Ln = Nd, Tb, Dy [165, 166] �+, �%#, �%��, $%B�, ;N<V=., 

$(�, 5;5<5=B=89 0=0;V7, &�� 

[Ln(L1)2(bpy)2]BPh4 

 

Ln = Y, La, Nd, Eu, Gd, Tb, 

Dy, Yb, Lu [167] 

�+, / $ (1!), �%#, �%��, $%B�, 

;N<V=., $(�, 5;5<5=B=89 0=0;V7, 

&�� 

�><?;5:A8 =0 >A=>2V HL2 

[Ln(L2)2(bpy)2]BPh4 Ln = Y, Nd, Eu, Tb [48, 168] �+, / $ (1!), �%#, �%��, $%B�, 

;N<V=., $(�, 5;5<5=B=89 0=0;V7, 

&�� 

[Ln(L2)2(NO3)(bpy)] Ln = Y, Nd, Eu, Gd, Tb, Dy, 

Yb, Lu [169, 170] 

�+, / $ (1!), �%#, �%��, $%B�, 

;N<V=., $(�, 5;5<5=B=89 0=0;V7, 

&�� 

[Ln(L2)3(bpy)] Ln = La, Nd, Eu, Gd, Tb 

[169, 38] 

�+, / $ (1!), �%#, �%��, $%B�, 

;N<V=., $(�, 5;5<5=B=89 0=0;V7, 

&�� 

[Ln(L2)(NO3)2(bpy)2] Ln = La [171] �+, / $ (1!), $%B�, $(�, 

5;5<5=B=89 0=0;V7, &�� 

�><?;5:A8 =0 >A=>2V HL3 

[Ln(L3)2(bpy)2]BPh4 Ln = Y, La, Nd, Eu, Gd, Tb, 

Dy, Yb, Lu [172] 

�+, / $ (1!), �%#, �%��, $%B�, 

;N<V=., $(�, 5;5<5=B=89 0=0;V7, 

&�� 

$57C;PB0B8 :><?;5:A>=><5B@8G=>3> 0=0;V7C =0 <5B0; V B5<?5@0BC@8 ?;02;5==O 

:><?;5:AV2, >45@60=8E 2?5@H5, =02545=> 2 4>40B:C 1. 
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2.5.1. %8=B57 :0BV>==8E :><?;5:AV2 [Ln(L1-3)2(bpy)2]BPh4 

� ;V30=40<8 HL1-3 1C;> >B@8<0=> :>>@48=0FV9=V A?>;C:8 $�� 7030;P=>3> A:;04C 

[Ln(L)2(bpy)2]BPh4, 45 bpy = 2,2´-48?V@848;. �><?;5:A8 >45@60=> V7 28:>@8AB0==O< 

@>7G8=V2 28EV4=8E @5035=BV2 C AC<VHV @>7G8==8:V2 V7>?@>?0=>;C B0 0F5B>=C  70 

<5B>48:>N, >?8A0=>N C [48] 4;O A8=B57C [Ln(L2)2(bpy)2]BPh4 (Ln = La, Nd, Eu, Gd, Tb), 

2V4?>2V4=> 4> AE5<8: 

Ln(NO3)3·nH2O + nTEOF + 2NaL + 2bpy + NaBPh4 ³ [Ln(L)2(bpy)2]BPh4 + 

3NaNO3´ + nHC(O)(OC2H5) + nHOC2H5, 

45 TEOF = B@85B8;>@B>D>@<0VB, bpy = 2,2´-48?V@848;;  

L{ = (L1){: Ln = Y, La, Nd, Eu, Gd, Tb, Dy, Yb, Lu; 

L{ = (L2){: Ln = Y, Nd, Eu, Tb; 

L{ = (L3){: Ln = Y, La, Nd, Eu, Gd, Tb, Dy, Yb, Lu. 

$>7G8=8 3V4@0B>20=8E =VB@0BV2 ;0=B0=>W4V2 (1 <<>;P) 2 10 <; 0F5B>=C :8?9OB8;8 

?@>BO3>< 1;87P:> 42>E E28;8= C ?@8ACB=>ABV 453V4@0BCNG>3> @5035=BC 3 B@85B8;>2>3> 

5AB5@C >@B><C@0H8=>W :8A;>B8, 4>40=>3> C :V;P:>ABV, 5:2V<>;O@=V9 2<VABC 

:@8AB0;V70FV9=>W 2>48 C A>;V $��. �> >B@8<0=8E @>7G8=V2 4>4020;8 @>7G8= 2 <<>;P NaL 

V 2 <<>;P (0.3124 3) 2,2´-48?V@848;C 2 10 <; 0F5B>=C, B0 @>7G8= 1 <<>;P (0.3422 3) =0B@V9 

B5B@0D5=V;1>@0BC 2 V7>?@>?0=>;V. $57C;PBCNGV AC<VHV :8?9OB8;8 ?@>BO3>< E28;8=8. 

$>7G8=8 >E>;>46C20;8 4> :V<=0B=>W B5<?5@0BC@8, ?VA;O G>3> 2V4DV;PB@>2C20;8 1V;89 

>A04 NaNO3 B0 70;8H0;8 DV;PB@0B8 C 5:A8:0B>@V =04 CaCl2. +5@57 ?0@C 4=V2 :><?;5:A8 

:@8AB0;V7C20;8AO 7 @>7G8=V2. 

�@V1=>:@8AB0;VG=V >A048 :><?;5:AV2 =0 >A=>2V ;V30=4V2 HL1 B0 HL2 >B@8<C20;8 7 

28E>40<8 52-91 %. "A048 :><?;5:AV2 =0 >A=>2V ;V30=4C HL3 1C;8 ?>@>H:>?>4V1=8<8 B0 

>B@8<0=V 7 28E>40<8 @50:FVW 69-83 %. *V;P>2V A?>;C:8 2V4DV;PB@>2C20;8, ?@><820;8 

V7>?@>?V;>28< A?8@B>< B0 70;8H0;8 28A8E0B8 =0 ?>2VB@V. �><?;5:A8 A;01:> 7010@2;5=V 

C :>;P>@8, 2V4?>2V4=V 0:209>=0< ;0=B0=>W4V2, ABV9:V ?@>BO3>< B@820;>3> G0AC =0 ?>2VB@V. 

 5B>4>< O45@=>3> <03=VB=>3> @57>=0=AC 1C;> 2AB0=>2;5=> A?V22V4=>H5==O [L]{: bpy: 
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[BPh4]{ O: 2:2:1. %:;04 :><?;5:AV2 ?V4B25@465=89 <5B>40<8 :><?;5:A>=><5B@8G=>3> 

B8B@C20==O =0 <5B0; B0 5;5<5=B=>3> 0=0;V7C. �5O:V :><?;5:A8 1C;8 B0:>6 4>A;V465=V 

<5B>4>< $%B�. 

'AV :><?;5:A8 40=>3> A:;04C @>7G8=ONBPAO 2 � (�, � %", <5B0=>;V, 0F5B>=V, 

5B8;0F5B0BV, E;>@8AB><C <5B8;5=V, A;01:>@>7G8==V 2 V7>?@>?0=>;V, 0F5B>=VB@8;V, 

=5@>7G8==V C 2>4V, 15=7>;V, 35:A0=V. !0 2V4<V=C 2V4 :><?;5:AV2 7 ;V30=40<8 L1 V L3, A?>;C:8 

[Ln(L2)2(bpy)2]BPh4 =5@>7G8==V C 1,4-4V>:A0=V B0 B5B@0E;>@<5B0=V. � :><?;5:A8 7 

;V30=4>< L1 2V4@V7=ONBPAO 2V4 @5HB8 @>73;O=CB8E :0BV>==8E :><?;5:AV2 =5@>7G8==VABN 

C E;>@>D>@<V. &5<?5@0BC@0 ?;02;5==O :><?;5:AV2 [Ln(L1)2(bpy)2]BPh4 7=0E>48BPAO 2 

<560E 135-190°%, [Ln(L2)2(bpy)2]BPh4 3 120-154 °%, [Ln(L3)2(bpy)2]BPh4 3 155-197 °%. 

 

2.5.2. %8=B57 B5B@0:VA-:><?;5:AV2 ;0=B0=>W4V2 

� 48<5B8;-N-B@8E;>@0F5B8;0<V4>D>AD0B>< 1C;> >B@8<0=> B5B@0:VA-:><?;5:A8 7 

B@P><0 7>2=VH=P>AD5@=8<8 :0BV>=0<8 NMe4+, NEt4+ i PPh4+ 7030;P=>3> A:;04C 

Cat[Ln(L1)4]. %8=B57 F8E A?>;C: ?@>2>48;8 2V4?>2V4=> 4> AE5<8, 70AB>A>2CNG8 <5B>48:8 

[42, 163]: 

LnA3∙nH2O + nTEOF + 4NaL + CatX = Cat[Ln(L1)4] + 3NaA´ + NaX´ + 

nHC(O)(OC2H5) + nHOC2H5, 

45 �{ = Cl{ 01> (NO3){; X- = Cl{ 01> Br{. 

Cat+ = NMe4+, NEt4+: Ln = Y, La, Nd, Eu, Gd, Tb, Dy, Yb, Lu; 

Cat+ = PPh4+: Ln = Nd, Eu, Gd, Tb, Dy, Yb, Lu. 

�;O >45@60==O :><?;5:AV2 Cat[Ln(L1)4] 1 <<>;P 3V4@0B>20=>3> E;>@84C 01> 

=VB@0BC $�� C ?@8ACB=>ABV 2V4?>2V4=>W 4> 2<VABC 2>48 :V;P:>ABV B@85B8;>2>3> 5AB5@C 

>@B><C@0H8=>W :8A;>B8 @>7G8=O;8 C 10 <; V7>?@>?V;>2>3> A?8@BC. �> AC<VHV ?@8;820;8 

@>7G8= 4 <<>;P NaL1 (1.1737 3) 2 0F5B>=V (10 <;) B0 @>7G8= 1.1 <<>;P E;>@84C 01> 

1@><V4C :0BV>=C 2 V7>?@>?0=>;V (10 <;). #VA;O :8?9OBV==O AC<VHV ?@>BO3>< E28;8=8 V 

>E>;>465==O @57C;PBCNG>3> @>7G8=C 4> :V<=0B=>W B5<?5@0BC@8 2V4DV;PB@>2C20;8 >A04 
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=0B@V9 E;>@84C, 1@><V4C B0/01> =VB@0BC. (V;PB@0B 70;8H0;8 2 5:A8:0B>@V =04 CaCl2. +5@57 

45:V;P:0 4=V2 V7 @>7G8=C 28:@8AB0;V7>2C20;8AP 3>;:>?>4V1=V :@8AB0;8. �E 

2V4DV;PB@>2C20;8, ?@><820;8 V7>?@>?0=>;>< B0 ACH8;8 =0 ?>2VB@V. �8E>48 :><?;5:AV2 

A:;040;8 2V4 55 4> 93 %. "B@8<0=V A?>;C:8 є ABV9:8<8 =0 ?>2VB@V ?@>BO3>< B@820;>3> 

G0AC B0 A;01:> 7010@2;5=8<8 2 :>;P>@8 2V4?>2V4=8E 0:209>=V2 ;0=B0=>W4V2. �>=8 

@>7G8==V 2 � (�, � %", A?8@B0E, 0F5B>=V, 0F5B>=VB@8;V, 48E;>@<5B0=V V =5@>7G8==V C 

2>4V B0 =5?>;O@=8E @>7G8==8:0E, 0 NMe4[Ln(L1)4] B0:>6 3 C E;>@>D>@<V. %:;04 

:><?;5:AV2 ?V4B25@465=89 :><?;5:A>=><5B@8G=8< B8B@C20==O< =0 <5B0;, 5;5<5=B=8< 

0=0;V7><. �;O 2>AP<8 :><?;5:AV2 1C4>2C 1C;> ?V4B25@465=> B0:>6 <5B>4>< $%B�. 

&5<?5@0BC@0 ?;02;5==O/@>7:;04C :><?;5:AV2 NMe4[Ln(L1)4] ;568BP 2 <560E 2V4 159 4> 

200 °%, 4;O NEt4[Ln(L1)4] 3 2V4 155 4> 165 °%, 4;O PPh4[Ln(L1)4] 3 2V4 103 4> 153 °%. 

&5<?5@0BC@0 ?;02;5==O/@>7:;04C :><?;5:AV2 NMe4[Ln(L1)4] =5 ?@>O2;Oє ;V=V9=>W 

70;56=>ABV. �;O :><?;5:AV2 NEt4[Ln(L1)4] 7 ;0=B0=>W40<8 A5@548=8 @O4C 7=0G5==O 

B5<?5@0BC@8 ?;02;5==O 45I> 28IV ?>@V2=O=> 7 B8<8, I> <VABOBP ;0=B0=>W48 ?>G0B:C V 

:V=FO @O4C. %?>;C:8 A:;04C PPh4[Ln(L1)4], I> <VABOBP ;0=B0=>W48 A5@548=8 V :V=FO @O4C, 

?;02;OBPAO ?@8 45I> 28I8E B5<?5@0BC@0E, =V6 BV I> <VABOBP ;0=B0=>W48 >G0B:C @O4C. 

�;O :><?;5:AV2 7 4V0<03=VB=8<8 ;0=B0=>W40<8 <5B>4>< 1H / $ A?5:B@>A:>?VW 

2AB0=>2;5=5 A?V22V4=>H5==O ;V30=4:7>2=VH=P>AD5@=89 :0BV>= = 4:1. 

 

2.5.3. %8=B57 7<VH0=>;V30=4=8E :><?;5:AV2 ;0=B0=>W4V2 [Ln(L1,2)3(bpy)]. 

!0 >A=>2V 48<5B8;-N-B@8E;>@0F5B8;0<V4>D>AD0BC V 1VA-N,N,N9,N9 B5B@05B8;-N=-

(B@8E;>@0F5B8;)D>AD>@B@80<V4C 1C;> >B@8<0=> 7<VH0=>;V30=4=V :><?;5:A8 7 2,2´-

48?V@848;>< 7030;P=>3> A:;04C [Ln(L1,2)3(bpy)]. %8=B57 ?@>2>48;8 2V4?>2V4=> 4> 

2V4><8E 4;O F8E :><?;5:AV2 <5B>48: [165, 38, 173] 73V4=> 7 =0ABC?=>N AE5<>N: 

Ln(NO3)3∙nH2O + nTEOF + 3NaL1,2 + bpy = [Ln(L1,2)3(bpy)] + 3NaNO3´ + 

nHC(O)(OC2H5) + nHOC2H5, 

L{ = (L1){: Ln = Nd, Tb, Dy; 
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L{ = (L2){: Ln = La, Nd, Eu, Gd, Tb. 

�;O >45@60==O :><?;5:AV2 [Ln(L1,2)3(bpy)] 1 <<>;P 3V4@0B>20=>3> =VB@0BC 

;0=B0=>W4C @>7G8=O;8 C 10 <; V7>?@>?V;>2>3> A?8@BC C ?@8ACB=>ABV B@85B8;>2>3> 5AB5@C 

>@B><C@0H8=>W :8A;>B8, :V;P:VABP O:>3> 2V4?>2V40;0 ABC?5=N 3V4@0B>20=>ABV A>;V 

;0=B0=>W40, V ?@8;820;8 >45@60=89 @>7G8= 4> @>7G8=C AC<VHV @5035=BV2 3 <<>;P NaL1 

(0.880 3) 01> NaL2 (1.123 3) B0 1 <<>;P (0.156 3) 2,2´-48?V@848;C 2 0F5B>=V (10 <;). #VA;O 

:8?9OBV==O AC<VHV ?@>BO3>< E28;8=8 V >E>;>465==O @>7G8=C 4> :V<=0B=>W B5<?5@0BC@8 

2V4DV;PB@>2C20;8 >A04 =0B@V9 =VB@0BC. #@>7>@89 @>7G8= 70;8H0;8 2 5:A8:0B>@V =04 CaCl2 

4> CB2>@5==O :@8AB0;VG=>3> >A04C. "A04 2V4DV;PB@>2C20;8, ?@><820;8 V7>?@>?0=>;>< B0 

ACH8;8 =0 ?>2VB@V. �8E>48 :><?;5:AV2 =0 >A=>2V L1 A:;040;8 83-90 %, 0 7 ;V30=4>< L2 3 

71-94%. "B@8<0=V A?>;C:8 є 15710@2=8<8 ABV9:8<8 =0 ?>2VB@V ?@>BO3>< B@820;>3> G0AC. 

�>=8 @>7G8=ONBPAO 2 � (�, � %", A?8@B0E, 0F5B>=V, 0F5B>=VB@8;V V =5 @>7G8=ONBPAO 

C 2>4V. %?>;C:8 A:;04C [Ln(L1)3(bpy)] =5@>7G8==V C =5?>;O@=8E @>7G8==8:0E, 0 

[Ln(L2)3(bpy)] @>7G8=ONBPAO C 35:A0=V. %:;04 :><?;5:AV2 2AB0=>2;5=> 

:><?;5:A>=><5B@8G=8< B8B@C20==O< =0 <5B0;, 5;5<5=B=8< B0 4;O [Tb(L1)3(bpy)], 

[Dy(L1)3(bpy)] i [La(L2)3(bpy)] 3 @5=B35=>AB@C:BC@=8< 0=0;V7><. &5<?5@0BC@0 ?;02;5==O 

A?>;C: AB0=>28BP 140-145 °% 4;O :><?;5:AV2 7 HL1, 95-130 °% 4;O :><?;5:AV2 7 HL2. 

 5B>4>< A?5:B@>A:>?VW / $ :><?;5:AC [La(L2)3bpy] 287=0G5=> A?V22V4=>H5==O ��(-

;V30=4C 4> 2,2´-48?V@848;C, I> 4>@V2=Nє 3:1. 

 

2.5.4. %8=B57 7<VH0=>;V30=4=8E =VB@0B-2<VA=8E :><?;5:AV2 ;0=B0=>W4V2 

[Ln(L2)2(NO3)(bpy)] B0 [La(L2)(NO3)2(bpy)2]. 

� ;V30=4>< HL2 1C;> A8=B57>20=> 7<VH0=>;V30=4=V :><?;5:A8 $�� 7 2,2´-

48?V@848;>< V =VB@0B 0=V>=>< 7030;P=>3> A:;04C [Ln(L2)2(NO3)(bpy)]. %8=B57 ?@>2>48;8 

70 =02545=>N AE5<>N: 

Ln(NO3)3∙nH2O + nTEOF + 2NaL2 + bpy = [Ln(L2)2(NO3)(bpy)] + 2NaNO3´ + nH2O, 

Ln = Y, Nd, Eu, Gd, Tb, Dy, Yb, Lu. 
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�V4@0B>20=V =VB@0B8 $�� (1 <<>;P) 2 ?@8ACB=>ABV B@85B8;>2>3> 5AB5@C 

>@B><C@0H8=>W :8A;>B8 @>7G8=O;8 ?@8 =03@V20==V C 10 <; V7>?@>?V;>2>3> A?8@BC. 

�>4020;8 @>7G8= AC<VHV 2 <<>;P (0.749 3) NaL2 B0 1 <<>;P (0,156 3) 2,2´-48?V@848;C 2 

0F5B>=V (10 <;). $57C;PBCNG89 @>7G8= >E>;>46C20;8 4> :V<=0B=>W B5<?5@0BC@8 B0 

2V4DV;PB@>2C20;8 >A04 =0B@V9 =VB@0BC. #@>7>@89 DV;PB@0B 70;8H0;8 2 5:A8:0B>@V =04 

CaCl2 =0 1-2 4=V. 'B2>@5=89 :@8AB0;VG=89 >A04 2V4DV;PB@>2C20;8, ?@><820;8 

V7>?@>?0=>;>< B0 ;8H0;8 =0 ?>2VB@V. �8E>48 :><?;5:AV2 AB0=>28;8 75-90 %. *V;P>2V 

@5G>28=8 15710@2=V 01> A;01:> 7010@2;5=V 2V4?>2V4=> 4> :>;P>@V2 0:20V>=V2, ABV9:V =0 

?>2VB@V, @>7G8=ONBPAO 2 � (�, � %", A?8@B0E, 0F5B>=V, 0F5B>=VB@8;V, 48E;>@<5B0=V, 

E;>@>D>@<V B0 =5 @>7G8=ONBPAO 2 =5?>;O@=8E @>7G8==8:0E B0 2>4V. %:;04 :><?;5:AV2 

?V4B25@46C20;8 :><?;5:A>=><5B@8G=8< B8B@C20==O< =0 <5B0;, 5;5<5=B=8< B0 

@5=B35=>AB@C:BC@=8< (Eu, Tb) 0=0;V70<8. &5<?5@0BC@8 ?;02;5==O :><?;5:AV2 ;560BP C 

<560E 160-195 °%. !0928I0 B5<?5@0BC@0 ?;02;5==O A?>AB5@V30;0AP 4;O :><?;5:AC 

є2@>?VN, =09=86G0 3 4;O VB5@1VN ;0=B0=C V ;NB5FVN. �0 4>?><>3>N A?5:B@>A:>?VW 

O45@=>3> <03=VB=>3> @57>=0=AC 287=0G8;8, I> A?V22V4=>H5==O ��( ;V30=4C 4> 2,2´-

48?V@848;C AB0=>28BP 2:1. 

#@8<VB=>, I> 70 A?@>18 >45@60==O :><?;5:AC [La(L2)2(NO3)(bpy)] @50;V7CєBPAO 

A:;04 [La(L2)(NO3)2(bpy)2], I> 1C;> ?V4B25@465=> @5=B35=>AB@C:BC@=8<, 

@5=B35=>D07>28< 0=0;V7>< B0 # $ A?5:B@>A:>?VєN. &5<?5@0BC@0 ?;02;5==O :><?;5:AC 

[La(L2)(NO3)2(bpy)2] AB0=>28BP 160°%. 

�0AB>A>2CNG8 =02545=C 28I5 <5B>48:C, 1C;8 B0:>6 7@>1;5=V A?@>18 A8=B57C 1VA-

HL1 :><?;5:AV2 ;0=B0=>W4V2 V7 7030;P=>N D>@<C;>N [Ln(L1)2(NO3)(bpy)] (Ln = Y, La, Gd, 

Tb, Dy, Lu,). #@>B5, 0=0;V7 >45@60=8E A?>;C: ?>:0702, I> 40=5 A?V22V4=>H5==O ��(-

;V30=4C 4> 2,2´-48?V@848;C B0 =VB@0B-0=V>=C =5 @50;V7CєBPAO C 28?04:C La, Gd, Tb B0 Dy. 

$57C;PB0B8 @5=B35=>AB@C:BC@=>3> V @5=B35=>D07>2>3> 0=0;V7C ?>:070;8, I> C 28?04:C 

Tb, Gd B0 Dy CB2>@NNBPAO :><?;5:A8 [Ln(L1)3(bpy)]. �0 4>?><>3>N <5B>4C A?5:B@>A:>?VW 

/ $ 1C;> 28O2;5=>, I> La(III) :>>@48=>20=89 ;V30=40<8 [L1]{ V 2,2´-48?V@848;>< C 
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A?V22V4=>H5==V 1:2, 0 Y(���) V Lu(���) 3 C A?V22V4=>H5==V 2:1. *V A?>;C:8 =5 4>A;V465=V 2 

4>AB0B=V9 <V@V 4;O B>3>, I>1 V45=B8DV:C20B8 WE 1C4>2C. 

 

�>@>B:V 28A=>2:8 

• !0 >A=>2V ��( V %�( ;V30=4V2 (HL1=CCl3CONHPO(OCH3)2, 

HL2=CCl3CONHPO(NEt2)2, B0 HL3=PhSO2NHPO(OCH3)2) A8=B57>20=> B0 

284V;5=> 2 V=482V4C0;P=><C AB0=V 64 :><?;5:A8 $�� =0 >A=>2V ��( V %�( 

;V30=4V2 7030;P=>3> A:;04C: %at[Ln(L1)4] (Cat+ = NMe4+, NEt4+, PPh4+), 

[Ln(L1,2)3(bpy)], [Ln(L1,2,3)2(bpy)2]BPh4, [Ln(L2)2(NO3)(bpy)], 

[La(L2)(NO3)2(bpy)2]. � =8E 50 :><?;5:AV2 >45@60=> 2?5@H5. 

• �?5@H5 >B@8<0=V :0BV>==V :><?;5:A8 $�� V7 :0@10F8;0<V4>D>AD0B=8< ;V30=4>< 

5AB5@=>3> B8?C B0 V7 AC;PD>=V;0<V4>D>AD0B><.  

• �?5@H5 >B@8<0=V B5B@0:VA-��( :><?;5:A8 $�� V7 B5B@0<5B8;0<>=V9 :0BV>=><. 

•  �?5@H5 ?>:070=0 <>6;82VABP >B@8<0==O 1VA-��( :><?;5:AV2 =59B@0;P=>3> 

B8?C 7 42><0 45?@>B>=>20=8<8 ��(-;V30=40<8 C WE A:;04V.  

• �AB0=>2;5=>, I> <>6;82VABP CB2>@5==O =59B@0;P=8E 1VA-��( :><?;5:AV2 $�� 

7 2,2′-48?V@848;>< 70 CG0ABN HL2 70;568BP 2V4 V>=C ;0=B0=>W4C: 1C;> >45@60=> 

1VA-��( :><?;5:A8 A:;04C [Ln(L2)2(NO3)(bpy)] (Ln = Y, Nd, Eu, Gd, Tb, Dy, Yb, 

Lu), B>4V O: 4;O V>=C ;0=B0=C @50;V7CєBPAO A:;04 [La(L2)(NO3)2(bpy)2].  

• �;O ;V30=4C HL1 A?@>18 >45@60==O :@8AB0;V2 =59B@0;P=8E :><?;5:AV2 7 2,2′-

48?V@848;><, ?@840B=8E 4;O 4>A;V465==O <5B>4>< $%B�, 70 C<>28 =5AB0GV ��( 

;V30=4C 4;O CB2>@5==O B@8A-:><?;5:AC, =5 1C;8 240;V. %?V22V4=>H5==O ;V30=4V2 

HL1 V 2,2´-48?V@848;C 2 :><?;5:A0E, >45@60=8E 70 B0:8E C<>2 20@VNєBPAO 

70;56=> 2V4 >1@0=>3> ;0=B0=>W40 O: 1:2, 2:1 B0 3:1.  
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$"���� 3. �"%�����!!/ �" #���%�� $�� � ����!�� � 

��$��*��� ��"("%(�&!"�" � %'�Ь("!��� ��!"�" &�#' 

3.1.  �+ B0 / $ A?5:B@0;P=V 4>A;V465==O A8=B57>20=8E :><?;5:AV2 

�8E>4OG8 7 40=8E ?>?5@54=VE 4>A;V465=P, 2V4><>, I> ��( ;V30=48 2 0F84>D>@<V 

:>>@48=CNBPAO 4> ;0=B0=>W4V2 1V45=B0B=> G5@57 0B><8 >:A835=C :0@1>=V;P=>W B0 

D>AD>@8;P=>W 3@C?, 0 %�( 3 AC;PD>=V;P=>W B0 D>AD>@8;P=>W, D>@<CNG8 H5AB8G;5==V 

<5B0;>-F8:;8 [149]. #@> A?>AV1 :>>@48=0FVW ��( B0 %�( ;V30=4V2 <>6=0 AC48B8 70 �+-

A?5:B@0;P=8< :@8B5@Vє< 3 =87P:>G0AB>B=8< 7AC2>< A<C3 ?>3;8=0==O 20;5=B=8E 

:>;820=P :0@1>=V;P=>W (¾(CO)), AC;PD>=V;P=>W (¾(SO)) B0 D>AD>@8;P=>W (¾($O)) 3@C?. 

�0=5 O28I5 ?>OA=NєBPAO 7<5=H5==O< :@0B=>ABV 707=0G5=8E 729O7:V2 ?@8 :>>@48=0FVW 

;V30=4V2 4> <5B0;C. �8A=>2:8 I>4> :>>@48=0FVW ;V30=4V2 4> V>=V2 ;0=B0=>W4V2 C 

>45@60=8E :><?;5:A0E 1C;8 7@>1;5=V =0 >A=>2V ?>@V2=O==O WE �+ A?5:B@V2 7V A?5:B@0<8 

2V4?>2V4=8E ;V30=4V2 B0 WE =0B@Vє28E A>;59 (B01;. 3.1.1). �V4=5A5==O A<C3 ?@>2>48;8 =0 

>A=>2V @>1VB [50, 52, 174, 175, 176, 177, 178]. �;O 2AVE >45@60=8E A?>;C: A?>AB5@V30;8 

=87P:>G0AB>B=89 7AC2 A<C3 ?>3;8=0==O 20;5=B=8E :>;820=P :0@1>=V;P=>W 01> 

AC;PD>=V;P=>W, B0 D>AD>@8;P=>W 3@C? 2V4=>A=> A?5:B@V2 HL B0 NaL. �>:07>< B>3>, I> 

��( G8 %�( ;V30=48 <VABOBPAO C A:;04V A8=B57>20=8E :><?;5:AV2 A0<5 2 0F84>D>@<V, є 

2V4ACB=VABP A<C38 20;5=B=8E :>;820=P ¾(NH) 2 >1;0ABV 3000-3200 A<-1. �AC2 A<C38 

:>;820==O ¾(CN) C A?5:B@0E :><?;5:AV2 є 28A>:>G0AB>B=8< ?>@V2=O=> 7V A?5:B@0<8 

2V;P=8E ��( ;V30=4V2. �<VH0=5 20;5=B=5 :>;820==O ¾(PN) 4;O A>;V ;V30=4C HL1 B0 

:><?;5:AV2 ?@>O2;OєBPAO C :V;P:>E A<C30E, 7AC28 O:8E є O: 28A>:>-, B0: V 

=87P:>G0AB>B=8<8 2V4=>A=> A?5:B@C ;V30=4C. ' 28?04:C =0B@Vє2>W A>;V B0 :><?;5:AV2 

;V30=4V2 HL2 V HL3 7AC28 FP>3> :>;820==O 2V4=>A=> A?5:B@C ;V30=4C 287=0G5=> O: 

=87P:>G0AB>B=V. �AB>B=>W 7<V=8 ?>;>65==O A8<5B@8G=8E V 0A8<5B@8G=8E :>;820=P 

729O7:C C3Cl 4;O :><?;5:AV2 =0 >A=>2V HL1,2, ?>@V2=O=> 7 ;V30=4>< V 9>3> AV;;N, =5 

A?>AB5@V30єBPAO. 
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�0;5=B=V :>;820==O =VB@0B=>W 3@C?8 2 �+ A?5:B@0E :><?;5:AV2 [Ln(L2)2(NO3)(bpy)] 

V [La(L2)(NO3)2(bpy)2] ?@>O2;ONBPAO C 283;O4V V=B5=A82=8E A<C3 ?>3;8=0==O ¾(N=O) ?@8 

~1475 A<-1 V ¾as(NO2) ?@8 ~1300 A<-1, I> A2V4G8BP ?@> 1V45=B0B=C :>>@48=0FVN =VB@0B-V>=0 

[179]. &0:>6 C �+ A?5:B@0E 40=>3> B8?C :><?;5:AV2 A?>AB5@V30єBPAO <0;>V=B5=A82=0 

A<C30 ?>3;8=0==O ?@8 1384 A<-1, =0O2=VABP O:>W <>65 2:07C20B8 =0 ?@8ACB=VABP V>==>W 

D>@<8 =VB@0BC 2=0A;V4>: 70<VI5==O =VB@0BC 1@><V4>< 2 B01;5B:0E 7 KBr, I> @0=VH5 265 

A?>AB5@V30;>AO 4;O =VB@0B-2<VA=8E :><?;5:AV2 ;0=B0=>W4V2 =0 >A=>2V ��( ;V30=4V2 [46]. 

�V4ACB=VABP A<C38 ?@8 1384 A<-1 2 �+ A?5:B@0E 4>A;V465=8E :><?;5:AV2, 70?8A0=8E 4;O 

ACA?5=7V9 C =C9>;V ?V4B25@46Cє, I> 28BVA=5==O =VB@0B V>=C 7 :><?;5:AV2 2V41C20єBPAO 

A0<5 C B01;5B:0E 7 KBr. !0O2=VABP B5B@0D5=V;1>@0B-0=V>=C C A:;04V :0BV>==8E :><?;5:AV2 

<>6=0 287=0G8B8 70 A<C30<8 ?@8 1440, 765, 706, 612 A<-1. �8O2;5==O A<C3 ?>3;8=0==O, 

I> 2V4?>2V40NBP G0AB>B0< ¾(C=N) V ¾(C=C) C :>>@48=>20=8E <>;5:C;0E 2,2´-48?V@848;C 

CA:;04=5=5 WE=P>N =87P:>N V=B5=A82=VABN B0 ?5@5:@8BBO< 7V A<C30<8 D>AD>@8;P=>3> 

;V30=4C B0 B5B@0D5=V;1>@0B-0=V>=C. $O4 <0;>V=B5=A82=8E A<C3 C �+-A?5:B@0E :><?;5:AV2 

[Ln(L1,2)3(bpy)], [Ln(L1,2,3)2(bpy)2]BPh4, [Ln(L2)2(NO3)(bpy)] V [La(L2)(NO3)2(bpy)2] 1C;> 

2V4=5A5=> 4> :>;820=P 2,2′-48?V@848;C: 1575, 1492, 1475, 1435 V 739 A<-1. 

� �+ A?5:B@0E B5B@0:VA-HL1 :><?;5:AV2, >:@V< V=B5=A82=8E A<C3 ?>3;8=0==O ��( 

;V30=4V2, B0:>6 <>6=0 A?>AB5@V30B8 <5=H V=B5=A82=V A<C38 ?>3;8=0==O :0BV>=V2. %<C38 

?>3;8=0==O :0BV>=V2 NMe4+ 2 �+-A?5:B@0E NMe4[Ln(L1)4] A?>AB5@V30NBPAO ?@8 1487, 1414 

V 950 A<-1. %<C38 ?>3;8=0==O :0BV>=V2 NEt4+ 2 �+ A?5:B@0E NEt4[Ln(L1)4] A?>AB5@V30NBPAO 

?@8 1484 V 1396 A<-1. � �+ A?5:B@0E PPh4[Ln(L1)4] ?>3;8=0==O :0BV>=V2 PPh4+ 

A?>AB5@V30єBPAO ?@8 3064, 1484, 1441, 1110, 755, 690 V 528 A<-1.  
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&01;8FO 3.1.1. #>;>65==O >A=>2=8E A<C3 ?>3;8=0==O 2 �+ A?5:B@0E ;V30=4V2, WE 

=0B@Vє28E A>;59 B0 >45@60=8E :><?;5:AV2, A<-1 (40=V 4;O :><?;5:AV2 є CA5@54=5=8<8). 

�030;P=0 D>@<C;0 )28;P>25 G8A;>, A<-1 

 
¾(
CO
)*
¾(
CN
) 

0<
V4
 � 

¾(
$O
), 

¾(
$O
)*
¾(
PN
) 

¾(
CC
)*
¾(
CN
) 

¾(
PN
)*
¾(
PO
); 

¾(
PN
)*
¾(
CC
) 

¾ s
,a
s (
CC
l 3)

 

HL1 
1734 

vs 
1214 s, 1188 m 1268 vs 

1063 m, 

1028 vs, b 

676 s, 

781 w 

NaL1 
1625 

vs 
1198 s, 1187 s 1348 vs 

1068 vs, 

1040 vs 

684 s, 

787 m 

NMe4[Ln(L1)4] 
1618 

vs 

1187 m, 1163 s, 

1012 m 
1366 vs 

1057 vs, sh, 

1043 vs 

676 m, 781 

m 

NEt4[Ln(L1)4] 
1622 

vs 

1186 m, 1168 s, 

1013 m 
1368 vs 

1054 vs, sh, 

1044 vs 

674 m, 780 

m 

PPh4[Ln(L1)4] 
1618 

vs 

1188 m, 1160 s, 

1004 m 
1361 vs 

1058 s, 

1040 vs 

676 m, 788 

m 

[Ln(L1)3bpy] 
1612 

vs 

1187 m, 1157 s, 

1014 m 
1364 vs 

1063 s, 

1038 vs 

679 m, 784 

m 

[Ln(L1)2(bpy)2]BPh4 
1617 

vs 

1186 m, 1160 s, 

1144 s, 1014 s 
1375 vs 

1062 vs, sh, 

1044 vs 

679 m, 786 

m 

 ¾(CO) ¾($O) 0<V4 �� ¾(PN) ¾as,s(CCl3) 

HL2 
1725 

vs 
1238 vs 1480 1065 m 

676 s, 

791 s 

NaL2 
1628 

vs 
1131 s 1335 s 1058 m 

678 s, 

798 s 
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�030;P=0 D>@<C;0 )28;P>25 G8A;>, A<-1 

[Ln(L2)2(bpy)2]BPh4 
1612 

vs 
1100 s 

1355 s, 

sh 
1029 m, sh 

675 m, 793 

s 

[Ln(L2)2(NO3)(bpy)] 
1622 

vs 
1099 s 1359 s 1026 m, sh 

676 s, 

790 s 

[Ln(L2)3bpy] 
1611 

vs 
1106 s 1348 s 1026 m 

673 m, 793 

m 

[La(L2)(NO3)2(bpy)2] 
1614 

vs 
1104 s 1350 s 1027 m 

674 m, 794 

s 

 ¾s(SO) ¾as(SO) ¾($O) ¾(PN) 

HL3 
1176 

vs 
1333 s 1260 s 920 vs 

NaL3 1136 s 1266 s 1181 vs 832 s 

[Ln(L3)2(bpy)2]BPh4 1138 s 1266 s 1174 vs 841 s 

�;O 28EV4=8E @5G>28= V :><?;5:AV2 1C;8 B0:>6 70?8A0=V V=D@0G5@2>=V A?5:B@8 2 

40;5:V9 �+ >1;0ABV (50-600 A<-1) (@8A. 3.1.1-3.1.4). � =V9 A?>AB5@V30NBPAO A<C38 

?>3;8=0==O, ?>29O70=V 7 :>;820==O<8 729O7:V2 <5B0;-;V30=4, V=B5=A82=VABP V H8@8=0 O:8E 

7<V=NєBPAO ?@8 :><?;5:A>CB2>@5==V, 0 B0:>6 7 :>;820==O<8 π-E5;0B=>3> :V;PFO. 

�0;5=B=V :>;820==O 72'O7:C  4O V 45D>@<0FV9=V :>;820==O O O (´(O O) 3 :>;820==O 

A8AB5<8 O O <V6 @V7=8<8 :V;PFO<8 V ·(O O) 3 :>;820==O :CB0 O O 2A5@548=V 

E5;0B=>3> :V;PFO) BVA=> ?>29O70=V 7 45D>@<0FV9=8<8 :>;820==O<8 π-E5;0B=>3> :V;PFO 

(:>;820==O :V;PFO ¾(φn), 2=CB@VH=P>?;>I8==V 738=0==O ·(φn) V ?>70?;>I8==V 738=0==O 

Π(φn)), B><C A<C38 2 40;5:V9 �+ >1;0ABV G0AB> <0NBP 7<VH0=C ?@8@>4C, 0 B0:>6 <>6CBP 

1CB8 @>7I5?;5=V [174]. %<C38 :>;820=P ¾(MO) GCB;82V 4> 7<V=8 <5B0;C =02VBP 28I5 

400 A<-1. #>;>65==O A<C3 :>;820=P Ln-N, 73V4=> [180, 181], 2V4?>2V40є >1;0ABV 420-

470 A<-1 V 70;568BP 2V4 @04VCA0 ;0=B0=>W40. +5@57 WE =0:;040==O =0 A<C38 :>;820=P ¾(Ln3
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O), 2V4=5A5==O A<C3 :>;820=P Ln3N є CA:;04=5=8< [174]. ' A?5:B@0E CAVE 2,29-48?V@848;-

2<VA=8E :><?;5:AV2 ?@8ACB=V A<C38 :>;820==O ?@8 166 V 403&416 A<-1, O:V ?@>O2;ONBPAO 

V C A?5:B@V A0<>3> 2,29-48?V@848;C ?@8 165 V 400 A<-1 (@8A. 3.1.1, 3). !0B><VABP, C A?5:B@0E 

:0BV>==8E :><?;5:AV2 A<C38 ?>3;8=0==O 0=V>=C BPh4{ =5 A?>AB5@V30NBPAO. 

!0 @8A. 3.1.2 (0-ґ) =02545=> ?>@V2=O==O �+ A?5:B@V2 C 40;P=V9 >1;0ABV 4;O NaL1 B0 

:><?;5:AV2 A:;04C NMe4[Ln(L1)4], NEt4[Ln(L1)4], PPh4[Ln(L1)4], [Ln(L1)2(bpy)2]BPh4. 

�<VH0=V :>;820==O, 2 O:8E ?@8ACB=V9 2=5A>: 2V4 ¾(M-O), 1C;8 2V4=5A5=V 4> A<C3 ?@8 297-

308, 333-339, 365-370, 381-388, 533-550 A<-1. �5D>@<0FV9=V :>;820==O ´(O O) V ·(O O) 

7=0E>4OBPAO ?@8 1;87P:> 120-147, 198-202, 281-293 A<-1. �5D>@<0FV9=V :>;820==O π-

E5;0B=>3> :V;PFO ?@8ACB=V 2 A<C30E 297-308, 333-339, 365-370, 381-388, 452-461, 492-499, 

533-550 A<-1. &>@AV9=5 :>;820==O Ä(OPO2) ?@8ACB=є 2 A<C30E ?@8 145-166 V 239-244 A<-1, 

0 ·(OPO) 3 ?@8 196-202 A<-1. �;O :><?;5:AC PPh4[Ln(L1)4] є 4>40B:>20 A<C30 ?@8 535 A<-  1, 

>1C<>2;5=0 ?>3;8=0==O< :0BV>=C, I> ?V4B25@46CєBPAO 283;O4>< A?5:B@0 PPh4Br =0 @8A. 

3.1.2, 2. 

 

$8AC=>: 3.1.1. %?5:B@8 NMe4Cl (0) NEt4Cl (1), PPh4Br (2), 2,29-48?V@848;C (3), 

NaBPh4 (ґ) 2 40;5:V9 �+ >1;0ABV. 
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$8A. 3.1.3 45<>=AB@Cє V=D@0G5@2>=V A?5:B@8 ?@8 50-600 A<-1 4;O =0B@Vє2>W A>;V NaL2 

(0) B0 :><?;5:AV2 [Ln(L2)2(bpy)2]BPh4 (1), [Ln(L2)2(NO3)(bpy)] (2). �> :>;820=P V7 2=5A:>< 

2V4 ¾(M-O) 1C;> 2V4=5A5=> A<C38 2 4V0?07>=V 313-365, 386-390, 540-550 A<-1. %<C38 

:>;820=P V7 A:;04>2>N 45D>@<0FV9=8E ´(O O) V ·(O O) 7=0E>4OBPAO 2 >1;0ABOE 

1;87P:> 120-145, 205-211, 283-285 A<-1. �5D>@<0FV9=V :>;820==O π-E5;0B=>3> :V;PFO 

=0O2=V 2 A<C30E ?@8 313-365, 386-390 (=5 ?@>O2;5=0 4;O NaL2), 453-456, 500, 540-550 A<-

1. %<C38, CB2>@5=V 70 CG0ABN :>;820=P Ä(OPO2) V ·(OPO), <0NBP ?>;>65==O 145-166, 205-

211 V 241 A<-1. #>@V2=O=> 7V A?5:B@0<8 :><?;5:AV2 =0 >A=>2V HL1 (@8A. 3.1.2, 1-ґ), C 

A?5:B@0E :><?;5:AV2 7 ;V30=4>< HL2 (@8A. 3.1.3 1, 2) =0O2=V 45O:V 4>40B:>2V A<C38 

?>3;8=0==O: ?@8 185 A<-1 4;O [Ln(L2)2(NO3)(bpy)] V ?@8 415, 479-486, 517-523 A<-1 4;O 

>1>E :><?;5:AV2 =0 >A=>2V HL2. �;O :><?;5:AC [Ln(L2)2(NO3)(bpy)] 1V;PH0 :V;P:VABP A<C3 

A?>AB5@V30єBPAO B><C, I> =0O2=V 4>40B:>2V Ln3O B0 O3Ln3O :>;820==O 70 CG0ABN 0B><V2 

>:A835=C =VB@0B-0=V>=C.  

 

$8AC=>: 3.1.2. %?5:B@8 NaL1 (0) B0 :><?;5:AV2 ;0=B0=>W4V2 NMe4[La(L1)4] (1), 

NEt4[Dy(L1)4] (2), PPh4[Dy(L1)4] (3), [Tb(L1)2(bpy)2]BPh4 (ґ) 2 40;5:V9 �+ >1;0ABV. 
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%?5:B@8 2 40;P=V9 �+ >1;0ABV =0B@Vє2>W A>;V NaL3 B0 :><?;5:AC [Ln(L3)2(bpy)2]BPh4 

?>:070=> =0 @8A. 3.1.4. ' A?5:B@0E =0O2=V A<C38 :>;820=P V7 2=5A:>< ¾(M-O) ?@8 307-311, 

326, 346-350, 375, 544-559 A<-1. %<C38 45D>@<0FV9=8E :>;820=P ́ (O O) V ·(O O) <0NBP 

?>;>65==O 1;87P:> 120-145, 186-190 V 281 A<-1. #>;>65==O A<C3 70 CG0ABN 

45D>@<0FV9=8E :>;820=P π-E5;0B=>3> :V;PFO: 307-311, 326, 346-350, 375, 544-559 A<-1. 

�5D>@<0FV9=V :>;820==O Ä(OPO2) V ·(OPO) 15@CBP CG0ABP 2 CB2>@5==V A<C3 ?@8 150-165, 

186-190 V 243-245 A<-1. 

 

$8AC=>: 3.1.3. %?5:B@8 NaL2 (0) B0 :><?;5:AV2 ;0=B0=>W4V2 [Nd(L2)2(bpy)2]BPh4 

(1), [Gd(L2)2(NO3)(bpy)] (2) 2 40;5:V9 �+ >1;0ABV. 
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%?5:B@8 ?@>B>==>3> <03=VB=>3> @57>=0=AC (# $) :><?;5:AV2 4V0<03=VB=8E $�� 3 

Y, La V Lu 2 @>7G8=V DMSO-d6 1C;> ?>@V2=O=> 7V A?5:B@0<8 2V4?>2V4=8E ;V30=4V2 B0 WE 

=0B@Vє28E A>;59 (B01;. 3.1.2-3.1.4) 4;O V45=B8DV:0FVW A:;04C :><?;5:A=8E A?>;C:. ' 

A?5:B@0E # $ :><?;5:AV2 A?V22V4=>H5==O V=B53@0;P=8E V=B5=A82=>AB59 A83=0;V2 

2V4?>2V40є WE FV;P>2><C EV<VG=><C A:;04C. 

/: ?@8 45?@>B>=C20==V ;V30=4V2, B0: V ?@8 CB2>@5==V :><?;5:AV2, A?>AB5@V30єBPAO 

7AC2 4C1;5BC <5B>:A83@C? 48<5B8;-N-B@8E;>@0F5B8;0<V4>D>AD0BC HL1 V 

48<5B8;(D5=V;AC;PD>=V;)0<V4>D>AD0BC HL3 C A8;P=5 ?>;5 2V4=>A=> # $ A?5:B@V2 HL1 

B0 HL3, 2V4?>2V4=>. �=0;>3VG=V 7AC28 A83=0;V2 15=7>;P=>3> :V;PFO A?>AB5@V30NBPAO C 

# $ A?5:B@0E :><?;5:A=8E A?>;C: 7 ;V30=4>< HL3 (B01;. 3.1.4). %83=0;8 5B8;P=8E 3@C? 

C A?5:B@0E :><?;5:AV2 =0 >A=>2V 1VA- N,N,N9,N9 B5B@05B8;-N=-

(B@8E;>@0F5B8;)D>AD>@B@80<V4C HL2 7AC=CBV C 1V: A8;P=>3> ?>;O 2V4=>A=> 2V4?>2V4=8E 

A83=0;V2 C A?5:B@V ;V30=4C (B01;. 3.1.3). �V4ACB=VABP C A?5:B@0E # $ :><?;5:AV2 A83=0;C 

 

$8AC=>: 3.1.4. %?5:B@8 NaL3 (a) B0 :><?;5:AC [Eu(L3)2(bpy)2]BPh4 (1) 2 

40;5:V9 �+ >1;0ABV. 
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?@>B>=0 0<V4=>W 3@C?8 A2V4G8BP ?@> :>>@48=0FVN ;V30=4C A0<5 2 45?@>B>=>20=V9 D>@<V, 

I> C73>46CєBPAO 7 @57C;PB0B0<8 4>A;V465==O <5B>4>< �+-A?5:B@>A:>?VW. 

%?5:B@8 # $ :><?;5:AV2 PPh4[Y(L1)4], PPh4[La(L1)4] V [La(L2)3bpy] 2V4?>2V40NBP 

>?C1;V:>20=8< @0=VH5 [163, 38]. 

 

&01;8FO 3.1.2. )V<VG=V 7AC28 2 A?5:B@0E 1! / $ 48<5B8;-N-

B@8E;>@0F5B8;0<V4>D>AD0BC HL1, 9>3> =0B@Vє2>W A>;V B0 :><?;5:AV2 =0 9>3> >A=>2V (<.G.). 

%?>;C:0  [L1]{ #>70AD5@=89 V>= 01> 2,2´-48?V@848; 

·(NH) ·(OCH3) 

HL1 9.28 (4 

(CH8@.), 1!) 

4, 3.9 (4, 6!) - 

NaL1 - 3.5 (4 

(CH8@.), 6!) 

- 

NMe4[Y(L1)4] - 3.54, 3.51 (4, 

24!) 

3.07 (A, 12!, NMe4+) 

NMe4[La(L1)4] - 3.61, 3.59 (4, 

24!) 

3.11 (A, 12!, NMe4+) 

NMe4[Lu(L1)4] - 3.53, 3.56 (4, 

24!) 

3.08 (A, 12!, NMe4+) 

NEt4[Y(L1)4] - 3.56, 3.53 (4, 

24!) 

3.21, 3.19, 3.18, 3.16 (:, 8!, NEt4+); 

1.15, 1.14, 1.12 (B, 12!, NEt4+) 

NEt4[La(L1)4] - 3.62, 3.59 (4, 

24!) 

3.21, 3.19, 3.17, 3.15 (:, 8!, NEt4+); 

1.15, 1.14, 1.12 (B, 12!, NEt4+) 

NEt4[Lu(L1)4] - 3.53, 3.55 (4, 

24!) 

3.22, 3.20, 3.18, 3.17 (:, 8!, NEt4+); 

1.16, 1.15, 1.13 (B, 12!, NEt4+) 

PPh4[Lu(L1)4] - 3.57, 3.55 (4, 

24!) 

7.99, 7.97, 7.95 (B, 4!´, PPh4+), 7.8 (<, 

8!, PPh4+), 7.74 (<, 8!, PPh4+) 
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%?>;C:0  [L1]{ #>70AD5@=89 V>= 01> 2,2´-48?V@848; 

·(NH) ·(OCH3) 

[Y(L1)2(bpy)2]BPh4 - 3.61, 3.59 (4, 

12!) 

8.7 (<, 4!³, bpy), 8.4, 8.39 (4, 4!·, bpy), 

7.96 (<, 4!³, bpy), 7.47 (<, 4!´, bpy); 

7.18 (4 (CH8@.), 8!³, BPh4{), 6.93 (B, 

8!³, BPh4{), 6.79 (B, 4!´, BPh4{). 

[La(L1)2(bpy)2]BPh4 - 3.58, 3.55 (4, 

12!) 

8.7 (<, 4!³, bpy), 8.38, 8.36 (4, 4!·, 

bpy), 7.93 (<, 4!³, bpy), 7.43 (<, 4!´, 

bpy); 

7.15 (4 (CH8@.), 8!³, BPh4{), 6.89 (B, 

8!³, BPh4{), 6.77 (B, 4!´, BPh4{). 

[Lu(L1)2(bpy)2]BPh4 - 3.62, 3.6 (4, 

12!) 

8.7 (<, 4!³, bpy), 8.4 (<, 4!·, bpy), 7.96 

(<, 4!³, bpy), 7.46 (<, 4!´, bpy); 

7.18 (4 (CH8@.), 8!³, BPh4{), 6.92 (B, 

8!³, BPh4{), 6.79 (B, 4!´, BPh4{). 

 

&01;8FO 3.1.3. )V<VG=V 7AC28 2 A?5:B@0E 1! / $ 1VA- N,N,N9,N9 B5B@05B8;-N=-

(B@8E;>@0F5B8;)D>AD>@B@80<V4C HL2, 9>3> =0B@Vє2>W A>;V B0 :><?;5:AV2 =0 9>3> >A=>2V 

(<.G.). 

%?>;C:0  [L2]{ 2,2´-48?V@848; 01> 

B5B@0D5=V;1>@0B-0=V>= ·(NH) ·(CH) ·(CH3) 

HL2 7.36 (4 

(CH8@.), 

1!) 

3.02 (<, 

8!) 

1.03 (<, 

12!) 

- 

NaL2 - 2.95 (<, 

8!) 

1.0 (<, 

12!) 

- 
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%?>;C:0  [L2]{ 2,2´-48?V@848; 01> 

B5B@0D5=V;1>@0B-0=V>= ·(NH) ·(CH) ·(CH3) 

[Y(L2)2(bpy)2]BPh4  3.05, 

2.93 (4, 

8!) 

1.04, 

1.02, 1.01 

(B, 24!) 

8.68, 8.67 (4, 4!³, bpy), 8.39, 

8.37 (4, 4!·, bpy), 7.96, 7.94, 

7.92 (B, 2!³, bpy), 7.46, 7.44, 7.43 

(B, 2!´, bpy); 

7.16 (4 (CH8@.), 8!³, BPh4{), 

6.92, 6.91, 6.89 (B, 8!³, BPh4{), 

6.79, 6.77, 6.76 (B, 4!´, BPh4{) 

[Y(L2)2(NO3)(bpy)] - 2.93 (<, 

16!) 

0.9 (<, 

24!) 

8.66 (4 (CH8@.), 2!³), 8.37, 8.35 

(4, 2!·), 7.94, 7.92, 7.9 (B, 2!³), 

7.44, 7.43, 7.41 (B, 2!´) 

[La(L2)(NO3)2(bpy)2] - 2.94 (<, 
8!) 

1.02 (<, 
12!) 

8.67, 8.66 (4, 4!³), 8.38, 8.36 (4, 
4!·), 7.92 (<, 4!³), 7.43 (<, 4!´) 

[Lu(L2)2(NO3)(bpy)] - 2.99 (<, 

16!) 

1.02 (<, 

24!) 

8.68 (4 (CH8@., 2!³), 8.39, 8.37 

(4, 2!·), 7.94 (B, 2!³), 7.45 (B, 

2!´) 

 

&01;8FO 3.1.4. )V<VG=V 7AC28 2 A?5:B@0E 1! / $ 

48<5B8;(D5=V;AC;PD>=V;)0<V4>D>AD0BC HL3, 9>3> =0B@Vє2>W A>;V B0 :><?;5:AV2 =0 9>3> 

>A=>2V (<.G.). 

%?>;C:0  [L3]{ 2,2´-48?V@848; 01> 

B5B@0D5=V;1>@0B-0=V>= ·(NH) ·(CH) ·(OCH3) 

HL3 'H8@. 7.91 (<, 2H³), 

7.65 (<, 1H´), 

7.58 (<, 2H³) 

3.57 (4 

(CH8@.), 

6!) 

- 
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%?>;C:0  [L3]{ 2,2´-48?V@848; 01> 

B5B@0D5=V;1>@0B-0=V>= ·(NH) ·(CH) ·(OCH3) 

NaL3 - 7.77 (<, 2!³), 

7.38 (<, 

2H³+1H´) 

3.34, 3.37 

(4, 6!) 

- 

[Y(L3)2(bpy)2]BPh4 - 7.79 (<, 4!³), 

7.43 (<, 

2H³+1H´) 

3.45, 3.42 

(4, 12!) 

8.67 (4 (CH8@.), 4!³, bpy), 

8.38, 8.36 (4, 4!·, bpy), 7.94, 

7.92, 7.90 (B, 4!³, bpy), 7.43 

(<, 4!´, bpy); 

7.16 (4 (CH8@.), 8!³, BPh4{), 

6.91 (B, 8!³, BPh4{), 6.77 (B, 

4!´, BPh4{) 

[La(L3)2(bpy)2]BPh4 - 7.81 (<, 4!³), 

7.43 (<, 

2H³+1H´) 

3.43, 3.41 

(4, 12!) 

8.67 (4 (CH8@.), 4!³, bpy), 

8.39, 8.37 (4, 4!·, bpy), 7.92 

(<, 4!³, bpy), 7.43 (<, 4!´, 

bpy); 

7.16 (4 (CH8@.), 8!³, BPh4{), 

6.92, 6.9, 6.88 (B, 8!³, BPh4{), 

6.79, 6.77, 6.76 (B, 4!´, BPh4{) 

[Lu(L3)2(bpy)2]BPh4 - 7.77 (<, 4!³), 

7.42 (<, 

2H³+1H´) 

3.48 (4 

(CH8@.), 

12!) 

8.66 (4 (CH8@.), 4!³, bpy), 

8.37, 8.35 (4, 4!·, bpy), 7.93, 

7.92, 7.9 (B, 4!³, bpy), 7.43 (<, 

4!´, bpy); 

7.17 (4 (CH8@.), 8!³, BPh4{), 

6.92, 6.90, 6.89 (B, 8!³, 

BPh4{), 6.78, 6.77, 6.75 (B, 4!´, 

BPh4{). 
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3.2. $5=B35=>AB@C:BC@=V 4>A;V465==O A8=B57>20=8E :><?;5:AV2 =0 >A=>2V ��( V %�( 

;V30=4V2 

 >=>:@8AB0;8 :><?;5:AV2, ?@840B=V 4;O 4>A;V465==O <5B>4>< 

@5=B35=>AB@C:BC@=>3> 0=0;V7C, 1C;8 >B@8<0=V ?@8 ?>2V;P=><C 28?0@>2C20==V @>7G8=V2 

:><?;5:A=8E A?>;C: C 0F5B>=V 01> AC<VHV @>7G8==8:V2 0F5B>=C B0 V7>?@>?0=>;C. � 

4>40B:C 2 ?>40=V :@8AB0;>3@0DVG=V 40=V 4;O :><?;5:AV2, 4>A;V465=8E <5B>4>< $%B�. 

�=0;V7 :>>@48=0FV9=>W 35><5B@VW 9>=V2 ;0=B0=>W4V2 C :><?;5:A0E =0 >A=>2V :0@10F8;- V 

AC;PD>=V;0<V4>D>AD0BV2, 7@>1;5=89 70 4>?><>3>N ?@>3@0<=>3> 70157?5G5==O SHAPE 

2.1 [182], ?>:070=> 2 4>40B:C 3. �=0G5==O 4>268= 45O:8E 729O7:V2 ?@82545=V 2 4>40B:C 4. 

#5@5;V: 2>4=528E 72'O7:V2 ?@54AB02;5=89 2 4>40B:C 5. �7>AB@C:BC@=VABP :><?;5:AV2 C 

<560E @O4V2 ?5@52V@O;0AP 70 4>?><>3>N 0=0;V7C @5=B35=>3@0< WE ?>@>H:V2 (4>40B>: 6). 

 

3.2.1. �C4>20 B5B@0:VA-:><?;5:AV2 NMe4[Ln(L1)4] 

 >=>:@8AB0;8 B5B@0:VA-:><?;5:AV2 NMe4[Ln(L1)4] (Ln = La, Eu, Dy) =0 >A=>2V 

48<5B8;-N-B@8E;>@0F5B8;0<V4>D>AD0BC, ?@840B=V 4;O 4>A;V465==O <5B>4>< $%B�, 1C;> 

>B@8<0=> 7 @>7G8=V2 :><?;5:AV2 C AC<VHV @>7G8==8:V2 0F5B>=C B0 V7>?@>?0=>;C ?@8 

?>2V;P=><C WE 28?0@>2C20==V. �><?;5:A8 ;0=B0=C V є2@>?VN є V7>AB@C:BC@=8<8 B0 

:@8AB0;V7CNBPAO 2 <>=>:;V==V9 A8=3>=VW (?@>AB>@>20 3@C?0 P2/n) (4>40B>: 2) 7 42><0 

<>;5:C;0<8 2 5;5<5=B0@=V9 :><V@FV. �><?;5:A 48A?@>7VN, =0 2V4<V=C 2V4 @5HB8 >?8A0=8E 

2 40=V9 @>1>BV AB@C:BC@ B5B@0:VA-:><?;5:AV2, <0є B@8:;V==C A8=3>=VN V ?@>AB>@>2C 3@C?C 

P1.�  %?>;C:8 <0NBP 9>==C 1C4>2C. �=V>= A:;040єBPAO 7 :><?;5:A=>W G0AB>G:8 [Ln(L1)4]{, 
:0BV>=>< є B5B@0<5B8;0<>=V9 (NMe4+). �0BV>=8 V 0=V>=8 2 :><?;5:A0E ;0=B0=C V є2@>?VN 

<0NBP A8<5B@VN C2, 7 0B><0<8 ;0=B0=>W4C V =VB@>35=C B5B@0<5B8;0<>=Vє2>3> :0BV>=0, 

@>7B0H>20=8<8 =0 >AV 4@C3>3> ?>@O4:C. �>>@48=0FV9=V ?>;V54@8 9>=V2 ;0=B0=>W4V2 

28@0EC20;8 70 4>?><>3>N ?@>3@0<=>3> 70157?5G5==O SHAPE 2.1. �><?;5:A0< 2V4?>2V40є 

B@8:CB=89 4>45:054@ (D2d) (4>40B>: 3). �C4>2C :><?;5:AV2 ;0=B0=C V 48A?@>7VN B0 D>@<8 



79 
 

:>>@48=0FV9=8E ?>;V54@V2 F5=B@0;P=8E 9>=V2 7>1@065=> =0 @8A. 3.2.1.1, 3.2.1.2. ��( 

;V30=4 :>>@48=>20=89 4> V>=V2 ;0=B0=>W4V2 C 1V45=B0B=89 E5;0BCNG89 A?>AV1 G5@57 0B><8 

>:A835=C :0@1>=V;P=>W B0 D>AD>@8;P=>W 3@C? 7 CB2>@5==O< H5AB8G;5==>3> <5B0;>F8:;C. 

�0=89 A?>AV1 :>>@48=0FVW є E0@0:B5@=8< 4;O ��(-;V30=4V2 [38].  

 

$8AC=>: 3.2.1.1. �C4>20 :><?;5:AC NMe4[La(L1)4] B0 ?>;V54@ F5=B@0;P=>3> V>=C 

(0B><8 3V4@>35=C =5 ?>:070=V). 

 

$8AC=>: 3.2.1.2. �C4>20 :><?;5:AC NMe4[Dy(L1)4] B0 ?>;V54@ F5=B@0;P=>3> V>=C 

(0B><8 3V4@>35=C =5 ?>:070=V). 
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�=0G5==O 281@0=8E 4>268= 729O7:V2 B0 :CBV2 =02545=V C 4>40B:C 4. �29O7:8 Ln4O C 

:><?;5:A0E NMe4[Ln(L1)4] =55:2V20;5=B=V, Ln4O(P) :>@>BHV 70 Ln4O(%). *5 

E0@0:B5@=> 4;O :><?;5:AV2 ;0=B0=>W4V2 =0 >A=>2V ��(-;V30=4V2 V ?>OA=NєBPAO 1V;PH>N 

A?>@V4=5=VABN D>AD>@8;P=>W 3@C?8 4> <5B0;V2 ?>@V2=O=> 7 :0@1>=V;P=>N 3@C?>N [149]. 

%5@54=O 4>268=0 729O7:C La4O AB0=>28BP 2.494 Å, Eu4O 3 2.404 Å, Dy4O 3 2.368 Å. 

$V7=8FO 2V4AB0=59 Ln4O 2 @O4C La 3 Eu 3 Dy >1C<>2;5=0 =55:2V20;5=B=8<8 @04VCA0<8 

;0=B0=>W4V2. %5@54=V 7=0G5==O 4>268= 72'O7:V2 Ln4O(P) V Ln4O(C) A:;040NBP, 

2V4?>2V4=>: 2.439 V 2.550 Å 4;O ;0=B0=C; 2.333 V 2.476 Å 4;O є2@>?VN; 2.289 V 2.446 Å 4;O 

48A?@>7VN. 

 �=0A;V4>: 45?@>B>=C20==O B0 :>>@48=0FVW ;V30=4V2 ?>A8;NєBPAO π-:>='N30FVO C WE 

E5;0B=><C D@03<5=BV B0 7<V=NNBPAO 4>268=8 72'O7:V2. %5@54=V 7=0G5==O 4>268= 729O7:V2 

P=O B0 C=O 2 :><?;5:A0E NMe4[Ln(L1)4] 7@>AB0NBP, 0 729O7:V2 P4N B0 C4N 3 

7<5=HCNBPAO, ?>@V2=O=> 7 2V;P=8< ;V30=4><, I> B0:>6 є B8?>28< 4;O ��(-;V30=4V2 ?@8 

WE :>>@48=0FVW C 1V45=B0B=89 E5;0BCNG89 A?>AV1 [149]. �>268=8 729O7:V2 C4O B0 P4O 

<0NBP A5@54=V 7=0G5==O 1.233 V 1.476 Å 4;O :><?;5:AC ;0=B0=C, 1.232 V 1.490 Å 4;O 

:><?;5:AC є2@>?VN, 1.236 V 1.484 Å 4;O :><?;5:AC 48A?@>7VN. �>268=8 729O7:V2 

:0@1>=V;P=>W B0 D>AD>@8;P=>W 3@C? C =59B@0;P=><C ;V30=4V HL1 :>@>BHV V AB0=>2;OBP 

1.202 (2) V 1.459 (2) Å, 2V4?>2V4=> [55]. �29O7:8 C4N V P4N :><?;5:AC ;0=B0=C <0NBP 

A5@54=V 7=0G5==O 4>268= 1.292 V 1.600 Å, 2V4?>2V4=>, :><?;5:AC є2@>?VN 3 1.312 V 1.598 

Å, :><?;5:AC 48A?@>7VN 3 1.300 V 1.603 Å. ' 2V;P=><C ;V30=4V 4>268=0 729O7:C C3N 

1V;PH0 V AB0=>28BP 1.347 (2) Å, 729O7:C P3N 3 1.676 (1) Å. �CB8 O4Ln4O ;560BP C 

<560E, I> є E0@0:B5@=8<8 4;O :><?;5:AV2 ;0=B0=>W4V2 7 >:A835=-4>=>@=8<8 ;V30=40<8 

³-48:5B>=0B=>3> B8?C: 70.98 (11) - 75.9 (3)º [183, 184]. �V4E8;5==O 0B><V2 <5B0;>F8:;C 

2V4 ?@>2545=>W G5@57 =8E A5@54=P>:204@0B8G=>W ?;>I8=8 %�# =5 ?5@528ICNBP 7=0G5==O 

0.1331 Å (0B>< N1 C NMe4[La(L1)4]), 0.0987 Å (0B>< N2 C NMe4[Eu(L1)4]), 0.1525 Å (0B>< 

O5 C NMe4[Dy(L1)4]), 0 <0:A8<0;P=V 2V4E8;5==O V>=V2 ;0=B0=>W4V2 2V4 ?;>I8=8, 
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?@>2545=>W G5@57 @5HBC ?9OBP 0B><V2 H5AB8G;5==>3> F8:;C, 7=0E>4OBPAO 2 4V0?07>=V 

0.106330.2525 Å. 

' :@8AB0;VG=V9 AB@C:BC@V NMe4[Ln(L1)4] 2V4ACB=V :;0A8G=V 2>4=52V 72'O7:8, E>G0 

:><?;5:A8 ?>2'O70=V G5@57 G8A;5==V A;01:V <V6<>;5:C;O@=V 270є<>4VW C4H∙∙∙O V Cl∙∙∙Cl 

(4>40B>: 5). �@C?8 %%l3, PO, CO V OCH3 ;V30=4V2 15@CBP CG0ABP C 270є<>4VW 7 0B><0<8 

3V4@>35=C :0BV>=0 B5B@0<5B8;0<>=VN. ' :@8AB0;VG=V9 D07V :><?;5:A8 NMe4[Eu(L1)4] 

79є4=0=V <V6 A>1>N <V6<>;5:C;O@=8<8 270є<>4VO<8 C3H∙∙∙Cl, Cl∙∙∙Cl, C3H∙∙∙O V 

CB2>@NNBP B@828<V@=C AVB:C <>;5:C;. �0BV>= NMe4+ AB2>@Nє :>=B0:B8 C-H∙∙∙O 7 0B><0<8 

>:A835=C 2AVE G>B8@P>E D>AD>@8;P=8E 3@C? ��(-;V30=4C. �V4AB0=P H∙∙∙O 7=0E>48BPAO 2 

4V0?07>=V 2.320-2.336 Å. ' :><?;5:A0E La V Eu ?@8ACB=V B0:>6 729O7:8 C-H∙∙∙O(CH3) 70 

CG0ABV 0B><V2 3V4@>35=C :0BV>=C V 0B><V2 >:A835=C <5B>:A83@C?. ' :><?;5:AV 48A?@>7VN, 

=0 2V4<V=C 2V4 :><?;5:AV2 La(���) V Eu(���), :0BV>= NMe4+ =5 CB2>@Nє 729O7:V2 7 

<5B>:A83@C?0<8 ;V30=4V2, 0;5 CB2>@Nє 72'O7>: 7 0B><>< Cl V 7 0B><>< >:A835=C >4=VєW 

:0@1>=V;P=>W 3@C?8. &0:8< G8=><, :0BV>= NMe4+ C :><?;5:A0E La(���) V Eu(���) 270є<>4Vє 

V7 G>B8@<0 ;V30=40<8 42>E :><?;5:A=8E G0AB>G>:, 0 C :><?;5:AV Dy(III) 3 V7 HVABP<0 ��( 

;V30=40<8 42>E :><?;5:A=8E G0AB>G>:. �><?;5:A=V 0=V>=8 ?>29O70=V <V6 A>1>N 7024O:8 

729O7:0< C3H∙∙∙Cl, C3H∙∙∙O, Cl∙∙∙O V C∙∙∙O.  

 

3.2.2. �C4>20 B5B@0:VA-:><?;5:AV2 NEt4[Ln(L1)4] 

&5B@0:VA-:><?;5:A8 NEt4[Nd(L1)4], NEt4[Eu(L1)4] V NEt4[Dy(L1)4] V7>AB@C:BC@=V B0 

:@8AB0;V7CNBPAO 2 <>=>:;V==V9 :@8AB0;VG=V9 A8AB5<V, ?@>AB>@>2V9 3@C?V P21/c. ' 

:@8AB0;>3@0DVG=8E 5;5<5=B0@=8E :><V@:0E 28O2;5=> G>B8@8 :><?;5:A8 NEt4[Ln(L1)4] 

(4>40B>: 2). �C4>20 :><?;5:A=8E 0=V>=V2 C A?>;C:0E NEt4[Ln(L1)4] ?>4V1=0 4> B0:>W C 

:><?;5:A0E 7 B5B@0<5B8;0<>=V9 :0BV>=><. #@>B5, :><?;5:A8 NEt4[Ln(L1)4] =5 A8<5B@8G=V. 

�5?@>B>=>20=V ��( ;V30=48 :>>@48=CNBPAO 4> V>=V2 ;0=B0=>W4V2 1V45=B0B=>-E5;0B=8< 

A?>A>1>< G5@57 0B><8 >:A835=C D>AD>@8;P=8E V :0@1>=V;P=8E 3@C? 7 CB2>@5==O< 

H5AB8G;5==8E <5B0;>F8:;V2. /: V 2 :><?;5:A0E 7 B5B@0<5B8;-0=V>=><, C A?>;C:0E 
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NEt4[Ln(L1)4] A5@54=V 2V4AB0=V Ln3O(P) :>@>BHV, =V6 Ln4O(C), I> ?>OA=NєBPAO 1V;PH>N 

A?>@V4=5=VABN D>AD>@8;P=>W 3@C?8 4> 9>=V2 ;0=B0=>W4V2. #>@V2=O=> 7 ;V30=4><, A5@54=V 

4>268=8 729O7:V2 P=O V C=O C :><?;5:A0E 1V;PHV, 0 P4N V C4N 3 :>@>BHV. %5@54=V 

4>268=8 729O7:V2 Ln4O AB0=>2;OBP 2.437 Å C :><?;5:AV NEt4[Nd(L1)4], 2.403 Å C 

NEt4[Eu(L1)4] V 2.368 Å C NEt4[Dy(L1)4] (4>40B>: 4). %5@54=V 7=0G5==O 2V4AB0=59 Ln4O(P) 

V Ln4O(C) AB0=>2;OBP, 2V4?>2V4=>, 2.383 V 2.492 Å 4;O :><?;5:AC =5>48<C, 2.340 V 2.466 

Å 4;O :><?;5:AC є2@>?VN B0 2.301 V 2.443 Å 4;O :><?;5:AC 48A?@>7VN. #>@V2=O=> 7 

;V30=4><, A5@54=V 4>268=8 729O7:V2 P=O V C=O C :><?;5:A0E 1V;PHV, 0 P4N V C4N 3 

:>@>BHV. �=0G5==O :CBV2 O4Ln4O AB0=>2;OBP 2V4 72.60 (3) 4> 78.23 (5). �>>@48=0FV9=V 

?>;V54@8 287=0G5=V O: B@8:CB=V 4>45:054@8 (D2d) (4>40B>: 3). 

 �C4>2C :><?;5:AV2 NEt4[Ln(L1)4] B0 D>@<C :>>@48=0FV9=8E ?>;V54@V2 F5=B@0;P=8E 

9>=V2 =0 ?@8:;04V :><?;5:AC =5>48<C ?>:070=> =0 @8A. 3.2.2.1.  0:A8<0;P=0 25;8G8=0 

2V4E8;5==O 0B><V2 E5;0B=>3> 6-G;5==>3> <5B0;>F8:;C 2V4 %�# 4;O :><?;5:AC =5>48<C 

AB0=>28BP 0.3227 Å (0B>< O3), 4;O :><?;5:AC є2@>?VN 3 0.2466 Å (O13), 4;O :><?;5:AC 

48A?@>7VN 3 0.1920 Å (N31). !091V;PHV 2V4E8;5==O V>=V2 ;0=B0=>W4V2 2V4 ?;>I8=8, 

 

$8AC=>: 3.2.2.1. �C4>20 :><?;5:AC NEt4[Nd(L1)4] B0 ?>;V54@ F5=B@0;P=>3> V>=C 

(0B><8 3V4@>35=C =5 ?>:070=V). 
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?@>2545=>W G5@57 @5HBC 0B><V2 H5AB8G;5==>3> F8:;C, ;560BP 2 <560E 0.3070-0.4942 Å. 

�>=D>@<0FVW <5B0;>F8:;V2 2V4?>2V40NBP D>@<V «:@VA;>». 

' :@8AB0;VG=V9 D07V :><?;5:A8 NEt4[Ln(L1)4] 79є4=0=V <V6 A>1>N 

<V6<>;5:C;O@=8<8 270є<>4VO<8 C4H∙∙∙Cl, Cl∙∙∙Cl, C4H∙∙∙O V C∙∙∙Cl. �0BV>=8 B0 0=V>=8 2 

:><?;5:A0E =5>48<C V є2@>?VN ?>є4=0=V 270є<>4VO<8 C4H∙∙∙O 70 CG0ABN D>AD>@8;P=8E 

V <5B>:A83@C? ;V30=4V2. ' 28?04:C �% 48A?@>7VN, =0O2=V :>=B0:B8 H∙∙∙Cl V H∙∙∙O(PO), 

H∙∙∙O(CH3), ?>4V1=> 4> :><?;5:AC 7 B5B@0<5B8;0<>=V9-:0BV>=><, 0 B0:>6 C∙∙∙Cl. !0 

2V4<V=C 2V4 NMe4[Ln(L1)4], :0BV>= B5B@05B8;0<>=V9 C :><?;5:A0E NEt4[Ln(L1)4] CB2>@Nє 

:>=B0:B8 C4H∙∙∙O 7 0B><0<8 >:A835=C D>AD>@8;P=8E 3@C? ;8H5 42>E ��( ;V30=4V2 

(4>40B>: 5). !0 2V4<V=C 2V4 NMe4+, :0BV>= NEt4+ =5 ;568BP =0 >4=V9 ?@O<V9 7 V>=0<8 

;0=B0=>W4V2, CB2>@NNG8 783703>?>4V1=89 ;0=FN3 :0BV>=V2 V 0=V>=V2, I> G5@3CNBPAO. � 

<560E ;0=FN3V2, CB2>@5=8E :0BV>=>< V 0=V>=><, 2V4AB0=P Eu&Eu 2 NEt4[Eu(L1)4] 45I> 

1V;PH0, ?>@V2=O=> 7 NMe4[Eu(L1)4] 3 10.75 B0 10.21 Å, 2V4?>2V4=>.  

 

3.2.3. �C4>20 B5B@0:VA-:><?;5:AV2 PPh4[Ln(L1)4] 

�><?;5:A8 PPh4[Ln(L1)4] (Ln = Gd, Dy, Lu) V7>AB@C:BC@=V <V6 A>1>N B0 

:@8AB0;V7CNBPAO 2 <>=>:;V==V9 :@8AB0;VG=V9 A8AB5<V 2 ?@>AB>@>2V9 3@C?V P21/c 7 G>B8@<0 

<>;5:C;0<8 2 5;5<5=B0@=V9 :><V@FV (4>40B>: 2). �C4>20 :><?;5:AC PPh4[Lu(L1)4] B0 

:>>@48=0FV9=89 ?>;V54@ F5=B@0;P=>3> 9>=0 ?>:070=V =0 @8A. 3.2.3.1. �><?;5:A8 

A:;040NBPAO 7 0=V>=C [Ln(L1)4]{ B0 ?@>B8V>=C PPh4+. 'AV G>B8@8 ;V30=48 C A:;04V 

:><?;5:A=>3> 0=V>=C :>>@48=CNBPAO 4> V>=V2 ;0=B0=>W4V2 1V45=B0B=>-E5;0B=8< 

A?>A>1>< G5@57 0B><8 >:A835=C :0@1>=V;P=8E V D>AD>@8;P=8E 3@C?. #>4V1=> 4> 28I5 

>?8A0=8E B5B@0:VA-:><?;5:AV2, :>>@48=0FV9=V ?>;V54@8 V>=V2 ;0=B0=>W4V2 C A?>;C:0E 

PPh4[Ln(L1)4] 287=0G5=> O: B@8:CB=V 4>45:054@8 (4>40B>: 3). %5@54=O 4>268=0 729O7:V2 

Ln4O C PPh4[Ln(L1)4] AB0=>28BP 2.391 Å 4;O 304>;V=VN, 2.364 Å 4;O 48A?@>7VN B0 2.312 

Å 4;O ;NB5FVN (4>40B>: 4). %5@54=V 4>268=8 729O7:V2 Ln4O(C) (2.443 Å 4;O :><?;5:AC 

304>;V=VN, 2.418 Å 4;O :><?;5:AC 48A?@>7VN B0 2.374 Å C 28?04:C :><?;5:AC ;NB5FVN) 
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2 CAVE :><?;5:A0E 1V;PHV, =V6 729O7:8 Ln4O(P) (2.341 Å 4;O 304>;V=VN, 2.311 Å 4;O 

48A?@>7VN B0 2.250 Å 4;O ;NB5FVN), I> ?>OA=NєBPAO 1V;PH 28A>:>N A?>@V4=5=VABN 

D>AD>@8;P=>W 3@C?8 4> V>=0 <5B0;C. �><?;5:A 48A?@>7VN 7 B5B@0<5B8;0<>=Vє28< 

:0BV>=>< <0є :>@>BHV 72'O7:8 Ln4O(P) (2.282 (7)-2.303 (7)) ?>@V2=O=> 7 Ln4O(C) (2.417 

(8)-2.460 (7)). &8?>2>, 4>268=8 729O7:V2 CO B0 PO C :><?;5:A0E 4>2HV, =V6 C 

=59B@0;P=><C ;V30=4V (HL1), 0 729O7:8 CN B0 PN C 3 :>@>BHV, ?>@V2=O=> 7 HL1.  

' :@8AB0;VG=><C AB0=V :><?;5:A=V 0=V>=8 2 A:;04V PPh4[Ln(L1)4] 79є4=CNBPAO <V6 

A>1>N <V6<>;5:C;O@=8<8 270є<>4VO<8 C3H···Cl, Cl···Cl. � :><?;5:AV 48A?@>7VN B0:>6 

?@>O2;ONBPAO 72'O7:8 C3H&C, 2 :><?;5:AV ;NB5FVN 3 C···Cl. �2'O7:8 <V6 :0BV>=0<8 V 

0=V>=0<8 @50;V7CNBPAO 4;O 2AVE B@P>E A?>;C: 7024O:8 :>=B0:B0< C3H···Cl, C3H···O, C3

H···N. ' :><?;5:AV 48A?@>7VN 2 B><C G8A;V =0O2=89 :>=B0:B C3H···C 70 CG0ABN 0B><V2 

3V4@>35=C <5B8;P=>W 3@C?8 ;V30=4C V A?@O65=>W π-A8AB5<8 15=7>;P=>3> :V;PFO :0BV>=C. ' 

729O7:0E O···H-C(Ph) 704VO=V 0B>< >:A835=C D>AD>@8;P=>W 3@C?8 >4=>3> 7 ��( ;V30=4V2 

B0 0B><8 >:A835=C OCH3 3@C?. �>=B0:B C3H···N 2V4ACB=V9 C A?>;C:0E V7 0<>=Vє28<8 

:0BV>=0<8, >?8A0=8<8 28I5. *59 :>=B0:B <V6 :0BV>=>< PPh4+ V ��( ;V30=40<8 

:><?;5:A=>W G0AB>G:8 C A:;04V A?>;C: PPh4[Ln(L1)4] 2?;820є =0 ?;>I8==VABP 

 

$8AC=>: 3.2.3.1. �C4>20 :><?;5:AC PPh4[Lu(L1)4] B0 ?>;V54@ F5=B@0;P=>3> V>=C 

(0B><8 3V4@>35=C =5 ?>:070=V). 
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H5AB8G;5==8E <5B0;>F8:;V2. � G>B8@P>E <5B0;>F8:;V2 C A:;04V :>6=>3> :><?;5:AC 

PPh4[Ln(L1)4], 420 =5 15@CBP CG0ABP 2 CB2>@5==V :>=B0:BC C3H···N, V є 01> <0965 

?;0A:8<8, 01> ?5@51C20NBP C :>=D>@<0FVW «:@VA;>» (<0:A8<0;P=V 2V4E8;5==O 2V4 %�# 

AB0=>2;OBP 0.0538-0.0717 Å V 0.1766-0.1791 Å, 2V4?>2V4=>). �=HV 420 <5B0;>F8:;8, 0B>< 

=VB@>35=C O:8E ?>29O70=89 7 0B><>< 3V4@>35=C :0BV>=0, @50;V7CNBP :>=D>@<0FVN 

«G>2=8:» V є <5=H ?;>I8==8<8 (<0:A8<0;P=V 2V4E8;5==O 2V4 %�# AB0=>2;OBP 0.2328-

0.3581 Å). �>=8 Gd1, Dy1, Lu1 2 =091V;PHV9 <V@V 2V4E8;ONBPAO 2V4 ?;>I8=8 0B><V2 

OCNPO =0 2V4AB0=V 0.5378-0.5781 Å. *59 4V0?07>= <0є 28IV 7=0G5==O, =V6 4;O :><?;5:AV2 

NMe4[Ln(L1)4]) V NEt4[Dy(L1)4]). !091V;PHV 25;8G8=8 2V4E8;5=P 0B><V2 <5B0;>F8:;V2 2V4 

%�# A:;040NBP 0.3581 Å 4;O 0B><0 N3 2 A:;04V PPh4[Gd(L1)4], 0.3454 Å 4;O 0B><0 N2 C 

PPh4[Dy(L1)4] V 0.3004 Å 4;O 0B><0 N3 :><?;5:AC PPh4[Lu(L1)4]. �5;8G8=0 2V4E8;5==O 

?5@528ICє 7=0G5==O 4;O :><?;5:AV2 V7 :0BV>=0<8 NMe4+ V NEt4+. 

 

3.2.4. �C4>20 B@8A-:><?;5:AV2 [Ln(L1)3(bpy)] (Ln = Tb, Dy) 

�><?;5:A8 [Tb(L1)3(bpy)] V [Dy(L1)3(bpy)] є V7>AB@C:BC@=8<8 <V6 A>1>N B0 7 @0=VH5 

4>A;V465=8< :><?;5:A>< є2@>?VN [173], :@8AB0;V7CNBPAO 2 <>=>:;V==V9 A8=3>=VW B0 

=0;560BP 4> ?@>AB>@>2>W 3@C?8 C2/c (4>40B>: 2). *5=B@0;P=V 0B><8 <0NBP :>>@48=0FV9=5 

G8A;> 2VAV< V >B>G5=V HVABP<0 0B><0<8 >:A835=C B@P>E <>;5:C; ��(-;V30=4C HL1 V 42><0 

0B><0<8 =VB@>35=C 2,29-48?V@848;C (@8A. 3.2.4.1.). �>268=8 729O7:V2 Ln4O(P) :>@>BHV 70 

Ln4O(C) 4;O 2AVE B@P>E :>>@48=>20=8E ��(-;V30=4V2 (4>40B>: 4). �V4AB0=V Tb4O C 

:><?;5:AV 7=0E>4OBPAO C <560E 2.305(3)-2.446(3) Å, ?@8G><C 4>268=0 729O7:C Tb4O1, 

@V2=0 2.446(3) Å, ?5@528ICє >?C1;V:>20=V @0=VH5 7=0G5==O 4;O B@8A-��( :><?;5:AV2 

B5@1VN [35, 56, 185]. %5@54=є 7=0G5==O 4>268= 729O7:V2 Tb4O(P) AB0=>28BP 2.309 Å, Tb4

O(C) 3 2.401 Å. �2'O7:8 Tb4O, C A5@54=P><C, A:;040NBP 2.355 Å. ' AB@C:BC@V 

[Dy(L1)3(bipy)] 4>268=8 729O7:V2 Dy4O ;560BP C <560E 2.262(6)-2.427 (5) Å. %5@54=O 

4>268=0 Dy4O(P) 3 2.282 Å, 0 Dy4O(C) 3 2.391 Å. �2'O7:8 Dy4O 2 B@8A-:><?;5:AV 

(CA5@54=5=5 7=0G5==O 2.336 Å) :>@>BHV, =V6 C B5B@0:VA-:><?;5:A0E 48A?@>7VN. �V4AB0=V 
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Tb4N V Dy4N AB0=>2;OBP 2.529(6)-2.586(4) Å. �>>@48=0FV9=V ?>;V54@8 4;O :><?;5:AV2 

[Ln(L1)3(bpy)] (Ln = Tb, Dy) <0NBP 35><5B@VN B@8:CB=>3> 4>45:054@0 (D2d) (@8A. 3.2.4.1, 

4>40B>: 3). ' @57C;PB0BV :>>@48=0FVW ��( ;V30=4V2 4> 9>=V2 B5@1VN B0 48A?@>7VN, 

CB2>@NNBPAO B@8 H5AB8G;5==V <5B0;>F8:;8 4;O :>6=>3> 7 :><?;5:AV2. �V4E8;5==O 

0B><V2 E5;0B=8E <5B0;>F8:;V2 2V4 %�# =5 ?5@528ICє 0.2651 Å (0B>< "10 C A:;04V 

[Tb(L1)3(bpy)]) V 0.1730 Å (0B>< N3 C A:;04V [Dy(L1)3(bpy)]). �B><8 Tb1/Dy1 =091V;PH5 

2V4E8;ONBPAO 2V4 ?;>I8=8, 2 O:V9 ;560BP @5HB0 0B><V2 <5B0;>F8:;C, =0 0.5304/0.4813 Å. 

!091V;PH5 2V4E8;5==O C ?9OB8G;5==><C <5B0;>F8:;V, CB2>@5=><C <>;5:C;>N 2,29-

48?V@848;C, AB0=>28BP 0.1536 Å V AB>ACєBPAO 0B><0 N5 :><?;5:AC B5@1VN. %5@54=V 

7=0G5==O 4>268= 729O7:V2 P4O V C4O 2 :><?;5:A0E 1V;PHV, 0 P4N V C4N 3 <5=HV, =V6 

C 2V;P=><C ;V30=4V HL1. �CB8 <V6 0B><0<8 >:A835=C ��( ;V30=4V2 ;560BP C <560E 73.35 

(10)-75.28 (10) , <V6 0B><0<8 =VB@>35=C <>;5:C; 2,29-48?V@848;C 3 62.35 (18) V 62.46 (11) 

. ' :@8AB0;VG=><C AB0=V <>;5:C;8 :><?;5:AV2 729O70=V G8A;5==8<8 <V6<>;5:C;O@=8<8 

:>=B0:B0<8: Cl&H/H&Cl, H&O/O&H V C&C (4>40B>: 5).  >;5:C;8 48?V@848;C 15@CBP 

CG0ABP 2 CB2>@5==V π-π AB5:V=3C. 

 

 

 

$8AC=>: 3.2.4.1. �C4>20 :><?;5:AV2 [Ln(L1)3(bpy)] (Ln = Tb, Dy) B0 ?>;V54@8 

F5=B@0;P=8E V>=V2. �B><8 3V4@>35=C =5 ?>:070=V. 
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3.2.5. �C4>20 :0BV>==8E :><?;5:AV2 [Ln(L1)2(bpy)2]BPh4 

�><?;5:A8 [Ln(L1)2(bpy)2]BPh4 (Ln = Eu, Tb, Dy) <0NBP 9>==C 1C4>2C, =0;560BP 4> 

<>=>:;V==>W A8=3>=VW, ?@>AB>@>2>W 3@C?8 P21/c, Z=4 (4>40B>: 2). !0 2V4<V=C 2V4 CAVE 28I5 

@>73;O=CB8E :><?;5:AV2 =0 >A=>2V ;V30=4C (L1){ :>>@48=0FV9=V ?>;V54@8 F5=B@0;P=8E 

9>=V2 C [Ln(L1)2(bpy)2]BPh4 V=B5@?@5B>20=> O: :204@0B=V 0=B8?@87<8 (D4d) (4>40B>: 3). 

�C4>20 :><?;5:A=>3> :0BV>=C B0 ?>;V54@ F5=B@0;P=>3> V>=C =0 ?@8:;04V :><?;5:AC B5@1VN 

7>1@065=V =0 @8A. 3.2.5.1. �V4AB0=V Eu4O(P) <0NBP A5@54=є 7=0G5==O 2.322 Å, 0 Eu4O(C) 

3 2.360 Å (4>40B>: 4) V є <5=H8<8, =V6 C 28?04:C :><?;5:AV2 NMe4[Eu(L1)4] V 

NEt4[Eu(L1)4], 0 B0:>6 ?>@V2=O=> 7 Eu(L1)3bpy [173]. %5@54=V 7=0G5==O 2V4AB0=59 Tb4O 

70 CG0ABN 0B><V2 >:A835=C D>AD>@8;P=8E 3@C? AB0=>2;OBP 2.307 Å V 2.356 Å 3 70 CG0ABN 

:0@1>:A8;P=8E. *5 45I> <5=H5, =V6 C 28?04:C B@8A-:><?;5:AC B5@1VN [Tb(L1)3(bpy)]. ' 

:><?;5:AV 48A?@>7VN 72'O7:8 Ln4O(P) V Ln4O(C) C A5@54=P><C AB0=>2;OBP 2.287 V 2.349 

Å V є <5=H8<8, =V6 C B5B@0:VA-:><?;5:A0E, 0;5 A?V2<V@=8<8 4> 72'O7:V2 C [Dy(L1)3(bpy)].  

�V4AB0=V Ln4N =55:2V20;5=B=V B0 ;560BP C <560E 2.544 (9)-2.600 (10) Å 4;O �% 

є2@>?VN, 2.510 (5)-2.575 (5) Å C 28?04:C �% B5@1VN, 2.494 (5)-2.556 (5) Å C 28?04:C �% 

48A?@>7VN. #>@V2=O=> 7 Eu(L1)3bpy [173] V [(Tb/Dy)(L1)3(bpy)], 40=V 2V4AB0=V є :>@>BH8<8. 

 

$8AC=>: 3.2.5.1. �C4>20 :><?;5:A=>3> :0BV>=C [Tb(L1)2(bpy)2]+ B0 ?>;V54@ 

F5=B@0;P=>3> V>=C. �B><8 3V4@>35=C =5 ?>:070=V. 
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%5@54=V 4>268=8 729O7:V2 P4O B0 C4O AB0=>2;OBP 2V4?>2V4=> 1.4655 B0 1.2575 Å 4;O 

:><?;5:AC є2@>?VN, 1.47 V 1.249 Å 4;O B5@1VN, 1.4865 V 1.2455 Å 4;O 48A?@>7VN, V є 

1V;PH8<8, =V6 C 2V;P=><C ;V30=4V. �29O7:8 P4N B0 C4N <0NBP A5@54=V 4>268=8 1.593 

B0 1.302 Å C :><?;5:AV є2@>?VN, 1.607 (7) B0 1.299 (9) Å C :><?;5:AV B5@1VN, 1.6195 V 1.3005 

Å C :><?;5:AV 48A?@>7VN, 2V4?>2V4=>, B0 є :>@>BH8<8, =V6 C HL1. �CB8 O4Ln4O <0NBP 

25;8G8=8 2V4 74.4 (3) 4> 76.22 (15) , 0 N4Ln4N 3 2V4 63.0 (3) 4> 64.68 (16) . �V4?>2V4=V 

:CB8 C :><?;5:A0E [Tb(L1)3(bpy)] V [Dy(L1)3(bpy)] є <5=H8<8. �V4E8;5==O 0B><V2 

H5AB8G;5==8E <5B0;>F8:;V2 2V4 ?@>2545=>W G5@57 =8E A5@54=P>:204@0B8G=>W ?;>I8=8 

=5 ?5@528ICNBP 0.1871 Å (0B>< O2 C [Eu(L1)2(bpy)2]BPh4), 0.1905 Å (0B>< O2 C 

[Tb(L1)2(bpy)2]BPh4) V 0.2364 Å (0B>< O4 C [Dy(L1)2(bpy)2]BPh4).  0:A8<0;P=5 2V4E8;5==O 

V>=C є2@>?VN 2V4 ?;>I8=, ?@>2545=8E G5@57 @5HBC 0B><V2 42>E H5AB8G;5==8E 

<5B0;>F8:;V2, AB0=>28BP 0.4185 Å, 9>=C B5@1VN 3 0.3941 Å, 48A?@>7VN 3 0.4438 Å. 

#9OB8G;5==V <5B0;>F8:;8 4>40B:>2>3> ;V30=4C <0965 ?;0A:V V <VABOBP <0:A8<0;P=V 

2V4E8;5==O 0.1522 Å (0B>< C24 C [Eu(L1)2(bpy)2]BPh4), 0.1746 Å (0B>< C14 C 

[Tb(L1)2(bpy)2]BPh4) V 0.1778 Å (0B>< C13 C [Dy(L1)2(bpy)2]BPh4).  V6<>;5:C;O@=V 

:>=B0:B8 2 :0BV>==><C :><?;5:AV є2@>?VN ?@54AB02;5=V 270є<>4VO<8: C-H···Cl, C···O, C-

H···O; 2 :><?;5:AV B5@1VN V 48A?@>7VN: C···O, C-H···O. �70є<>4VW ?@8ACB=V <V6 

70<VA=8:0<8 ��( ;V30=4V2, 0 B0:>6 <>;5:C;0<8 2,29-48?V@848;C ACAV4=VE :><?;5:A=8E 

:0BV>=V2. �=V>= [BPh4]{ ?>є4=CєBPAO 7 :><?;5:A=8< :0BV>=>< :>=B0:B0<8 C3H···C (Eu, 

Tb), 0 B0:>6 C···C V H···H (Dy) 70 CG0ABN 2,29-48?V@848;C V <5B8;P=>W 3@C?8 ��( ;V30=4C. 

 

3.2.6. �C4>20 :0BV>==>3> :><?;5:AC [Tb(L2)2(bpy)2]BPh4 

�C4>20 :><?;5:AC B0 :>>@48=0FV9=89 ?>;V54@ F5=B@0;P=>3> V>=0 3 :204@0B=0 

0=B8?@87<0 (D4d) 3 =02545=V =0 @8A. 3.2.6.1. %?>;C:0 :@8AB0;V7CєBPAO 2 <>=>:;V==V9 P21/c 

?@>AB>@>2V9 3@C?V (4>40B>: 2), B0 є V7>AB@C:BC@=>N 4> 0=0;>3VG=>3> :><?;5:AC є2@>?VN 

B0 ;0=B0=C [48, 186]. �>6=0 5;5<5=B0@=0 :><V@:0 <VAB8BP 4 <>;5:C;8 :><?;5:AC. ' 

:><?;5:A=><C :0BV>=V 7=0E>48BPAO >:B0:>>@48=>20=89 0B>< B5@1VN 2 >B>G5==V G>B8@P>E 
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0B><V2 >:A835=C D>AD>@8;P=8E V :0@1>=V;P=8E 3@C? 42>E 1V45=B0B=> E5;0BCNG8E 

45?@>B>=>20=8E ��( ;V30=4V2 V G>B8@P>E 0B><V2 =VB@>35=C 42>E <>;5:C; 2,2′-48?V@848;C.  

%5@54=O 4>268=0 729O7:V2 Tb3O(P) AB0=>28BP 2.296 Å, 0 729O7:V2 Tb3O(C) 3 2.337 

Å B0 є A?V2<V@=8<8 7 :0BV>==8< :><?;5:A>< B5@1VN [Tb(L1)2(bpy)2]BPh4 (4>40B>: 4). 

�>268=8 729O7:V2 P3Namide C :><?;5:AV A:;040NBP 1.629(6) 3 1.634 (5) Å, 4>268=8 C3Namide 

3 1.293(7) 3 1.296(9) Å V є :>@>BH8<8, =V6 C 2V;P=><C ;V30=4V HL2 [187, 38] (P3Nlig = 

1.696(2) Å, N3Clig = 1.338(2) Å). �V4AB0=V P4O V C4O C :><?;5:AV (1.494(4)-1.502(4) Å V 

1.235(8)- 1.261(6) Å, 2V4?>2V4=>), =02?0:8, 4>2HV, =V6 C ;V30=4V (P3Olig = 1.475(1) Å, C3

Olig = 1.207(2) Å). �V4AB0=V Tb4N =55:2V20;5=B=V B0 7=0E>4OBPAO 2 4V0?07>=V 2.525(4) - 

2.612(4) Å. *5 45I> 1V;PHV 7=0G5==O, =V6 C 28?04:C 0=0;>3VG=>3> :><?;5:AC B5@1VN =0 

>A=>2V ;V30=4C HL1, >?8A0=>3> 28I5. �CB8 O4Tb14O AB0=>2;OBP 75.17 (12) V 75.45 (14) 

, 0 :CB8 N4Tb14N 3 62.88 (15) V 62.97 (13) , I> 2V4?>2V40є 4V0?07>=0< 25;8G8= 4;O 

>?8A0=8E 28I5 :><?;5:AV2. �AV G>B8@8 E5;0B=V <5B0;>F8:;8 є <0965 ?;0=0@=8<8. 

�V4E8;5==O 0B><V2 <5B0;>F8:;V2 2V4 %�# =5 ?5@528ICє 0.1033 Å 0B><0 N1. �<VI5==O 

F5=B@0;P=>3> 9>=0 B5@1VN 2V4=>A=> ?;>I8=, ?@>2545=8E G5@57 @5HBC ?9OBP 0B><V2 42>E 

H5AB8G;5==8E ��(-2<VA=8E E5;0B=8E :V;5FP, AB0=>2;OBP 0.1555 V 0.1805 Å. 

 

$8AC=>: 3.2.6.1. �C4>20 :><?;5:A=>3> :0BV>=C [Tb(L2)2(bpy)2]+ B0 ?>;V54@ 

F5=B@0;P=>3> V>=C (0B><8 3V4@>35=C =5 ?>:070=V). 
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 0:A8<0;P=89 7AC2 C ?9OB8G;5==8E <5B0;>F8:;0E, CB2>@5=8E 2,29-48?V@848;><, A:;040є 

0.0731 Å. ' :@8AB0;VG=V9 ґ@0BFV :><?;5:AC :0BV>=8 B0 0=V>=8 ?>29O70=V A;01:8<8 

<V6<>;5:C;O@=8<8 2>4=528<8 729O7:0<8 C3H···π <V6 <>;5:C;0<8 2,2′348?V@848;C B0 

D5=V;P=8<8 70<VA=8:0<8 BPh4{ (C28bipy3H28···C60(π)′ (x, 1/2-y, 1/2+z) H···C 2.85 Å, C3

H···C 161). &0:>6, :0BV>=8 729O70=V <V6<>;5:C;O@=8<8 2>4=528<8 729O7:0<8 C3H∙∙∙Cl 

<V6 0B><0<8 3V4@>35=C 5B8;P=8E 3@C? V 0B><0<8 E;>@C 70<VA=8:V2 CCl3 (4>40B>: 5). !0 

2V4<V=C 2V4 0=V>==8E B5B@0:VA-:><?;5:AV2, C :0BV>==8E :><?;5:A0E 0B><8 

:>>@48=0FV9=>3> >B>G5==O ;0=B0=>W4C =5 704VO=V 2 CB2>@5==V <V6<>;5:C;O@=8E 

:>=B0:BV2.  

 

3.2.7. �C4>20 :><?;5:AV2 [Ln(L2)2(NO3)(bpy)] 

�>A;V465=0 :@8AB0;VG=0 1C4>20 <>;5:C;O@=8E @V7=>;V30=4=8E :><?;5:AV2 A:;04C 

[Ln(L2)2(NO3)(bpy)], 45 Ln = Eu, Tb. %?>;C:8 є V7>AB@C:BC@=8<8 B0 :@8AB0;V7CNBPAO C 

B@8:;V==V9 :@8AB0;VG=V9 A8AB5<V B0 ?@>AB>@>2V9 3@C?V P1  7 42><0 <>;5:C;0<8 :><?;5:AV2 

2 5;5<5=B0@=V9 :><V@FV. �AV ;V30=48 C A:;04V :><?;5:AV2 :>>@48=>20=V 4> V>=V2 

;0=B0=>W4V2 C 1V45=B0B=89 A?>AV1, 70157?5GCNG8 �+ 8 F5=B@0;P=>3> 0B><0. 

�>>@48=0FV9=V ?>;V54@8 2 >1>E AB@C:BC@0E є ?@><V6=8<8 <V6 :204@0B=>N 0=B8?@87<>N 

D4d, 42>H0?:>2>N B@8:CB=>N ?@87<>N C2v B0 B@8:CB=8< 4>45:054@>< D2d. �>5DVFVє=B8 

71V6=>ABV 4;O :><?;5:AC є2@>?VN AB0=>2;OBP 2.061, 2.476, 2.536, 2V4?>2V4=>, V O2;ONBP 

A>1>N <V=V<0;P=V A5@54 CAVE <>6;828E 7=0G5=P 4;O B@8=04FOB8 1030B>3@0==8:V2; 

0=0;>3VG=V 7=0G5==O 4;O :><?;5:AC B5@1VN AB0=>2;OBP 1.801, 2.527 V 2.104, 2V4?>2V4=>. /: 

284=> 7 F8E 40=8E, =09<5=H5 7=0G5==O 2V4?>2V40є :204@0B=V9 0=B8?@87<V D4d (4>40B>: 

3). �C4>20 :><?;5:AC [Tb(L2)2(NO3)(bpy)] B0 ?>;V54@ F5=B@0;P=>3> V>=0 =02545=V =0 @8A. 

3.2.7.1. �5?@>B>=>20=V :0@10F8;0<V4>D>AD0B=V ;V30=48 :>>@48=CNBPAO 4> V>=V2 

;0=B0=>W4V2 1V45=B0B=>-E5;0B=8< A?>A>1>< G5@57 0B><8 >:A835=C D>AD>@8;P=8E V 

:0@1>=V;P=8E 3@C?, CB2>@NNG8 H5AB8G;5==V <5B0;>F8:;8.  >;5:C;8 2,2´-48?V@848;C 

D>@<CNBP 7 9>=0<8 ;0=B0=>W4V2 ?;0=0@=V ?OB8G;5==V <5B0;>F8:;8.  
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%5@54=V 7=0G5==O 4>268= 729O7:V2 Ln4O(P) <5=HV 70 Ln4O(C), 0 A0<5: A5@54=O 

4>268=0 Eu4O(P) AB0=>28BP 2.289 Å, Eu4O(C) 2.335 Å, Tb4O(P) 2.2647 Å, Tb4O(C) 

2.3199 Å (4>40B>: 4). �V4AB0=V Eu3O(P) 2 [Eu(L2)2(NO3)(bpy)] =0 0.069-0.074 Å :>@>BHV, 0 

2V4AB0=V Eu3O(C) =0 0.016-0.047 Å :>@>BHV, =V6 2V4?>2V4=V 729O7:8 2 B@8A-:><?;5:A0E 

є2@>?VN 7 @V7=8<8 1V45=B0B=>-:>>@48=>20=8<8 ��( ;V30=40<8 0<V4=>3> B8?C [44, 38], 

I> <>6=0 ?>OA=8B8 <5=H8< AB5@8G=8< 2V4HB>2EC20==O< C 1VA-��( :><?;5:A0E. ' 

:><?;5:AV [Eu(L2)2(bpy)2]BPh4 [48] 4>268=0 72'O7:V2 Eu4O <V6 ;0=B0=>W4>< V ��(-

;V30=4>< 1V;PH0 (2.307 (2) 3 2.361 (3) Å), =V6 C [Eu(L2)2(NO3)(bpy)], G5@57 1V;PH >19є<=V 

;V30=48 C ?5@H><C :><?;5:AV. �5O:V 3@C?8 PO B0 CO C AB@C:BC@0E [Ln(L2)2(NO3)(bpy)] 

15@CBP CG0ABP 2 CB2>@5==V 2=CB@VH=P><>;5:C;O@=8E 729O7:V2 (4>40B>: 5), ?@>B5 

70:>=><V@=5 71V;PH5==O G8 7<5=H5==O 2V4AB0=V Ln4O(L2) =5 A?>AB5@V30єBPAO. �V4AB0=V 

Eu4O(C) 2 [Eu(L2)2(NO3)(bpy)] B0:>6 :>@>BHV, =V6 C >?8A0=8E :><?;5:A0E є2@>?VN =0 

>A=>2V 1VA-β-48:5B>=0BV2 [188, 189, 190]. �5;8G8=8 4>268= 729O7:V2 Tb3O(L2) C 

[Tb(L2)2(NO3)(bpy)], I> 2 A5@54=P><C AB0=>2;OBP 2.361 Å, :>@>BHV, =V6 2V4?>2V4=V 729O7:8 

Tb3O C 265 2V4><><C B@8A-:><?;5:AV B5@1VN 7 1V45=B0B=>-:>>@48=>20=8< ��( ;V30=4>< 

 

$8AC=>: 3.2.7.1. �C4>20 :><?;5:AC [Tb(L2)2(NO3)(bpy)] B0 ?>;V54@ F5=B@0;P=>3> 

V>=0. �B><8 3V4@>35=C =5 ?>:070=V. 
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0<V4=>3> B8?C [Tb(CAPh)3(Phen)] (2.288-2.407 Å) [56] B0 =V6 C >?8A0=8E 28I5 

[Tb(L1/L2)2(bpy)2]BPh4. �V4AB0=V Tb3O(C) C [Tb(L2)2(NO3)(bpy)] <5=HV, =V6 C 1VA-

:><?;5:AV B5@1VN =0 >A=>2V ³-48:5B>=0BC [191]. #@>B5 F5 <>65 1CB8 ?>29O70=> 7 =87P:>N 

B5<?5@0BC@>N @5=B35=>AB@C:BC@=8E 4>A;V465=P :@8AB0;C [Tb(L2)2(NO3)(bpy)] (4>40B>: 

2). "B@8<0=0 AB@C:BC@=0 V=D>@<0FVO ?>:07Cє, I> =0720=V 1VA-��( :><?;5:A8 7030;>< 

45<>=AB@CNBP <5=HC 4>268=C 729O7:C Ln4Olig ?>@V2=O=> 7 :><?;5:A0<8 B@8A- V 1VA-��( 

V 1VA-48:5B>=0B0<8, B0:8< G8=>< 45<>=AB@CNG8 28IC :>20;5=B=VABP C F8E 729O7:0E. 

�29O7:8 P3O B0 C3O C :><?;5:A0E 4>2HV 70 2V4?>2V4=V 729O7:8 C 2V;P=><C ;V30=4V HL2, 

B>4V O: 729O7:8 P3N V C3N 3 :>@>BHV, 2=0A;V4>: 45?@>B>=C20==O ;V30=4C. � >B@8<0=8E 

:><?;5:A0E 4>268=8 729O7:V2 Ln4N =55:2V20;5=B=V V C73>46CNBPAO 7 40=8<8 4;O 

:><?;5:AV2 V7 2,2′-48?V@848;>< [192, 193, 194, 195]. �29O7:8 Eu3O(NO3{) =5 @V2=V <V6 

A>1>N. �5;8G8=8 :CBV2 O4Ln4O, CB2>@5=V ��( ;V30=40<8, 7=0E>4OBPAO 2 4V0?07>=V 2V4 

74.66 (14) 4> 77.50 (3) . *5 1V;PH5, =V6 4;O :><?;5:AC [Tb(L2)2(bpy)2]BPh4. �B><8 

>:A835=C =VB@0B-0=V>=C CB2>@NNBP 7 9>=0<8 Eu(���) V Tb(���) :CB8 50.16 (13) V 51.27 (3) . 

�CB8 <V6 0B><0<8 =VB@>35=C <>;5:C; 2,2′-48?V@848;C V 9>=0<8 Eu(���) V Tb(���) A:;040NBP 

62.04 (14) V 62.92 (3) , 2V4?>2V4=>, V є V45=B8G=8<8 4> :CBV2 C :><?;5:A0E [Ln(L1)3(bpy)] V 

[Tb(L2)2(bpy)2]BPh4. �V4E8;5==O 0B><V2 <5B0;>F8:;V2, CB2>@5=8E ��( ;V30=40<8, 2V4 

%�# =5 ?5@528ICє 0.2317 Å 4;O 0B><0 O21 :><?;5:AC є2@>?VN V 0.2412 Å 4;O 0B><0 O11 

:><?;5:AC B5@1VN. �<VI5==O 9>=0 є2@>?VN 2V4=>A=> ?;>I8=, ?@>2545=8E G5@57 @5HBC 

?9OBP 0B><V2 42>E H5AB8G;5==8E ��(-2<VA=8E <5B0;>F8:;V2, A:;040NBP 0.2383-0.3623 

Å, 0 9>=0 B5@1VN 3 0.2064-0.4115 Å. #9OB8G;5==V E5;0B=V <5B0;>F8:;8 є <0965 

?;0=0@=8<8 3 <0:A8<0;P=5 2V4E8;5==O AB0=>28BP 0.0170 Å 4;O �% є2@>?VN V 0.0119 Å 

4;O �% B5@1VN. ' :><?;5:A0E VA=Cє :V;P:0 2=CB@VH=P><>;5:C;O@=8E 2>4=528E 729O7:V2 70 

CG0ABN 0B><V2 >:A835=C :0@1>=V;P=8E V D>AD>@8;P=8E 3@C? ��(-;V30=4V2 V 0B><V2 

3V4@>35=C 2,2′-48?V@848;C. ' :><?;5:AV є2@>?VN B0:>6 VA=CNBP 2=CB@VH=P><>;5:C;O@=V 

:>=B0:B8 2 <560E >4=>3> ��(-;V30=4C , 7>:@5<0 <V6 0B><0<8 3V4@>35=C 3@C? CH2 V 

0:F5?B>@=8<8 0B><0<8 N23 V O21. �AV 0B><8 >:A835=C =VB@0B 0=V>=C V :V;P:0 0B><V2 E;>@C 
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��(-;V30=4V2 15@CBP CG0ABP 2 CB2>@5==V <V6<>;5:C;O@=8E 2>4=528E 72'O7:V2. 

�5><5B@8G=V ?0@0<5B@8 2>4=528E 729O7:V2 V :>@>B:8E :>=B0:BV2 C :@8AB0;0E 

[Ln(L2)2(NO3)(bpy)] ?@54AB02;5=V 2 4>40B:C 5. 

 

3.2.8. �C4>20 :><?;5:AC [La(L2)(NO3)2(bpy)2] 

�><?;5:A [La(L2)(NO3)2(bpy)2] :@8AB0;V7CєBPAO 2 B@8:;V==V9 A8=3>=VW 7 G>B8@<0 

<>;5:C;0<8 2 5;5<5=B0@=V9 :><V@FV (4>40B>: 2). ' :@8AB0;V :><?;5:AC ?@8ACB=V 42V 

:@8AB0;>3@0DVG=> =570;56=V <>;5:C;8. �>65= 7 ;V30=4V2 C A:;04V :><?;5:AC 

:>>@48=CєBPAO 4> V>=V2 ;0=B0=C 2 1V45=B0B=89 A?>AV1. �>>@48=0FV9=5 G8A;> ;0=B0=C 

4>@V2=Nє 45AOB8. �>>@48=0FV9=V ?>;V54@8 V>=V2 ;0=B0=C 2 >1>E <>;5:C;0E V=B5@?@5B>20=V 

O: ?@><V6=V <V6 AD5=>:>@>=>N B0 1VH0?:>2>N :204@0B=>N 0=B8?@87<>N (4>40B>: 3). 

�C4>2C >4=VєW 7 42>E =570;56=8E <>;5:C; :><?;5:AC B0 :>>@48=0FV9=V ?>;V54@8 >1>E 

F5=B@0;P=8E V>=V2 ;0=B0=C ?>:070=> =0 @8A. 3.2.8.1.  

�29O7:8 La4O =55:2V20;5=B=V: A5@54 =8E =09:>@>BH8<8 є 72'O7:8 ;0=B0=C 7 

0B><0<8 >:A835=C D>AD>@8;P=8E 3@C? La4O(P), I> 2 A5@54=P><C AB0=>2;OBP 2.429 Å; 

72'O7:8 La4O(%) (2.477 Å) 45I> 4>2HV, 0 729O7:8 La4O 70 CG0ABN 0B><V2 >:A835=C =VB@0B 

0=V>=V2 3 =094>2HV (2.645 Å) (4>40B>: 4) B0 A?V2<V@=V 7V 729O7:0<8 La4O(NO3) 2 

:><?;5:AV [La(NO3)3(bpy)2] [196]. �29O7:8 La4N 7 <>;5:C;0<8 ³,³′-48?V@848;C 4>2HV 70 

729O7:8 La4O, A?V228<V@=V 7V 729O7:0<8 La4N(bpy) C :><?;5:AV [La(L2)2(bpy)2]BPh4 [186] 

B0 45I> 4>2HV, =V6 C :><?;5:AV [La(NO3)3(bpy)2]. �>268=8 729O7:V2 P4O (1.496 (10) Å) 

B0 C4O (1.281 (16) Å) C A:;04V E5;0BCNG>3> D@03<5=BC ;V30=4C 2 :><?;5:AV 

[La(L2)(NO3)2(bpy)2] є 4>2H8<8, =V6 C ;V30=4V HL2. �2'O7:8 P4N V C4N C :><?;5:AV 

(1.611(13) V 1.272(19) Å), =02?0:8, :>@>BHV, =V6 C ;V30=4V. �CB8 <V6 0B><0<8 >:A835=C 

;V30=4C (L2){ V ;0=B0=>< AB0=>2;OBP 70.1 (3)  V 71.2 (4) ; <V6 0B><0<8 >:A835=C =VB@0B=8E 

3@C? V ;0=B0=>< 3 48.0(3)-49.9(4) ; <V6 0B><0<8 =VB@>35=C 2,2′-48?V@848;C V ;0=B0=>< 3 

57.7 (4)-60.4 (4) . 'AV ?5@5;VG5=V :CB8 є <5=H8<8, =V6 C >?8A0=8E 28I5 :><?;5:A0E. 

)5;0B=V <5B0;>F8:;8 є 1;87P:8<8 4> ?;0=0@=8E. !091V;PH5 7=0G5==O 2V4E8;5==O 2V4 
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%�# ��(-2<VA=8E :V;5FP AB0=>28BP 0.2399 Å (0B>< N1), 0 <0:A8<0;P=5 2V4E8;5==O V>=C 

;0=B0=C 2V4 ?;>I8=, ?@>2545=8E G5@57 @5HBC 0B><V2 F8E :V;5FP, AB0=>28BP 0.4451 Å. 

�V4E8;5==O 0B><V2 2V4 ?;>I8=8 2,2′-48?V@848;C =5 ?5@528ICє 0.1167 Å. ' A:;04V 

[La(L2)(NO3)2(bpy)2] =0O2=V <V6<>;5:C;O@=V 270є<>4VW 70 CG0ABN 0B><V2 H···H, H···O, 

H···Cl, Cl···C V C···C. 

 

3.2.9. �C4>20 :><?;5:AC [La(L2)3(bpy)] 

�><?;5:A [La(L2)3(bipy)] :@8AB0;V7CєBPAO 2 <>=>:;V==V9 A8=3>=VW 7 G>B8@<0 

<>;5:C;0<8 2 5;5<5=B0@=V9 :><V@FV B0 =5 є V7>AB@C:BC@8< 7 2V4><8< 7 ;VB5@0BC@8 

:><?;5:A>< [Eu(L2)3(bipy)] [38]. �>= ;0=B0=C C :><?;5:AV [La(L2)3(bipy)] є 

2>AP<8:>>@48=>20=8< 7024O:8 1V45=B0B=V9 :>>@48=0FVW B@P>E ��(-;V30=4V2 V >4=>3> 

2,2′-48?V@848;C (@8A. 3.2.9.1). �>>@48=0FV9=89 ?>;V54@ V>=C ;0=B0=C 2V4=5A5=> 70 

4>?><>3>N ?@>3@0<8 Shape 2.1 O: ?@><V6=89 <V6 :204@0B=>N 0=B8?@87<>N B0 

 

$8AC=>: 3.2.8.1. �2V :@8AB0;>3@0DVG=> =570;56=V <>;5:C;8 :><?;5:AC 

[La(L2)(NO3)2(bpy)2] B0 :>>@48=0FV9=V ?>;V54@8 F5=B@0;P=8E 0B><V2. �B><8 3V4@>35=C 

=5 ?>:070=V. 
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B@8:CB=8< 4>45:054@>< (4>40B>: 3). #>;V54@ є2@>?VN 2 73040=><C 28I5 :><?;5:AV 

[Eu(L2)3(bipy)] 1C;> V=B5@?@5B>20=> 02B>@0<8 O: 28:@82;5=89 4>45:054@, 0 @>7@0EC=>: 

70 4>?><>3>N ?@>3@0<8 Shape 2.1 402 @57C;PB0B :204@0B=0 0=B8?@87<0 D4d (4>40B>: 7). 

�29O7:8 La4O(P), I> 2 A5@54=P><C AB0=>2;OBP 2.443 Å, C :><?;5:AV :>@>BHV 70 72'O7:8 

La4O(%), A5@54=є 7=0G5==O O:8E 2.511 Å (4>40B>: 4). �29O7:8 La4N (C A5@54=P><C 2.736 

Å) 7 <>;5:C;>N 2,2′-48?V@848;C A?V228<V@=V 7 B0:8<8 C A?>;CFV [La(L2)(NO3)2(bpy)2], 
73040=V9 28I5. &0:>6 ?>4V1=8<8 є 4>268=8 729O7:V2 E5;0BCNG8E D@03<5=BV2 ��( 

;V30=4C. � A0<5, A5@54=O 2V4AB0=P P4O C A:;04V [La(L2)3bipy] AB0=>28BP 1.498 Å, 0 C4O 

3 1.248 Å. %5@54=V 4>268=8 P4N V C4N A:;040NBP 1.628 V 1.290 Å, 2V4?>2V4=>. �=0G5==O 

:CBV2 O4La4O V N4La4N AB0=>2;OBP 70.69 (11)-71.85 (12)  V 58.10 (14) , 2V4?>2V4=>. 

�>=8 є A?V2<V@=8<8 4> :CBV2 C :><?;5:AV [La(L2)(NO3)2(bpy)2] V <5=H8<8, =V6 C @5HB8 

>?8A0=8E A?>;C:.  

�V4E8;5==O 0B><0 O2 2V4 %�# H5AB8G;5==>3> <5B0;>F8:;C AB0=>28BP 0.2510 Å V є 

=091V;PH8< 4;O 40=>3> :><?;5:AC. �<VI5==O 9>=0 ;0=B0=C 2V4 ?;>I8=, ?@>2545=8E 

G5@57 @5HBC ?9OBP 0B><V2 B@P>E H5AB8G;5==8E ��(-2<VA=8E <5B0;>F8:;V2, A:;040NBP 

0.0704-0.5224 Å. #9OB8G;5==89 2,2′-48?V@848;-2<VA=89 <5B0;>F8:; є <0965 ?;0A:8< 3 

 

$8AC=>: 3.2.9.1. �C4>20 :><?;5:AC [La(L2)3(bpy)] B0 ?>;V54@ F5=B@0;P=>3> V>=C. 

�B><8 3V4@>35=C =5 ?>:070=V. 



96 
 

<0:A8<0;P=5 2V4E8;5==O AB0=>28BP 0.1369 Å 4;O %36. ' :><?;5:AV [La(L2)3(bipy)] 

?@8ACB=V ;8H5 <V6<>;5:C;O@=V 270є<>4VW: H···H, C···Cl B0 Cl···Cl. 

 

3.2.10. �C4>20 :><?;5:AV2 [Ln(L3)2(bpy)2]BPh4 

$5=B35=>AB@C:BC@=89 0=0;V7 :0BV>==8E 7<VH0=>;V30=4=8E :><?;5:AV2 

[Ln(L3)2(bpy)2]BPh4 (Ln = Eu, Dy) ?>:0702, I> %�( ;V30=4 :>>@48=>20=89 4> V>=V2 

є2@>?VN B0 48A?@>7VN C 1V45=B0B=89 E5;0BCNG89 A?>AV1 G5@57 0B><8 >:A835=C 

AC;PD>=V;P=>W B0 D>AD>@8;P=>W 3@C? 7 D>@<C20==O< H5AB8G;5==>3> <5B0;>F8:;C. 

%5@54=V 7=0G5==O 4>268= 729O7:V2 Ln4O 70 CG0ABN 0B><V2 >:A835=C D>AD>@8;P=8E 3@C? 

A:;040NBP 2.318 Å 4;O :><?;5:AC є2@>?VN V 2.279 Å 4;O :><?;5:AC 48A?@>7VN. �>268=8 

729O7:V2 Ln4O 70 CG0ABN 0B><V2 >:A835=C AC;PD>=V;P=8E 3@C? AB0=>2;OBP 2 A5@54=P><C 

2.401 V 2.369 Å 4;O є2@>?VN V 48A?@>7VN, 2V4?>2V4=>. �29O7:8 Ln4O(S) є 4>2H8<8, =V6 

Ln4O(P), I> ?>OA=NєBPAO 1V;PH>N A?>@V4=5=VABN D>AD>@8;P=>W 3@C?8 4> 9>=V2 

;0=B0=>W4V2 ?>@V2=O=> 7 AC;PD>=V;P=>N. *5 E0@0:B5@=> 4;O @0=VH5 4>A;V465=8E 

:><?;5:AV2 ;0=B0=>W4V2 7 %�( ;V30=40<8 [73, 197, 198, 199]. �;O 2V4><8E 7 ;VB5@0BC@8 

B5B@0:VA-%�( :><?;5:AV2 O: є2@>?VN, B0: V 48A?@>7VN A5@54=V 4>268=8 72'O7:V2 Ln4O(P) 

V Ln4O(S) є 1V;PH8<8 [71, 73, 131, 199]. #@8G8=>N <>65 1CB8 1V;PH5 270є<=5 

2V4HB>2EC20==O G>B8@P>E >19є<=8E %�( ;V30=4V2.  

' ?>@V2=O==V 7 2V;P=8< ;V30=4><, 45 7=0G5==O 4>268= 729O7:V2 P=O B0 S=O 

A:;040NBP 1.456 (1) V 1.418 (2)-1.428 (1) Å [200], 2 :><?;5:A0E WE 2V4?>2V4=V A5@54=V 

7=0G5==O 7@>AB0NBP V AB0=>2;OBP 1.496 V 1.480 Å 4;O :><?;5:AC є2@>?VN B0 1.496 V 1.476 Å 

4;O :><?;5:AC 48A?@>7VN. � A5@54=O 4>268=0 729O7:V2 P4N B0 S4N C :><?;5:A0E 

7<5=HCєBPAO V 2V4?>2V40є 1.556 V 1.545 Å 4;O :><?;5:AC є2@>?VN B0 1.551 V 1.550 Å 4;O 

:><?;5:AC 48A?@>7VN, B>4V O: C ;V30=4V 2V4AB0=V P4N B0 S4N 4>@V2=NNBP 1.662 (2) V 

1.642 (2)  Å, 2V4?>2V4=>. �=0G5==O 281@0=8E 4>268= 729O7:V2 B0 :CBV2 =02545=V C 4>40B:C 

4. �C4>2C :><?;5:A=>3> :0BV>=C [Ln(L3)2(bpy)2]+ B0 :>>@48=0FV9=89 ?>;V54@ F5=B@0;P=>3> 

V>=C =0 ?@8:;04V :><?;5:AC є2@>?VN =02545=> =0 @8A. 3.2.10.1. (>@<C :>>@48=0FV9=>3> 
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?>;V54@0 F5=B@0;P=8E 0B><V2 є2@>?VN B0 48A?@>7VN 1C;> 2AB0=>2;5=> O: ?@><V6=C <V6 

:204@0B=>N 0=B8?@87<>N B0 B@8:CB=8< 4>45:054@>< (4>40B>: 3). �;O B5B@0:VA-%�( 

:><?;5:AV2 E0@0:B5@=8<8 ?>;V54@0<8 є B@8:CB=89 4>45:054@, 28:@82;5=89 4>45:054@, 

28:@82;5=89 >:B054@, 42>H0?:>20 B@83>=0;P=0 ?@87<0, 28:@82;5=0 :204@0B=0 

0=B8?@87<0, 4;O B@8A-%�( 3 28:@82;5=0 :204@0B=0 0=B8?@87<0 [52, 71, 73, 197, 198, 

201,].  

�B><8 >:A835=C %�( ;V30=4V2 CB2>@NNBP 7 F5=B@0;P=8<8 9>=0<8 ;0=B0=>W4V2 

:CB8 73.68 (11) - 74.36 (15)  , 0 0B><8 =VB@>35=C <>;5:C; 2,2′-48?V@848;C 3 62.96 (12) - 

63.91 (16)  . *V 4V0?07>=8 :CBV2 0=0;>3VG=V 4> 45O:8E 7 >?8A0=8E 2 FV9 @>1>BV ��(- V 2,29-

48?V@848;-2<VA=8E :><?;5:AV2 є2@>?VN V 48A?@>7VN. ' %�(-2<VA=><C B5B@0:VA-

:><?;5:A0E є2@>?VN 7 @>1VB [73, 199] :CB8 <V6 0B><0<8 >:A835=C %�( ;V30=4V2 V 9>=>< 

;0=B0=>W40 ;560BP C <560E 2V4 72.76 (5) 4> 76.30 (16)  , 0 2 :><?;5:AV 48A?@>7VN 7 @>1>B8 

[71] 4V?07>= :CBV2 O4Dy4O AB0=>28BP 72.6 (2) - 76.8 (2)  . +5@57 0B><8 42>E E5;0B=8E 

H5AB8G;5==8E <5B0;>F8:;V2 ?@>2545=> A5@54=P>:204@0B8G=V ?;>I8=8 (%�#). 

 0:A8<0;P=V 2V4E8;5==O 2V4 =8E 0B><V2 <5B0;>F8:;V2 AB0=>2;OBP 0.1966 Å C 28?04:C 

0B><0 O1 :><?;5:AC є2@>?VN V 0.2026 Å 4;O O6 :><?;5:AC 48A?@>7VN. �V4E8;5==O V>=C 

 

$8AC=>: 3.2.10.1. �C4>20 :><?;5:A=>3> :0BV>=C [Eu(L3)2(bpy)2]+ B0 

:>>@48=0FV9=89 ?>;V54@ F5=B@0;P=>3> V>=C. �B><8 3V4@>35=C =5 ?>:070=V. 
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є2@>?VN 2V4 ?;>I8=, ?@>2545=8E G5@57 @5HBC 0B><V2 H5AB8G;5==8E F8:;V2, AB0=>2;OBP 

0.0284 V 0.2010 Å, 0 9>=C 48A?@>7VN 3 0.0241 V 0.1327 Å. �2V <>;5:C;8 2,2´-48?V@848;C 

4>?>2=NNBP :>>@48=0FV9=C AD5@C ;0=B0=>W4V2, CB2>@NNG8 ?;0=0@=V ?9OB8G;5==V 

<5B0;>F8:;8. �V4E8;5==O 0B><V2 2V4 ?;>I8= 5-G;5==8E <5B0;>F8:;V2 =5 1V;PHV 70 

0.0483 Å C 28?04:C [Eu(L3)2(bpy)2]BPh4 V 0.0457 Å C 28?04:C [Dy(L3)2(bpy)2]BPh4. ' 

:><?;5:A0E =0O2=V :V;P:0 B8?V2 :>=B0:BV2, I> 79є4=CNBP :0BV>= V 0=V>=: C-

H(bipy)∙∙∙C(BPh4), C(bipy)∙∙∙C(BPh4), C-H(BPh4)∙∙∙C(bipy), C(OMe)∙∙∙H(BPh4), C-

H(OMe)∙∙∙H(BPh4), C-H(OMe)∙∙∙C(BPh4), H(Ph-L3)∙∙∙C(BPh4). �2'O7:8 <V6 :><?;5:A=8<8 

:0BV>=0<8 2:;NG0NBP C-H(bipy)∙∙∙O(S), MeO∙∙∙C(bipy), MeO∙∙∙H(bipy), H(OMe)∙∙∙H(OMe), 

C(Ph-L3)∙∙∙C(Ph-L3). �=CB@VH=P><>;5:C;O@=V :>=B0:B8 2V4ACB=V. 

 

3.3. �;5:B@>==V A?5:B@8 ?>3;8=0==O B0 48DC7=>3> 2V418BBO 

�;5:B@>==0 A?5:B@>A:>?VO є FV==8< V=AB@C<5=B>< 4;O E0@0:B5@8AB8:8 :><?;5:AV2 

;0=B0=>W4V2, O:V, =0 2V4<V=C 2V4 ?5@5EV4=8E <5B0;V2, G0AB> 45<>=AB@CNBP GVB:> 287=0G5=V 

5;5:B@>==V ?5@5E>48 G5@57 =0O2=VABP V7>;P>20=8E 2V4 >B>G5==O f-f 5;5:B@>=V2 2A5@548=V 

V>=V2 ;0=B0=>W4V2. �>65= V>= ;0=B0=>W4C <0є A2>W E0@0:B5@=V A<C38 ?>3;8=0==O, I> 

<>6CBP =040B8 V=D>@<0FVN ?@> :>>@48=0FV9=5 A5@54>28I5 =02:>;> V>=0 ;0=B0=>W4C. 

�<V=8 A8;8 ?>;O ;V30=4C 01> :>>@48=0FV9=>3> G8A;0 <>6CBP ?@8725AB8 4> 7<VI5==O A<C3 

?>3;8=0==O 01> 7<V=8 WE V=B5=A82=>ABV [202]. �=0;V7CNG8 FV A?5:B@0;P=V E0@0:B5@8AB8:8, 

4>A;V4=8:8 <>6CBP 2825AB8 40=V ?@> 35><5B@VN B0 A8<5B@VN :>>@48=0FV9=>3> >B>G5==O 

:><?;5:AV2 7010@2;5=8E V>=V2 ;0=B0=>W4V2. �> G8A;0 ;0=B0=>W4V2, I> G0ABVH5 282G0NBPAO 

70 4>?><>3>N 5;5:B@>==>W A?5:B@>A:>?VW, 2E>4OBP Pr3+, Nd3+, Ho3+ B0 Er3+ 7024O:8 28A>:V9 

V=B5=A82=>ABV A<C3 ?>3;8=0==O C WE A?5:B@0E [203]. %<C38 ?>3;8=0==O =5>48<C(III) C 

2848<V9 B0 V=D@0G5@2>=V9 >1;0ABOE 28=8:0NBP 70 @0EC=>: ?5@5E>4V2 V7 >A=>2=>3> @V2=O 
4�9/2. �;O F8E A<C3 C A?5:B@0E :><?;5:AV2 =5>48<C A?>AB5@V30єBPAO 10B>E@><=89 7AC2 

?>@V2=O=> 7V A?5:B@>< 0:20V>=C 3 =5D5;0:A5B8G=89 7AC2 !��, Δ(. �V= 70728G09 

?@89<0єBPAO O: 4>:07 28I>3> ABC?5=O :>20;5=B=>ABV C :><?;5:A0E, =V6 C A>;OE <5B0;V2 
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C 2>4=8E @>7G8=0E, V 40є 7<>3C O:VA=> >FV=8B8 :>20;5=B=VABP 729O7:C <5B0;-;V30=4 ?@8 

?5@5E>4V 2V4 0:20- 01> 2V;P=>3> 9>=C 4> :>>@48=>20=>3> 9>=C C A:;04V :><?;5:AC [21, 204, 

205, 206]. �0 <C;PB8?;5B=VABN A83=0;C 4�9/2 ³ 2$1/2 ?@8 4>268=V E28;V 1;87P:> 430 =< C 

9>3> 25@E=V9 4V;O=FV @>18BPAO 28A=>2>: ?@> :V;P:VABP >?B8G=8E F5=B@V2, 0 >B65, V ?@> 

V=482V4C0;P=VABP @5G>28=8, 0465 70 2i4ACB=>ABi <03=iB=>3> ?>;O 2V= 28@>465=89 V =0 9>3> 

@>7I5?;5==O =5 2?;820NBP ?>;O A8<5B@VW. � <5B>N 282G5==O AB5EV><5B@VW B0 >45@60==O 

:>=AB0=B ABV9:>ABV :><?;5:AV2 [207] 28:>@8AB>2CNBP >1;0ABP «=04GCB;828E ?5@5E>4V2» C 

A?5:B@0E =5>48<C 7 ?5@5E>40<8 4I9/2 ³ 4G5/2, 2G7/2 ?@8 550-620 =<, 2 O:8E ΔJ = 2, 0465 WE 

V=B5=A82=VABP ACBBє2> 7@>AB0є ?@8 :><?;5:A>CB2>@5==V [22, 208]. �=0;V7 @>7?>4V;C F8E 

V=B5=A82=>AB59, 0 B0:>6 ?>;>65==O 40=8E A<C3 C A?5:B@V 70AB>A>2CєBPAO 4;O 

2AB0=>2;5==O :>>@48=0FV9=>3> G8A;0 F5=B@0;P=>3> 0B><0 C :><?;5:A0E, 2 B><C G8A;V 7 

;0=B0=>W40<8 V ��(/%�( ;V30=40<8 [46, 209, 210, 211].  

� 40=V9 @>1>BV 282G0;8 5;5:B@>==V A?5:B@8 :><?;5:AV2 $�� 2 >1;0ABOE 220-400 V 

420-900 =<. %<C38 ?>3;8=0==O C =02545=8E =86G5 A?5:B@0E :><?;5:AV2 =5>48<C 1C;8 

2V4=5A5=V 73V4=> ?C1;V:0FV9 [202, 203, 212]. �V4><>, I> ?@8@>40 @>7G8==8:0 2?;820є =0 

V=B5=A82=VABP V 7AC28 A<C3 ?>3;8=0==O [202, 213], B><C 4;O @>7@0EC=:V2 ?0@0<5B@V2 %V=E0 

28:>@8AB>2C20;8 A?5:B@8 48DC7=>3> 2V418BBO 4>A;V46C20=8E :><?;5:AV2 =5>48<C. 

�=0;V7 '( >1;0ABV 5;5:B@>==8E A?5:B@V2 40є V=D>@<0FVN ?@> ?>3;8=0==O >@30=VG=8E 

;V30=4V2. 

$8A. 3.3.1. 45<>=AB@Cє A?5:B@8 ?>3;8=0==O 4C65 @>72545=8E (~10-6  ) @>7G8=V2 

:><?;5:AV2 NMe4[Nd(L1)4] (1), NEt4[Nd(L1)4] (2) i PPh4[Nd(L1)4] (3) C 0F5B>=VB@8;V (7;V20) 

V A?5:B@8 2V418BBO :@8AB0;VG=8E :><?;5:AV2 NMe4[Tb(L1)4] (1), NEt4[Tb(L1)4] (2) V 

PPh4[Tb(L1)4] (3) (A?@020) 2 '( 4V0?07>=V ?@8 298 �. !0 A?5:B@0E ?>3;8=0==O 

A?>AB5@V30єBPAO V=B5=A82=0 A<C30 7 <0:A8<C<>< ?@8 224 =<, O:0 ?>29O70=0 7 ?>3;8=0==O< 

;V30=4C. ' A?5:B@0E 2V418BBO ?@8ACB=O H8@>:0 A<C30 ?>3;8=0==O 2 >1;0ABV 220-320 =<, 

O:0 1C;0 2V4=5A5=0 4> ?5@5E>4V2 π-π* V n-π* :0@1>=V;P=>W B0 D>AD>@8;P=>W 3@C? 48<5B8;-

N-B@8E;>@0F5B8;0<V4>D>AD0BC. ' A?5:B@0E :><?;5:AC PPh4[Tb(L1)4] B0:>6 є 4>40B:>20 
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A<C30 2 4V0?07>=V 250-280 =<, O:0 >1C<>2;5=0 5;5:B@>==8<8 ?5@5E>40<8 -* 2 :0BV>=V 

[PPh4]+. 

!0 @8A. 3.3.2. ?@54AB02;5=> A?5:B@8 ?>3;8=0==O ?@8 298 � :><?;5:AV2 

NMe4[Nd(L1)4] C 10-2   @>7G8=V 2 CH3CN (1, 0) V C 283;O4V B01;5B:8 (1, 1), 0 B0:>6 

NEt4[Nd(L1)4] (2) V PPh4[Nd(L1)4] (3) C 283;O4V10-2   @>7G8=V2 2 CH3CN 2 >1;0ABV 420-900 

=<. �V0?07>= @>74V;5=89 =0 >:@5<V 4V;O=:8 7 ?@8G8=8 @V7=8FV 2 V=B5=A82=>ABOE A<C3 

?5@5E>4V2. � >1;0ABV ?5@5E>4C 4�9/2 ³ 2$1/2 ?@8 4>268=V E28;V 428.9-429.7 =< 

A?>AB5@V30єBPAO A8=3;5B=89 A83=0;. �5@E=i9 @i25=P FP>3> ?5@5E>4C 28@>465=89 C 

28?04:C 2i4ACB=>ABi <03=iB=>3> ?>;O. �V= =5 @>7I5?;NєBPAO 2 ?>;OE 1C4P-O:>W A8<5B@iW, 

0 B><C :i;P:iABP A<C3 2 >1;0ABi 40=>3> ?5@5E>4C 2:07Cє =0 :i;P:iABP :>>@48=0Fi9=8E 

F5=B@i2 ?>3;8=0==O. ' A?5:B@V ?>3;8=0==O :@8AB0;VG=>3> :><?;5:AC NMe4[Nd(L1)4] 

(:@820 11) A<C30 ?5@5E>4C 4�9/2 ³ 2$1/2 7<VI5=0 2 >1;0ABP 4>2H8E 4>268= E28;P =0 0.6 =< 

?>@V2=O=> 7V A?5:B@>< @>7G8=C. %<C38 2 >1;0ABV 1V;PH8E 4>268= E28;P 2 4V0?07>=V 432-

436 =< 2V4=5A5=> 4> 5;5:B@>==8E ?5@5E>4V2 V7 70A5;5=8E ?@8 :V<=0B=V9 B5<?5@0BC@V 

?V4@V2=V2 B5@<C 4I9/2 [89, 212]. �;O :@8AB0;VG=>3> 7@07:0 NMe4[Nd(L1)4] V=B5=A82=VABP F8E 

A<C3 є A?V2<V@=>N V=B5=A82=>ABV ?5@5E>4C 4�9/2 ³ 2$1/2, =0 2V4<V=C 2V4 A?5:B@V2 @>7G8=V2 

:><?;5:AV2, 4;O O:8E V=B5=A82=VABP 40=8E A<C3 є <5=H>N. !0 4V;O=FV 2V4 455 4> 596 =< 

 

$8AC=>: 3.3.1. %?5:B@8 ?>3;8=0==O (0) 0F5B>=VB@8;P=8E @>7G8=V2 :><?;5:AV2 

NMe4[Nd(L1)4] (1), NEt4[Nd(L1)4] (2) i PPh4[Nd(L1)4] (3) V 2V418BBO (1) :@8AB0;VG=8E 

:><?;5:AV2 NMe4[Tb(L1)4] (1), NEt4[Tb(L1)4] (2) V PPh4[Tb(L1)4] (3) 2 '( 4V0?07>=V 

?@8  298 �. 
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@>7B0H>20=V A<C38 ?>3;8=0==O, I> 2V4?>2V40NBP ?5@5E>40< =0 @V2=V: 2K15/2 3 

A?>AB5@V30NBPAO 4;O NEt4[Nd(L1)4] V PPh4[Nd(L1)4]; 4G11/2, 2D3/2, 2G9/2 3 =5 @>7@V7=ONBPAO 

4;O @>7G8=C NMe4[Nd(L1)4]; 4G9/2; 2K13/2 3 284=V ;8H5 4;O B01;5B:8 NMe4[Nd(L1)4]; 4G5/2, 
4G7/2. �V;P:VABP :><?>=5=B C 4V;O=FV =04GCB;82>3> ?5@5E>4C 4I9/2 ³ 4G5/2, 2G7/2 4;O @>7G8=C 

V 4;O B01;5B:8 NMe4[Nd(L1)4] ?@8 550-620 =< [65] 4>@V2=Nє A5<8, >B65, 7<V=8 

:>>@48=0FV9=>3> G8A;0 =5>48<C 2 @>7G8=V =5 2V41C20єBPAO. �83;O4 A?5:B@V2 @>7G8=V2 2AVE 

B@P>E :><?;5:AV2 C FV9 4V;O=FV є ?>4V1=8<. �0 D>@<>N B0 A?V22V4=>H5==O< 

V=B5=A82=>AB59 A83=0;V2 40=>3> ?5@5E>4C 7@>1;5=> 28A=>2>: ?@> @50;V70FVN 

E0@0:B5@=>3> 4;O =5>48<C :>>@48=0FV9=>3> G8A;0 2VAV< [37, 42], I> C73>46CєBPAO 7 

 

$8AC=>: 3.3.2. %?5:B@8 ?>3;8=0==O :><?;5:AV2 NMe4[Nd(L1)4] (10, 1), 

NEt4[Nd(L1)4] (2) V PPh4[Nd(L1)4] (3) C @>7G8=V CH3CN (10, 2, 3) V C 283;O4V B01;5B:8 (11) 

?@8 298 �. 
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@57C;PB0B0<8 @5=B5=>AB@C:BC@=>3> 0=0;V7C. !0 @5HBV 4V0?07>=C @5єAB@0FVW A?5:B@V2 

A?>AB5@V30NBPAO A<C38 ?>3;8=0==O: 2H11/2, 4F9/2, 4F7/2, 4S3/2, 2H9/2 (:@V< A?5:B@C @>7G8=C 

NMe4[Nd(L1)4]), 4F5/2, 4F3/2. #>;>65==O A<C3 707=0G5=V 2 4>40B:C 7. �V;PHVABP A<C3 C 

A?5:B@V ?>3;8=0==O B01;5B:8 NMe4[Nd(L1)4] 7<VI5=V 2V4=>A=> A<C3 C A?5:B@V ?>3;8=0==O 

@>7G8=C =0 1-2 =<. 

%?5:B@8 48DC7=>3> 2V418BBO :@8AB0;VG=8E :><?;5:AV2 NMe4[Nd(L1)4], 

NEt4[Nd(L1)4] B0 PPh4[Nd(L1)4] ?@82545=> =0 @8A. 3.3.3. #5@5EV4 4I9/2³2P1/2 ?@8 429.8-

430.0 =< 4;O :><?;5:AV2 є A8=3;5B><, I> A2V4G8BP ?@> =0O2=VABP >4=>3> >?B8G=>3> 

F5=B@C C A:;04V :>6=>3> 7@07:0. �;5:B@>==V ?5@5E>48 7 =091;86G8E 4> >A=>2=>3> 

70A5;5=8E ?V4@V2=V2 ?@8 :V<=0B=V9 B5<?5@0BC@V 7C<>2;NNBP =0O2=VABP 4>A8BP 

V=B5=A82=8E A<C3 ?@8 4>2H8E 4>268=0E E28;P (432-436 =<). �0=V ?5@5E>48 

>1C<>2;NNBP B0:>6 ?@8ACB=VABP 4>40B:>28E 4>A8BP V=B5=A82=8E A<C3 2 V=H8E 4V;O=:0E 

A?5:B@V2 48DC7=>3> 2V418BBO :><?;5:AV2, 2=0A;V4>: G>3> A?>AB5@V30єBPAO 2V4<V==VABP 

A?5:B@V2 :><?;5:AV2 C @>7G8=V B0 :@8AB0;VG=><C AB0=V. 

%?5:B@8 48DC7=>3> 2V418BBO :><?;5:AV2 =5>48<C 7 0<>=Vє28<8 :0BV>=0<8 ?>4V1=V 

<V6 A>1>N, B>4V O: A?5:B@ PPh4[Nd(L1)4] 2V4@V7=OєBPAO 2V4 =8E ?>;>65==O< B0 :V;P:VABN 

A<C3 =0 @V7=8E 4V;O=:0E A?5:B@C. %?5:B@ 2V418BBO NMe4[Nd(L1)4] AE>48BPAO 7V A?5:B@>< 

?>3;8=0==O B01;5B:8 FP>3> :><?;5:AC, 0;5 A<C38 2 A?5:B@V 2V418BBO 3V@H5 @>74V;5=V. 

�V;PHVABP A<C3 C A?5:B@0E 2V418BBO B5B@0:VA-:><?;5:AV2 7<VI5=V 2 4>23>E28;P>2C >1;0ABP 

2V4=>A=> A<C3 C A?5:B@0E ?>3;8=0==O =0 1;87P:> 1 =<. �V4=5A5==O A<C3 C A?5:B@0E 

48DC7=>3> 2V418BBO ?>:070=> 2 4>40B:C 7.  

%?5:B@8 ?>3;8=0==O 4C65 @>7102;5=8E (~10-6)   @>7G8=V2 :><?;5:AV2 

[Nd(L1)3(bpy)], [Nd(L2)2(NO3)(bpy)] V [Nd(L2)3(bpy)] 2 0F5B>=VB@8;V 2 >1;0ABV 220-400 =< 

7>1@065=> =0 @8A. 3.3.4. (0) (:@82V 1, 2 V 3, 2V4?>2V4=>). �83;O4 A?5:B@C ?>3;8=0==O B@8A-

:><?;5:AC [Nd(L1)3(bpy)] є V45=B8G=8< 4> A?5:B@C ?>3;8=0==O 5B0=>;P=>3> @>7G8=C 

:><?;5:AC EuL13bpy(1/2bpy) [214] V SmL13bpy [215]. 
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#5@540G0 5=5@3VW 2 A?>;C:0E FP>3> B8?C 2V41C20єBPAO 3>;>2=8< G8=>< V7 A8=3;5B=8E V 

B@8?;5B=8E AB0=V2 2,29-48?V@848;C [214]. "A:V;P:8 5D5:B82=VABP 28?@><V=N20==O 

70;568BP 2V4 5=5@3VW 71C465==O, B> V 2 FP><C E5;0BV A5=A81V;V70FVO 28?@><V=N20==O 

7C<>2;5=0 AB0=0<8 48?V@848=C. %<C38 ?>3;8=0==O C A?5:B@0E 1VA- V B@8A-(L2){ :><?;5:AV2 

7=0E>4OBPAO ?@8 236 V 282-284 =<. "AB0==V 7C<>2;5=V π,π*-?5@5E>40<8 C 2,2′-48?V@848;V. 

�;O ?>@V2=O==O =02545=> A?5:B@ ?>3;8=0==O :><?;5:AC Tb(L2)3 [38], O:><C 2V4?>2V40є 

:@820 4 =0 @8A. 3.3.4 (0). !0 =P><C =0O2=0 >4=0 H8@>:0 A<C30 ?>3;8=0==O ��(-;V30=4C 

4> 320 =< 7 <0:A8<C<>< ?@8 1;87P:> 240 =<. %?5:B@8 ?>3;8=0==O @V7=>;V30=4=8E 

:><?;5:AV2 =0 >A=>2V ?5@H>3> B0 4@C3>3> ��( ;V30=4V2 2 '( >1;0ABV ?>4V1=V. "A=>2=0 

2V4<V==VABP ?>;O30є C ?>;>65==V <0:A8<C<0 ?5@H>W A<C38 ?>3;8=0==O, O:89 4;O 

 

$8AC=>: 3.3.3. %?5:B@8 48DC7=>3> 2V418BBO :><?;5:AV2 NMe4[Nd(L1)4] (1), 

NEt4[Nd(L1)4] (2) V PPh4[Nd(L1)4] (3) ?@8 298 � C 2848<><C V �+ 4V0?07>=0E. 
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:><?;5:AV2 7 4@C38< ;V30=4>< 45I> 7<VI5=89 2 4>23>E28;P>2C >10ABP. %?5:B@8 2V418BBO 

:@8AB0;VG=8E :><?;5:AV2 [Nd(L1)3(bpy)], [Nd(L2)2(NO3)(bpy)] V [Nd(L2)3(bpy)] 2 '( 

4V0?07>=V ?@8 298 � ?>:070=> =0 @8A. 3.3.4 (1), :@828E 1, 2 V 3, 2V4?>2V4=>. #>4V1=> 4> 

A?5:B@V2 ?>3;8=0==O @>7G8=V2 :><?;5:AV2, A?5:B@8 2V418BBO A:;040NBPAO V7 42>E 

V=B5=A82=8E A<C3 ?>3;8=0==O ?@8 4>268=0E E28;P 220-280 =< V 280-330 =<.  

�;O :><?;5:AV2 [Nd(L1)3(bpy)] V [Nd(L2)2(NO3)(bpy)] C @>7G8=V 2 0F5B>=VB@8;V 1C;8 

70?8A0=V A?5:B@8 ?>3;8=0==O (@8A. 3.3.5, :@82V 1 V 2, 2V4?>2V4=>) C 2848<><C V 1;86=P><C 

�+ 4V0?07>=0E. �>=F5=B@0FVW @>7G8=V2 AB0=>28;8 10-2  . � >1;0ABV ?5@5E>4C 4I9/2³2P1/2 

A?>AB5@V30NBPAO A8=3;5B8 ?@8 429.9 B0 430.3 =< 4;O ?5@H>3> V 4@C3>3> :><?;5:AC, 

2V4?>2V4=>, O:V 2:07CNBP =0 ?@8ACB=VABP >4=>3> >?B8G=>3> F5=B@C C A:;04V :>6=>3> V7 

7@07:V2. %<C38, I> @>7B0H>20=V 2 1V;PH 4>23>E28;P>2V9 >1;0ABV (432.5-438 =<), 

>1C<>2;5=V 5;5:B@>==8<8 ?5@5E>40<8 7 =091;86G8E 70A5;5=8E ?V4@V2=V2 >A=>2=>3> 

AB0=C =5>48<C. �;O B@8A-:><?;5:AV2 FV A<C38 <5=H V=B5=A82=V, =V6 4;O 28I5 

@>73;O=CB8E B5B@0:VA-:><?;5:AV2, I> 2:07Cє =0 <5=HC 70A5;5=VABP ?V4@V2=V2 >A=>2=>3> 

AB0=C =5>48<C 2 @V7=>;V30=4=8E :><?;5:A0E. (>@<0 A?5:B@V2 C 4V;O=FV =04GCB;82>3> 

?5@5E>4C E0@0:B5@=0 4;O :>>@48=0FV9=>3> G8A;0 =5>48<C 2VAV<. %<C38 C A?5:B@V 

 

$8AC=>: 3.3.4. %?5:B@8 ?>3;8=0==O (0) @>7G8=V2 :><?;5:AV2 [Nd(L1)3(bpy)] (1), 

[Nd(L2)2(NO3)(bpy)] (2), [Nd(L2)3(bpy)] (3) V Tb(L2)3 (4) C 0F5B>=VB@8;V V A?5:B@8 

2V418BBO (1) :@8AB0;VG=8E :><?;5:AV2 [Nd(L1)3(bpy)] (1), [Nd(L2)2(NO3)(bpy)] (2) V 

[Nd(L2)3(bpy)] (3) 2 '( 4V0?07>=V ?@8 298 �. 
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:><?;5:AC [Nd(L2)2(NO3)(bpy)] є <5=H V=B5=A82=8<8, ?>@V2=O=> 7V A?5:B@>< B@8A-

:><?;5:AC, 0 =0 4V;O=FV 610-810 =< 3 CH8@5=V V =5V=D>@<0B82=V.  

%?5:B@8 48DC7=>3> 2V418BBO :><?;5:AV2 [Nd(L1)3(bpy)] V [Nd(L2)2(NO3)(bpy)] ?@8 

298 � C 2848<><C B0 �+ 4V0?07>=0E =02545=> =0 @8A. 3.3.6, :@82V 1 V 2, 2V4?>2V4=>. �83;O4 

A?5:B@V2 >1>E :><?;5:AV2 45<>=AB@Cє B8?>2V A<C38 ?>3;8=0==O ?5@5E>4V2 7 >A=>2=>3> 

@V2=O 4I9/2 9>=0 Nd(III). %<C30, I> 2V4?>2V40є ?5@5E>4C 4I9/2³2P1/2, 7=0E>48BPAO ?@8 

 

$8AC=>: 3.3.5. %?5:B@8 ?>3;8=0==O :><?;5:AV2 [Nd(L1)3(bpy)] (1) V 

[Nd(L2)2(NO3)(bpy)] (2) C @>7G8=V 2 CH3CN ?@8 298 � C 2848<><C V �+ 4V0?07>=0E. 
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4>268=V E28;V 430.2 =< 4;O B@8A-(L1){ :><?;5:AC V 431.1 =< 4;O 1VA-(L2){ :><?;5:AC 

=5>48<C V є A8=3;5B><. #>@V2=O=> 7V A?5:B@0<8 ?>3;8=0==O 40=8E :><?;5:AV2, FO A<C30 

7<VI5=0 2 4>23>E28;P>2C >1;0ABP =0 0.3 =< 4;O :><?;5:AC [Nd(L1)3(bpy)] B0 =0 0.8 =< 3 

4;O [Nd(L2)2(NO3)(bpy)]. #>4V1=5 7<VI5==O є =>@<0;P=8< O28I5<, O:5 ?>2O70=5 7 

5D5:B0<8 :@8AB0;VG=>3> >B>G5==O. #@8 1V;PH8E 4>268=0E E28;P (4> 1;87P:> 437 =<) 

@>7<VICNBPAO ?5@5E>48 7 =091;86G8E 70A5;5=8E ?V4@V2=V2. �V;O=:0 =04GCB;82>3> 

?5@5E>4C 4I9/2³4G5/2, 2G7/2 <0є E0@0:B5@=89 283;O4 4;O :>>@48=0FV9=>3> G8A;0 =5>48<C 8. 

#5@5206=0 :V;P:VABP A<C3 C A?5:B@0E 2V418BBO :><?;5:AV2 [Nd(L1)3(bpy)] V 

[Nd(L2)2(NO3)(bpy)] 7<VI5=0 2 4>23>E28;P>2C >1;0ABP =0 1;87P:> 1 =< ?>@V2=O=> 7 

2V4?>2V4=8<8 A<C30<8 C A?5:B@0E ?>3;8=0==O. (>@<0 A?5:B@V2 2V418BBO V ?>3;8=0==O 

?>4V1=0.  

 

$8AC=>: 3.3.6. %?5:B@8 48DC7=>3> 2V418BBO :><?;5:AV2 [Nd(L1)3(bpy)] (1) V 

[Nd(L2)2(NO3)(bpy)] (2) ?@8 298 � C 2848<><C B0 �+ 4V0?07>=0E. 
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!0 @8A. 3.3.7 (0) ?@54AB02;5=> A?5:B@8 ?>3;8=0==O ~10-6   @>7G8=V2 :0BV>==8E 

:><?;5:AV2 [Nd(L1)2(bpy)2]BPh4 (:@820 1), [Nd(L2)2(bpy)2]BPh4 (:@820 2) V 

[Nd(L3)2(bpy)2]BPh4 (:@820 3) 2 0F5B>=VB@8;V 2 '( 4V0?07>=V ?@8 298 �. !0 A?5:B@0E 2AVE 

B@P>E :><?;5:AV2 =0O2=V A<C38 ?@8 220-255 V 265-320 =<. �83;O4 A?5:B@V2 є E0@0:B5@=8< 

4;O 7<VH0=>;V30=4=8E :><?;5:AV2 ;0=B0=>W4V2 V7 ��( ;V30=40<8 [1, 34, 36]. 

%?5:B@8 48DC7=>3> 2V418BBO 1, 2 V 3 =0 @8A. 3.3.7 (1) 70?8A0=V 2 '( 4V0?07>=V ?@8 

298 � 4;O :><?;5:AV2 [Nd(L1)2(bpy)2]BPh4, [Nd(L2)2(bpy)2]BPh4 V [Nd(L3)2(bpy)2]BPh4, 

2V4?>2V4=>. ,8@>:V A<C38 ?>3;8=0==O 7 <0:A8<C<0<8 1;87P:> 230 =< V 28I5 310 =< 

?@8ACB=V C 2AVE B@P>E A?5:B@0E.  

%?5:B@8 ?>3;8=0==O :0BV>==8E :><?;5:AV2 7 2,2′-48?V@848;>< A:;04C 

[Nd(L1)2(bpy)2]BPh4, [Nd(L2)2(bpy)2]BPh4 V [Nd(L3)2(bpy)2]BPh4 ?@54AB02;5=> =0 @8A. 3.3.8. 

�@07:8 :><?;5:AV2 4>A;V465=V C 283;O4V 10-2   @>7G8=V2 C 0F5B>=VB@8;V, 0 :><?;5:A 

[Nd(L3)2(bpy)2]BPh4 3 B0:>6 C 283;O4V B01;5B:8. �;O 2AVE 3-E :><?;5:AV2 A83=0; ?5@5E>4C 

=0 @V25=P 2P1/2 є A8=3;5B><, >B65, 4;O =8E ?@8ACB=V є48=V F5=B@8 ?>3;8=0==O. (>@<8 

4V;O=>: A?5:B@V2, I> 2V4?>2V40NBP =04GCB;82><C ?5@5E>4C =0 @V2=V 2G7/2 V 4G5/2, є 

B8?>28<8 4;O :>>@48=0FV9=>3> G8A;0 2VAV<. %83=0; ?5@5E>4C =0 5=5@35B8G=89 @V25=P 

=5>48<C 2P1/2 4;O @>7G8=C :><?;5:AC 7 HL3 (:@820 30, 428.9 =<) 7<VI5=89 C 

 

$8AC=>: 3.3.7. %?5:B@8 ?>3;8=0==O @>7G8=V2 2 0F5B>=VB@8;V (0) V A?5:B@8 

2V418BBO :@8AB0;VG=8E 7@07:V2 (1) :><?;5:AV2 [Nd(L1)2(bpy)2]BPh4, [Nd(L2)2(bpy)2]BPh4 

V [Nd(L3)2(bpy)2]BPh4 (:@82V 1-3, 2V4?>2V4=>) 2 '( 4V0?07>=V ?@8 298 �. 
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:>@>B:>E28;P>2C >1;0ABP =0 1.2 =< ?>@V2=O=> 7 A83=0;>< C A?5:B@V 7@07:0 C 283;O4V 

B01;5B:8 (:@820 31, 430.1 =<), I> 242VGV 1V;PH5 =V6 0=0;>3VG=89 7AC2 4;O NMe4[Nd(L1)4]. 

#@8 FP><C, :>>@48=0FV9=5 G8A;> =5>48<C =5 7<V=8;>AP ?VA;O 48A>FV0FVW :><?;5:AC, B0: 

O: =04GCB;8289 ?5@5EV4 4I9/2³4G5/2, 2G7/2 C A?5:B@0E @>7G8=C V B01;5B:8 <0є AE>689 

283;O4. #>4V1=> 4> B5B@0:VA- V =59B@0;P=8E :><?;5:AV2 =5>48<C, 4;O 45O:8E A<C3 3 4G7/2, 

2G7/2, 4G5/2, 4S3/2, 4F5/2 3 A?>AB5@V30;8 :>@>B:>E28;P>2V 7AC28 A83=0;V2 25;8G8=>N 4> 2 =< 

C A?5:B@V @>7G8=C :><?;5:AC [Nd(L3)2(bpy)2]BPh4 ?>@V2=O=> 7V A?5:B@>< 7@07:0 C 283;O4V 

B01;5B:8. %83=0;8 ?5@5E>4V2 =0 @V2=V 2H11/2 V 2H9/2 ?@>O2;ONBPAO, 7-?><V6 CAVE 4-E 

A?5:B@V2, BV;P:8 C 28?04:C :@8AB0;VG=>3> 7@07:0 :><?;5:AC =0 >A=>2V %�(-;V30=4C. 

 

$8AC=>: 3.3.8. %?5:B@8 ?>3;8=0==O :><?;5:AV2 [Nd(L1)2(bpy)2]BPh4 (1), 

[Nd(L2)2(bpy)2]BPh4 (2) V [Nd(L3)2(bpy)2]BPh4 (30, 1) C @>7G8=V CH3CN (1, 2, 30) V C 

283;O4V B01;5B:8 (31) ?@8 298 �. 
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%83=0; ?5@5E>4C =0 @V25=P 4F9/2 =5 @>7@V7=OєBPAO BV;P:8 =0 A?5:B@V @>7G8=C 40=>3> 

:><?;5:AC. 

�;O :0BV>==8E :><?;5:AV2 =5>48<C =0 >A=>2V HL1-3 7 2,2′-48?V@848;>< >B@8<0=> 

A?5:B@8 48DC7=>3> 2V418BBO ?@8 298 � C 2848<><C B0 �+ 4V0?07>=0E (@8A. 3.3.9, :@82V 1-

3). !0O2=VABP >4=>3> A83=0;C ?5@5E>4C 4I9/2-2P1/2 2AVE B@P>E A?>;C: ?V4B25@46Cє 

>4=>@V4=VABP WE A:;04C. �0=89 A83=0; 4;O :><?;5:AC 7 %�( ;V30=4>< (:@820 3) 7<VI5=89 

C :>@>B:>E28;P>2C >1;0ABP 2V4=>A=> A83=0;V2 :><?;5:AV2 V7 ��( ;V30=40<8 (:@82V 1, 2) V 

@>7B0H>20=89 ?@8 430 =<. #@8 4>268=0E E28;P 433.1-434.9 =< 7=0E>4OBPAO A83=0;8 

?5@5E>4V2 V7 70A5;5=8E ?@8 :V<=0B=V9 B5<?5@0BC@V 28I8E ?V4@V2=V2 >A=>2=>3> B5@<C 4I9/2 

=0 A8=3;5B=89 2P1/2. (>@<8 =04GCB;828E ?5@5E>4V2 C A?5:B@0E 48DC7=>3> 2V418BBO 

 

$8AC=>: 3.3.9. %?5:B@8 48DC7=>3> 2V418BBO :@8AB0;VG=8E :><?;5:AV2 

[Nd(L1)2(bpy)2]BPh4 (1), [Nd(L2)2(bpy)2]BPh4 (2) V [Nd(L3)2(bpy)2]BPh4 (3) ?@8 298 � C 

2848<><C B0 �+ 4V0?07>=0E. 
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?>4V1=V 4> 2V4?>2V4=8E D>@< A83=0;V2 C A?5:B@0E ?>3;8=0==O @>7G8=V2 :><?;5:AV2. %<C38 

?5@5E>4V2 =0 4V;O=FV 455-485 V 620-690 =< @5єAB@CNBPAO =0 A?5:B@0E 2V418BBO :@0I5, =V6 

=0 A?5:B@0E ?>3;8=0==O. �>@>B:>E28;P>289 7AC2 A83=0;V2 :><?;5:AC =0 >A=>2V %�(C 

2V4=>A=> A83=0;V2 ��(-2<VA=8E :><?;5:AV2 A?>AB5@V30єBPAO 4;O ?5@5E>4V2 2K15/2, 2G7/2, 
4G5/2, 2H11/2, 4S3/2, 4F5/2. �5O:V A<C38 ?5@5E>4V2 C A?5:B@0E ?>3;8=0==O :0BV>==8E :><?;5:AV2 

7<VI5=V =0 1;87P:> 1 =< C :>@>B:>E28;P>2C >1;0ABP 2V4=>A=> ?>;>65==O 2V4?>2V4=8E 

A<C3 C A?5:B@0E 2V418BBO.  

�=0G5==O =5D5;>0C:A5B8G=>3> 7AC2C Δ( 1C;> @>7@0E>20=5 O: @V7=8FO <V6 

E28;P>28< G8A;>< A<C3 ?>3;8=0==O ?5@5E>4V2 7 @V2=O 4I9/2 C A?5:B@0E 48DC7=>3> 2V418BBO 

:><?;5:AV2 =5>48<C �>с (A<-1) V E28;P>28< G8A;>< A<C3 2V4?>2V4=8E ?5@5E>4V2 C A?5:B@V 
0:209>=C ¾0:20 V 2V;P=>3> 9>=C ¾2V;P= (A<-1) (4>40B>: 7). #0@0<5B@8 %V=E0 β =1ÿ ∑ �>с� /�а>ва/ві?ьн�ÿ2�  V :>20;5=B=>ABV δ = 12ββ ∗ 100% =02545=V 2 B01;. 3.3.1. #0@0<5B@ · 
<>65 ?@89<0B8 =530B82=5 01> ?>78B82=5 7=0G5==O 2 70;56=>ABV 2V4 ?@8@>48 ;V30=4C. 

#>78B82=V 7=0G5==O · A2V4G0BP ?@> B5, I> 729O7>: <V6 <5B0;>< V ;V30=4>< є :>20;5=B=8< 

C ?>@V2=O==V 7V 729O7:>< C 0:20V>=V, 0 =530B82=V 3 ?@> 9>==89 E0@0:B5@ 72'O7:C. �V4><>, I> 

7=0G5==O · ≈ 1.5 2:07Cє =0 A;01:89, 0 · > 1.5 3 =0 A8;P=89 :>20;5=B=89 E0@0:B5@ 729O7:C 

C :><?;5:A0E ?>@V2=O=> 7 0:209>=>< [202]. �8E>4OG8 7 40=8E 7 B01;. 3.3.1, <>6=0 7@>18B8 

28A=>2>: ?@> A;01:89 :>20;5=B=89 E0@0:B5@ 729O7:C 4;O 4>A;V465=8E :><?;5:AV2 

=5>48<C ?>@V2=O=> 7 2>4=8< V>=><. !091V;PH 28@065=89 :>20;5=B=89 E0@0:B5@ 729O7:C 

C :><?;5:AV [Nd(L1)2(bpy)2]BPh4, 0 =09A;01H89 3 C :><?;5:AV PPh4[Nd(L1)4], I> 

C73>46CєBPAO 7 40=8<8 $%B�. %5@54 0=V>==8E :><?;5:AV2 7=0G5==O · ?>@V2=O=> 7 

0:209>=>< <0:A8<0;P=5 4;O :><?;5:AC 7 NEt4+ :0BV>=><, A5@54 =59B@0;P=8E 3 4;O 

[Nd(L1)3bpy], 0 A5@54 :0BV>==8E 3 4;O [Nd(L1)2(bpy)2]BPh4. ' 28?04:C ?>@V2=O==O V7 

2V;P=8< 9>=>< =5>48<C [206], =09<5=H5 7=0G5==O ?0@0<5B@C · >B@8<0=> 4;O :><?;5:AC 

[Nd(L3)2(bpy)2]BPh4, 0 =0928I5 3 4;O [Nd(L2)2(NO3)(bpy)]. 
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&01;8FO 3.3.1. #0@0<5B@8 %V=E0 ³, · 2V4=>A=> 0:209>=C V 2V;P=>3> 9>=C 4;O 

:><?;5:AV2 =5>48<C. 

 

 

3.4. �N<V=5AF5=B=V 4>A;V465==O 

3.4.1. (>AD>@5AF5=FVO :><?;5:AV2 304>;V=VN 

�06;82C @>;P 2 ?5@540GV 5=5@3VW <V6 >@30=VG=8<8 ;V30=40<8 B0 V>=0<8 Ln(III), 0 

>B65, 2 5D5:B82=>ABV A5=A81V;V70FVW ;N<V=5AF5=FVW, 2V4V3@0NBP ?>;>65==O B@8?;5B=8E 

@V2=V2 ;V30=4V2 (&1), H;OE>< 01> 0:B820FVW ?@>F5AC A5=A81V;V70FVW, :>;8 5=5@3VO T1 28I0 

2V4 28?@><V=NNG>3> @V2=O V>=0 Ln(III), 01> H;OE>< 30AV==O 71C465=>3> AB0=C 

<5B0;>F5=B@C, :>;8 T1 ;568BP =86G5 =P>3> [16]. �;O 2AB0=>2;5==O 7=0G5=P 5=5@3VW 

=09=86G>3> B@8?;5B=>3> @V2=O ;V30=4V2 C :><?;5:A0E 4>A;V46C20;8 A?5:B@8 

D>AD>@5AF5=FVW :@8AB0;VG=8E 7@07:V2 :><?;5:AV2 304>;V=VN ?@8 77 � (@8A. 3.4.1.1). �81V@ 

$�� 4;O 4>A;V465==O D>AD>@5AF5=FVW >1C<>2;5=89 28A>:>N 5=5@3VєN 

28?@><V=N20;P=>3> 5=5@35B8G=>3> @V2=O Gd(III), O:89 ?5@528ICє 7=0G5==O 5=5@3V9 

�><?;5:A  ³0:20 ·0:20, % ³2V;P= ·2V;P=, % 

NMe4[Nd(L1)4] 0.996 0.421 0.962 3.907 

NEt4[Nd(L1)4] 0.996 0.424 0.962 3.910 

PPh4[Nd(L1)4] 0.997 0.294 0.963 3.892 

[Nd(L1)3bpy] 0.995 0.492 0.961 4.018 

[Nd(L1)2(bpy)2]BPh4 0.994 0.612 0.960 4.144 

[Nd(L2)3bpy] [38] 0.996 0.403 0.962 3.912 

[Nd(L2)2(NO3)(bpy)] 0.997 0.351 0.960 4.184 

[Nd(L2)2(bpy)2]BPh4 0.994 0.562 0.961 4.079 

[Nd(L3)2(bpy)2]BPh4 0.996 0.392 0.963 3.797 



112 
 

B@8?;5B=8E @V2=V2 4>A;V465=8E ;V30=4V2, G5@57 I> =5<>6;8289 ?5@5=VA 5=5@3VW 7 ;V30=4C 

=0 <5B0;. #>4V1=VABP 1C4>28 5;5:B@>==>W >1>;>=:8 B0 1;87P:V @04VCA8 9>=C 304>;V=VN 7 

є2@>?Vє< B0 B5@1Vє< 40NBP 7<>3C 287=0G0B8 ?>;>65==O B@8?;5B=>3> @V2=O C A:;04V 

:><?;5:AV2, O:V є 1;87P:8<8 0=0;>30<8 :><?;5:AV2 є2@>?VN B0 B5@1VN. ' A?5:B@0E 

D>AD>@5AF5=FVW A<C30 7 =09=86G8< 7=0G5==O< 4>268=8 E28;V 2V4?>2V40є ?>;>65==N &1 
;V30=4C [216].  

�=5@3VO &1 ;V30=4V2 C :><?;5:A0E, 7=0945=0 7V A?5:B@V2 D>AD>@5AF5=FVW, 0 B0:>6 

@V7=8FV 5=5@3V9 ΔE <V6 &1 V 71C465=8<8 @V2=O<8 9>=V2 є2@>?VN (5D0 = 17300 A<-1, 5D1 = 

19018 A<-1), B5@1VN (5D4 = 20500 A<-1) B0 48A?@>7VN (4F9/2 = 21100 A<-1) [203, 217] =02545=V 
C B01;. 3.4.1.1. �D5:B82=VABP ;N<V=5AF5=FVW 70;568BP, 7-?><V6 V=H8E D0:B>@V2, 2V4 

>?B8<0;P=>3> 7=0G5==O ΔE. �;O E5;0BV2 Eu(III) B0 Tb(III), O:I> B@8?;5B=89 AB0= ;V30=4C 

є >A=>2=8< 4>=>@=8< AB0=><, 2V= ?>28=5= @>7B0H>2C20B8AO I>=09<5=H5 =0 1500 A<{¹ 

 

$8AC=>: 3.4.1.1. %?5:B@8 D>AD>@5AF5=FVW :><?;5:AV2 NMe4[Gd(L1)4] (1), 

NEt4[Gd(L1)4] (2), PPh4[Gd(L1)4] (3), [Gd(L2)2(NO3)(bpy)] (4), [Gd(L2)3bpy] (5), 

[Gd(L1)2(bpy)2]BPh4 (6), [Gd(L2)2(bpy)2]BPh4 (7), [Gd(L3)2(bpy)2]BPh4 (8). 
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28I5 2V4 28?@><V=N20;P=>3> @V2=O 4;O C=8:=5==O 72>@>B=>3> ?5@5=>AC 5=5@3VW. 

"?B8<0;P=89 5=5@35B8G=89 @>7@82 <V6 B@8?;5B=8< V 5<VAV9=8< AB0=0<8 7=0E>48BPAO 2 

<560E 200034000 A<-1. �0=5 ?@028;> є >@Vє=B>2=8<, >A:V;P:8 =0O2=VABP AB0=V2 ?5@5=>AC 

70@O4C, B0:8E O: ILCT, LMCT <>65 ACBBє2> 7<V=8B8 :0@B8=C [16]. /:I> 5=5@35B8G=89 

@>7@82 1V;PH89, ?5@5=5A5==O 5=5@3VW <>65 1CB8 <5=H 5D5:B82=8<, 0 O:I> <5=H89 70 

1850 A<-1 <>6;825 72>@>B=5 ?5@5=5A5==O 5=5@3VW =0 B@8?;5B=89 AB0=, I> ?@872>48BP 4> 

30AV==O ;N<V=5AF5=FVW [218]. �BV<, I>4> :><?;5:AV2 48A?@>7VN, ;VB5@0BC@=8E 40=8E 

=54>AB0B=P>. %5@54 @>73;O=CB8E @O4V2 :><?;5:AV2 =0928IC 5=5@3VN B@8?;5B=>3> @V2=O 

<0NBP =59B@0;P=V B@8A-:><?;5:A8 7 ;V30=40<8 L1 B0 L2. �=5@3VO T1 4;O A8=B57>20=8E 

A?>;C: є 28I>N 70 28?@><V=N20;P=V @V2=V Eu(III), Tb(III) V Dy(III), I> C<>6;82;Nє 

A5=A81V;V70FVN 28?@><V=N20==O 40=8E V>=V2. �@V< B>3>, 4;O 1V;PH>ABV B8?V2 >45@60=8E 

:><?;5:AV2 є2@>?VN V B5@1VN 5=5@3VO T1 є 4>AB0B=P> 28A>:>N 4;O =54>?CI5==O 72>@>B=>W 

?5@540GV 5=5@3VW 2V4 ;0=B0=>W4V2 4> ;V30=4V2. #@>B5, 4;O 1V;PH>ABV :><?;5:AV2 48A?@>7VN 

<>6;8289 72>@>B=V9 B@0=AD5@ 5=5@3VW 7 <5B0;C =0 ;V30=4, B0: O: ΔE ‹ 1850 A<-1. 

"?B8<0;P=8<8 є 7=0G5==O ΔE 2V4=>A=> 5D1 @V2=O є2@>?VN. 

 

&01;8FO 3.4.1.1. �=5@35B8G=V 707>@8 ΔE <V6 B@8?;5B=8< @V2=5< ;V30=4V2 B0 

28?@><V=NNG8<8 @V2=O<8 ;0=B0=>W4V2 C :><?;5:A0E Eu(III) (5D0, 5D1), Tb(III) (5D4) B0 

Dy(III) (4F9/2) (A<-1). 

�><?;5:A  E(T1) ΔE(T1-5D0) ΔE(T1-5D1) ΔE(T1-5D4) ΔE(T1-4F9/2) 

NMe4[Gd(L1)4] 22590 5290 3572 2090 1490 

NEt4[Gd(L1)4] 22210 4910 3192 1710 1110 

PPh4[Gd(L1)4] 22790 5490 3772 2290 1690 

[Ln(L1)3(bpy)] [173] 23810 6510 4792 3310 2710 

[Gd(L2)2(NO3)(bpy)] 22830 5530 3812 2330 1730 
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[Gd(L2)3(bpy)] 22990 5690 3972 2490 1890 

[Gd(L1)2(bpy)2]BPh4 22880 5580 3862 2380 1780 

[Gd(L2)2(bpy)2]BPh4 22890 5590 3872 2390 1790 

[Gd(L3)2(bpy)2]BPh4 22730 5430 3712 2230 1630 

 

3.4.2. �N<V=5AF5=FVO :><?;5:AV2 є2@>?VN, B5@1VN B0 48A?@>7VN  

�=0;V7 DV78:>->?B8G=8E 2;0AB82>AB59 :><?;5:AV2 ;0=B0=>W4V2 є :;NG>28< 4;O 

<>6;82>ABV WE 28:>@8AB0==O C @V7=><0=VB=8E 30;C7OE. �N<V=5AF5=FVO ;0=B0=>W4V2 є 

GCB;82>N 4> 7<V= C :>>@48=0FV9=V9 AD5@V <5B0;C. !0<8 1C;> 4>A;V465=> 2?;82 ?@8@>48 

7>2=VH=P>AD5@=>3> :0BV>=C C B5B@0:VA-:><?;5:A0E є2@>?VN B0 B5@1VN =0 WE=V 

;N<V=5AF5=B=V 2;0AB82>ABV, 2?;82 :>>@48=>20=8E =VB@0B=8E 3@C? =0 5<VAVN 

7<VH0=>;V30=4=8E <>;5:C;O@=8E :><?;5:AV2 є2@>?VN, B5@1VN V 48A?@>7VN, 0 B0:>6 @>;P 

?@8@>48 ;V30=4V2 ?@8 AB2>@5==V :0BV>==8E 7<VH0=>;V30=4=8E :><?;5:AV2 є2@>?VN B0 

B5@1VN 7 5D5:B82=>N ;N<V=5AF5=FVєN. 

 

3.4.2.1. &5B@0:VA-:><?;5:A8 є2@>?VN B0 B5@1VN 

!0 @8A. 3.4.2.1.1 =02545=> A?5:B@8 71C465==O 5<VAVW A8=B57>20=8E B5@0:VA- 

:><?;5:AV2 є2@>?VN V B5@1VN. �N<V=5AF5=B=V 2;0AB82>ABV :><?;5:AC Eu(III) V7 

7>2=VH=P>AD5@=8< B5B@0D5=V;D>AD>=V9-:0BV>=>< 70 :V<=0B=>W B5<?5@0BC@8 1C;8 

>?C1;V:>20=V @0=VH5 [163] V 28:>@8AB>2CNBPAO =0<8 4;O ?>@V2=O==O. %?5:B@8 71C465==O 

NMe4[Ln(L1)4] (@8A. 3.4.2.1.1 (0), (3)), 28<V@O=V ?@8 298 V 77 K, A:;040NBPAO 7 H8@>:8E 

A<C3 2 4V0?07>=V 260 3 330 =< V 2C7P:8E A<C3 f-f ?5@5E>4V2 9>=V2 Eu(III) V Tb(III). ,8@>:0 

A<C30 C A?5:B@0E 71C465==O NMe4[Eu(L1)4] V NMe4[Tb(L1)4] A2V4G8BP ?@> =0O2=VABP 

?@>F5AC A5=A81V;V70FVW 28?@><V=N20==O Ln(III) ;V30=4><. �@0E>2CNG8, I> =V :0BV>= 

[NMe4]+, =V ;V30=4 =5 <0NBP E@><>D>@V2, O:V ?>3;8=0NBP 2 '(-4V0?07>=V, >B65 1C;> 

7@>1;5=> ?@8?CI5==O, I> A5=A81V;V70FVO 2V41C20єBPAO 70 CG0ABN 3@C?8 C=O ;V30=4C, O:0 
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<0є A;01:5 ?>3;8=0==O 2 '(-4V0?07>=V. �=H5 <>6;825 ?>OA=5==O 40=>3> D5=><5=C 3 

A5=A81V;V70FVO ;N<V=5AF5=FVW ;0=B0=>W4V2 ?A524>0@><0B8G=8< H5AB8G;5==8< :V;PF5< 

LnOCNPO, O:5 2V4@V7=OєBPAO <0965 V450;P=>N ?;>I8==VABN C A:;04V :><?;5:AV2 

NMe4[Ln(L1)4] 2 ?>@V2=O==V 7 V=H8<8 >45@60=8<8 B5B@0:VA-:><?;5:A0<8. #5@540G0 

5=5@3VW ;V30=4-<5B0; =5 A?>AB5@V30єBPAO 4;O A?>;C: NEt4[Ln(L1)4] (@8A. 3.4.2.1.1 (1), (ґ)), 

E>G0 AB@C:BC@=V 2V4<V==>ABV 2V4 NMe4[Ln(L1)4] 4;O FP>3> :><?;5:AC є <V=V<0;P=8<8. 

#@8G8=C 2V4<V==>AB59 C ?@>F5AV A5=A81V;V70FVW 28?@><V=N20==O Ln(III) V ?@>DV;N 

A?5:B@V2 71C465==O 4;O F8E 42>E A5@V9 A?>;C: ?>:8 >AB0B>G=> =5 79OA>20=>. � V=H>3> 

1>:C, 20@B> 2V47=0G8B8, I> =02VBP =525;8:V AB@C:BC@=V 7<V=8 <>6CBP ?@8725AB8 4> 

7=0G=8E =0A;V4:V2 C D>B>DV78G=8E 2;0AB82>ABOE :>>@48=0FV9=8E A?>;C: ;0=B0=>W4V2 

[131]. �07=0G5=V H8@>:V A<C38 2V4ACB=V B0:>6 C A?5:B@0E 71C465==O ;N<V=5AF5=FVW 

Na[Eu(L1)4]·H2O [219] B0 PPh4[Ln(L1)4]. �;O A5@VW :><?;5:AV2 PPh4[Ln(L1)4] 2V41C20єBPAO 

=01030B> <5=H 5D5:B82=89 ?@>F5A A5=A81V;V70FVW 28?@><V=N20==O Ln(III) (@8A. 3.4.2.1.1 

(2), (4)) C ?>@V2=O==V 7 NMe4[Ln(L1)4]. %<C30 =87P:>W V=B5=A82=>ABV 2 4V0?07>=V 260-285 

=< C A?5:B@V 71C465==O PPh4[Eu(L1)4] <>65 2:07C20B8 =0 A5=A81V;V70FVN 28?@><V=N20==O 

Eu(III) G5@57 ?5@540GC 5=5@3VW 2V4 :0BV>=0 [PPh4]+. �;O PPh4[Tb(L1)4] 2 FP><C 4V0?07>=V <0є 

<VAF5 =525;8:89 ?V49>< A?5:B@C 2V4=>A=> 107>2>W ;V=VW, 0;5 2 FP><C 4V0?07>=V 

A?>AB5@V30NBPAO B0:>6 V f-f ?5@5E>48 Tb(III). ' A?5:B@0E 71C465==O Cat[Eu(L1)4] 

?5@52060є ?5@5EV4 7F0³5L6, I> E0@0:B5@=> 4;O 1V;PH>ABV A?>;C: є2@>?VN, 2 B><C G8A;V 

4;O B5B@0:VA-��( :><?;5:AV2 [68, 69, 163, 201, 220]. #@8 :V<=0B=V9 B5<?5@0BC@V ?5@5E>48 

7 @V2=O 7F1 2V41C20NBPAO 2 :><?;5:A0E є2@>?VN G5@57 <0;C @V7=8FN 5=5@3V9 <V6 >A=>2=8< 

AB0=>< 7F0 V ?5@H8< 71C465=8< AB0=>< 7F1. "4=0: ?@8 77 K 70A5;5=VABP AB0=C 7F1 ACBBє2> 

7<5=HCєBPAO V ?5@5E>48 7 FP>3> @V2=O =5 ?@0:B8G=> A?>AB5@V30NBPAO. 

 #@8 >?@><V=5==V '( A2VB;>< B5B@0:VA-:><?;5:A8 Eu(III) V Tb(III) ?@>O2;ONBP 

G5@2>=C V 75;5=C ;N<V=5AF5=FVN, 2V4?>2V4=>. %?5:B@8 ;N<V=5AF5=FVW E0@0:B5@87CNBPAO  

2C7P:8<8 A<C30<8 28?@><V=N20==O, E0@0:B5@=8<8 4;O F8E ;0=B0=>W4V2 (@8A. 3.4.2.1.2). 
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 %<C38, O:V A?>AB5@V30NBPAO C A?5:B@0E ;N<V=5AF5=FVW >45@60=8E B5B@0:VA-

:><?;5:AV2, 2V4?>2V40NBP ?5@5E>40< 5D0³7FJ (J = 134) 4;O Eu(III) B0 5D4³7FJ (J = 630) 

4;O V>=0 Tb(III). %?>;C:8 NMe4[Eu(L1)4] V NEt4[Eu(L1)4] (@8A. 3.4.2.1.2 (0, 1)) 

45<>=AB@CNBP ?>4V1=V 2V4=>A=V A?V22V4=>H5==O V=B5=A82=>AB59 ?5@5E>4V2, 0 ,B0@:V2AP:V 

 

$8AC=>: 3.4.2.1.1. %?5:B@8 71C465==O 5<VAVW :><?;5:AV2 NMe4[Eu(L1)4] (0), 

NEt4[Eu(L1)4] (1), PPh4[Eu(L1)4] (2) (¼5< = 612 =<); NMe4[Tb(L1)4] (3), NEt4[Tb(L1)4] (ґ), 

PPh4[Tb(L1)4] (4) (¼5< = 545 =<) C :@8AB0;VG=><C AB0=V ?@8 B5<?5@0BC@V 298 B0 77 �. 
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:><?>=5=B8 2 WE A?5:B@0E ;N<V=5AF5=FVW 2V4@V7=ONBPAO 2V4 B8E, I> A?>AB5@V30NBPAO 4;O 

:><?;5:AC Na[Eu(L1)4]·H2O [219]. $>7I5?;5==O A<C3 B0 A?V22V4=>H5==O WE 

V=B5=A82=>AB59 C A?5:B@V PPh4[Eu(L1)4] (@8A. 3.4.2.1.2 (2)) є ?>4V1=8< 4> :><?;5:AC 7 

:0BV>=>< =0B@VN. �8E>4OG8 V7 :V;P:>ABV ?V:V2 C A?5:B@0E ;N<V=5AF5=FVW, 4;O :><?;5:AC 7 

:0BV>=>< NMe4+ 287=0G5=> B>G:>2C 3@C?C A8<5B@VW D2d, 7 NEt4+ 3 D2, 7 PPh4+ 3 S4. #5@5EV4 
5D0³7F0 =5 A?>AB5@V302AO C A?5:B@0E B5B@0:VA-:><?;5:AV2, 0 4><V=CNG8< є ?5@5EV4 
5D0³7F2. #@8<VB=>N E0@0:B5@8AB8:>N A?5:B@V2 ;N<V=5AF5=FVW NMe4[Eu(L1)4] V 

NEt4[Eu(L1)4] є 28A>:0 V=B5=A82=VABP ?5@5E>4C 5D0³7F4. ' ?>@V2=O==V 7 PPh4[Eu(L1)4], 

V=B53@0;P=V V=B5=A82=>ABV ?5@5E>4V2 5D0³7FJ (J = 3, 4) 1V;PHV 4;O :><?;5:AV2 7 :0BV>=0<8 

0<>=VN, B>4V O: V=B53@0;P=V V=B5=A82=>ABV ?5@5E>4V2 5D0³7F2 3 <5=HV.  

' A?5:B@0E ;N<V=5AF5=FVW :><?;5:AV2 B5@1VN (@8A. 3.4.2.1.2 (3-4)) ?5@52060є A<C30 

?5@5E>4C 5D4³7F5. #5@5E>48 f3f 2V4 @V2=V2 5D4 4> 7FJ (J = 630) A?>AB5@V30NBPAO ?@8 77 � V 

:V<=0B=V9 B5<?5@0BC@V. !09<5=HC V=B5=A82=VABP <0NBP ?5@5E>48 5D4³7FJ (J = 230). �;O 

:><?;5:AV2 Eu(III) V Tb(III) A?>AB5@V30;>AO G5@2>=5 7<VI5==O A<C3 =0 0.1-2 =< ?@8 

7=865==V B5<?5@0BC@8 4> 77 �. *5 <>65 A2V4G8B8 ?@> 2:>@>G5==O 729O7:V2 Ln4O ?@8 

7=865==V B5<?5@0BC@8 01> ?@> D07>289 ?5@5EV4 C :@8AB0;0E. #>4V1=89 G5@2>=89 7AC2 

A<C3 ;N<V=5AF5=FVW @0=VH5 A?>AB5@V302AO 4;O B5B@0:VA-��( :><?;5:AV2 є2@>?VN V 

B5@1VN, >?8A0=8E C @>1>BV [69].  

�@82V A?04C V=B5=A82=>ABV 5D0- V 5D4-;N<V=5AF5=FVW 4;O :><?;5:AV2 Eu(III) B0 

Tb(III) 70?8AC20;8 ?@8 :V<=0B=V9 B5<?5@0BC@V B0 77 � H;OE>< 71C465==O 7@07:V2 @V7=8<8 

4>268=0<8 E28;V B0 <>=VB>@8=3C 28?@><V=N20==O ?5@5E>4V2 5D0³7F2 B0 5D4³7F5, 

2V4?>2V4=>. �@82V A?04C V=B5=A82=>ABV ;N<V=5AF5=FVW 1C;8 >?8A0=V 

<>=>5:A?>=5=FV0;P=8<8 DC=:FVO<8.
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�V4><>, I> B@820;VABP 28?@><V=N20==O 7 B5@<C 5D0 <>65 7<V=N20B8AO 70;56=> 2V4 

4>268=8 E28;V 71C465==O 4;O :><?;5:AV2 є2@>?VN 7 @V7=8<8 >@30=VG=8<8 ;V30=40<8 

[221], 2:;NG0NG8 :0@10F8;0<V4>D>AD0B8 [222] V AC;PD>=V;0<V4>D>AD0B8 [199]. #@8G8=0 

 

$8AC=>: 3.4.2.1.2. %?5:B@8 5<VAVW :><?;5:AV2 NMe4[Eu(L1)4] (0), NEt4[Eu(L1)4] (1), 

PPh4[Eu(L1)4] (2) (¼71 = 394 =<); NMe4[Tb(L1)4] (3), NEt4[Tb(L1)4] (ґ), PPh4[Tb(L1)4] (4) 

(¼71 = 368 =<) C :@8AB0;VG=><C AB0=V 70 B5<?5@0BC@8 298 B0 77 �. 
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?>;O30є 2 B><C, I> G0A 68BBO ;N<V=5AF5=FVW ?>29O70=89 7V A?04>< 70A5;5=>ABV 71C465=8E 

@V2=V2 ;0=B0=>W4C 7 G0A><. )0@0:B5@ FP>3> A?04C 70A5;5=>ABV ACBBє2> 70;568BP 2V4 

=0O2=>ABV/2V4ACB=>ABV :0=0;V2 ?5@540GV 5=5@3VW. !0?@8:;04, ?5@540GV 5=5@3VW =0 25;8:V B0 

:>@>B:V 2V4AB0=V, ?5@540GV 5=5@3VW <V6 V>=0<8 B0 2=CB@VH=P>- B0 <V6<>;5:C;O@=>W 

?5@540GV 5=5@3VW [223, 224]. &><C 4;O :><?;5:AV2 NMe4[Ln(L1)4] B0 PPh4[Ln(L1)4] G0A 68BBO 

;N<V=5AF5=FVW 1C;> 4>A;V465=> ?@8 ?@O<><C 71C465==V ;0=B0=>W4C B0 ?@8 71C465==V 2 

4V0?07>=V ?>3;8=0==O >@30=VG=>W G0AB8=8 :><?;5:AV2. �;O NMe4[Tb(L1)4] V NEt4[Tb(L1)4] 

G0A 68BBO 5<VAVW (Äobs) 45I> 70;5602 2V4 B5<?5@0BC@8 B0 A:>@>GC202AO ?@81;87=> =0 7% 

?@8 77 �, I> є =5B8?>28<. �;O NMe4[Ln(L1)4] 1C;> 28O2;5=>, I> Äobs =5 70;568BP 2V4 

4>268=8 E28;V 71C465==O. +0A 68BBO 5<VAVW :><?;5:AV2 PPh4[Ln(L1)4] 70;568BP O: 2V4 

B5<?5@0BC@8 (A:>@>B82AO ?@81;87=> =0 20% ?@8 77 �), B0: V 2V4 4>268=8 E28;V 71C465==O 

(277 V 368 =<). �0@B> 2V47=0G8B8 I> 2 >1;0ABV 277 =< <>65 <0B8 <VAF5 B0:>6 ?5@5EV4 

4f8³4f75d1 є2@>?VN. �=0G5==O G0AC 68BBO ;N<V=5AF5=FVW B5B@0:VA-:><?;5:AV2, 28<V@O=V 

70 :V<=0B=>W B5<?5@0BC@8, ?@82545=V C B01;. 3.4.3.1, 3.4.3.2. 

�;O :><?;5:AV2 є2@>?VN 2;0A=89 :20=B>289 28EV4 5D0 (QLnLn) V 28?@><V=N20;P=89 
G0A 68BBO ;N<V=5AF5=FVW (Ärad) (B01;. 3.4.3.1) 1C;8 >FV=5=V 70 A?5:B@0<8 5<VAVW B0 

28<V@O=8< G0A>< 68BBO 5D0 @V2=O (Äobs): QLnLn = τobs ∙ Arad V τrad  =  1 Arad⁄ , 45 Arad =A0→1MD (vac) ∙ nr3(Itot I0→1⁄ ). A0→1MD (vac) 3 F5 9<>2V@=VABP <03=VB=>-48?>;P=>3> ?5@5E>4C (14.65 A-1), ��Ā� є 
AC<0@=>N V=B53@0;P=>N 5<VAVєN 5D0 ³ 7FJ (J = 0-4) 9>=0 Eu(III), �0→1 3 F5 V=B53@0;P=0 
V=B5=A82=VABP <03=VB=>-48?>;P=>3> ?5@5E>4C 5D037F1 [130, 225], n 3 ?>:07=8: 70;><;5==O 

:@8AB0;V2 (~1.5).  

 

3.4.2.2. &5B@0:VA-:><?;5:A8 48A?@>7VN 

�8A?@>7V9 45<>=AB@Cє >A>1;82V ;N<V=5AF5=B=V E0@0:B5@8AB8:8 7024O:8 f-f 

?5@5E>40< , O:V ?@872>4OBP 4> E0@0:B5@=8E A8=P>3> V 6>2B>3> 28?@><V=N20==O [71, 226, 

227, 228]. &0:0 ?>254V=:0 4>72>;Oє 70AB>A>2C20B8 :><?;5:A8 Dy C @>7@>1FV 
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;N<V=5AF5=B=8E <0B5@V0;V2 4;O 35=5@0FVW 1V;>3> A2VB;0. �0@V0FVW A8<5B@VW 2 

:>>@48=0FV9=><C >B>G5==V V>=V2 48A?@>7VN, 2?;820NBP =0 E0@0:B5@8AB8:8 

28?@><V=N20==O, 2 B><C G8A;V =0 10;0=A <V6 A8=V< V 6>2B8< 28?@><V=N20==O<8 [229, 

230]. *5 <0є 28@VH0;P=5 7=0G5==O 4;O WE 70AB>AC20==O 2 >?B8G=8E ?@8AB@>OE, 45 1060=V 

?52=V :>;P>@8 5<VAVW. %?5:B@8 71C465==O ;N<V=5AF5=FVW :@8AB0;VG=8E :><?;5:AV2 

NMe4[Dy(L1)4], NEt4[Dy(L1)4] V PPh4[Dy(L1)4] ?@8 77 K V ?@8 :V<=0B=V9 B5<?5@0BC@V 

7>1@065=> =0 @8A. 3.4.2.2.1 (0-2). ' A?5:B@V ?5@H>3> 7 =8E =0O2=0 H8@>:0 A<C30 ?@8 280-

320 =<, I> B0:>6 A?>AB5@V30;0AP C A?5:B@0E 71C465==O 5<VAVW :><?;5:AV2 NMe4[Eu(L1)4] 

V NMe4[Tb(L1)4] (@8A. 3.4.2.1.1.). $5HB0 A<C3 є 2C7P:8<8 B0 2V4?>2V40NBP ?5@5E>40< 7 @V2=O 
6H15/2.  

%?5:B@8 5<VAVW (@8A. 3.4.2.2.1 3-4) <VABOBP 2C7P:V A<C38 f-f ?5@5E>4V2 Dy(III) 7 @V2=O 
4F9/2 =0 6H15/2, 6H13/2, 6H11/2 V 6H9/2. %<C38 D;C>@5AF5=FVW ;V30=4V2 2V4ACB=V. %<C30 

=04GCB;82>3> ?5@5E>4C ?@8 575 =< 70 V=B53@0;P=>N V=B5=A82=VABN ?5@52060є A<C3C ?@8 

481-486 =<. %?V22V4=>H5==O V=B53@0;P=8E V=B5=A82=>AB59 A<C3 ?5@5E>4V2 

(4F9/2³6H15/2)/(4F9/2³6H13/2) (1;0:8B=>-6>2B5 A?V22V4=>H5==O) 70 :V<=0B=>W B5<?5@0BC@8 

AB0=>28BP 0.59 4;O :><?;5:AC NMe4[Dy(L1)4], 0.49 4;O NEt4[Dy(L1)4] V 0.26 4;O 

PPh4[Dy(L1)4]. �0 B5<?5@0BC@8 77 � A?V22V4=>H5==O AB0=>2;OBP 0.85, 0.9 V 0.39, 

2V4?>2V4=>. "B@8<0=V 7=0G5==O 1;0:8B=>-6>2B>3> A?V22V4=>H5==O 4;O :><?;5:AV2 V7 

0;:V;0<>=Vє28<8 :0BV>=0<8 28IV, =V6 4;O >?C1;V:>20=8E :><?;5:AV2 48A?@>7VN =0 >A=>2V 

��( [69, 231].  

+0A 68BBO A?04C 5<VAVW @V2=O 4F9/2 70 :V<=0B=>W B5<?5@0BC@8 ?@8 71 = 300 =< A:;040є 

66.34 <:A 4;O :><?;5:AC NMe4[Dy(L1)4], 51.60 <:A 4;O NEt4[Dy(L1)4] V 69.01 <:A 4;O 

PPh4[Dy(L1)4]. �0 B5<?5@0BC@8 77 � 2V4?>2V4=V 7=0G5==O Ä AB0=>2;OBP 77.76, 67.12 V 75.63 

<:A. �@82V A?04C ;N<V=5AF5=FVW є <>=>5:A?>=5=FV0;P=8<8 4;O 2AVE B@P>E A?>;C:. 

�=0G5==O G0AC 68BBO =57=0G=> 70;560BP 2V4 B5<?5@0BC@8, I> 2V4>1@060є =525;8:89 

2=5A>: B5@<VG=> 0:B82>20=8E 15728?@><V=N20;P=8E ?@>F5AV2, O: 2V1@0FV9=>3>, B0: V 

5;5:B@>==>3> E0@0:B5@C, 2:;NG0NG8 @V25=P 28?@><V=N20==O 4F9/2. �<V=0 :0BV>=0 2?;820є 
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=0 7=0G5==O Ä: :><?;5:A V7 :0BV>=>< NEt4+ <0є =09:>@>BH89 G0A 68BBO 5<VAVW ?@8 77 V 

298 �. 

#>:070=>, I> :>;V@ 5<VAVW <>6=0 @53C;N20B8 70 @0EC=>: 70<V=8 0;VD0B8G=>3> 

:0BV>=C =0 >19є<=VH89 :0BV>= PPh4+. #@8 :V<=0B=V9 B5<?5@0BC@V :><?;5:A8 

 

$8AC=>: 3.4.2.2.1. %?5:B@8 71C465==O 5<VAVW :><?;5:AV2 NMe4[Dy(L1)4] (0), 

NEt4[Dy(L1)4] (1) V PPh4[Dy(L1)4] (2) (¼5< = 572 =<) V A?5:B@8 5<VAVW :><?;5:AV2 

NMe4[Dy(L1)4] (3) V NEt4[Dy(L1)4] (ґ) V PPh4[Dy(L1)4] (4) (¼71 = 350  =<) C :@8AB0;VG=><C 

AB0=V 70 B5<?5@0BC@8 298 B0 77 �. 
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45<>=AB@CNBP 6>2B5 28?@><V=N20==O, B>4V O: ?@8 77 � 1;0:8B=>-6>2BV A?V22V4=>H5==O 

71V;PHCNBPAO, 7<V=NNG8 :>;V@ ;N<V=5AF5=FVW :><?;5:AV2 NMe4[Dy(L1)4] B0 

NEt4[Dy(L1)4] =0 A2VB;>-6>2B89.  

 

3.4.2.3. �N<V=5AF5=FVO @V7=>;V30=4=8E :0BV>==8E :><?;5:AV2 є2@>?VN B0 

B5@1VN [Ln(L1)2(bpy)2]BPh4 

$57C;PB0B8 ;N<V=5AF5=B=8E 4>A;V465=P :@8AB0;VG=8E :><?;5:AV2 

[Eu(L1)2(bpy)2]BPh4 B0 [Tb(L1)2(bpy)2]BPh4 ?@8 77 B0 298 � ?>:070=> =0 @8A. 3.4.2.3.1. ' 

A?5:B@0E 71C465==O ;N<V=5AF5=FVW =0O2=V E0@0:B5@=V 4;O ?>3;8=0==O V>=V2 Eu(III) V 

Tb(III) 2C7P:V A<C38 2 >1;0ABV 4>2H8E E28;P B0 H8@>:V A<C38 71C465==O ;V30=4V2 C >1;0ABV 

:>@>B:8E. ,8@>:0 A<C30 ;V30=4V2 A?>AB5@V30єBPAO ?@8 320-400 =< C A?5:B@V 

[Eu(L1)2(bpy)2]BPh4, 0 C A?5:B@V [Tb(L1)2(bpy)2]BPh4 3 =86G5 380 =< (@8A. 3.4.2.3.1. 0, 1). 

&0:0 @V7=8FO <>65 1CB8 >1C<>2;5=0 ?@8ACB=VABN C A?5:B@0E 71C465==O ;N<V=5AF5=FVW 

:><?;5:AV2 є2@>?VN A<C38 ?5@5=>AC 70@O4C 7 ;V30=4C =0 <5B0; [232]. #@8 FP><C, C A?5:B@V 

?>3;8=0==O :><?;5:AC [Nd(L1)2(bpy)2]BPh4 (@8A. 3.3.7) A<C38 @>7B0H>20=V 4>  320 =<. 

�<VI5==O A<C3 ?>3;8=0==O ;V30=4C C A?5:B@0E 71C465==O ;N<V=5AF5=FVW C ?>@V2=O==V 7V 

A?5:B@0<8 48DC7=>3> 2V418BBO, >G5284=>, A?@8G8=5=5 O28I5< ?>25@E=52>3> 30AV==O 

;N<V=5AF5=FVW [214]. �@V< B>3>, C 4V0?07>=V 380 - 430 =< ?@8ACB=V B0:>6 G8A5;P=V f-f 

?5@5E>48 є2@>?VN. �=B5=A82=VABP A<C3 ?5@5E>4V2 =0 A8=3;5B=V @V2=V ;V30=4V2 4;O 

:><?;5:AC B5@1VN 28I0 70 V=B5=A82=VABP f-f ?5@5E>4V2, I> 2:07Cє =0 :@0IC 5D5:B82=VABP 

?5@540GV 5=5@3VW 7 ;V30=4C =0 <5B0;, ?>@V2=O=> 7 :><?;5:A>< є2@>?VN, 4;O O:>3> 

V=B5=A82=VABP f-f ?5@5E>4V2 28I0. �D5:B82=VABP ?5@540GV 5=5@3VW 7 ;V30=4C =0 <5B0; 

:>@5;Nє V7 ΔE, O:0 є 1V;PH >?B8<0;P=>N 4;O V>=C B5@1VN, =V6 4;O є2@>?VN. &0:>W ACBBє2>W 

@V7=8FV <V6 A?5:B@0<8 71C465==O ;N<V=5AF5=FVW B5@1VN V є2@>?VN =5 A?>AB5@V30;>AP 4;O 

:0BV>==8E :><?;5:AV2 [Ln(L2)2(bpy)2]BPh4 V B@8A-:><?;5:AV2 [Ln(L1)3(bpy)] [48, 173, 

@>74V; 3.4.2.4]. %<C30 ?5@5E>4C 7F0³5L6 C A?5:B@V 71C465==O ;N<V=5AF5=FVW :><?;5:AC 

є2@>?VN <0є =0928IC V=B5=A82=VABP.  
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%?5:B@8 ;N<V=5AF5=FVW :@8AB0;VG=8E :><?;5:AV2 є2@>?VN B0 B5@1VN A:;04C 

[Ln(L1)2(bpy)2]BPh4, 70?8A0=V ?@8 D>B>71C465==V A?>;C: ?@8 77 B0 298 � ?@54AB02;5=> =0 

@8A. 3.4.2.3.1 2, 3. #@8 298 � A<C38 C A?5:B@0E є 45I> CH8@5=8<8. ' 

=87P:>B5<?5@0BC@=8E A?5:B@0E A?>AB5@V30єBPAO @>7I5?;5==O A<C3. �;O 71C465==O 

:><?;5:AC [Eu(L1)2(bpy)2]BPh4 28:>@8AB0=> 45:V;P:0 @V7=8E 4>268= E28;P: 270, 350, 393 

=<. (>@<0 2V4?>2V4=8E A?5:B@V2 5<VAVW =5 70;568BP 2V4 4>268=8 E28;V 71C465==O, I> 

?V4B25@46Cє >4=>@V4=VABP 7@07:C. %<C38 C A?5:B@0E ;N<V=5AF5=FVW :><?;5:AV2 є2@>?VN 

2V4?>2V40NBP ?5@5E>40< 5D0³7FJ (J = 0-4), :><?;5:AV2 B5@1VN 3 5D4³7FJ (J = 630). 

!0928IC V=B5=A82=VABP C A?5:B@0E :><?;5:AV2 є2@>?VN <0є A<C30 ?5@5E>4C 5D0³7F2. 

%<C30 ?5@5E>4C 5D4³7F5 C A?5:B@V 5<VAVW :><?;5:AC [Tb(L1)2(bpy)2]BPh4 є 4><V=CNG>N.  

 

$8AC=>: 3.4.2.3.1. %?5:B@8 71C465==O 5<VAVW :><?;5:AV2 [Eu(L1)2(bpy)2]BPh4 (0) 

(¼5< = 611 =<), [Tb(L1)2(bpy)2]BPh4 (1) (¼5< = 544 =<) V A?5:B@8 5<VAVW :><?;5:AV2 

[Eu(L1)2(bpy)2]BPh4 (2) (¼71 = 270 =<), [Tb(L1)2(bpy)2]BPh4 (3) (¼71 = 343 =<) C 

:@8AB0;VG=><C AB0=V 70 B5<?5@0BC@8 298 B0 77 �. 
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�@82V A?04C V=B5=A82=>ABV ;N<V=5AF5=FVW >?8ACNBPAO <>=>5:A?>=5=FV0;P=8<8 

DC=:FVO<8. +0A 68BBO ;N<V=5AF5=FVW :><?;5:AC є2@>?VN 70 :V<=0B=>W B5<?5@0BC@8 (1.76 

<A) ?>4V1=89 4> G0AC 68BBO :><?;5:AC B5@1VN (1.79 <A) (B01;. 3.4.3.1, 3.4.3.2). �8O2;5=>, 

I> G0A 68BBO ;N<V=5AF5=FVW :><?;5:AV2 є2@>?VN B0 B5@1VN 70;568BP 2V4 B5<?5@0BC@8 

(?@8 77 � 3 =86G89) V =5 70;568BP 2V4 4>268=8 E28;V 71C46CNG>3> 28?@><V=N20==O.  

 

3.4.2.4. &@8A-:><?;5:A8 B5@1VN V 48A?@>7VN [Ln(L1)3(bpy)] 

%?5:B@8 71C465==O ;N<V=5AF5=FVW :@8AB0;VG=8E :><?;5:AV2 [Tb(L1)3(bpy)] V 

[Dy(L1)3(bpy)] ?@8 :V<=0B=V9 B5<?5@0BC@V (@8A. 3.4.2.4.1, 3.4.2.4.2 (0)) >B@8<0=> 

<>=VB>@8=3>< 28?@><V=N20==O 7 4>268=0<8 E28;V 545 V 575 =<, 2V4?>2V4=>. %?5:B@8 

;N<V=5AF5=FVW (@8A. 3.4.2.4.1 (1) V @8A. 3.4.2.4.2 (1, 2)) 1C;8 >B@8<0=V H;OE>< 71C465==O 

7@07:V2 4>268=>N E28;V 330 =<. ,8@>:V A<C38 C A?5:B@0E 71C465==O ;N<V=5AF5=FVW 2 

>1;0ABV 2403350 =< 2V4=5A5=> 4> π-π* ?5@5E>4V2 2,2′-48?V@848;C. �E V=B5=A82=VABP 28I0, 

=V6 4;O f-f ?5@5E>4V2 ;0=B0=>W4V2, >B65, ;V30=4 2,2′-48?V@848; 5D5:B82=> A5=A81V;V7Cє 

;N<V=5AF5=FVN Tb(III) B0 Dy(III). *V A<C38 45I> 7<VI5=V 2 4>23>E28;P>2C >1;0ABP 

2V4=>A=> A<C3 A?5:B@C ?>3;8=0==O :><?;5:AC [Nd(L1)3bpy] (@8A. 3.3.4).  

 

 

$8AC=>: 3.4.2.4.1. %?5:B@8 71C465==O ;N<V=5AF5=FVW (0) B0 5<VAVW (1) :><?;5:AC 

[Tb(L1)3bpy] C :@8AB0;VG=><C AB0=V ?@8 :V<=0B=V9 B5<?5@0BC@V (¼5<=545 =<, ¼71=330 

=<). 
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%?5:B@ 5<VAVW :><?;5:AC [Tb(L1)3(bpy)] (@8A. 3.4.2.4.1 (1)) A:;040єBPAO 7 2C7P:8E 

A<C3 7 <0:A8<C<0<8 ?@8 489, 546, 585, 620, ~655, ~670, ~680 =<, 2V4=5A5=8E 4> ?5@5E>4V2 
5D4³7F6-0. %<C38 D;C>@5AF5=FVW ;V30=4V2 C A?5:B@V 2V4ACB=V, I> 2:07Cє =0 5D5:B82=C 

?5@540GC 5=5@3VW 7 ;V30=4C =0 <5B0;, O:0 70157?5GCєBPAO 4>AB0B=P> 28A>:8< ?>;>65==O< 

=09=86G8E B@8?;5B=8E @V2=V2 ;V30=4V2. %<C30 ?5@5E>4C 5D4³7F5 є 4><V=CNG>N C A?5:B@V, 

I> E0@0:B5@=> 4;O A?>;C: B5@1VN. +0A 68BBO ;N<V=5AF5=FVW 28<V@N202AO H;OE>< 

<>=VB>@8=3C =091V;PH V=B5=A82=>3> ?5@5E>4C B5@1VN 5D4³7F5 V 28O282AO @V2=8< 2.0-2.2 

<A (B01;. 3.4.3.2) 2 70;56=>ABV 2V4 4>268=8 E28;V 71C465==O (320 V 290 =<, 2V4?>2V4=>). 

�0;56=VABP G0AC 68BBO ;N<V=5AF5=FVW ;0=B0=>W4V2 2V4 4>268=8 E28;V 71C46CNG>3> 

28?@><V=N20==O є ?>H8@5=8< O28I5< [36, 221].  

(>B>;N<V=5AF5=FVN [Dy(L1)3(bpy)] 70@5єAB@>20=> C 2848<V9 V 1;86=V9 

V=D@0G5@2>=V9 >1;0ABOE (@8A. 3.4.2.4.2 1, 2). %?5:B@8 E0@0:B5@87CNBPAO =0O2=VABN 

2C7P:8E A<C3 28?@><V=N20==O f-f ?5@5E>4V2 Dy(III) B0 2V4ACB=VABN A<C3 D;C>@5AF5=FVW 

;V30=4V2. "AB0==V є 4>A8BP @>7?>2AN465=8<8 C A?5:B@0E 7<VH0=>;V30=4=8E B@8A-

:><?;5:AV2 48A?@>7VN =0 >A=>2V ³-48:5B>=V2 G5@57 =525;8:C @V7=8FN 5=5@3V9 <V6 

B@8?;5B=8< AB0=>< ;V30=4C V 5<VAV9=8< @V2=5< V>=0 Dy(III) [233]. ' 28?04:C :><?;5:AC 

[Dy(L1)3(bpy)] 45:V;P:0 71C465=8E AB0=V2 Dy(III) <>6CBP >B@8<C20B8 5=5@3VN 2V4 

>@30=VG=8E ;V30=4V2: 4G11/2, 4I15/2 B0 28?@><V=N20;P=89 4F9/2, >A:V;P:8 5=5@3VO =09=86G>3> 

B@8?;5B=>3> @V2=O ;V30=4V2 4;O :><?;5:AV2 [Ln(L1)3(bpy)] є 4>A8BP 28A>:>N 3 23809 A<-1 

[173]. 

' 4V0?07>=V 2848<>3> A2VB;0 (@8A. 3.4.2.4.2 (1)) A<C30 =04GCB;82>3> ?5@5E>4C (575 

=<), I> 2V4?>2V40є 6>2B><C 28?@><V=N20==N, є 1V;PH V=B5=A82=>N, ?>@V2=O=> 7V A<C3>N 

C 4V0?07>=V A8=P>3> A2VB;0 (481-486 =<). %?V22V4=>H5==O V=B53@0;P=>W V=B5=A82=>ABV A<C3 

(4F9/2³6H15/2)/(4F9/2³6H13/2) 4>@V2=Nє 0.41, I> E0@0:B5@=> 4;O ��(-:><?;5:AV2 

48A?@>7VN [69, 234]. %<C38 4F9/2³6H11/2) (663 =<) V 4F9/2³6H9/2) (750 =<) 4;O 4>A;V465=>3> 

:><?;5:AC, B8?>2>, <0NBP =87P:C V=B5=A82=VABP. ' 1;86=P><C �+-4V0?07>=V V>= Dy(III) 
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<0є :V;P:0 206;828E ?5@5E>4V2, I> ?@54AB02;ONBP V=B5@5A 4;O >?B8G=>3> 72'O7:C [235]. 

%?5:B@ ;N<V=5AF5=FVW :><?;5:AC [Dy(L1)3(bpy)] 2 >1;0ABV 85031550 =< <VAB8BP :V;P:0 

@>7I5?;5=8E A<C3 (@8A. 3.4.2.4.2 (2)). �=0G5==O V=B5=A82=VABV ?5@H>W A<C38 ?5@5E>4C 
4F9/2³6H7/2 + 6F9/2 <>65 1CB8 =5:>@5:B=8<, >A:V;P:8 >18420 45B5:B>@8 R928P V DSS-

IGA020 L <0NBP =87P:C GCB;82VABP =0 4>268=0E E28;V 8003 900 =<. %<C38 4F9/2³6F7/2 

(97031025 =<) B0 4F9/2³6F5/2 (113031205 =<) <0NBP 4>A8BP 28A>:V V=B5=A82=>ABV, I> 

E0@0:B5@=> 4;O A?5:B@V2 7<VH0=>;V30=4=8E B@8A-³-48:5B>=0B=8E :><?;5:AV2 48A?@>7VN 

[233, 235] V 2V4@V7=OєBPAO 2V4 A?5:B@C B5B@0:VA-��( :><?;5:AC 48A?@>7VN 

[Na2Dy(CAPh)4(OTf)DMF] [5]  5=H V=B5=A82=V A<C38 C A?5:B@V [Dy(L1)3(bpy)] C 

4V0?07>=V 1;86=P>3> �+ 28?@><V=N20==O 1C;8 2V4=5A5=V 4> ?5@5E>4V2 4F9/2³6H5/2 (9003

 

$8AC=>: 3.4.2.4.2. %?5:B@8 71C465==O ;N<V=5AF5=FVW (0) B0 5<VAVW (1, 2) 

:><?;5:AC [Dy(L1)3(bpy)] C :@8AB0;VG=><C AB0=V ?@8 :V<=0B=V9 B5<?5@0BC@V (¼5< = 575 

=<, ¼71=330 =<). 
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960 =<), 4F11/2+6H9/2³6F5/2 (128031290 =<), 4F9/2³6F1/2 (137531400 =<) B0 6F5/2³6H11/2 

(148031550 =<). 

 

3.4.2.5. �VA- V B@8A- :><?;5:A8 є2@>?VN B0 B5@1VN [Ln(L2)2(NO3)(bpy)] V 

[Ln(L2)3(bpy)] 

%?5:B@8 71C465==O ;N<V=5AF5=FVW B0 A?5:B@8 ;N<V=5AF5=FVW >45@60=8E 

:@8AB0;VG=8E 1VA- V B@8A-(L2){ :><?;5:AV2 є2@>?VN B0 B5@1VN 7030;P=8E D>@<C; 

[Ln(L2)2(NO3)(bpy)] V [Ln(L2)3(bpy)] =02545=> =0 @8A. 3.4.2.5.1, 3.4.2.5.2. %?5:B@8 

71C465==O ;N<V=5AF5=FVW A?>;C: [Eu(L2)2(NO3)(bpy)], [Tb(L2)2(NO3)(bpy)], [Eu(L2)3(bpy)] 

V [Tb(L2)3(bpy)] (298 �) (@8A. 3.4.2.5.1) A:;040NBPAO 7 H8@>:8E A<C3 2 4V0?07>=V 260-340 

=< 4;O є2@>?VN B0 2403380 =< 4;O B5@1VN, O:V 2V4?>2V40NBP ?5@5E>40< =0 A8=3;5B=V @V2=V 

;V30=4V2, V 2C7P:8E A<C3 f-f ?5@5E>4V2 ;0=B0=>W4V2. #>@V2=O=> 7 283;O4>< A?5:B@V2 

?>3;8=0==O 2 '( >1;0ABV 2V4?>2V4=8E 1VA- V B@8A-:><?;5:AV2 (@8A. 3.3.4), H8@>:V A<C38 C 

A?5:B@0E 71C465==O 5<VAVW 7<VI5=V 2 4>23>E28;P>2C 4V;O=:C. �;O :><?;5:AV2 B5@1VN (@8A. 

3.4.2.5.1 (2), (3)) 1V;PHVABP f-f ?5@5E>4V2 ?5@5:@820NBPAO 7V A<C3>N ?>3;8=0==O ;V30=4C. 

#>4V1=> 4> A?5:B@V2 A?>;C: [Ln(L1)2(bpy)2]BPh4, A?5:B@8 71C465==O ;N<V=5AF5=FVW 1VA- V 

B@8A-(L2){-:><?;5:AV2 B5@1VN 70 :V<=0B=>W B5<?5@0BC@8 45<>=AB@CNBP 28IC 

5D5:B82=VABP ?5@540GV 5=5@3VW ;V30=4-<5B0;, =V6 :><?;5:AV2 є2@>?VN, I> 2V4>1@060єBPAO 

=0 A?V22V4=>H5==V V=B5=A82=>ABV A<C38 ?>3;8=0==O ;V30=4C 4> A<C3 4f³4f. %5@54 f-f 

?5@5E>4V2 є2@>?VN A<C30 7F0³5L6 є 4><V=CNG>N.  

%?5:B@8 ;N<V=5AF5=FVW >1>E B8?V2 :><?;5:AV2 (@8A. 3.4.2.5.2, ¼71 = 314 =<) 

A:;040NBPAO 7 3@C? 2C7P:8E A<C3 ?5@5E>4V2 5D0³7FJ (J = 034) 9>=0 Eu(III) B0 5D4³7FJ (J = 

630) 9>=0 Tb(III). #>4V1=> 4> 28I5 >?8A0=8E :><?;5:AV2, C A?5:B@0E 5<VAVW 1VA- V B@8A-

:><?;5:AV2 є2@>?VN [Eu(L2)2(NO3)(bpy)] B0 [Eu(L2)3bpy] 4><V=Cє A<C30 ?5@5E>4C 5D0³7F2. 

#@8ACB=VABP ?5@5E>4C 5D0³7F0, :V;P:VABP HB0@:V2AP:8E :><?>=5=BV2 ?5@5E>4V2 5D0³7FJ 

(J = 034) B0 28A>:0 V=B5=A82=VABP ?5@5E>4C 5D0³7F2 ?>@V2=O=> 7 4>72>;5=8< <03=VB=8< 
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?5@5E>4>< 5D0³7F1 2:07Cє =0 =87P:C A8<5B@VN 9>=0 Eu(III) C :><?;5:A0E 

[Eu(L2)2(NO3)(bpy)] B0 [Eu(L2)3bpy]. 

' A?5:B@0E ;N<V=5AF5=FVW :><?;5:AV2 B5@1VN (@8A. 3.4.2.5.2 (2), (3)) =091V;PHC 

V=B5=A82=VABP <0є A<C30 ?5@5E>4C 5D4³7F5. !09=86G0 V=B5=A82=VABP 4;O ?5@5E>4V2 
5D4³7FJ (J = 230). %<C30 ?5@5E>4C 5D4³7F0 7 <0:A8<C<>< ?@8 682 =< 4;O 

[Tb(L2)2(NO3)(bpy)] є A8=3;5B><, >4=0:, =0 >A=>2V FVєW V=D>@<0FVW =5<>6;82> 7@>18B8 

 

$8AC=>: 3.4.2.5.1. %?5:B@8 71C465==O 5<VAVW :><?;5:AV2 C :@8AB0;VG=><C AB0=V: 

[Eu(L2)2(NO3)(bpy)] (0), [Eu(L2)3(bpy)] (1) (¼5< = 614 =<), [Tb(L2)2(NO3)(bpy)] (2), 

[Tb(L2)3(bpy)] (3) (¼5< = 545 =<) 70 B5<?5@0BC@8 298 K. 
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28A=>2:8 ?@> A8<5B@VN V>=0 Tb(III) C :@8AB0;VG=V9 AB@C:BC@V, >A:V;P:8 ,B0@:V2AP:89 

?V4@V25=P 5D4 70A5;5=89 ?@8 :V<=0B=V9 B5<?5@0BC@V. 

�@82V A?04C V=B5=A82=>ABV ;N<V=5AF5=FVW @V2=V2 5D0 B0 5D4 :><?;5:AV2 Eu(III) B0 

Tb(III) @5єAB@C20;8 ?@8 :V<=0B=V9 B5<?5@0BC@V H;OE>< <>=VB>@8=3C 28?@><V=N20==O 

?5@5E>4V2 5D0³7F2 B0 5D4³7F5, 2V4?>2V4=>. �@82V A?04C 5<VAVW 1C;8 >?8A0=V 

<>=>5:A?>=5=FV0;P=8<8 DC=:FVO<8. �=0G5==O G0AC 68BBO ;N<V=5AF5=FVW ?>40=V 2 

B01;8FV 3.4.3.1, 3.4.3.2. 

 

 

$8AC=>: 3.4.2.5.2. %?5:B@8 5<VAVW :><?;5:AV2 C :@8AB0;VG=><C AB0=V: 

[Eu(L2)2(NO3)(bpy)] (0), [Eu(L2)3(bpy)] (1), [Tb(L2)2(NO3)(bpy)] (2), [Tb(L2)3(bpy)] (3) (¼71 

= 314 =<) 70 B5<?5@0BC@8 298 K. 
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3.4.2.6. �0BV>==V :><?;5:A8 є2@>?VN B0 B5@1VN [Ln(L3)2(bpy)2]BPh4 

$57C;PB0B8 ;N<V=5AF5=B=8E 4>A;V465=P :@8AB0;VG=8E :><?;5:AV2 

[Eu(L3)2(bpy)2]BPh4 B0 [Tb(L3)2(bpy)2]BPh4 ?@8 77 B0 298 � ?>:070=> =0 @8A. 3.4.2.6.1. ' 

A?5:B@0E 71C465==O ;N<V=5AF5=FVW :0BV>==8E :><?;5:AV2 ?@8ACB=V E0@0:B5@=V 4;O 

?>3;8=0==O V>=V2 Eu(III) V Tb(III) 2C7P:V A<C38 C 4>23>E28;P>2V9 G0AB8=V A?5:B@C B0 

H8@>:V A<C38 71C465==O ;V30=4V2 C :>@>B:>E28;P>2V9 >1;0ABV A?5:B@V2. ,8@>:0 A<C30 

;V30=4V2 4;O [Eu(L3)2(bpy)2]BPh4 A?>AB5@V30єBPAO =86G5 430 =<, 0 4;O [Tb(L3)2(bpy)2]BPh4 

3 =86G5  380 =<. �>=8 7<VI5=V 2 4>23>E28;P>2C >1;0ABP ?>@V2=O=> 7V A?5:B@>< 

 

$8AC=>: 3.4.2.6.1. %?5:B@8 71C465==O 5<VAVW :><?;5:AV2 [Eu(L3)2(bpy)2]BPh4 (0) 

(¼5< = 611 =<), [Tb(L3)2(bpy)2]BPh4 (1) (¼5< = 544 =<) V A?5:B@8 5<VAVW :><?;5:AV2 

[Eu(L3)2(bpy)2]BPh4 (2) (¼71 = 270 =<), [Tb(L3)2(bpy)2]BPh4 (3) (¼71 = 343 =<) C 

:@8AB0;VG=><C AB0=V 70 B5<?5@0BC@8 298 B0 77 �. 
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?>3;8=0==O (@8A. 3.4.2.6.1). #>4V1=> 4> :0BV>==8E :><?;5:AV2 =0 >A=>2V ��( ;V30=4C HL1, 

c<C38 ?5@5E>4V2 =0 A8=3;5B=V @V2=V ;V30=4V2 4;O :><?;5:AC B5@1VN [Tb(L3)2(bpy)2]BPh4 

V=B5=A82=VHV 70 f-f ?5@5E>48, 0 4;O є2@>?VN 3 =02?0:8. "B65, ?>@V2=O=> 7 :><?;5:A>< 

є2@>?VN, 4;O B5@1VN A?>AB5@V30єBPAO 28I0 5D5:B82=VABP ?5@540GV 5=5@3VW 7 ;V30=4C =0 

<5B0;. !09V=B5=A82=VH>N C A?5:B@0E 71C465==O ;N<V=5AF5=FVW :><?;5:AV2 є2@>?VN є 

A<C30 ?5@5E>4C 7F0³5L6. ' A?5:B@0E ;N<V=5AF5=FVW :><?;5:AV2 є2@>?VN V B5@1VN =0O2=V 

A<C38 ?5@5E>4V2 5D0³7FJ (J = 034) V 5D4³7FJ (J = 630), 2V4?>2V4=>. %<C38 C A?5:B@0E 70 

:V<=0B=>W B5<?5@0BC@8 45I> CH8@5=V, 0 C =87P:>B5<?5@0BC@=8E A?5:B@0E 3 @>7I5?;5=V. 

%<C30 ?5@5E>4C 5D0³7F2 C A?5:B@V :><?;5:AC є2@>?VN <0є =0928IC V=B5=A82=VABP. %<C30 

?5@5E>4C 5D4³7F5 C A?5:B@V :><?;5:AC B5@1VN є =09V=B5=A82=VH>N. �@82V A?04C 

V=B5=A82=>ABV 5<VAVW >?8ACNBPAO <>=>5:A?>=5=FV9=8<8 DC=:FVO<8. �=0G5==O G0AC 68BBO 

5<VAVW :><?;5:AV2 ?>40=V 2 B01;8FV 3.4.3.1, 3.4.3.2. 

 

3.4.3. #>@V2=O;P=0 E0@0:B5@8AB8:0 ;N<V=5AF5=B=8E 2;0AB82>AB59 A8=B57>20=8E 

:><?;5:AV2 є2@>?VN B0 B5@1VN 

+0A8 68BBO 5<VAVW B0 45O:V D>B>DV78G=V 40=V, >B@8<0=V 7V A?5:B@V2 ;N<V=5AF5=FVW 

4;O ?@54AB02;5=8E :><?;5:AV2 Eu3+ V Tb3+, =02545=V 2 B01;. 3.4.3.1 3 3.4.3.2. %?V2AB02;5==O 

35><5B@VW :>>@48=0FV9=8E ?>;V54@V2 F5=B@0;P=8E 9>=V2 A8=B57>20=8E :><?;5:AV2 

є2@>?VN (287=0G5=8E 70 40=8<8 $%B�) 7 25;8G8=0<8 WE G5@2>=>-?><0@0=G528E 

A?V22V4=>H5=P, B>G:>28<8 3@C?0<8 A8<5B@VW (287=0G5=8<8 7V A?5:B@V2 5<VAVW 73V4=> 7 [236, 

237]) B0 G0A>< 68BBO ;N<V=5AF5=FVW ?@54AB02;5=> 2 4>40B:C 8.  

�=0;V7 A?V22V4=>H5==O V=B5=A82=>AB59 A<C3 ?>3;8=0==O ;V30=4V2 V f-f ?5@5E>4V2 C 

A?5:B@0E 71C465==O ;N<V=5AF5=FVW 1VA- V B@8A-:><?;5:AV2 ?>:0702, I> 7451V;PH>3> 

5D5:B82=VABP A5=A81V;V70FVW ;V30=40<8 ;N<V=5AF5=FVW Tb(���) є 1V;PH 5D5:B82=>, =V6 C 

28?04:C Eu(III) V Dy(III). !091V;PH 28@065=0 @V7=8FO C 5D5:B82=>ABV A5=A81V;V70FVW 

;V30=40<8 ;N<V=5AF5=FVW 40=8E V>=V2 ;0=B0=>W4V2 A?>AB5@V30;0AP 4;O :0BV>==8E 

:><?;5:AV2 [Ln(L1)2(bpy)2]BPh4 B0 [Ln(L3)2(bpy)2]BPh4. 
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�=B53@0;P=5 A?V22V4=>H5==O V=B5=A82=>AB59 5D0³7F2/5D0³7F1 (G5@2>=>->@0=6525 

A?V22V4=>H5==O), B0:>6 2V4><5 O: 0A8<5B@8G=5 A?V22V4=>H5==O, 70 :V<=0B=>W 

B5<?5@0BC@8 4>@V2=Nє 2.7 4;O :><?;5:AC Eu(III) 7 :0BV>=>< NMe4+ V 2.6 3 4;O :><?;5:AC 

7 :0BV>=>< NEt4+. *V 25;8G8=8 A?V2AB02=V 7V 7=0G5==O<8 45O:8E V=H8E B5B@0:VA-��( 

:><?;5:AV2 Eu3+ 7 :0BV>=0<8 F57VN B0 NEt4+ (4.1 [65], 3.9 [238], 2.6 [69]), B5B@0:VA-%�( 

:><?;5:AV2 Eu3+ 7 :0BV>=0<8 =0B@VN (4.0 V 6.4 [197]) B0 B5B@0:VA-%�( :><?;5:AC 7 

B5B@05B8;0<>=Vє< (1.2 [199]). �=0G5==O G5@2>=>-?><0@0=G52>3> A?V22V4=>H5==O 4;O 

:><?;5:AC 7 :0BV>=>< PPh4+ AB0=>28BP 7.5 V є <5=H8< ?>@V2=O=> 7 V=H8< 2V4><8< 

B5B@0:VA-��( :><?;5:A>< V7 B5B@0D5=V;D>AD>=Vє< :0BV>=>< (8.2 [68]). �0@B> 70C2068B8, 

I>, O: ?@028;>, 40=5 A?V22V4=>H5==O 71V;PHCєBPAO ?@8 2V4E8;5==V 2V4 

F5=B@>A8<5B@8G=>3> >B>G5==O, 01> ?@8 =0O2=>ABV A8;P=>?>;O@87CNG8E ;V30=4V2, 0;5 =5 

<>65 A;C3C20B8 4;O >FV=:8 A8<5B@VW >B>G5==O F5=B@0;P=>3> 0B><0 [135, 237, 239]. 

�V4=>H5==O V=B5=A82=>AB59 ?5@5E>4V2 I(5D0³7F2)/I(5D0³7F1) 4;O :0BV>==8E 

:><?;5:AV2 =86GV, =V6 4;O 1VA- V B@8A-:><?;5:AV2 [Eu(L2)2(NO3)(bpy)] B0 [Eu(L2)3(bpy)]. 

�;O A?>;C:8 [Eu(L1)2(bpy)2]BPh4 G5@2>=>/?><0@0=G525 A?V22V4=>H5==O <0є 7=0G5==O 3.5 

V є =86G8<, =V6 4;O 0=0;>3VG=8E :><?;5:AV2 7 HL2 [48] V HL3. +5@2>=>-?><0@0=G525 

A?V22V4=>H5==O ?@8 298 � 4;O :><?;5:AC [Eu(L2)2(NO3)(bpy)] AB0=>28BP 6.5, 0 4;O 

[Eu(L2)3bpy] 3 5.7. �=0G5==O 40=>3> A?V22V4=>H5==O 4;O :><?;5:AV2 7 0A8<5B@8G=>N 

:>>@48=0FV9=>N AD5@>N, B0:8E O: B@8A-³-48:5B>=0B=V V B@8A-��( :><?;5:A8 є2@>?VN 

[59, 240, 241], є A?V2AB02=8<8 7 >B@8<0=8<8 25;8G8=0<8 4;O 1VA- V B@8A-:><?;5:AV2 

[Eu(L2)2(NO3)(bpy)] V [Eu(L2)3bpy]. 

%8<5B@VO >B>G5==O *�, 287=0G5=0 70 @57C;PB0B0<8 @5=B35=>AB@C:BC@=>3> 0=0;V7C, 

4;O 1V;PH>ABV 282G5=8E :><?;5:AV2 =5 A?V2?040є V7 A8<5B@VєN, 287=0G5=>N 70 :V;P:VABN 

:><?>=5=B A<C3 C A?5:B@0E ;N<V=5AF5=FVW. !5A?V2?04V==O A8<5B@VW >B>G5==O *� 

7=0945=8E <5B>40<8 $%B� V ;N<V=5AF5=B=>W A?5:B@>A:>?VW ?V4B25@46Cє B5, I> =0 

;N<V=5AF5=B=V 2;0AB82>ABV 2?;820є =5 BV;P:8 35><5B@VO :>>@48=0FV9=>3> ?>;V54@C, 0 V 

?>;O@870FV9=0 740B=VABP 0B><V2 :>>@48=0FV9=>3> >B>G5==O є2@>?VN. !5 7=0945=> 
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:>@5;OFVW <V6 A8<5B@VєN >B>G5==O *� :><?;5:AV2 V 25;8G8=0<8 G5@2>=>->@0=652>3> 

A?V22V4=>H5==O. -> B0:>6 є A2VG5==O< 2?;82C ?@8@>48 7>2=VH=P>AD5@=8E ?@>B89>=V2 

=0 A?5:B@0;P=V 2;0AB82>ABV :><?;5:AV2. 

!0928I5 7=0G5==O G0AC 68BBO ;N<V=5AF5=FVW 70 :V<=0B=>W B5<?5@0BC@8 A5@54 

>?8A0=8E C FV9 @>1>BV @O4V2 :><?;5:AV2 O: є2@>?VN, B0: V B5@1VN, ?@>45<>=AB@C20;8 �% 

A:;04C NEt4[Ln(L1)4], 0 =09=86G5 3 PPh4[Eu(L1)4] V [Tb(L2)2(bpy)2]BPh4. �;O :><?;5:AV2 7 

:0BV>=0<8 B5B@00;:V;0<>=VN G0A 730A0==O ;N<V=5AF5=FVW 1V;PH =V6 =0 <V;VA5:C=4C 

?5@528ICє B0:89 4;O PPh4[Ln(L1)4]. !094>2H89 G0A 68BBO 5<VAVW (2.9 <A) 4;O >?8A0=8E 2 

FV9 @>1>BV B8?V2 B5B@0:VA-:><?;5:AV2 70DV:A>20=> 4;O NEt4[Tb(L1)4], 0 =09:>@>BH89 (1.44 

<A) 3 4;O PPh4[Eu(L1)4]. +0A 68BBO B5B@0:VA-:><?;5:AV2 B5@1VN ?@8 77 � =86G89, =V6 ?@8 

298 �, 2 B>9 G0A O: 4;O :><?;5:AV2 є2@>?VN 70:>=><V@=VABP =5 ?><VB=0. 

�=0G5==O G0AV2 68BBO ;N<V=5AF5=FVW 4;O :><?;5:AV2 [Ln(L1)2(bpy)2]BPh4 70;560BP 

2V4 B5<?5@0BC@8, 0 A0<5, ?@8 77 � 3 =86GV. +0A8 68BBO 5<VAVW :><?;5:AV2 B5@1VN V є2@>?VN 

є ?>4V1=8<8. #>@V2=O=> 7 V=H8<8 B8?0<8 :><?;5:AV2 =0 >A=>2V [L1]{: Äobs ?@8 :V<=0B=V9 

B5<?5@0BC@V :><?;5:AC [Eu(L1)2(bpy)2]BPh4 <5=H89, =V6 4;O 0=V>==8E :><?;5:AV2 V7 

:0BV>=0<8 B5B@00;:V;0<>=VN; 28I89, =V6 4;O PPh4[Eu(L1)4] V [Eu(L1)3bpy]; Äobs :><?;5:AC 

[Tb(L1)2(bpy)2]BPh4 <5=H89, =V6 4;O 0=V>==8E :><?;5:AV2 V7 0<>=Vє28<8 :0BV>=0<8 V 

[Tb(L1)3bpy]; ?>4V1=89 4> G0AC 68BBO PPh4[Tb(L1)4]. 

+0A8 68BBO ;N<V=5AF5=FVW ?@8 300 � :><?;5:AV2 [Ln(L)2(bpy)2]BPh4 7 ;V30=40<8 

[L3]{- V [L2]{ є ?>4V1=8<8 V =86G8<8, =V6 V7 [L1]{. #>@V2=O=> 7 45O:8<8 <>=>O45@=8<8 

%�(-2<VA=8<8 B@8A- V B5B@0:VA-:><?;5:A0<8, A?>;C:8 [(Eu,Tb)(L3)2(bpy)2]BPh4 ?@8 300 

� 45<>=AB@CNBP O: =86GV [53, 131, 197, 199] B0: V 28IV [198] 7=0G5==O G0AV2 68BBO 

;N<V=5AF5=FVW. 

"B@8<0=V 7=0G5==O G0AC 68BBO 4;O :><?;5:AC [Tb(L2)3(bpy)] ?@8 298 � є >4=8<8 7 

=0928I8E, 2V4><8E 4;O 7<VH0=>;V30=4=8E B@8A-:><?;5:AV2 B5@1VN =0 >A=>2V ��( 

;V30=4V2 [36, 56] V 7=0G=> 28IV ?>@V2=O=> 7V 7<VH0=>;V30=4=8<8 :><?;5:A0<8 B5@1VN 7 ³-

48:5B>=0<8 [242, 243, 244]. #@8G8=>N <>65 1CB8 7<5=H5==O :V;P:>ABV 
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28A>:>5=5@35B8G=8E :>;820=P C E5;0B=><C D@03<5=BV ��( ?>@V2=O=> 7 ³-48:5B>=0<8. 

�;O 0=0;>3VG=>3> :><?;5:AC є2@>?VN [173] G0A 68BBO 5<VAVW A?V228<V@=89 7 2V4><8<8 

B@8A-��( :><?;5:A0<8 [36]. 

�;O B@8A-:><?;5:AV2 є2@>?VN V B5@1VN [Ln(L2)3bpy] 7=0G5==O G0AC 68BBO 5<VAVW ?@8 

298 � 45I> 28IV, ?>@V2=O=> 7 1VA-:><?;5:A0<8 [Ln(L2)2(NO3)(bpy)].  

' AC<0@=8E 9<>2V@=>ABOE 28?@><V=N20;P=8E B0 15728?@><V=N20;P=8E ?5@5E>4V2 

(Arad + Anrad) 4;O >B@8<0=8E :><?;5:AV2 є2@>?VN 4><V=Cє 28?@><V=N20;P=89 2=5A>: (Arad). 

�;0A=V :20=B>2V 28E>48 QLnLn :><?;5:AV2 є2@>?VN, @>7@0E>20=V =0 >A=>2V 28<V@O=8E G0AV2 

68BBO 5<VAVW ?@8 300 �, AB0=>2;OBP 58-78 %. !0928I89 2;0A=89 :20=B>289 28EV4 (78 %) 

>B@8<0=> 4;O :><?;5:AV2 NEt4[Eu(L1)4] V [Eu(L2)2(NO3)(bpy)]. $>7@0E>20=V 2;0A=V :20=B>2V 

28E>48 >B@8<0=8E :><?;5:AV2 Eu(III) A?V2<V@=V 7 1030BP<0 :>>@48=0FV9=8<8 A?>;C:0<8 

=0 >A=>2V ��( [36]. �;O :><?;5:AV2 [Eu(L1,2,3)2(bpy)2]BPh4 >45@60=> 1;87P:V 7=0G5==O 

2;0A=8E :20=B>28E 28E>4V2 (QLnLn), O:V є <5=H8<8, =V6 4;O @5HB8 4>A;V465=8E 2 FV9 

@>1>BV :><?;5:AV2 є2@>?VN. �<>2V@=VABP 15728?@><V=N20;P=8E ?5@5E>4V2 Anrad, 4;O 

:0BV>==>3> :><?;5:AC є2@>?VN =0 >A=>2V HL3 28I0, =V6 4;O 0=0;>3VG=8E :><?;5:AV2 =0 

>A=>2V ;V30=4V2 HL1,2, I> @57C;PBCєBPAO C 45I> =86G><C 2;0A=><C :20=B>2><C 28E>4V 

:0BV>==>3> 1VA-%�( :><?;5:AC. �=0G5==O Arad 4;O [Eu(L2)2(NO3)(bpy)] є 1V;PH8<, =V6 4;O 

[Eu(L2)3bpy], B>4V O: Anrad <0965 >4=0:>25, I> ?@872>48BP 4> B@>E8 28I>3> 7=0G5==O 

QLnLn 4;O 1VA-:><?;5:AC. "B65, =VB@0B 0=V>= =5 є ACBBє28< 30A=8:>< f-f ;N<V=5AF5=FVW, 

=0B><VABP 1V;PH 0A8<5B@8G=5 >B>G5==O ;0=B0=>W4V2 C 1VA-:><?;5:A0E >1C<>2;Nє 1V;PHC 

9<>2V@=VABP 28?@><V=N20;P=8E ?5@5E>4V2.  

�;O G>B8@P>E �% Eu(���) 1C;8 28<V@O=V 7030;P=V :20=B>2V 28E>48 ;N<V=5AF5=FVW ?@8 

71C465==V =0 4>268=V E28;V 254 =< (3.3-7.9%) V @>7@0E>20=V 7=0G5==O 5D5:B82=>ABV 

;N<V=5AF5=FVW ·sens. (4.2-10 %). !0928IV 7=0G5==O 7030;P=>3> :20=B>2>3> 28E>4C QLLn (6.3 

V 7.9 %, 2V4?>2V4=>) V 5D5:B82=>ABV ;N<V=5AF5=FVW (≈10 %) ?>:070;8 :><?;5:A8 

[Eu(L2)2(bpy)2]BPh4 V [Eu(L2)3(bpy)]. !09=86GV 7=0G5==O QLLn (3.3%) B0 ·sens (4.2%) 

?@>45<>=AB@C202 :><?;5:A [Eu(L2)2(NO3)(bpy)]. �>@5;OFVO <V6 V=B5=A82=VABN A<C38 
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?>3;8=0==O ;V30=4V2 C A?5:B@0E 71C465==O ;N<V=5AF5=FVW V 7=0G5==OE 5D5:B82=>ABV 

A5=A81V;V70FVW =5 ?@>A;V4:>2CєBPAO. *5 <>65 1CB8 ?>29O70=> 7 B8<, I> 28<V@N20==O 

7030;P=8E :20=B>28E 28E>4V2 ?@>2>48;8 =0 =5>?B8<0;P=V9 4;O 4>A;V46C20=8E 

:><?;5:AV2 4>268=V E28;V 254 =<.  

 

&01;8FO 3.4.3.1. �N<V=5AF5=B=V E0@0:B5@8AB8:8 :@8AB0;VG=8E :><?;5:AV2 є2@>?VN. 

�><?;5:A Ärad, 

<A 

Äobs, <A Arad, 

c-1 

Atot, 

c-1 

Anrad, 

c-1 

QLnLn, 

% 

QLLn, 

% 

·sens, 

% 298 
K 

77 K 

NMe4[Eu(L1)4] 3.64 2.650 2.724 275 377 102 73 - - 

NEt4[Eu(L1)4] 3.57 2.780 2.774 280 360 80 78 - - 

PPh4[Eu(L1)4] 1.89 1.451 1.431 529 690 161 76 - - 

[Eu(L1)2(bpy)2]BPh4 3.03 1.762 1.740 330 568 238 58 5.7 9.8 

[Eu(L1)3bpy] [173] - 1.73 1.83 - - - - - - 

[Eu(L2)2(bpy)2]BPh4 

[48] 

2.54 1.590 1.231 393 628 235 62 6.3 10 

[Eu(L2)2(NO3)(bpy)] 2.23 1.740 1.595 448 574 126 78 3.3 4.2 

[Eu(L2)3bpy] 2.45 1.880 - 408 532 124 77 7.9 10 

[Eu(L3)2(bpy)2]BPh4 2.78 1.580 - 360 633 273 57 - - 
0 - ¼71 = 394 =<, 1 - ¼71 = 277 =<, 2 - ¼71 = 254 =<, 3 - ¼71 = 355 =<, 4 - ¼71 = 300 =<, 5 - ¼71 = 

315 =<. 

 

&01;8FO 3.4.3.2. �N<V=5AF5=B=V E0@0:B5@8AB8:8 :@8AB0;VG=8E :><?;5:AV2 B5@1VN 

70 :V<=0B=>W B5<?5@0BC@8 V ?@8 77 �. 

�><?;5:A ¼71, =< ¼5<, =< Äobs, <A 

298 � 77 � 298 � 77 � 

NMe4[Tb(L1)4] 368 368 543 2.44 2.28 
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�><?;5:A ¼71, =< ¼5<, =< Äobs, <A 

298 � 77 � 298 � 77 � 

NEt4[Tb(L1)4] 368 368 546 2.90 2.66 

PPh4[Tb(L1)4] 368 319 545 1.78 1.59 

[Tb(L1)3bpy] 290 - 545 2.22 - 

[Tb(L1)2(bpy)2]BPh4 336 345 546 1.79 1.72 

[Tb(L2)2(bpy)2]BPh4 [48] 290 315 545 1.65 1.98 

[Tb(L2)2(NO3)(bpy)] 296 - 548 1.97 - 

[Tb(L2)3bpy] 296 - 546 2.30 - 

[Tb(L3)2(bpy)2]BPh4 345 345 545 1.86 1.79 
 

 

3.5.  �>A;V465==O B5@<VG=>W ABV9:>ABV :><?;5:AV2  

�AB0=>2;5==O >1;0ABV B5@<VG=>W ABV9:>ABV :><?;5:AV2 ;0=B0=>W4V2 є ?@8=F8?>2> 

206;82>N C<>2>N 4;O WE <>6;82>3> 28:>@8AB0==O ?@8 AB2>@5==V <5B0;>>@30=VG=8E 

;N<V=5AF5=B=8E 5;5:B@>4V>4V2 (MOLED), B0: O: ?@8AB@V9 <>65 =03@V20B8AO 4> 

B5<?5@0BC@ ?>=04 100 C [245].  

�0 4>?><>3>N <5B>4C B5@<>3@02V<5B@8G=>3> 0=0;V7C 1C;> 4>A;V465=> B5@<VG=C 

ABV9:VABP :><?;5:AV2 ;0=B0=>W4V2 NMe4[Nd(L1)4], NEt4[Ln(L1)4] (Ln = La, Nd, Eu, Dy), 

[Ln(L1)3bpy] (Ln = Tb, Dy), [Tb(L1)2(bpy)2]BPh4, [Ln(L2)2(bpy)2]BPh4 (Ln = Eu, Tb), 

[Gd(L2)2(NO3)(bpy)], [Ln(L2)3bpy] (Ln = La, Gd), [La(L2)(NO3)2(bpy)2], [Tb(L3)2(bpy)2]BPh4 

(@8A. 3.5.1-3.5.3) 2 4V0?07>=V B5<?5@0BC@ 2V4 :V<=0B=>W 4> 600 °% 2 0B<>AD5@V ?>2VB@O. 

'7030;P=5=V @57C;PB0B8 4>A;V465==O =02545=V C 4>40B:C 9. �:A?5@8<5=B 4;O 

PPh4[Nd(L1)4] (&?; = 103  º%) 1C;> >?8A0=> 2 @>1>BV [163]. !09ACBBє2VH0 2B@0B0 <0A8 

B5B@0:VA-:><?;5:AV2 2V41C20єBPAO 4> 01> >4@07C ?VA;O ?;02;5==O :><?;5:AV2 2 4V0?07>=V 

B5<?5@0BC@ 150-250 º%; 4;O 1VA- V B@8A-��( :><?;5:AV2 3 2V4 135 4> 300 º%. $>:;04 

?@>4>26CєBPAO 4> :V=FO 5:A?5@8<5=BC 4;O 2AVE 4>A;V46C20=8E A?>;C:, >:@V< 
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[Tb(L2)2(bpy)2]BPh4, [Tb(L3)2(bpy)2]BPh4 B0 [La(L2)(NO3)2(bpy)2], 4;O O:8E =0?@8:V=FV 

4>A;V46C20=>3> 4V0?07>=C B5<?5@0BC@ 2B@0B0 <0A8 =5 A?>AB5@V30;0AP. 

�5@820B>3@0<8 B5B@0:VA-(L1){ :><?;5:AV2 V7 B5B@0<5B8;- V B5B@05B8;0<>=Vє28< 

:0BV>=>< ?>:070=V =0 @8A. 3.5.1 0-ґ. #@8 =03@V20==V :><?;5:AV2 NMe4[Nd(L1)4] 4> 150 °% 

B0 NEt4[Ln(L1)4] 4> 150-160 °% 2B@0B8 <0A8 =5 A?>AB5@V30єBPAO. #@8 ?>40;PH><C 

=03@V20==V A?>;C:8 ?>G8=0NBP AB@V<:> @>7:;040B8AO. �><?;5:A8 NEt4[Ln(L1)4] 

@>7:;040NBPAO >4@07C ?VA;O ?;02;5==O, O:><C 2V4?>2V40є ?5@H89 5=4>B5@<VG=89 5D5:B 

=0 :@828E �&�, B>4V O: NMe4[Nd(L1)4] 707=0є @>7:;04C 157 ?;02;5==O. &><C 4;O 

:><?;5:AC NMe4[Nd(L1)4] =0 :@82V9 �&� =5 2V7C0;V7CєBPAO 5=4>B5@<VG=89 5D5:B, I> 

2V4?>2V40є ?@>F5AC ?;02;5==O :><?;5:AC. #5@H0 2B@0B0 <0A8 4;O FVєW A?>;C:8 C :V;P:>ABV 

35 % 2V41C20єBPAO 4> 200 °% V AC?@>2>46CєBPAO 5:7>B5@<VG=8< 5D5:B>< ?@8 204 °%. 

�><?;5:A8 NEt4[Ln(L1)4] ?>G8=0NBP AB@V<:> @>7:;040B8AO 2 4V0?07>=V B5<?5@0BC@ 2V4 150 

4> 205 °%, 2B@0G0NG8 ?@8 FP><C 40-44 % <0A8. "?8A0=V 2B@0B8 <0A <>6=0 ?>OA=8B8 

73>@O==O< :0BV>=V2 V @>7?04>< G0AB8=8 ;V30=4V2 ?> 729O7:C P4N 7 2V4I5?;5==O< G0AB:8 

Cl3C(CO)N, I> ?V4B25@46CєBPAO @>7@0EC=:0<8. #@8 =03@V20==V 7@07:V2 28I5 200 °% 

<5=H 7=0G=V 2B@0B8 <0A8 A?>AB5@V30NBPAO ?V4 G0A =0ABC?=8E B@P>E AB04V9 @>7:;04C 4;O 

NMe4[Nd(L1)4] V 42>E AB04V9 @>7:;04C 3 4;O NEt4[Ln(L1)4] 2=0A;V4>: ?>40;PH>3> 

@>7:;040==O ;V30=4V2. �@C30 AB04VO @>7:;04C :><?;5:AC NMe4[Nd(L1)4] ?@>BV:0є 4> 

B5<?5@0BC@8 320 °%, B@5BO 3 4> 435 °%. +5B25@B0 AB04VO AC?@>2>46CєBPAO 5=4>B5@<VG=8< 

5D5:B>< ?@8 513 °%, O:89 <>65 ?>7=0G0B8 ?;02;5==O ?@>4C:BC @>7?04C. �@C3V AB04VW 

@>7:;04C :><?;5:AV2 NEt4[Ln(L1)4] B@820NBP 4> 1;87P:> 350 °%, B@5BV 3 4> 455-475 °% V 

AC?@>2>46CNBPAO 5:7>B5@<VG=8<8 5D5:B0<8. &5<?5@0BC@8 ?;02;5==O V @>7:;04C VAB>B=> 

=5 7<V=NNBPAO 70;56=> 2V4 ?@8@>48 V>=0 ;0=B0=>W4C. $>7:;04 :><?;5:AV2 7025@HCєBPAO 

CB2>@5==O< ?>;VD>AD0BV2 ;0=B0=>W4V2. �030;P=V 2B@0B8 <0A8 AB0=>2;OBP 61 % 4;O 

NMe4[Nd(L1)4], 67 % 4;O NEt4[La(L1)4], 65.5 % 4;O NEt4[Nd(L1)4], 59.8 % 4;O 

NEt4[Eu(L1)4], 60.5% 4;O NEt4[Dy(L1)4]. &0:V 7=0G5==O E0@0:B5@=V 4;O :>>@48=0FV9=8E 

A?>;C: ;0=B0=>W4V2 =0 >A=>2V :0@10F8;0<V4>D>AD0B=8E ;V30=4V2 [36]. 
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%?>;C:8 A:;04C [Ln(L1)3(bpy)] (@8A. 3.5.2 (0), 45 :@820 1 2V4?>2V40є :><?;5:AC 

B5@1VN, :@820 2 3 48A?@>7VN) =03@V20;8 4> 550 °C. �><?;5:A [Tb(L1)3(bpy)] 28O282AO 

AB01V;P=8< 4> 210 °C, 0 [Dy(L1)3(bpy)] 3 4> 195 °C. �V4ACB=VABP 2B@0B <0A8 4> 73040=8E 

B5<?5@0BC@ A2V4G8BP ?@> 2V4ACB=VABP @>7G8==8:V2 C 7@07:0E. &@8A-:><?;5:A8 

@>7:;040NBPAO =5 >4@07C ?VA;O ?;02;5==O. #@>F5A @>7?04C A?>;C: [Ln(L1)3(bpy)] 

?>G8=0єBPAO 7V AB@V<:>W 2B@0B8 <0A8 7@07:V2 2=0A;V4>: 73>@O==O 2,2′-48?V@848;C B0 

G0AB8=8 ��( ;V30=4C Cl3CC(O)N. #@8 ?>40;PH><C =03@V20==V ?>=04 240 °C A?>;C:8 

?@>4>26CNBP 1V;PH ?;02=> @>7:;040B8AO 4> 3@0=8G=>3> 7=0G5==O 5:A?5@8<5=B0;P=>W 

 

$8AC=>: 3.5.1. �5@820B>3@0<8 B5B@0:VA-:><?;5:AV2 NMe4[Nd(L1)4] (0), 

NEt4[Ln(L1)4] (Ln = La, Nd, Eu, Dy) (1-ґ). 



139 
 

B5<?5@0BC@8. #@>F5A @C9=C20==O ?@872>48BP 4> 7030;P=>W 2B@0B8 2038 7@07:0 =0 49% 4;O 

:><?;5:AC B5@1VN V 57% 4;O :><?;5:AC 48A?@>7VN. �3V4=> 7 7030;P=>N 2B@0B>N <0A8 

7@07:V2, 0 B0:>6 V7 �+-A?5:B@0<8 70;8H:V2 :><?;5:AV2, >A=>2=8< :><?>=5=B>< C 70;8H:C 

[Tb(L1)3(bpy)] є B5@1V9 ?>;VD>AD0B, 0 C 70;8H:C [Dy(L1)3(bpy)] 3 AC<VH ?>;V- B0 

>@B>D>AD0BV2 48A?@>7VN. 

�><?;5:A [Gd(L2)2(NO3)(bpy)] =03@V20;8 4> 550 % (@8A. 3.5.2 (1)). %?>;C:0 =5 

<VAB8BP C A2>є<C A:;04V @>7G8==8:V2, ABV9:0 4> 1;87P:> 150 %. $>7:;04 є @V7:8< C 

4V0?07>=V 170-275 %, 0 ?@8 ?>40;PH><C =03@V20==V 9>3> H284:VABP є =57=0G=>N. #><V@=0 

2B@0B0 <0A8 ?@>4>26CєBPAO 4> 3@0=8G=>3> 7=0G5==O B5<?5@0BC@ 5:A?5@8<5=BC. �0@B8=0 

@>7:;04C 40=>3> :><?;5:AC є ?>4V1=>N 4> B5B@0:VA-:><?;5:AV2, >?8A0=8E 28I5, B0: O: 

2V= =5 VA=Cє 2 @>7?;02;5=><C AB0=V. �030;P=0 2B@0B0 <0A8 A:;040є 58%, C 70;8H:C 3 

?>;VD>AD0B 304>;V=VN. 

$>7:;04 :><?;5:AC [La(L2)3(bpy)] ?>G8=0єBPAO ?@8 165 %, [Gd(L2)3(bpy)] 3 ?@8 

195 %, 0 [La(L2)(NO3)2(bpy)2] 3 ?@8 175 % (@8A. 3.5.2 2-ґ). �> FVєW B5<?5@0BC@8 =5 

A?>AB5@V30єBPAO 2B@0B8 <0A8, I> 2:07Cє =0 2V4ACB=VABP @>7G8==8:V2 C A:;04V :><?;5:AV2. 

#;02;5==O 40=8E :><?;5:AV2 2V41C20єBPAO ?@8 45I> =86G8E B5<?5@0BC@0E (130, 165, V 

135 %). "B65, ?>4V1=> 4> B@8A-:><?;5:AV2 7 ;V30=4>< HL1, 707=0G5=V A?>;C:8 

@>7:;040NBPAO =5 >4@07C ?VA;O ?;02;5==O. &5<?5@0BC@=89 4V0?07>= VA=C20==O :><?;5:AV2 

C @V4:><C AB0=V 3 2V4 130 4> 165 % 4;O [La(L2)3(bpy)], 2V4 165 4> 195 % 4;O [Gd(L2)3(bpy)] 

V 2V4 135 4> 175 % 4;O [La(L2)(NO3)2(bpy)2]. �;O A?>;C:8 [La(L2)3(bpy)] (@8A. 3.5.2 2) ?@8 

96 %, 0 4;O [Gd(L2)3(bpy)] 3 ?@8 104 % =0 :@82V9 �&� =0O2=89 5=4>B5@<VG=89 5D5:B, 

O:89 =5 AC?@>2>46CєBPAO 2B@0B>N <0A8 B0 ?;02;5==O< :><?;5:AV2, 0 >B65, <>65 1CB8 

2V4=5A5=89 4> D07>2>3> ?5@5E>4C. �=4>B5@<VG=V 5D5:B8, I> 2V4?>2V40NBP ?@>F5AC 

?;02;5==O :><?;5:AV2, =5 2V7C0;V7CNBPAO =0 :@828E �&�. �030;P=0 2B@0B0 <0A8 7@07:V2 

[La(L2)3(bpy)], [Gd(L2)3(bpy)] B0 [La(L2)(NO3)2(bpy)2] ?@8 =03@V20==V WE 4> 600 (La) V 500 % 

(Gd) AB0=>28BP 67, 51 B0 70 %, 2V4?>2V4=>. $>7:;04 :><?;5:AV2 2V41C20єBPAO 2 45:V;P:0 

AB04V9, I> 284=> 70 7<V=>N =0E8;C :@82>W &� =0 45@820B>3@0<0E :><?;5:AV2. #5@H0 
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2B@0B0 <0A8 7@07:C [La(L2)3(bpy)] (50 %) 2 4V0?07>=V B5<?5@0BC@ 4> 265 % є 

5:7>B5@<VG=8< ?@>F5A>< B0 ?>29O70=0 7 @>7@82>< ��( ;V30=4V2 ?> 729O7:C P3N. "4@07C 

70 FVєN AB04VєN @>7:;04C 945 @C9=C20==O <>;5:C;8 2,2′-48?V@848;C V CB2>@5==O 

<5B0D>AD0BC ;0=B0=C. �@C30 AB04VO @>7:;04C :><?;5:AC є 5=4>B5@<VG=8< ?@>F5A><. �;O 

:><?;5:AC 304>;V=VN ?5@H0 5:7>B5@<VG=0 AB04VO @>7:;04C V7 2B@0B>N 14% <0A8 7@07:0 

(@C9=C20==O 70<VA=8:V2 ��( ;V30=4C ?@8 D>AD>@8;P=V9 3@C?V) 2V41C20єBPAO 4> 

B5<?5@0BC@8 232 %. !0 4@C3V9 (4> 320 %) V B@5BV9 (4> 370 %) AB04VOE @>7:;04C 

2V41C20єBPAO ?>40;PH5 @C9=C20==O ��( ;V30=4C B0 2,2′-48?V@848;C. �+ A?5:B@ 70;8H:C 

?VA;O A?0;5==O [Gd(L2)3(bpy)] є V45=B8G=8< 4> 283;O4C A?5:B@C 70;8H:C 2V4 A?0;5==O 

[Gd(L2)2(NO3)(bpy)] V 2V4?>2V40є ?>;VD>AD0BC 304>;V=VN. #5@H0 2B@0B0 <0A8 7@07:C 

[La(L2)(NO3)2(bpy)2] (28%) 2 4V0?07>=V B5<?5@0BC@ 4> 211 % ?>29O70=0 7 @>7@82>< ��( 

;V30=4V2 ?> 729O7:C P4N (@8A. 3.5.2 (4)). #@8 ?>40;PH><C =03@V20==V :><?;5:AC 4> 228 % 

2V41C20єBPAO B0:>6 @C9=C20==O <>;5:C; 2,2′-1V?V@848;C: 2B@0B0 <0A8 AB0=>28BP 34%. 

#5@HV 42V AB04VW @>7:;04C :><?;5:AC [La(L2)(NO3)2(bpy)2] AC?@>2>46CNBPAO 

5:7>B5@<VG=8< 5D5:B>< 7 5:AB@5<C<>< =0 :@82V9 �&� ?@8 218 %. #>40;PH0 2B@0B0 <0A8 

:><?;5:AC ?>29O70=0 7 @C9=C20==O< =VB@0B-0=V>=V2. !0 2V4<V=C 2V4 B@8A-(L2)-:><?;5:AC, 

>A=>2=8< :><?>=5=B>< ?@>4C:BV2 @>7:;04C A?>;C:8 [La(L2)(NO3)2(bpy)2] є >@B>D>AD0B 

;0=B0=C.  

�><?;5:A8 [Tb(L1)2(bpy)2]BPh4 V [Tb(L3)2(bpy)2]BPh4 (@8A. 3.5.3 0, 1) ?@>O2;ONBP 

B5@<VG=C ABV9:VABP ?@8 =03@V20==V 4> B5<?5@0BC@8 4> 150 V  220 C, 2V4?>2V4=>. #@8 

?>40;PH><C =03@V20==V 2V41C20єBPAO @V7:89 @>7:;04 :><?;5:AV2, ?V4 G0A O:>3> :><?;5:A 

=0 >A=>2V HL1 2B@0G0є 43% <0A8, I> <>65 1CB8 ?>OA=5=5 73>@0==O< 0=V>=0, 70<VA=8:V2 

1V;O 0B><0 D>AD>@C V >4=>3> 2,2′-48?V@848;C. �><?;5:A =0 >A=>2V HL3 2B@0G0є 55% 

2=0A;V4>: 73>@0==O B5B@0D5=V;1>@0BC, 2,2′-48?V@848;C V @>7:;04C %�(-;V30=4C. �V4 200 

4> 300 C A?>;C:0 [Tb(L1)2(bpy)2]BPh4 707=0є 4@C3>3> 5B0?C @>7:;04C (13%), ?@8 O:><C 

73>@0є 2,2′-48?V@848;. #@8 B5<?5@0BC@V 28I5  300 C 2B@0B0 <0A8 ?><VB=> 

A?>2V;P=NєBPAO V =5 ?@8?8=OєBPAO 4> 3@0=8G=>3> 7=0G5==O B5<?5@0BC@ 5:A?5@8<5=BC. 
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�=4>B5@<VG=V 5D5:B8, ?>2'O70=V 7 ?;02;5==O< :><?;5:AV2 (157 % 4;O 

[Tb(L1)2(bpy)2]BPh4 V 197 % 4;O [Tb(L3)2(bpy)2]BPh4), =0 :@828E �&� =5 28@07=V. �030;P=V 

2B@0B8 <0A8 :><?;5:AV2 [Tb(L1)2(bpy)2]BPh4 V [Tb(L3)2(bpy)2]BPh4 AB0=>2;OBP 67 V 61%, 

2V4?>2V4=>. �0;8H>: <VAB8BP AC<VH ?>;V- B0 >@B>D>AD0BV2 B5@1VN. 

�><?;5:A8 [Ln(L2)2(bpy)2]BPh4, 45 Ln = Eu, Tb, <0NBP B5<?5@0BC@8 ?;02;5==O 150 

V 154 C, 2V4?>2V4=>, 0 :><?;5:A ;0=B0=C, O: @0=VH5 1C;> ?>:070=> C [186] 3 131 C. � 

FP><C 4V0?07>=V 7@07:8 =5 2B@0G0NBP <0AC, >B65, @>7G8==8:8 2 =8E 2V4ACB=V (@8A. 3.5.3 2, 

3). %;01:> 28@065=89 5=4>B5@<VG=89 ?V: =0 :@828E �&� >1>E :><?;5:AV2 ?@8 

 

$8AC=>: 3.5.2. �5@820B>3@0<8 V B5@<>3@0<8 1VA- V B@8A-:><?;5:AV2 [Ln(L1)3(bpy)] 

(0) (Ln = Tb (1), Dy (2)), [Gd(L2)2(NO3)(bpy)] (1), [Ln(L2)3(bpy)] (Ln = La (2), Gd (3)), 

[La(L2)(NO3)2(bpy)2] (ґ). 
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B5<?5@0BC@V 1;87P:> 118 C =5 AC?@>2>46CєBPAO 2B@0B>N 2038 01> ?;02;5==O< A?>;C:, 

B><C 9>3> <>6=0 2V4=5AB8 4> D07>2>3> ?5@5E>4C. �=4>B5@<VG=V 5D5:B8 ?@8 150 V 154 C 

4;O :><?;5:AV2 є2@>?VN V B5@1VN, 2V4?>2V4=>, ?>2'O70=V 7 ?;02;5==O< A?>;C:, O:5 

AC?@>2>46CєBPAO @>7:;040==O< 7@07:V2. $>7:;04 :><?;5:AV2 2V41C20єBPAO @V7:> 2 42V 

AB04VW V AC?@>2>46CєBPAO 42><0 5:7>B5@<VG=8<8 V >4=8< 5=4>B5@<VG=8< 5D5:B0<8. !0 

?5@HV9 AB04VW 2 4V0?07>=V 4> 190 % :><?;5:A є2@>?VN 2B@0G0є 24% <0A8, :><?;5:A 

B5@1VN 3 17%. #>4V1=> 4> B@8A-:><?;5:AV2, @>7?04 :0BV>==8E 1VA-:><?;5:AV2 7 N,N,N9,N9 

B5B@05B8;-N=-(B@8E;>@0F5B8;)D>AD>@B@80<V4>< ?>G8=0єBPAO V7 @C9=C20==O 70<VA=8:V2 

?@8 D>AD>@8;P=V9 3@C?V :0@10F8;0<V4>D>AD0BC. #VA;O FP>3>, 2 4V0?07>=V 4> 300 %, 

A?>;C:8 2B@0G0NBP 28% (Eu) V 30% <0A8 Tb: @C9=CєBPAO P3N 72'O7>: V7 :0@1V<V4=>N 

G0AB8=>N ��(C B0 73>@0є >@30=VG=0 G0AB8=0 <>;5:C;8 :><?;5:AC. �030;P=0 2B@0B0 <0A8 

A:;0;0 66% V 53% 4;O :><?;5:AV2 є2@>?VN V B5@1VN, 2V4?>2V4=>. �=0;V7 �+-A?5:B@C 

 

$8AC=>: 3.5.3. �5@820B>3@0<8 :0BV>==8E :><?;5:AV2 [Tb(L1)2(bpy)2]BPh4 (0), 

[Tb(L3)2(bpy)2]BPh4 (1), [Ln(L2)2(bpy)2]BPh4 (Ln = Eu (2), Tb (3)). 



143 
 

B25@4>3> 70;8H:C ?VA;O B5@<>3@02V<5B@8G=>3> 0=0;V7C 7@07:V2 A2V4G8BP ?@> CB2>@5==O 

AC<VHV >@B>- V ?>;VD>AD0BV2 ;0=B0=>W4V2.  

!091V;PH B5@<>ABV9:8<8 7 4>A;V465=8E C FV9 @>1>BV A?>;C: 28O28;8AO :><?;5:A8 

=0 >A=>2V %�( ;V30=4C [Ln(L3)2(bpy)2]BPh4, V =0928IC B5@<VG=C ABV9:VABP 7-?><V6 =8E 

?@>45<>=AB@C202 :><?;5:A B5@1VN. �;O F8E 65 :><?;5:AV2 A?>AB5@V30єBPAO =092C6G89 

B5<?5@0BC@=89 V=B5@20; 2B@0B <0A8. !0B><VABP, =09=86G0 B5<?5@0BC@0 ?;02;5==O 

70DV:A>20=0 4;O ?@54AB02=8:0 @O4C [Ln(L2)2(bpy)2]BPh4 3 :><?;5:AC VB@VN. &5<?5@0BC@8 

?;02;5==O/@>7:;04C B5B@0:VA-:><?;5:AV2 <5=HV, =V6 1VA- V B@8A-:><?;5:AV2 V7 B8< 65 

;V30=4><. &5B@0:VA-:><?;5:A8 NMe4[Ln(L1)4] 707=0NBP @>7:;04C 157 ?;02;5==O. 

&5B@0:VA-:><?;5:A8 NEt4[Ln(L1)4] ?;02;OBPAO 70 28I8E B5<?5@0BC@, =V6 PPh4[Ln(L1)4]. ' 

<560E @O4V2 :><?;5:AV2, =09=86GV B5<?5@0BC@8 ?;02;5==O 1V;PH ?@8B0<0==V 

?@54AB02=8:0< ?>G0B:C @O4C. 

 

�>@>B:V 28A=>2:8 

• &8? :>>@48=0FVW ��( V %�( ;V30=4V2 C 0F84>D>@<V 4> V>=V2 ;0=B0=>W4V2 C 

>45@60=8E :><?;5:A0E 1C;> 287=0G5=> =0 >A=>2V ?>@V2=O==O WE �+ A?5:B@V2 7V 

A?5:B@0<8 2V4?>2V4=8E ;V30=4V2 B0 WE =0B@Vє28E A>;59. �+-A?5:B@0;P=8< :@8B5@Vє< 

1V45=B0B=>W :>>@48=0FVW є =87P:>G0AB>B=89 7AC2 A<C3 ?>3;8=0==O 20;5=B=8E :>;820=P 

:0@1>=V;P=>W (¾(CO)), AC;PD>=V;P=>W (¾(SO)) B0 D>AD>@8;P=>W (¾($O)) 3@C?. ' 

A?5:B@0E # $ :><?;5:AV2 ?>;>65==O EV<VG=8E 7AC2V2 A83=0;V2 V A?V22V4=>H5==O WE 

V=B53@0;P=8E V=B5=A82=>AB59 4;O @V7=8E ;V30=4V2 2V4?>2V40є FV;P>2><C EV<VG=><C 

A:;04C. 

•  5B>4>< $%B� 4>A;V465=> <>=>:@8AB0;8 >45@60=8E A?>;C:, 

>E0@0:B5@87>20=> 1C4>2C, A8<5B@VN :><?;5:AV2, ?>;V54@8 F5=B@0;P=8E 9>=V2, 

4>268=8 72'O7:V2, B8?8 A;01:8E 270є<>4V9. �AB0=>2;5=>, I> =59B@0;P=V :><?;5:A8 

[Ln(L1,2)3bpy], [Ln(L2)2(NO3)(bpy)] V [L0(L2)(NO3)2(bpy)2] <0NBP <>;5:C;O@=C 1C4>2C, 0 
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:0BV>==V [Ln(L1,2,3)2(bpy)2]BPh4 B0 0=V>==V Cat[Ln(L1)4] 3 9>==C. !09B8?>2VH8<8 

:>>@48=0FV9=8<8 ?>;V54@0<8 28O28;8AP B@8:CB=89 4>45:054@ V :204@0B=0 

0=B8?@87<0. �;O B@8A- V B5B@0:VA-:><?;5:AV2 E0@0:B5@=8< :>>@48=0FV9=8< ?>;V54@>< 

є B@8:CB=89 4>45:054@, 0 4;O 1VA-:><?;5:AV2 3 01> :204@0B=0 0=B8?@87<0, 01> 

?@><V6=89 <V6 =5N V B@8:CB=8< 4>45:054@><. ' B5B@0:VA-:><?;5:A0E V7 :0BV>=>< 

NMe4+ ?@8@>40 9>=C ;0=B0=>W4C 2?;820є =0 A8=3>=VN B0 ?@>AB>@>2C 3@C?C C :@8AB0;V. 

� V7>AB@C:BC@=8E :><?;5:A0E V7 :0BV>=>< NEt4+ E0@0:B5@ 72'O7:V2 <V6 :0BV>=>< V 

0=V>=>< 45I> 2V4@V7=OєBPAO 2 70;56=>ABV 2V4 ?@8@>48 9>=C ;0=B0=>W4V2, 0 7 PPh4+ 3 

2?;82 @04VCAC 9>=C ;0=B0=>W4C =0 A8<5B@VN =091;86G>3> >B>G5==O V 

2=CB@VH=P><>;5:C;O@=V 270є<>4VW =5ACBBє289. %;01:V :>=B0B:B8 B8?C C3H∙∙∙O C 

NMe4[(La/Eu)(L1)4] CB2>@5=V 3@C?0<8 PO V OCH3 ;V30=4V2 V 0B><0<8 3V4@>35=C :0BV>=C, 

0 C :><?;5:AV 48A?@>7VN ?@8ACB=V :>=B0:B8 H∙∙∙Cl, C3H∙∙∙O(PO) V C3H∙∙∙O(CO). �0BV>=8 
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0=V>==8E L1-2<VA=8E B0 =59B@0;P=8E L2-2<VA=8E :><?;5:AV2 є2@>?VN. ' B5B@0:VA-

:><?;5:A0E QLnLn ?@0:B8G=> =5 70;568BP 2V4 B8?C :0BV>=C. �;O :0BV>==8E :><?;5:AV2 

є2@>?VN, 70;56=> 2V4 ?@8@>48 ;V30=4C, QLnLn 45I> 71V;PHCєBPAO 2 @O4C L3&L1&L2. 

�0BV>==89 :><?;5:A [Eu(L1)2(bpy)2]BPh4 7=0G=> ?>ABC?0єBPAO 0=V>==8< :><?;5:A0< 7 
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;V30=4>< L1 70 25;8G8=>N 2=CB@VH=P>3> :20=B>2>3> 28E>4C. �><?;5:A8 =0 >A=>2V 

;V30=4C L2 E0@0:B5@87CNBPAO 7@>AB0==O< QLnLn 2 @O4C 

[Eu(L2)2(bpy)2]BPh4&[Eu(L2)3bpy]&[Eu(L2)2(NO3)(bpy)].  
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�"��&�� 

�>40B>: 1. $57C;PB0B8 B@8;>=><5B@8G=>3> B8B@C20==O =0 287=0G5==O 2<VABC 9>=0 

Ln3+ B0 B5<?5@0BC@8 ?;02;5==O =>28E A8=B57>20=8E :><?;5:AV2. 

%?>;C:0  w(Ln3+), %  �1A>;NB=5 2V4E8;5==O 2V4 

@>7@0E>20=>3> w(Ln3+), % 

T?;, 

C �=0945=>  $>7@0E>20=>  

NMe4[Y(L1)4] 7.1 6.6 0.5 -* 

NMe4[La(L1)4] 10.4 10 0.4 -* 

NMe4[Nd(L1)4] 11 10.4 0.6 -* 

NMe4[Eu(L1)4] 12.1 11.7 0.4 -* 

NMe4[Gd(L1)4] 11.2 12 0.8 -* 

NMe4[Tb(L1)4] 11.8 12.1 0.3 -* 

NMe4[Dy(L1)4] 12.2 11.6 0.6 -* 

NMe4[Yb(L1)4] 11.5 12.3 0.8 -* 

NMe4[Lu(L1)4] 11.2 12.4 1.2 -* 

NEt4[Y(L1)4] 7.8 6.9 0.9 155 

NEt4[La(L1)4] 10.9 10.3 0.6 154 

NEt4[Nd(L1)4] 9.6 10.7 1.1 157 

NEt4[Eu(L1)4] 11.8 11.2 0.6 159 

NEt4[Gd(L1)4] 11.2 11.5 0.3 161 

NEt4[Tb(L1)4] 12.5 11.6 0.9 165 

NEt4[Dy(L1)4] 11.1 11.9 0.8 155 

NEt4[Yb(L1)4] 12 12.5 0.5 160 

NEt4[Lu(L1)4] 13.3 12.7 0.6 158 

PPh4[Gd(L1)4] 10.9 10.0 0.9 140 

PPh4[Dy(L1)4] 11.2 10.3 0.9 135 

PPh4[Yb(L1)4] 9.6 10.9 1.3 130 

PPh4[Lu(L1)4] 10.8 11.0 0.2 137 

[Y(L1)2(bpy)2]BPh4 8.2 7.1 1.1 140 

[La(L1)2(bpy)2]BPh4 11.3 10.6 0.7 135 
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%?>;C:0  w(Ln3+), %  �1A>;NB=5 2V4E8;5==O 2V4 

@>7@0E>20=>3> w(Ln3+), % 

T?;, 

C �=0945=>  $>7@0E>20=>  

[Nd(L1)2(bpy)2]BPh4 11.7 11.0 0.7 172 

[Eu(L1)2(bpy)2]BPh4 10.9 11.5 0.6 170 

[Gd(L1)2(bpy)2]BPh4 11.9 11.8 0.1 186 

[Tb(L1)2(bpy)2]BPh4 11.1 12.0 0.9 157 

[Dy(L1)2(bpy)2]BPh4 11.6 12.2 0.6 185 

[Yb(L1)2(bpy)2]BPh4 13.7 12.9 0.8 180 

[Lu(L1)2(bpy)2]BPh4 13.9 13.0 0.9 190 

[Y(L2)2(bpy)2]BPh4 7.0 6.2 0.8 120 

[Y(L2)2(NO3)(bpy)] 9.4 8.8 0.6 152 

[Nd(L2)2(NO3)(bpy)] 12.9 13.5 0.6 157 

[Eu(L2)2(NO3)(bpy)] 13.6 14.2 0.6 185 

[Gd(L2)2(NO3)(bpy)] 15.1 14.6 0.5 150 

[Tb(L2)2(NO3)(bpy)] 15.3 14.7 0.6 173 

[Dy(L2)2(NO3)(bpy)] 15.7 15.0 0.7 177 

[Yb(L2)2(NO3)(bpy)] 15 15.8 0.8 168 

[Lu(L2)2(NO3)(bpy)] 15.2 16.0 0.8 155 

[La(L2)(NO3)2(bpy)2] 15.8 15 0.8 130 

[Y(L3)2(bpy)2]BPh4 8.1 7.1 1 155 

[La(L3)2(bpy)2]BPh4 11.4 10.7 0.7 160 

[Nd(L3)2(bpy)2]BPh4 11.9 11.1 0.8 178 

[Eu(L3)2(bpy)2]BPh4 12.2 11.6 0.6 185 

[Gd(L3)2(bpy)2]BPh4 12.6 11.9 0.7 175 

[Tb(L3)2(bpy)2]BPh4 12.5 12 0.5 197 

[Dy(L3)2(bpy)2]BPh4 13 12.3 0.7 155 

[Yb(L3)2(bpy)2]BPh4 12.3 13 0.7 173 

[Lu(L3)2(bpy)2]BPh4 12.7 13.1 0.4 187 

* - @>7:;04 157 ?;02;5==O. 
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�>40B>: 2. �@8AB0;>3@0DVG=V 40=V B0 >A=>2=V ?0@0<5B@8 CB>G=5==O AB@C:BC@. 

%?>;C:0 NMe4[La(L1)4] NMe4[Eu(L1)4] NMe4[Dy(L1)4] NEt4[Nd(L1)4] 

(>@<C;0 C20H36Cl12LaN5O16P4 C20H36Cl12EuN5O16P4 C20H36Cl12DyN5O16P4 C24H44Cl12N5NdO16P4 

 >;5:C;O@=0 <0A0 1290.73 1303.78 1314.32 1352.16 

&5<?5@0BC@0 (�) 294 294 296 294 

�>268=0 E28;V (Å) 0.71073 0.71073 0.71073 0.71073 

%8=3>=VO <>=>:;V==0 <>=>:;V==0 B@8:;V==0 <>=>:;V==0 

#@>AB>@>20 3@C?0 P2/n P2/n P1� P21/c 

a (Å) 12.1452 (4)  12.0428(8) 10.0708 (12) 20.5200 (11) 

b (Å) 10.2003 (4)  10.2128(6) 12.2781 (15) 12.3252 (6) 

c (Å) 21.2846 (7)  21.0833(11) 21.068 (2) 21.4083 (11) 

³ () 90 90 92.442 (8) 90 

³ () 94.521 (3) 94.501(5) 94.584 (8) 92.577 (4) 

´ () 90 90 103.189 (8) 90 

"19є< :><V@:8 (Å3)  2628.64 (15)  2585.1(3) 2523.3 (5) 5409.0 (5) 

Z 2 2 2 4 

Dcalc (3/A<3) 1.631 1.675 1.73 1.660 

�>5D. 01A. ½ (<<-1) 1.6 2.015 2.3 1.73 

F(000) 1280 1292 1298 2700 



187 
 

%?>;C:0 NMe4[La(L1)4] NMe4[Eu(L1)4] NMe4[Dy(L1)4] NEt4[Nd(L1)4] 

�V0?07>= ¸ (°) 3.2-23.6 3.3-23.9 0.971-26 3.3-20.4 

�=45:A8: h = -15&15 

k = -13&12 

l = -25&27 

h = -14&14 

k = 0&12 

l = 0&25 

h = -12&12 

k = -15&15 

l = -25&25 

h = -25&25 

k = -9&15 

l = -26&24 

�V;P:VABP @5D;5:AV2 22447 5084 38646 38576 

!570;56=V @5D;5:A8 6050 5084 9916 10616 

$5D;5:A8 7 I>2Ã(I) 4597 4166 5687 5410 

GoF (F2)  1.01 1.071 1.023 0.999 

R[F2 > 2Ã(F2)] 0.058 0.073 0.093 0.098 

wR(F2) 0.134 0.186 0.225 0.288 

!><5@ C CCDC  2120335 2290967 - - 

 

#@>4>265==O 4>40B:C 2 

%?>;C:0 NEt4[Eu(L1)4] NEt4[Dy(L1)4] PPh4[Gd(L1)4] PPh4[Dy(L1)4] 

(>@<C;0 C24H44Cl12EuN5O16P4 C24H44Cl12DyN5O16P4 C40H44Cl12GdN4O16P5 C40H44Cl12DyN4O16P5 

 >;5:C;O@=0 <0A0 1359.88 1370.42 1574.29 1579.54 

&5<?5@0BC@0 (�) 294 100 173.15 168 

�>268=0 E28;V (Å) 0.71073 0.71073 0.71073 0.71073 

%8=3>=VO <>=>:;V==0 <>=>:;V==0 <>=>:;V==0 <>=>:;V==0 
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%?>;C:0 NEt4[Eu(L1)4] NEt4[Dy(L1)4] PPh4[Gd(L1)4] PPh4[Dy(L1)4] 

#@>AB>@>20 3@C?0 P21/c P21/c P21/c P21/c 

a (Å) 20.4825(6) 12.1378(2) 19.8828(8) 19.8267(8) 

b (Å) 12.2546(3) 20.3519(2) 19.1092(8) 19.0675(8) 

c (Å) 21.3808(6) 21.1363(3) 17.3678(6) 17.3397(8) 

³ () 90 90 90 90 

³ () 92.286(2) 103.771(2) 110.925(3) 110.851(3) 

´ () 90 90 90 90 

"19є< :><V@:8 (Å3)  5362.4(2) 5071.16(13) 6163.6(4) 6125.9(5) 

Z 4 4 4 4 

Dcalc (3/A<3) 1.684 1.795 1.697 1.713 

�>5D. 01A. ½ (<<-1) 1.947 2.295 1.789 1.937 

F(000) 2712 2724 3132 3140 

�V0?07>= ¸ (°) 3.3-24.3 2.2480-56.1100 2.2-20.5 2.22-25.46 

�=45:A8: h = -25&18 

k = -14&15 

l = -26&26 

h = -17&17 

k = -27&28 

l = -27&29 

h = -23&24 

k = -23&23 

l = -21&21 

h = -24&24 

k = -21&23 

l = -21&21 

�V;P:VABP @5D;5:AV2 38874 58577 90714 83229 

!570;56=V @5D;5:A8 10526 14748 12103 12045 

$5D;5:A8 7 I>2Ã(I) 7499 12625 8571 9317 
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%?>;C:0 NEt4[Eu(L1)4] NEt4[Dy(L1)4] PPh4[Gd(L1)4] PPh4[Dy(L1)4] 

GoF (F2)  1.053 1.141 1.066 1.046 

R[F2 > 2Ã(F2)] 0.079 0.025 0.064 0.047 

wR(F2) 0.227 0.058 0.15 0.12 

!><5@ C CCDC  2290968 - 2290969 - 

 

#@>4>265==O 4>40B:C 2 

%?>;C:0 PPh4[Lu(L1)4] [Tb(L1)3(bpy)] [Dy(L1)3(bpy)] [Eu(L1)2(bpy)2]BPh4 

(>@<C;0 C40H44Cl12LuN4O16P5 C22H26Cl9N5O12P3Tb C22H26Cl9N5O12P3Dy C52H48BCl6EuN6O8P2 

 >;5:C;O@=0 <0A0 1592.01 1123.36 1126.94 1322.37 

&5<?5@0BC@0 (�) 100 173.15 173.15 296.15 

�>268=0 E28;V (Å) 1.54184 0.71073 0.71073 0.71073 

%8=3>=VO <>=>:;V==0 <>=>:;V==0 <>=>:;V==0 <>=>:;V==0 

#@>AB>@>20 3@C?0 P21/c C2/c C2/c P21/c 

a (Å) 19.6882 (3) 12.0135(3) 12.0148(18) 13.2296(14) 

b (Å) 18.9452 (10) 21.4764(7) 21.520(4) 13.7642(13) 

c (Å) 17.2139 (3) 31.8250(8) 32.132(5) 32.221(3) 

³ () 90 90 90 90 

³ () 110.8107 (15) 96.677(2) 96.079(9) 95.355(6) 

´ () 90 90 90 90 
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%?>;C:0 PPh4[Lu(L1)4] [Tb(L1)3(bpy)] [Dy(L1)3(bpy)] [Eu(L1)2(bpy)2]BPh4 

"19є< :><V@:8 (Å3)  6001.8 (3) 8155.4(4) 8261(2) 5841.6(10) 

Z 4 8 8 4 

Dcalc (3/A<3) 1.762 1.830 1.812 1.504 

�>5D. 01A. ½ (<<-1) 9.89 2.500 2.565 1.459 

F(000) 3160 4416 4424 2664 

�V0?07>= ¸ (°) 2.4-73.8 2.29-29.44 1.95-30.691 2.19-29.94 

�=45:A8: h = -24&24 

k = -23&23 

l = -17&21 

h = -16&16 

k = -30&30 

l = -44&44 

h = -17&16 

k = -30&30 

l = -45&45 

h = -15&15 

k = -16&16 

l = -38&38 

�V;P:VABP 

@5D;5:AV2 

68030 68802 63729 76236 

!570;56=V 

@5D;5:A8 

11789 11834 12531 10296 

$5D;5:A8 7 I>2Ã(I) 10535 9398 8045 7424 

GoF (F2)  1.084 1.061 1.084 1.200 

R[F2 > 2Ã(F2)] 0.04 0.052 0.081 0.120 

wR(F2) 0.108 0.098 0.155 0.210 

CCDC  2337153 2304634 2304635 - 
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#@>4>265==O 4>40B:C 2 

%?>;C:0 [Tb(L1)2(bpy)2]BPh4 [Dy(L1)2(bpy)2]BPh4 [Tb(L2)2(bpy)2]BPh4 [Eu(L2)2(NO3)(bpy)] 

(>@<C;0 C52H48BCl6N6O8P2Tb C52H48BCl6DyN6O8P2Tb C64H76BCl6N10O4P2Tb C30H48Cl6EuN9O7P2 

 >;5:C;O@=0 

<0A0 

1329.33 1332.91 1493.71 1073.37 

&5<?5@0BC@0 

(�) 

273.15 273.15 294 294 

�>268=0 

E28;V (Å) 

0.71073 0.71073 0.71073 0.71073 

%8=3>=VO <>=>:;V==0 <>=>:;V==0 <>=>:;V==0 B@8:;V==0 

#@>AB>@>20 

3@C?0 

P21/c P21/c P21/c P1� 

a (Å) 13.2874(4) 13.1822(4) 20.8232(6) 9.5622 (5) 

b (Å) 13.7485(4) 13.5634(4) 15.1741(4) 13.0866 (6) 

c (Å) 32.3341(10) 32.2395(8) 22.8354(6) 20.4262 (11) 

³ () 90 90 90 97.986 (4) 

³ () 95.382(2) 95.760(2) 97.411(2) 98.365 (4) 

´ () 90 90 90 111.307 (5) 

"19є< 

:><V@:8 (Å3)  

5880.8(3) 5735.2(3) 7155.1(3) 2304.4 (2) 
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%?>;C:0 [Tb(L1)2(bpy)2]BPh4 [Dy(L1)2(bpy)2]BPh4 [Tb(L2)2(bpy)2]BPh4 [Eu(L2)2(NO3)(bpy)] 

Z 4 4 4 2 

Dcalc (3/A<3) 1.501 1.544 1.387 1.547 

�>5D. 01A. ½ 

(<<-1) 

1.585 1.695 1.308 1.83 

F(000) 2672 2676 3056 1084 

�V0?07>= ¸ (°) 1.611-27.499 2.21-22.64 3.29-26.8 2.938-27.499 

�=45:A8: h = -17&15 

k = -17&17 

l = -36&42 

h = -16&15 

k = -16&16 

l = -39&38 

h = -25&25 

k = -18&18 

l = -28&28 

h = -12&11 

k = -16&16 

l = -26&26 

�V;P:VABP 

@5D;5:AV2 

75794 38800 51517 20085 

!570;56=V 

@5D;5:A8 

13424 11255 14045 10580 

$5D;5:A8 7 

I>2Ã(I) 

7537 7839 10294 7391 

GoF (F2)  1.017 1.046 1.075 0.959 

R[F2 > 2Ã(F2)] 0.073 0.056 0.063 0.069 

wR(F2) 0.146 0.145 0.157 0.144 

CCDC  - - 2075422 2301370 
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#@>4>265==O 4>40B:C 2 
%?>;C:0 [Tb(L2)2(NO3)(bpy)] [La(L2)(NO3)2(bpy)2] [La(L2)3(bpy)] [Eu(L3)2(bpy)2]BPh4 [Dy(L3)2(bpy)2]BPh4 

(>@<C;0 C30H48Cl6N9O7P2Tb C30H36Cl3LaN9O8P C40H68Cl9LaN11O6P3 C60H58BEuN6O10P2S2 C60H58BDyN6O10P2S2 

 >;5:C;O@=0 <0A0 1080.33 926.91 1349.92 1311.95 1322.49 

&5<?5@0BC@0 (�) 100 294 293 173 173 

�>268=0 E28;V (Å) 0.71073 0.71073 0.71073 0.71073 0.71073 

%8=3>=VO B@8:;V==0 B@8:;V==0 <>=>:;V==0 B@8:;V==0 B@8:;V==0 

#@>AB>@>20 3@C?0 P1� P1� P21/n P1� P1� 

a (Å) 9.45380(10) 9.9023 (14) 14.1040 (4) 9.3708 (2) 9.3830 (3) 

b (Å) 12.8553(2) 17.9797 (12) 24.0298 (6) 15.6069 (4) 15.5638 (6) 

c (Å) 20.2564(3) 22.9260 (16) 18.6972 (6) 20.2097 (5) 20.1828 (9) 

³ () 97.4990(10) 92.465 (5) 90 97.092 (2) 96.802 (3) 

³ () 97.9630(10) 93.590 (9) 102.696 (3) 95.036 (2) 94.963 (3) 

´ () 111.464(2) 105.224 (9) 90 93.241 (2) 92.959 (3) 

"19є< :><V@:8 (Å3)  2224.69(6) 3923.3 (7) 6181.8 (3) 2914.92 (12) 2910.0(2) 

Z 2 4 4 2 2 

Dcalc (3/A<3) 1.613 1.569 1.45 1.495 1.509 

�>5D. 01A. ½ (<<-1) 2.07 1.39 1.21 1.27 1.48 

F(000) 1088 1864 2752 1340 1346 

�V0?07>= ¸ (°) 1.736-53.587 2.874-25.999 3.382-27.498 2.04-30.146 2.041-30.245 

�=45:A8: h = -17&21 

k = -29&22 

l = -45&33 

h = -12&12 

k = -22&22 

l = 0&28 

h = -18&18 

k = -28&31 

l = -24&22 

h = -13&13 

k = -21&22 

l = -28&28 

h = -13&13 

k = -21&21 

l = -28&27 

file:///C:/Users/Admin/AppData/Roaming/Microsoft/Word/kiev358b%20_chemical_formula_moiety
file:///C:/Users/Admin/AppData/Roaming/Microsoft/Word/kiev358b%20_chemical_formula_moiety
file:///C:/Users/Admin/AppData/Roaming/Microsoft/Word/kiev358b%20_chemical_formula_moiety
file:///C:/Users/Admin/AppData/Roaming/Microsoft/Word/kiev358b%20_chemical_formula_moiety
file:///C:/Users/Admin/AppData/Roaming/Microsoft/Word/kiev358b%20_space_group_name_H-M_alt
file:///C:/Users/Admin/AppData/Roaming/Microsoft/Word/kiev358b%20_space_group_name_H-M_alt
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%?>;C:0 [Tb(L2)2(NO3)(bpy)] [La(L2)(NO3)2(bpy)2] [La(L2)3(bpy)] [Eu(L3)2(bpy)2]BPh4 [Dy(L3)2(bpy)2]BPh4 

�V;P:VABP 

@5D;5:AV2 

108603 15308 78222 53372 57630 

!570;56=V 

@5D;5:A8 

38855 15308 14175 17115 17097 

$5D;5:A8 7 I>2Ã(I) 28429 5702 7917 11937 9694 

GoF (F2)  1.036 0.923 1.009 1.018 1.015 

R[F2 > 2Ã(F2)] 0.039 0.118 0.061 0.063 0.084 

wR(F2) 0.075 0.338 0.163 0.143 0.181 

CCDC  2300152 2335162 2335163 - - 

 

�>40B>: 3. �=0;V7 :>>@48=0FV9=>W 35><5B@VW 9>=V2 ;0=B0=>W4V2 C :><?;5:A0E =0 >A=>2V :0@10F8;- V 

AC;PD>=V;0<V4>D>AD0BV2 70 4>?><>3>N ?@>3@0<=>3> 70157?5G5==O SHAPE 2.1. 

#>;V54@ NMe4[La(L1)4] NMe4[Eu(L1)4] NMe4[Dy(L1)4] NEt4[Nd(L1)4] NEt4[Eu(L1)4] 

":B03>= (D8h) 30.657 30.718 30.148 31.986 31.587 

�5?B03>=0;P=0 ?V@0<V40 (C7v) 23.603 24.588 25.16 23.995 24.378 

�5:A03>=0;P=0 1V?V@0<V40 (D6h) 16.817 17.298 17.671 16.557 16.79 

�C1 (Oh) 9.258 10.272 10.516 10.324 10.552 

�204@0B=0 0=B8?@87<0 (D4d) 2.142 2.713 2.316 1.938 2.349 

&@8:CB=89 4>45:054@ (D2d) 0.306 0.309 0.363 0.45 0.39 

�V@>1VD0ABV3VC< �6>=A>=0 J26 

(D2d) 

14.186 12.974 12.708 13.036 12.782 
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#>;V54@ NMe4[La(L1)4] NMe4[Eu(L1)4] NMe4[Dy(L1)4] NEt4[Nd(L1)4] NEt4[Eu(L1)4] 

�84>265=0 B@8:CB=0 1V?V@0<V40 

�6>=A>=0 J14 (D3h) 

28.821 29.214 29.318 28.648 28.501 

�2>H0?:>20 B@83>=0;P=0 ?@87<0 

J50 (C2v) 

2.569 2.641 2.308 2.311 2.472 

�2>H0?:>20 B@83>=0;P=0 ?@87<0 

(C2v)  

2.278 2.43 2.025 2.016 2.197 

#;>A:>=>A89 48AD5=>W4 J84 (D2d) 2.264 1.788 1.69 2.205 1.939 

&@80:VAB5B@054@ (Td)  9.89 10.711 10.882 10.878 11.03 

�84>265=0 B@8:CB=0 1V?V@0<V40 

(D3h) 

25.297 25.938 25.699 25.123 25.279 

 

#@>4>265==O 4>40B:C 3 

#>;V54@ NEt4[Dy(L1)4] PPh4[Gd(L1)4]  PPh4[Dy(L1)4] PPh4[Lu(L1)4] [Tb(L1)3(bpy)] 

":B03>= (D8h) 29.78 31.959 32.027 31.932 31.941 

�5?B03>=0;P=0 ?V@0<V40 (C7v) 24.297 24.71 24.904 25.081 23.101 

�5:A03>=0;P=0 1V?V@0<V40 (D6h) 16.521 16.058 16.257 16.825 14.687 

�C1 (Oh) 11.145 8.834 9.028 9.545 8.600 

�204@0B=0 0=B8?@87<0 (D4d) 1.55 2.721 2.769 2.903 1.845 

&@8:CB=89 4>45:054@ (D2d) 0.731 0.12 0.135 0.189 0.558 
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#>;V54@ NEt4[Dy(L1)4] PPh4[Gd(L1)4]  PPh4[Dy(L1)4] PPh4[Lu(L1)4] [Tb(L1)3(bpy)] 

�V@>1VD0ABV3VC< �6>=A>=0 J26 (D2d) 12.828 13.657 13.622 13.222 14.722 

�84>265=0 B@8:CB=0 1V?V@0<V40 

�6>=A>=0 J14 (D3h) 

28.626 29.783 29.849 29.813 29.934 

�2>H0?:>20 B@83>=0;P=0 ?@87<0 

J50 (C2v) 

1.664 2.581 2.586 2.606 2.435 

�2>H0?:>20 B@83>=0;P=0 ?@87<0 

(C2v)  

1.416 2.27 2.3 2.393 1.985 

#;>A:>=>A89 48AD5=>W4 J84 (D2d) 2.117 2.168 2.108 1.92 2.972 

&@80:VAB5B@054@ (Td)  11.566 9.409 9.564 9.997 9.193 

�84>265=0 B@8:CB=0 1V?V@0<V40 

(D3h) 

25.255 25.634 25.78 26.015 24.382 

 

#@>4>265==O 4>40B:C 3 

#>;V54@  [Dy(L1)3(bpy)] [Eu(L1)2(bpy)2]BPh4 [Tb(L1)2(bpy)2]BPh4 [Dy(L1)2(bpy)2]BPh4 

":B03>= (D8h) 31.790 31.462 31.157 30.763 

�5?B03>=0;P=0 ?V@0<V40 (C7v) 22.988 22.367 22.402 22.339 

�5:A03>=0;P=0 1V?V@0<V40 (D6h) 14.725 15.532 15.703 16.049 

�C1 (Oh) 8.564 8.639 8.92 9.19 

�204@0B=0 0=B8?@87<0 (D4d) 1.707 0.742 0.651 0.583 
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#>;V54@  [Dy(L1)3(bpy)] [Eu(L1)2(bpy)2]BPh4 [Tb(L1)2(bpy)2]BPh4 [Dy(L1)2(bpy)2]BPh4 

&@8:CB=89 4>45:054@ (D2d) 0.618 2.356 2.45 2.583 

�V@>1VD0ABV3VC< �6>=A>=0 J26 

(D2d) 

14.779 15.219 15.249 15.314 

�84>265=0 B@8:CB=0 1V?V@0<V40 

�6>=A>=0 J14 (D3h) 

29.829 28.242 28.014 27.92 

�2>H0?:>20 B@83>=0;P=0 

?@87<0 J50 (C2v) 

2.414 2.983 2.969 2.868 

�2>H0?:>20 B@83>=0;P=0 

?@87<0 (C2v)  

2.003 2.481 2.402 2.422 

#;>A:>=>A89 48AD5=>W4 J84 

(D2d) 

2.965 5.259 5.099 4.985 

&@80:VAB5B@054@ (Td)  9.104 9.358 9.709 9.972 

�84>265=0 B@8:CB=0 1V?V@0<V40 

(D3h) 

24.326 24.226 24.126 23.987 

 

#@>4>265==O 4>40B:C 3 

#>;V54@  [Tb(L2)2(bpy)2]BPh4 [Eu(L2)2(NO3)(bpy)] [Tb(L2)2(NO3)(bpy)] [La(L2)3(bpy)] 

":B03>= (D8h) 31.471 32.596 31.844 31.409 

�5?B03>=0;P=0 ?V@0<V40 (C7v) 21.639 22.418 22.518 21.384 

�5:A03>=0;P=0 1V?V@0<V40 (D6h) 16.671 16.668 16.798 15.135 
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#>;V54@  [Tb(L2)2(bpy)2]BPh4 [Eu(L2)2(NO3)(bpy)] [Tb(L2)2(NO3)(bpy)] [La(L2)3(bpy)] 

�C1 (Oh) 9.568 10.914 11.377 8.807 

�204@0B=0 0=B8?@87<0 (D4d) 0.65 2.061 1.801 1.182 

&@8:CB=89 4>45:054@ (D2d) 2.319 2.536 2.104 1.635 

�V@>1VD0ABV3VC< �6>=A>=0 J26 

(D2d) 

16.526 14.843 15.043 15.009 

�84>265=0 B@8:CB=0 1V?V@0<V40 

�6>=A>=0 J14 (D3h) 

28.229 29.022 28.397 27.669 

�2>H0?:>20 B@83>=0;P=0 

?@87<0 J50 (C2v) 

3.109 3.017 2.993 3.35 

�2>H0?:>20 B@83>=0;P=0 

?@87<0 (C2v)  

2.388 2.476 2.527 2.538 

#;>A:>=>A89 48AD5=>W4 J84 

(D2d) 

5.537 5.163 4.776 4.917 

&@80:VAB5B@054@ (Td)  10.37 11.616 12.088 9.568 

�84>265=0 B@8:CB=0 1V?V@0<V40 

(D3h) 

23.663 24.223 23.733 23.832 

 

#@>4>265==O 4>40B:C 3 

#>;V54@  [Eu(L3)2(bpy)2]BPh4 [Dy(L3)2(bpy)2]BPh4 

":B03>= (D8h) 32.534 32.395 
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#>;V54@  [Eu(L3)2(bpy)2]BPh4 [Dy(L3)2(bpy)2]BPh4 

�5?B03>=0;P=0 ?V@0<V40 (C7v) 21.543 21.597 

�5:A03>=0;P=0 1V?V@0<V40 (D6h) 14.266 13.961 

�C1 (Oh) 7.407 7.247 

�204@0B=0 0=B8?@87<0 (D4d) 1.298 1.268 

&@8:CB=89 4>45:054@ (D2d) 1.297 1.281 

�V@>1VD0ABV3VC< �6>=A>=0 J26 (D2d) 15.778 16.078 

�84>265=0 B@8:CB=0 1V?V@0<V40 �6>=A>=0 J14 (D3h) 28.587 28.541 

�2>H0?:>20 B@83>=0;P=0 ?@87<0 J50 (C2v) 3.168 3.28 

�2>H0?:>20 B@83>=0;P=0 ?@87<0 (C2v)  2.351 2.423 

#;>A:>=>A89 48AD5=>W4 J84 (D2d) 4.636 4.679 

&@80:VAB5B@054@ (Td)  8.28 8.111 

�84>265=0 B@8:CB=0 1V?V@0<V40 (D3h) 24.084 23.987 

 

#@>4>265==O 4>40B:C 3 

#>;V54@ [La(L2)(NO3)2(bpy)2] 

La1 La2 

�5:03>= (D10h) 36.055 35.965 

�==503>=0;P=0 ?V@0<V40 (C9v) 23.3 22.927 

":B03>=0;P=0 1V?V@0<V40 (D8h) 17.497 17.13 
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#>;V54@ [La(L2)(NO3)2(bpy)2] 

La1 La2 

#5=B03>=0;P=0 ?@87<0 (D5h) 11.284 10.715 

#5=B03>=0;P=0 0=B8?@87<0 (D5d) 13.286 11.854 

�2>H0?:>289 :C1 (284>265=0 :204@0B=0 1V?V@0<V40 J15) (D4h) 12.643 12.594 

�2>H0?:>20 :204@0B=0 0=B8?@87<0 (3V@>?>4>265=0 :204@0B=0 1V?V@0<V40 J17) (D4d) 3.757 4.107 

�2>:>A>2V4AVG5=89 V:>A054@ J62 (C2v) 8.987 9.367 

�>?>2=5=89 B@82V4AVG5=89 V:>A054@ J64 (C3v) 18.206 18.911 

�;8=>:>@>=0 J87 (C2v) 2.449 3.221 

#>E8;5=89 4>45:054@ 2:6:2 (D2) 4.614 4.213 

&5B@045:054@ 2:6:2 (C2v) 4.013 4.333 

�5:A045:054@ 2:6:2, 01> 1:4:4:1 (D4h) 10.532 10.121 

 

�>40B>: 4. �=0G5==O 281@0=8E 4>268= 729O7:V2 (Å) B0 :CBV2 () 4;O :><?;5:AV2 =0 >A=>2V :0@10F8;- V 

AC;PD>=V;0<V4>D>AD0BV2 

NMe4[La(L1)4] NMe4[Eu(L1)4] NMe4[Dy(L1)4] NEt4[Nd(L1)4] 

La14O1 2.566 (3) Eu14O1  2.343 (5) Dy14O1 2.282 (7) Nd14O1 2.395 (8) 

La14O2 2.432 (3) Eu14O4  2.452 (5) Dy14O2 2.417 (8) Nd14O4 2.499 (9) 

La14O5 2.534 (3) Eu14O5 2.322 (5) Dy14O5 2.285 (7) Nd14O5 2.374 (7) 

La14O6 2.445 (3) Eu14O8 2.500 (5) Dy14O6 2.460 (7) Nd14O8 2.482 (7) 
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NMe4[La(L1)4] NMe4[Eu(L1)4] NMe4[Dy(L1)4] NEt4[Nd(L1)4] 

P14O2 1.475 (3) P14O1 1.487 (6) Dy14O9 2.303 (7) Nd14O9 2.378 (7) 

P14N1 1.598 (4) P14N1 1.598 (8) Dy14O10 2.457 (7) Nd14O12 2.493 (9) 

P24O6 1.476 (3) P24O5 1.493 (5) Dy14O13 2.287 (7) Nd14O13 2.385 (7) 

P24N2 1.602 (5) P24N2 1.598 (7) Dy14O14 2.449 (8) Nd14O16 2.492 (8) 

O14C1 1.240 (6) O44C3 1.236 

(10) 

P14O1 1.492 (8) P14O1 1.478 (9) 

O54C5  1.225 (5) O84C7 1.228 

(10) 

P14N1 1.605 (11) P14N1 1.589 
(13) 

N14C1 1.291 (6) N14C3 1.312 

(11) 

P24O5 1.496 (8) P24O5 1.491 (8) 

N24C5 1.292 (6) N24C7 1.311 

(11) 

P24N2 1.593 (11) P24N2 1.590 
(11) 

O24La14

O1 

71.11 (10) O14Eu14

O4 

73.97 

(18) 

P34O9 1.477 (8) P34O9 1.479 (8) 

O64La14

O5 

70.98(11) O54Eu14

O8 

73.37 

(18) 

P34N3 1.611 (11) P34N3 1.563 
(13) 

O24P14N1 120.1 (2) P14O14

Eu1 

135.7 (3) P44O13 1.472 (8) P44O13 1.475 (8) 

O64P24N2 118.6 (2) P24O54

Eu1 

136.1 (3) P44N4 1.602 

(12) 

P44N4 1.564 
(11) 



202 
 

NMe4[La(L1)4] NMe4[Eu(L1)4] NMe4[Dy(L1)4] NEt4[Nd(L1)4] 

C14O14

La1 

135.3 (3) O14P14N1 119.0 (4) O24C1 1.225 

(13) 

O44C3 1.279 
(14) 

P14O24

La1 

136.36 (1) O44C34N1 131.7 (8) O64C5 1.242 

(15) 

O84C7 1.221 
(13) 

C54O54

La1 

137.2 (3) O84C74N2 132.6 (8) O104C9 1.238 

(13) 

O124C11 1.27 (2) 

P24O64

La1 

136.72 

(18) 

O54P24N2 120.2 (3) O144C13 1.237 

(14) 

O164C15 1.231 
(16) 

C14N14P1 122.2 (3) C34O44

Eu1 

136.2 (5) N14C1 1.273 

(16) 

N14C3 1.280 
(17) 

C54N24P2 123.4 (4) C74O84

Eu1 

135.2 (5) N24C5 1.307 

(17) 

N24C7 1.355 
(16) 

O14C14N1 132.9 (5) C34N14P1 123.0 (6) N34C9 1.314 

(16) 

N34C11 1.27 (2) 

O54C54N2 132.3 (5) C74N24P2 121.3 (6) N44C13 1.306 

(16) 

N44C15 1.312 
(17) 

  O14Dy14O2 75.1 (3) O14Nd14O4 72.6 (3) 

O54Dy14O6 75.9 (3) O54Nd14O8 74.7 (3) 

O94Dy14O10 74.9 (2) O94Nd14O12 72.7 (3) 
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NMe4[La(L1)4] NMe4[Eu(L1)4] NMe4[Dy(L1)4] NEt4[Nd(L1)4] 

O134Dy14

O14  

75.4(3)  O134Nd14
O16 

73.3 (3) 

O14P14N1 118.8 (5) O14P14N1 120.6 (5) 

O94P34N3 120.4 (5) O54P24N2 119.9 (5) 

O134P44N4 119.2 (5) O94P34N3 119.7 (6) 

O54P24N2 120.4(5) O134P44N4 120.1 (5) 

O24C14N1 133.2 

(13) 

P14O14Nd1 133.2 (5) 

O144C134N4 130.9 

(12) 

C34O44Nd1 136.5 (8) 

C54N24P2 122.6 (9) P24O54Nd1 131.5 (4) 

C94N34P3 121.0 (8) C74O84Nd1 139.0 (8) 

C134N44P4 123.4 (9) P34O94Nd1 135.6 (5) 

C14N14P1 121.6 (9) P44O134Nd1 132.1 (4) 

O64C54N2 131.9 (11) C114O124
Nd1 

135.4 
(10) 

O104C94N3 132.5(11) C154O164
Nd1 

135.8 (8) 

   C34N14P1 123.0 
(10) 

C74N24P2 126.1 (8) 
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NMe4[La(L1)4] NMe4[Eu(L1)4] NMe4[Dy(L1)4] NEt4[Nd(L1)4] 

C114N34P3 124.2 
(12) 

C154N44P4 124.9 
(10) 

O44C34N1 128.8 
(12) 

O84C74N2 125.7 
(11) 

O124C114N3 131.2 
(14) 

O164C154N4 129.8 
(11) 

 

#@>4>265==O 4>40B:C 4 

NEt4[Eu(L1)4] NEt4[Dy(L1)4] PPh4[Gd(L1)4]  PPh4[Dy(L1)4] 

Eu14O1 2.342 (5) Dy14O11 

2.2928 

(14) 
Gd14O1 2.322 (4) Dy14O1 2.310 (3) 

Eu14O4 2.493 (7) Dy14O12 

2.4448 

(15) 
Gd14O4 2.452 (5) Dy14O4 2.448 (3) 

Eu14O5 2.332 (5) Dy14O21 

2.2882 

(14) 
Gd14O5 2.340 (5) Dy14O5 2.330 (3) 

Eu14O8 2.457 (5) Dy14O22 

2.4273 

(14) 
Gd14O8 2.426 (4) Dy14O8 2.388 (3) 
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NEt4[Eu(L1)4] NEt4[Dy(L1)4] PPh4[Gd(L1)4]  PPh4[Dy(L1)4] 

Eu14O9 2.350 (6) Dy14O31 

2.3274 

(15) 
Gd14O9 2.362 (5) Dy14O9 2.308 (3) 

Eu14O12 2.477 (6) Dy14O32 

2.4540 

(15) 
Gd14O12 2.416 (4) Dy14O12 2.402 (3) 

Eu14O13 2.336 (5) Dy14O41 

2.2956 

(14) 
Gd14O13 2.339 (5) Dy14O13 2.295 (3) 

Eu14O16 2.436 (6) Dy14O42 

2.4111 

(14) 
Gd14O16 2.476 (4) Dy14O16 2.432 (4) 

P14O1 1.473 (6) 
P14O11 1.4949 

(15) 
P14O1 1.484 (5) P14O1 1.476 (4) 

P14N1 1.593 (9) 
P24O21  1.4921 

(15) 
P14N1 1.616 (6) P14N1 1.612 (5) 

P24O5 1.473 (5) 
P34O31  1.4890 

(15) 
P24O5 1.486 (5) P24O5 1.478 (4) 

P24N2 1.551 (8) 
P44O41  1.4874 

(15) 
P24N2 1.610 (6) P24N2 1.635 (4) 

P34O9 1.460 (7) O12 C11  1.243 (2) P34O9 1.477 (5) P34O9 1.488 (4) 

P34N3 1.567 (9) O224C21  1.241 (2) P34N3 1.626 (6) P34N3 1.602 (5) 

P44O13 1.479 (5) O324C31  1.239 (2) P44O13 1.485 (5) P44O13 1.479 (4) 

P44N4 1.602 (8) O424C41  1.246 (2) P44N4 1.620 (6) P44N4 1.625 (5) 



206 
 

NEt4[Eu(L1)4] NEt4[Dy(L1)4] PPh4[Gd(L1)4]  PPh4[Dy(L1)4] 

O44C3 1.232 
(11) 

P14N11  1.6068 

(18) 
O44C3 1.236 (8) O44C3 1.230 (6) 

O84C7 1.222 (9) 
P24N21  1.6032 

(19) 
O84C7 1.229 (8) O84C7 1.251 (6) 

O124C11 1.245 
(14) 

P34N31 1.6031 

(19) 
O124C11 1.254 (8) O124C10 1.224 (6) 

O164C15 1.265 
(10) 

P44N41 1.6076 

(18) 
O164C15 1.237 (7) O164C14 1.230 (6) 

N14C3 1.290 
(12) 

N114C11 1.305 (3) N14C3 1.308 (9) N14C3 1.316 (7) 

N24C7 1.313 
(10) 

N214C21 1.311 (3) N24C7 1.313 (9) N24C7 1.297 (7) 

N34C11 1.277 
(15) 

N314C31 1.309 (3) N34C11 1.301 (9) N34C10 1.309 (7) 

N44C15 1.288 
(11) 

N414C41 1.308 (3) N44C15 1.294 (9) N44C14 1.303 (7) 

O14Eu14O4 73.0 (2) 
O114Dy14

O12 

76.20 (5) 
O14Gd14O4 

73.61 

(15) O14Dy14O4 74.35 (12) 

O54Eu14O8 75.75 
(18) 

O214Dy14

O22 

78.07 (5) 
O54Gd14O8 

74.79 

(16) O54Dy14O8 74.21 (12) 

O94Eu14
O12 73.3 (2) 

O314Dy14

O32 

75.48 (5) O94Gd14

O12 

73.39 

(15) 
O94Dy14
O12 

75.41 
(12) 



207 
 

NEt4[Eu(L1)4] NEt4[Dy(L1)4] PPh4[Gd(L1)4]  PPh4[Dy(L1)4] 

O134Eu14
O16 

74.52 
(19) 

O414Dy14

O42 

78.23 (5) O134Gd14

O16 

73.19 

(15) 
O134Dy14
O16 

74.17 
(12) 

O44C34N1 131.8 
(10) 

O124C114

N11 

132.12 

(19) 
O14P14N1 120.2 (3) O14P14N1 118.2 (2) 

O84C74N2 131.7 (7) 
O424C414

N41 

131.55 

(19) 
O54P24N2 119.2 (3) O54P24N2 118.9 (2) 

O124C114
N3 

132.6 
(10) 

O324C314

N31 

131.6 (2) 
O94P34N3 119.0 (3) O94P34N3 118.9 (2) 

O164C154
N4 131.3 (8) 

O224C214

N21 

132.40 

(19) 
O134P44N4 118.0 (3) O134P44N4 119.9 (2) 

O14P14N1 120.1 (4) O114P14N11 119.97 (9) P14O14Gd1 120.2 (3) P14O14Dy1 134.5 (2) 

O54P24N2 120.1 (3) O214P24N21 120.74 (9) C34O44Gd1 119.2 (3) C34O44Dy1 133.1 (3) 

O94P34N3 120.0 (4) O314P34N31 119.88 (9) P24O54Gd1 119.0 (3) P24O54Dy1 133.1 (2) 

O134P44N4 119.1 (4) O414P44N41 121.00 (9) C74O84Gd1 118.0 (3) C74O84Dy1 133.1 (3) 

P14O14Eu1 134.6 (3) P14O114Dy1  133.87 (9) P34O94Gd1 135.9 (3) P34O94Dy1 133.5 (2) 

C34O44Eu1 134.0 (6) 
C114O124

Dy1  

133.84 

(13) 

C114O124

Gd1 
137.1 (5) C104O124

Dy1 135.0 (4) 

P24O54Eu1 132.5 (3) P24O214Dy1  131.14 (9) P44O134Gd1 134.4 (3) P44O134Dy1 135.9 (2) 

C74O84Eu1 133.5 (5) 
C214O224

Dy1  

132.39 

(13) 

C154O164

Gd1 
132.6 (4) C144O164

Dy1 136.7 (3) 



208 
 

NEt4[Eu(L1)4] NEt4[Dy(L1)4] PPh4[Gd(L1)4]  PPh4[Dy(L1)4] 

P34O94Eu1 135.6 (3) P34O314Dy1  131.41 (9) C34N14P1 121.0 (5) C34N14P1 122.7 (4) 

C114O124
Eu1 134.1 (7) 

C314O324

Dy1  

132.98 

(14) 
C74N24P2 121.6 (5) C74N24P2 118.5 (4) 

P44O134Eu1 132.7 (3) P44O414Dy1  131.45 (9) C114N34P3 118.6 (5) C104N34P3 121.6 (4) 

C154O164
Eu1 134.6 (6) 

C414O424

Dy1  

133.29 

(13) 
C154N44P4 123.1 (5) C144N44P4 120.7 (4) 

C34N14P1 121.1 (8) 
C114N114P1  122.66 

(15) 
O44C34N1 131.9 (7) 

 

C74N24P2 124.7 (6) 
C214N214P2  123.51 

(15) 

O164C154

N4 
132.5 (7) 

C114N34P3 123.1 (8) 
C314N314P3  121.00 

(15) 
O84C74N2 132.9 (7) 

C154N44P4 123.5 (6) 
C414N414P4  123.66 

(15) 

O124C114

N3 
131.5 (6) 

 

#@>4>265==O 4>40B:C 4 

PPh4[Lu(L1)4] [Tb(L1)3bpy] [Dy(L1)3bpy] [Eu(L1)2(bpy)2]BPh4 

Lu14O41 2.236 (3) Tb14O1 2.446(3) Dy14O1 2.427 (5) Eu14O1 2.403 (9) 

Lu14O11 2.247 (3) Tb14O2 2.294(3) Dy14O2 2.262 (6) Eu14O2 2.329 (9) 

Lu14O21 2.249 (3) Tb14O5 2.379(3) Dy14O5 2.372 (5) Eu14O5 2.317 (9) 
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PPh4[Lu(L1)4] [Tb(L1)3bpy] [Dy(L1)3bpy] [Eu(L1)2(bpy)2]BPh4 

Lu14O31 2.267 (3) Tb14O6 2.328(3) Dy14O6 2.308 (5) Eu14O6 2.314 (8) 

Lu14O32 2.348 (3) Tb14O9 2.379(3) Dy14O9 2.373 (5) Eu14N3 2.600 (10) 
Lu14O12 2.353 (3) Tb14O10 2.305(3) Dy14O10 2.277 (5) Eu14N4 2.561 (10) 
Lu14O42 2.384 (3) Tb14N4 2.586(4) Dy14N4 2.576 (7) Eu14N5 2.544 (9) 
Lu14O22 2.411 (2) Tb14N5 2.552(3) Dy14N5 2.529 (6) Eu14N6 2.550 (10) 
P34O31 1.483 (3) C14O1 1.244(5) C14O1 1.236 (9) P14O2 1.464 (9) 

P34N3 1.618 (3) C54O5 1.251(5) C54O5 1.212 (9) P14N1 1.599 (13) 

O324C31 1.245 (5) C94O9 1.245(5) C94O9 1.232 (9) P24O6 1.467 (8) 

O424C41 1.242 (5) C14N1 1.298(5) C14N1 1.296 (9) P24N2 1.587 (12) 

N24C21 1.315 (5) C54N2 1.306(5) C54N2 1.297 (9) O14C1 1.252 (15) 

N24P2 1.613 (3) C94N3 1.312(6) C94N3 1.284 (9) O54C5 1.263 (16) 

O124C11 1.238 (5) P14O2 1.482(3) P14O2 1.466 (6) N14C1 1.288 (18) 

O114P1 1.489 (3) P24O6 1.489(3) P24O6 1.478 (5) N24C5 1.315 (18) 

O414P4 1.485 (3) P34O10 1.488(3) P34O10 1.471 (6) O24Eu14
O1 

74.4 (3) 

O214P2 1.486 (3) P14N1 1.620(4) P14N1 1.609 (8) O64Eu14
O5 

75.9 (3) 

O224C21 1.233 (4) P24N2 1.617(4) P24N2 1.611 (6) N44Eu14
N3 

63.0 (3) 

C314N3 1.310 (5) P34N3 1.597(4) P34N3 1.603 (8) N54Eu14
N6 

64.0 (3) 

C414N4 1.306 (5) O24Tb14O1 75.28 (10) O24Dy14O1 75.00 (17) 
O24P14N1 118.4 (6) 



210 
 

PPh4[Lu(L1)4] [Tb(L1)3bpy] [Dy(L1)3bpy] [Eu(L1)2(bpy)2]BPh4 

C114N1 1.295 (6) O64Tb14O5 74.01 (9) O64Dy14O5 74.19 (16) 
O64P24N2 120.0 (6) 

P44N4 1.613 (3) 
O104Tb14

O9 
73.35 (10) O104Dy14

O9 
73.44 
(18) 

O14C14N1 131.1(14) 

P14N1 1.624 (4) O24P14N1 
117.90 

(18) O24P14N1 117.8 (3) 
O54C54N2 131.1(12) 

O314Lu14

O32 
75.55 (9) O64P24N2 

119.96 

(17) O64P24N2 119.5 (3) 
C14O14
Eu1 

134.5(9) 

O114Lu14

O12 
76.47 (10) O104P34N3 

116.87 

(19) O104P34N3 116.5 (3) 
P14O24
Eu1 

134.2(5) 

O414Lu14

O42 
75.53 (9) C14O14Tb1 134.1 (2) P14O24Dy1 137.3 (3) 

C54O54
Eu1 

135.7(9) 

O214Lu14

O22 
76.01 (9) P14O24Tb1 

136.25 

(18) C54O54Dy1 139.0 (4) 
P24O64
Eu1 

133.3(5) 

O214P24N2 
118.37 

(16) 
C54O54Tb1 139.0 (3) P24O64Dy1 134.1 (3) 

C14N14P1 123.6(10) 

O114P14N1 
118.28 

(18) 
P24O64Tb1 

134.34 

(16) C94O94Dy1 135.2 (5) 
C54N24P2 121.8(9) 

O314P34N3 
119.15 

(16) 
C94O94Tb1 136.0 (3) P34O104

Dy1 136.1 (3) 
 



211 
 

PPh4[Lu(L1)4] [Tb(L1)3bpy] [Dy(L1)3bpy] [Eu(L1)2(bpy)2]BPh4 

O414P44N4 
120.01 

(17) 

P34O104

Tb1 

134.94 

(19) C14O14Dy1 134.6 (4) 

P24O214Lu1 
133.92 

(16) 
C14N14P1 123.7 (3) C14N14P1 123.2 (5) 

P34O314Lu1 
133.10 

(15) 
C54N24P2 121.3 (3) C54N24P2 121.8 (5) 

C214O224

Lu1 
131.7 (2) O14C14N1 132.0 (4) C94N34P3 121.8 (5) 

C114O124

Lu1 
135.1 (3) C94N34P3 122.2 (3) O14C14N1 131.7 (7) 

P14O114Lu1 
134.02 

(16) 
O94C94N3 131.4 (4) O94C94N3 132.7 (7) 

P44O414Lu1 
135.81 

(16) 
O54C54N2 130.3 (4) O54C54N2 130.2 (6) 

C314O324

Lu1 
133.1 (3) 

N54Tb14N4 62.46 (11) 
N44Dy14N5 62.35 (18) 

C414O424

Lu1 
135.7 (3) 

  

C114N14P1 121.3 (3) 

C414N44P4 120.0 (3) 



212 
 

PPh4[Lu(L1)4] [Tb(L1)3bpy] [Dy(L1)3bpy] [Eu(L1)2(bpy)2]BPh4 

C214N24P2 122.1 (3) 

C314N34P3 118.4 (3) 

O424C414N4 132.5 (4) 

O224C214N2 132.0 (4) 

O324C314N3 131.5 (4) 

O124C114N1 132.8 (4) 

 

#@>4>265==O 4>40B:C 4 

[Tb(L1)2(bpy)2]BPh4  [Dy(L1)2(bpy)2]BPh4 [Tb(L2)2(bpy)2]BPh4 [Eu(L2)2(NO3)(bpy)] 

Tb14O1 2.373 (5) Dy14O1 2.370 (4) Tb14O1 2.340 (4) Eu14O1 2.548 (4) 

Tb14O2 2.313 (5) Dy14O4 2.286 (4) Tb14O2 2.319 (4) Eu14O2 2.493 (4) 

Tb14O5 2.339 (4) Dy14O5 2.327 (4) Tb14O3 2.334 (4) Eu14O11 2.264 (4) 

Tb14O6 2.302 (4) Dy14O8 2.287 (4) Tb14O4 2.273 (4) Eu14O12 2.316 (4) 

Tb14N3 2.575 (5) Dy14N3 2.498 (5) Tb14N7 2.543 (5) Eu14O21 2.315 (4) 

Tb14N4 2.527 (5) Dy14N4 2.556 (5) Tb14N8 2.587 (4) Eu14O22 2.354 (4) 

Tb14N5 2.510 (5) Dy14N5 2.494 (5) Tb14N9 2.612 (4) Eu14N1 2.601 (5) 

Tb14N6 2.530 (5) Dy14N6 2.520 (5) Tb14N10 2.525 (4) Eu14N2 2.569 (4) 

P14O2 1.467 (5) P14O4 1.494 (4) P14O2 1.494 (4) P114O11 1.520 (4) 

P14N1 1.607 (7) P24O8 1.479 (4) C14O1 1.235 (8) P114N11 1.634 (5) 



213 
 

[Tb(L1)2(bpy)2]BPh4  [Dy(L1)2(bpy)2]BPh4 [Tb(L2)2(bpy)2]BPh4 [Eu(L2)2(NO3)(bpy)] 

P24O6 1.473 (4) O14C1 1.251 (8) P14N1 1.629 (6) P214O21 1.504 (4) 

P24N2 1.607 (6) O54C5 1.240 (7) P24O4 1.502 (4) P214N21 1.631 (5) 

O14C1 1.253 (8) P14N1 1.612 (6) P24N4 1.634 (5) O14N3 1.255 (6) 

O54C5 1.245 (8) P24N2 1.627 (5) N14C1 1.296 (9) O34N3 1.225 (7) 

N14C1 1.299 (9) N14C1 1.301 (8) N44C11 1.293 (7) O24N3 1.260 (6) 

N24C5 1.299 (9) N24C5 1.300 (9) C114O3 1.261 (6) O124C11 1.258 (7) 

O24Tb14O1 74.80 
(16) 

O44Dy14

O1 

75.27 

(15) 

O24Tb14O1 75.45 

(14) O224C21 1.266 (7) 

O64Tb14O5 75.82 
(15) 

O84Dy14

O5 

76.22 

(15) 

O44Tb14O3 75.17 

(12) N114C11 1.273 (8) 

N44Tb14N3 63.82 
(17) 

N34Dy14

N4 

63.89 

(16) 

N74Tb14N8 62.88 

(15) N214C21 1.262 (7) 

N54Tb14N6 64.22 
(17) 

N54Dy14

N6 

64.68 

(16) 

N104Tb14

N9 

62.97 

(13) O24Eu14O1 50.16 
(13) 

O24P14N1 117.8 (3) O84P24N2 118.8 (3) O24P14N1 116.3 (3) O114Eu14
O12 

76.65 
(14) 

O64P24N2 119.6 (3) O44P14N1 117.5 (3) O44P24N4 114.7 (2) O214Eu14
O22 

74.66 
(14) 

C14O14Tb1 135.7 (5) 
P14O44

Dy1 

133.7 (3) C14O14Tb1 136.2 (4) 
N24Eu14N1 62.04 

(14) 



214 
 

[Tb(L1)2(bpy)2]BPh4  [Dy(L1)2(bpy)2]BPh4 [Tb(L2)2(bpy)2]BPh4 [Eu(L2)2(NO3)(bpy)] 

P14O24Tb1 134.4 (3) 
P24O84

Dy1 

133.2 (2) P14O24Tb1 135.4 (2) O114P114
N11 115.5 (3) 

C54O54Tb1 136.2 (4) 
O14C14N1 131.1 (6) C114O34

Tb1 

136.6 (3) O214P214
N21 113.9 (2) 

P24O64Tb1 133.2 (2) O54C54N2 130.6 (6) P24O44Tb1 137.8 (2) N34O14Eu1 95.4 (3) 

C14N14P1 123.6 (5) 
C14O14

Dy1 

135.3 (4) C14N14P1 122.9 (5) 
N34O24Eu1 97.9 (3) 

C54N24P2 122.1 (5) 
C54O54

Dy1 

135.9 (4) C114N44P2 123.3 (4) P114O114
Eu1 134.4 (2) 

O14C14N1 130.6 (7) C14N14P1 123.0 (4) O14C14N1 132.3 (6) C114O124
Eu1 134.1 (4) 

O54C54N2 130.9 (6) C54N24P2 122.1 (4) O34C114N4 131.8 (5) P214O214Eu1 134.1 (2) 

 

  C214O224
Eu1 136.9 (4) 

O14N34O2 116.4 (5) 
O124C114
N11 131.7 (6) 

N214C214
O22 129.7 (5) 

C114N114
P11 123.7 (5) 

C214N214
P21 124.8 (5) 

 



215 
 

#@>4>265==O 4>40B:C 4 

[Tb(L2)2(NO3)(bpy)] [La(L2)(NO3)2(bpy)2] 

Tb14O21 2.2430 (8) La14O1 2.478(10) La24O9 2.476(11) 

Tb14O11 2.2863 (8) La14O2 2.443(10) La24O10 2.414(11) 

Tb14O22 2.3073 (8) La14O3 2.645(12) La24O11 2.626(11) 

Tb14O12 2.3324 (9) La14O4 2.668(11) La24O13 2.649(14) 

Tb14O1 2.4733 (9) La14O6 2.586(12) La24O14 2.684(11) 

Tb14O2 2.5238 (9) La14O8 2.633(11) La24O16 2.672(14) 

Tb14N1 2.5545 (10) La14N6 2.802(13) La24N15 2.713(13) 

Tb14N2 2.5876 (10) La14N7 2.772(13) La24N16 2.786(14) 

Tb14N3 2.9219 (10) La14N8 2.734(14) La24N17 2.762(13) 

P114O11 1.5155 (8) La14N9 2.701(13) La24N18 2.747(13) 

P114N11 1.6403 (10) O14C1 1.281(16) O94C31 1.236(17) 

P214O21 1.5170 (9) C14N1 1.272(19) C314N10 1.27(2) 

P214N21 1.6415 (11) N14P1 1.611(13) N104P2 1.695(18) 

O224C21 1.2705 (14) P14O2 1.496(10) P24O10 1.489(12) 

O14N3 1.2708 (13) O24La14O1 70.1 (3) O104La24O9 71.2 (4) 

O124C11 1.2609 (14) O34La14O4 47.8 (3) O114La24O13 48.6 (4) 

O34N3 1.2222 (13) O64La14O8 50.0 (4) O164La24O14 49.2 (4) 

N14C1 1.3427 (15) N74La14N6 58.0 (4) N154La24N16 57.7 (4) 



216 
 

O24N3 1.2757 (13) N94La14N8 60.4 (4) N184La24N17 59.2 (4) 

N214C21 1.2930 (16) O24P14N1 116.1 (7) O104P24N10 115.8 (8) 

N114C11 1.2935 (15) C14O14La1 138.5 (9) C314O94La2 138.0 (11) 

O214Tb14O22 77.50 (3) P14O24La1 135.2 (5) P24O104La2 136.8 (7) 

O114Tb14O12 75.58 (3) N44O34La1 98.5 (10) N134O114La2 97.9 (9) 

O14Tb14O2 51.27 (3) N44O44La1 96.0 (9) N134O134La2 95.8 (10) 

N14Tb14N2 62.92 (3) N54O64La1 98.4 (10) N144O144La2 92.4 (11) 

O114P114N11 114.50 (5) N54O84La1 96.0 (9) N144O164La2 95.5 (10) 

O214P214N21 115.79 (5) C14N14P1 121.7 (11) C314N104P2 121.1 (13) 

P114O114Tb1 133.39 (5) O34N44O4 117.8 (15) O114N134O13 117.6 (14) 

P214O214Tb1 134.22 (5) O54N44O3 125.5 (16) O124N134O11 122.3 (17) 

C214O224Tb1 132.60 (7) O54N44O4 116.3 (14) O124N134O13 120.1 (18) 

N34O14Tb1 97.36 (6) O64N54O8 115.6 (15) O154N144O14 113.4 (19) 

C114O124Tb1 135.87 (8) O74N54O6 125.9 (18) O164N144O14 122.8 (16) 

N34O24Tb1 94.81 (6) O74N54O8 118.3 (15) O164N144O15 123.8 (15) 

C214N214P21 123.38 (9) N14C14O1 130.5 (14) O94C314N10 133.8 (17) 

C114N114P11 121.65 (8) "84La14"6 49.9(4) "164La24"14  49.4(4) 

O14N34O2 122.02 (11) O34La14O4 48.0(3) "114La24"13 48.8(4) 

O124C114N11 131.19 (11) 
  O224C214N21 130.92 (10) 

 



217 
 

#@>4>265==O 4>40B:C 4 

[La(L2)3bpy] [Eu(L3)2(bpy)2]BPh4 [Dy(L3)2(bpy)2]BPh4 

La14O1 2.448 (3) Eu14O1 2.406 (3) Dy14O1 2.372 (4) 

La14O2 2.528 (3) Eu14O3 2.318 (3) Dy14O3 2.278 (4) 

La14O3 2.457 (3) Eu14O6 2.396 (3) Dy14O6 2.366 (5) 

La14O4 2.507 (3) Eu14O8 2.317 (3) Dy14O8 2.279 (4) 

La14O5 2.423 (3) Eu14N3 2.581 (3) Dy14N3 2.547 (5) 

La14O6 2.497 (4) Eu14N4 2.557 (3) Dy14N4 2.534 (5) 

La14N10 2.720 (5) Eu14N5 2.550 (4) Dy14N5 2.506 (5) 

La14N11 2.752 (5) Eu14N6 2.563 (3) Dy14N6 2.528 (5) 

P14O1 1.494 (3) S14O1 1.479 (3) S14O1 1.475 (4) 

P14N3 1.619 (4) S14N1 1.548 (5) S14N1 1.557 (6) 

P24O3 1.503 (3) S24O6 1.480 (3) S24O6 1.476 (5) 

P24N6 1.634 (4) S24N2 1.541 (4) S24N2 1.542 (7) 

P34O5 1.496 (4) P14O3 1.497 (3) P14O3 1.499 (5) 

P34N9 1.630 (5) P14N1 1.563 (5) P14N1 1.562 (7) 

O24C9 1.254 (6) P24O8 1.494 (3) P24O8 1.493 (5) 

O44C19 1.248 (6) P24N2 1.549 (4) P24N2 1.540 (7) 

O64C29 1.242 (6) O34Eu14O1 73.68 (11) O34Dy14O1 74.20 (16) 

N34C9 1.289 (6) O84Eu14O6 73.85 (10) O84Dy14O6 74.36 (15) 

N64C19 1.293 (7) N44Eu14N3 63.27 (11) N44Dy14N3 63.91 (16) 

N94C29 1.287 (6) N54Eu14N6 62.96 (12) N54Dy14N6 63.72 (18) 
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[La(L2)3bpy] [Eu(L3)2(bpy)2]BPh4 [Dy(L3)2(bpy)2]BPh4 

O14La14O2 70.69 (11) O14S14N1 112.4 (2) O14S14N1 112.5 (3) 

O34La14O4 71.61 (10) O64S24N2 112.69 (19) O64S24N2 111.7 (3) 

O54La14O6 71.85 (12) O34P14N1 118.0 (2) O34P14N1 117.8 (3) 

N104La14N11 58.10 (14) O84P24N2 118.1 (2) O84P24N2 117.8 (3) 

O14P14N3 116.6 (2) S14O14Eu1 143.17 (18) S14O14Dy1 143.3 (3) 

O34P24N6 116.5 (2) P14O34Eu1 140.2 (2) P14O34Dy1 140.8 (3) 

O54P34N9 115.6 (2) S24O64Eu1 142.09 (18) S24O64Dy1 142.2 (3) 

P14O14La1 136.74 (19) P24O84Eu1 140.23 (18) P24O84Dy1 139.8 (3) 

C94O24La1 134.2 (3) S14N14P1 129.1 (3) S14N14P1 128.5 (4) 

P24O34La1 135.86 (18) S24N24P2 128.8 (3) P24N24S2 129.3 (4) 

C194O44La1 136.7 (3) 

 

P34O54La1 137.6 (2) 

C294O64La1 136.8 (3) 

C94N34P1 123.2 (4) 

C194N64P2 123.6 (4) 

C294N94P3 125.1 (4) 

O24C94N3 132.3 (5) 

O64C294N9 131.8 (5) 

O44C194N6 131.3 (5) 
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�>40B>: 5. �5><5B@8G=V ?0@0<5B@8 2>4=528E 729O7:V2 (Å, º). 

D4H···A D4H H···A D···A D4H···A 

NMe4[La(L1)4] 

C94H9A···O6i 0.96 2.35 3.184 (7) 145 

C104H10C···O2ii 0.96 2.33 3.218 (8) 154 

�>>@48=0B8 A8<5B@VW: (i) x, y, z; (ii) −x+1/2, y+1, −z+3/2. 

NMe4[Eu(L1)4] 

C54H5B···O7i 0.96 2.643 3.234 120.25 

C54H5C···Cl1ii 0.959 2.891 3.646 136.37 

C94H9A···O1ii 0.96 2.31 3.168 148.46 

C104H10C···O5ii 0.96 2.312 3.222 157.97 

�>>@48=0B8 A8<5B@VW: (i) 1.5-x, y, 1/2-z; (ii) x, y, z. 

NMe4[Dy(L1)4] 

C154H15C···Cl8i 0.96 2.708 3.489 138.89 

C124H12C···O11i 0.96 2.65 3.31 126.28 

C184H18C···Cl3i 0.96 2.892 3.703 142.74 

C194H19A···O5i 0.96 2.315 3.178 149.03 

C184H18B···O13i 0.96 2.288 3.234 168.63 

C204H20C···O1i 0.959 2.37 3.194 143.77 

C174H17B···O9i 0.96 2.34 3.206 149.74 

C204H20A···O14i 0.96 2.702 3.317 122.32 

�>>@48=0B8 A8<5B@VW: (i) 1/2-y, x, z; 1/2-x, 1/2-y, z. 

NEt4[Nd(L1)4] 

C54H5B···Cl8Bi 0.96 2.903 3.435 116.07 

C64H6B···Cl1i 0.96 2.852 3.64 140 

C104

H10C···Cl12i 

0.963 2.922 3.504 119.99 
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D4H···A D4H H···A D···A D4H···A 

C54H5B···Cl10i 0.96 2.811 3.724 159.18 

C64H6A···C1i 0.96 2.894 3.719 144.69 

C174H17A···O5i 0.97 2.717 3.617 154.7 

C174H17B···O13i 0.97 2.549 3.333 137.93 

C214H21B···O15i 0.97 2.644 3.612 176.32 

C194H19B···O9i 0.969 2.473 3.22 133.71 

C224H22C···O11i 0.962 2.615 3.549 163.97 

�>>@48=0B8 A8<5B@VW: (i) x, y, z. 

NEt4[Eu(L1)4] 

C54H5C···Cl8Bi 0.959 2.81 3.423 122.52 

C204H20A···O7i 0.96 2.611 3.513 156.73 

C174H17A···O13i 0.97 2.572 3.317 133.72 

C214H21B···O15i 0.97 2.607 3.574 173.92 

C184H18A···O3i 0.961 2.714 3.619 157.14 

C194H19B···O9i 0.971 2.574 3.287 130.36 

C224H22A···O11i 0.96 2.579 3.53 170.85 

�>>@48=0B8 A8<5B@VW: (i) x, y, z. 

NEt4[Dy(L1)4] 

C234

H23C···Cl41i 

0.98 2.936 3.606 126.53 

C244H24A···O44i 0.98 2.684 2.915 93.63 

C244H24B···O44i 0.98 2.634 2.915 96.66 

C444

H44C···Cl12i 

0.98 2.946 3.479 115.29 

C444

H44C···Cl13i 

0.98 2.894 3.870 173.5 
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D4H···A D4H H···A D···A D4H···A 

C144H14C···O13i 0.98 2.669 3.272 120.05 

C234H23C···C14i 0.98 2.855 3.65 138.77 

C24H2B···Cl31i 0.98 2.837 3.718 149.96 

C64H6C···O24i 0.98 2.682 3.226 115.37 

C14H1A···O41i 0.99 2.476 3.413 157.77 

C44H4B···O43i 0.98 2.555 3.057 111.78 

C84H8C···Cl22i 0.98 2.898 3.873 173.39 

C54H5B···O11i 0.99 2.526 3.3 134.8 

C24H2A···O14i 0.98 2.625 3.589 168.06 

C34H3B···O34i 0.99 2.437 3.404 165.16 

�>>@48=0B8 A8<5B@VW: (i) x, y, z. 

PPh4[Gd(L1)4 

C14H1C···Cl8i 0.979 2.894 3.502 121.1 

C184H18···Cl1i 0.951 2.858 3.714 150.15 

C364H36···O3i 0.95 2.563 3.402 147.52 

C194H19···O13i 0.949 2.576 3.48 159.25 

C334H33···O7i 0.95 2.547 3.236 129.49 

C394H39···Cl2i 0.95 2.95 3.6 126.86 

C244H24···Cl5i 0.951 2.946 3.702 137.42 

C214H21···N3i 0.95 2.74 3.472 134.47 

C304H30···O14i 0.95 2.588 3.357 138.24 

C314H31···N4i 0.95 2.721 3.565 148.41 

C284H28···O2i 0.95 2.682 3.39 131.79 

�>>@48=0B8 A8<5B@VW: (i) x, y, z. 

PPh4[Dy(L1)4] 

C54H5B···Cl5i 0.981 2.949 3.316 126.14 
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D4H···A D4H H···A D···A D4H···A 

C134

H13C···Cl13i 

0.98 2.821 3.511 127.96 

C64H6A···C7i 0.979 2.867 3.61 133.28 

C194H19···O10i 0.95 2.549 3.239 129.72 

C284H28···Cl12i 0.95 2.855 3.711 150.54 

C274H27···O1i 0.951 2.591 3.507 161.81 

C404H40···O14i 0.95 2.555 3.396 147.62 

C254H25···N2i 0.95 2.719 3.459 135.2 

C344H34···Cl8i 0.95 2.945 3.693 136.57 

C374H37···Cl11i 0.95 2.911 3.55 125.58 

C304H30···O15i 0.94 2.688 3.388 131.05 

C134H13A···C24i 0.98 2.87 3.772 153.45 

C134H13A···C25i 0.98 2.773 3.707 159.41 

C224H22···O3i 0.951 2.57 3.356 140.19 

C214H21···N1i 0.95 2.722 3.567 148.43 

�>>@48=0B8 A8<5B@VW: (i) x, y, z. 

PPh4[Lu(L1)4] 

C264H26A···O44i 0.95 2.56 3.402 (6) 148.3 

C144H14B···O22i 0.98 2.61 3.561 (5) 163.9 

C43B4

H43E···Cl12i 
0.98 2.93 3.73 (6) 139.6 

C204

H20A···Cl1Ai 
0.95 2.83 3.694 (5) 151.5 

C344H34B···O31i 0.98 2.36 2.887 (6) 112.8 

C194H19A···O21i 0.95 2.56 3.479 (6) 161.5 
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D4H···A D4H H···A D···A D4H···A 

C43B4

H43D···Cl32ii 
0.98 2.86 3.37 (2) 113.1 

C404

H40A···Cl11iii 
0.95 2.94 3.676 (4) 134.8 

C234

H23A···Cl3Aiv 
0.98 2.99 3.768 (5) 137.1 

C334

H33A···Cl33v 
0.98 2.89 3.597 (5) 129.8 

C504

H50A···O23vi 
0.95 2.56 3.355 (5) 141.5 

C494H49A···N2vi 0.95 2.71 3.540 (6) 146.0 

C494

H49A···Cl21vi 
0.95 2.99 3.795 (5) 143.3 

C174

H17A···O33vii 
0.95 2.88 3.383 (6) 114.3 

C174H17A···N3vii 0.95 2.68 3.424 (6) 135.8 

�>>@48=0B8 A8<5B@VW: (i) x, y, z; (ii) −x+1, −y+1, −z+1; (iii) −x, y−1/2, −z+1/2; (iv) −x, 

−y+1, −z; (v) −x+1, y+1/2, −z+1/2; (vi) x, −y+1/2, z+1/2; (vii) −x+1, y−1/2, −z+1/2. 

[Tb(L1)3(bpy)] 

C194H19···O6i 0.95 2.626 3.296 127.95 

C164H16···O7i 0.95 2.677 3.598 163.67 

C194H19···O7i 0.95 2.575 3.439 151.3 

C34H3B···Cl5i 0.98 2.691 3.521 142.67 

C124H12A···O4i 0.98 2.599 3.496 152.27 

C84H8A···Cl4i 0.98 2.866 3.83 168.45 

C44H4A···N2i 0.98 2.707 3.608 153.04 
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D4H···A D4H H···A D···A D4H···A 

�>>@48=0B8 A8<5B@VW: (i) x, y, z. 

[Dy(L1)3(bpy)] 

C194H19···O6i 0.93 2.684 3.352 129.41 

C194H19···O7i 0.93 2.604 3.463 153.75 

C74H7C···Cl8Ai 0.961 2.937 3.525 120.65 

C34H3B···Cl5i 0.96 2.706 3.523 143.41 

C124H12A···O4i 0.959 2.635 3.526 154.74 

C44H4A···O8i 0.962 2.63 3.432 141.15 

�>>@48=0B8 A8<5B@VW: (i) x, y, z. 

[Eu(L1)2(bpy)2]BPh4 

C44H4B···Cl5Ai 0.96 2.943 3.625 129.03 

C174H17···Cl6Aii 0.931 2.827 3.512 131.43 

C274H27···O7ii 0.93 2.373 3.265 160.67 

�>>@48=0B8 A8<5B@VW: (i) 1-x, -1/2+y, 1.5-z; (ii) 2-x, -1/2+y, 1.5-z. 

[Tb(L1)2(bpy)2]BPh4 

C174H17···O8i 0.931 2.37 3.265 161.33 

C214H21···C36i 0.931 2.722 3.466 137.52 

C214H21···C37i 0.931 2.806 3.709 163.72 

C304H30···C12i 0.93 2.84 3.6 139.72 

C124H12···C43i 0.93 2.853 3.696 151.36 

C84H8A···C37i 0.96 2.843 3.798 172.81 

C84H8A···C38i 0.96 2.896 3.795 156.2 

C224H22···C50i 0.929 2.812 3.683 156.61 

C254H25···C48i 0.929 2.858 3.535 130.67 

C254H25···C49i 0.929 2.757 3.631 157.14 

�>>@48=0B8 A8<5B@VW: (i) x, y, z. 
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D4H···A D4H H···A D···A D4H···A 

[Dy(L1)2(bpy)2]BPh4 

C104H10···O7i 0.93 2.331 3.21 157.5 

C304H30···C15i 0.93 2.777 3.552 141.32 

C154H15···C37i 0.93 2.891 3.516 125.75 

C154H15···C38i 0.93 2.807 3.643 150.05 

C164H16···C37i 0.929 2.896 3.522 125.87 

C34H3B···C44i 0.96 2.842 3.482 125 

C214H21···C51i 0.93 2.738 3.63 160.99 

C214H21···C52i 0.93 2.694 3.423 135.82 

C84H8C···C50i 0.959 2.802 3.732 163.53 

C84H8C···C51i 0.959 2.821 3.741 160.82 

C224H22···C44i 0.931 2.773 3.616 150.95 

C254H25···C42i 0.929 2.822 3.49 129.72 

C254H25···C43i 0.929 2.745 3.618 157 

�>>@48=0B8 A8<5B@VW: (i) x, y, z. 

[Tb(L2)2(bpy)2]BPh4 

C64H6B···Cl1i 0.959 2.867 3.437 119.07 

C104H10B···Cl4i 0.96 2.747 3.699 171.1 

C284H28···C60i 0.93 2.853 3.746 161.24 

C284H28···C61i 0.93 2.892 3.731 150.62 

�>>@48=0B8 A8<5B@VW: (i) x, y, z. 

[Eu(L2)2(NO3)(bpy)] 

C14H1···O12i 0.93 2.48 2.995(8) 115.0 

C104H10···O21i 0.93 2.40 3.027(8) 124.9 

C254H25A···N23i 0.97 2.60 3.072(9) 110.5 

C294H29B···O21i 0.97 2.40 2.893(8) 110.6 
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D4H···A D4H H···A D···A D4H···A 

C74H7···O1ii 0.93 2.54 3.370(8) 148.9 

C94H9···O2iii 0.93 2.49 3.417(8) 175.7 

C184

H18A···Cl3Biv 

0.96 2.67 3.516(11) 148.0 

C254H25B···O3v 0.97 2.65 3.609(10) 168.5 

C244H24B···O3v 0.96 2.78 3.657(11) 152.0 

C284

H28B···Cl2Avi 

0.96 2.83 3.543(12) 132.1 

�>>@48=0B8 A8<5B@VW: (i) x, y, z; (ii) -x+1, -y+2, -z+1; (iii) x-1, y, z; (iv) -x+1, -y+2, -z; (v) 

-x+1, -y+1, -z+1; (vi) x-1, y-1, z. 

[Tb(L2)2(NO3)(bpy)] 

C104H10A···O22i 0.95 2.41 2.9409(15) 114.7 

C14H1A···O11i 0.95 2.35 2.9813(15) 123.9 

C24H2A···O1ii 0.95 2.40 3.3429(15) 174.2 

C294

H29A···Cl2Aii 

0.99 2.97 3.6712(16) 129.0 

C184H18B···O3iii 0.98 2.69 3.5977(19) 154.3 

C194H19B···O3iii 0.99 2.51 3.4973(16) 173.6 

C44H4A···O2iv 0.95 2.44 3.3038(15) 150.5 

C244

H24C···Cl11v 

0.98 2.91 3.4391(15) 114.9 

C164

H16A···Cl3Avi 

0.98 2.90 3.6130(19) 130.8 

�>>@48=0B8 A8<5B@VW: (i) x, y, z; (ii) x+1, y, z; (iii) -x+1, -y+1, -z; (iv) -x+1, -y, -z; (v) x, y-

1, z; (vi) x+1, y+1, z. 

[La(L2)(NO3)2(bpy)2] 
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D4H···A D4H H···A D···A D4H···A 

C74H7A···Cl1i 0.97 2.841 3.588 134.41 

C294H29···O4i 0.93 2.719 3.345 125.44 

C194H19···O8i 0.928 2.496 3.374 157.93 

C244H24···O5i 0.928 2.592 3.516 173.82 

C274H27···O5i 0.93 2.551 3.479 175.91 

C174H17···O6i 0.929 2.579 3.401 147.58 

C184H18···O7i 0.929 2.516 3.196 130.18 

C384

H38A···Cl2i 

0.96 2.893 3.801 158.36 

C374H37A···O5i 0.971 2.605 3.537 161.09 

C84H8C···O12i 0.958 2.506 3.411 157.49 

C524H52···O11i 0.926 2.692 3.604 168.36 

C444H44···O15i 0.93 2.583 3.507 172.82 

C474H47···O15i 0.931 2.637 3.555 168.94 

C534H53···O12i 0.929 2.558 3.276 134.39 

�>>@48=0B8 A8<5B@VW: (i) x, y, z. 

[La(L2)3bpy] 

C284

H28A···C13i 

0.959 2.899 3.651 136.04 

C24H2B···Cl5i 0.961 2.935 3.618 129.11 

�>>@48=0B8 A8<5B@VW: (i) x, y, z. 

[Eu(L3)2(bpy)2]BPh4 

C354H35···O2i 0.95 2.712 3.27 118.21 

C354H35···O7i 0.95 2.698 3.346 126 

C254H25···O5i 0.95 2.52 3.145 123.46 

C564H56···C19i 0.95 2.896 3.771 153.58 
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D4H···A D4H H···A D···A D4H···A 

C194H19···C44i 0.95 2.591 3.377 140.2 

C194H19···C45i 0.95 2.762 3.655 156.93 

C534H53···C16i 0.95 2.853 3.45 121.88 

C164

H16A···C53i 

0.98 2.659 3.45 138.09 

�>>@48=0B8 A8<5B@VW: (i) x, y, z. 

[Dy(L3)2(bpy)2]BPh4 

C354H35···O2i 0.951 2.698 3.25 117.64 

C354H35···O7i 0.951 2.662 3.34 128.67 

C254H25···O5i 0.95 2.489 3.155 127.16 

C194H19···C44i 0.95 2.565 3.375 143.37 

C194H19···C45i 0.95 2.793 3.685 156.76 

C534H53···C16i 0.95 2.879 3.471 121.49 

C164

H16A···C53i 

0.98 2.698 3.471 136.13 

C134H13···C40i 0.95 2.861 3.604 135.89 

C294H29···C44i 0.95 2.892 3.411 115.56 

C294H29···C45i 0.95 2.879 3.481 122.33 

C304H30···C42i 0.95 2.72 3.551 146.61 

C334H33···C39i 0.95 2.714 3.496 140.05 

C334H33···C40i 0.95 2.894 3.653 137.68 

C204H20···C58i 0.949 2.738 3.676 169.5 

C234H23···C58i 0.95 2.839 3.772 167.44 

C234H23···C59i 0.95 2.705 3.496 141.11 

C234H23···C60i 0.95 2.88 3.522 125.9 

C244H24···C42i 0.95 2.754 3.501 136.09 
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D4H···A D4H H···A D···A D4H···A 

C244H24···C60i 0.95 2.891 3.527 125.39 

�>>@48=0B8 A8<5B@VW: (i) x, y, z. 
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 �>40B>: 6. &5>@5B8G=> @>7@0E>20=V B0 5:A?5@8<5=B0;P=V ?>@>H:>2V 

@5=B35=>3@0<8 4;O 0=V>==8E (0), =59B@0;P=8E (1) V :0BV>==8E (2) :><?;5:AV2. 
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�>40B>: 7. #>;>65==O A<C3 ?5@5E>4V2 C �%�� >45@60=8E :><?;5:AV2 =5>48<C, 

25;8G8=8 =5D5;>0:A5B8G=>3> 7AC2C 2V4=>A=> 0:209>=C Δ(0:20 V 2V;P=>3> 9>=C Δ(2V;P=. 

�><?;5:A J-@V2=V %<C30 5;5:B@>==>3> ?5@5E>4C 2 

:><?;5:AV Nd3+ (�К%) Δ(0:20, 

A<-1 

Δ(2V;P=, 

A<-1 

=< A<-1 

NMe4[Nd(L1)4] 2P1/2 429.7 23272 22 -516 
 

(2D, 2P)3/2 470 21277 

 

-23 

 

-423 

-5484 
 

2G9/2, 
2K15/2 

477.2 20956 -344 -537 

-1087 
 

4G9/2 512.3 19520 -30 -449 
 

4G7/2 524.7 19059 -101 -481 
 

2K13/2 531.5 18815 -203 -1190 
 

2G7/2 572.3 17473 13 -182 
 

4G5/2 584 17123 -177 -584 
 

2H11/2 627.3 15941 71 -220 
 

4F9/2 684.8 14603 -97 -391 
 

4S3/2 736.9 13570 70 -222 
 

4F7/2 750.7 13321 -179 -398 
 

4F5/2 803.4 12447 -33 -301 
 

4F3/2 874.8 11431 -29 -267 

NEt4[Nd(L1)4] 2P1/2 430.2 23245 -5 -543 
 

(2D, 2P)3/2 470.5 21254 -46 -446 

-5507 
 

476.8 20973 -327 -520 
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�><?;5:A J-@V2=V %<C30 5;5:B@>==>3> ?5@5E>4C 2 

:><?;5:AV Nd3+ (�К%) Δ(0:20, 

A<-1 

Δ(2V;P=, 

A<-1 

=< A<-1 
2G9/2, 
2K15/2 

 -1070 

 
4G9/2 512.7 19505 -45 -464 

 
4G7/2 524.3 19073 -87 -467 

 
2K13/2 531.6 18811 -207 -1194 

 
2G7/2 572.2 17476 16 -179 

 
4G5/2 584 17123 -177 -584 

 
2H11/2 628.3 15916 46 -245 

 
4F9/2 685 14599 -101 -395 

 
4S3/2 737.2 13565 65 -227 

 
4F7/2 749.8 13337 -163 -382 

 
4F5/2 802.7 12458 -22 -290 

 
4F3/2 873.8 11444 -16 -254 

PPh4[Nd(L1)4] 2P1/2 429.8 23267 17 -521 
 

(2D, 2P)3/2 470.9 21236 -64 -464 

-5525 
 

2G9/2, 
2K15/2 

478.1 20916 -384 
 

-577 

-1127 
 

4G9/2 513 19493 -57 -476 
 

4G7/2 523.8 19091 -69 -449 
 

2K13/2 529.4 18889 -129 -1116 
 

2G7/2 572 17483 23 -172 
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�><?;5:A J-@V2=V %<C30 5;5:B@>==>3> ?5@5E>4C 2 

:><?;5:AV Nd3+ (�К%) Δ(0:20, 

A<-1 

Δ(2V;P=, 

A<-1 

=< A<-1 
 

4G5/2 -  
 

 
 

2H11/2 628.5 15911 41 -250 
 

4F9/2 685 14599 -101 -395 
 

4S3/2 736.7 13574 74 -218 
 

4F7/2 749.2 13348 -152 -371 
 

4F5/2 800.7 12489 9 -259 
 

4F3/2 869.5 11501 41 -197 

[Nd(L1)3bpy] 2P1/2 430.3 23240 -10 -548 
 

(2D, 2P)3/2 472.2 21177 -123 -523 

-5584 
 

2G9/2, 
2K15/2 

478.7 20890 -410 -603 

-1153 
 

4G9/2 513.7 19467 -83 -502 
 

4G7/2 524.9 19051 -109 -489 
 

2K13/2 530 18868 -150 -1137 
 

2G7/2 572.2 17476 16 -179 
 

4G5/2 581.4 17200 -100 -507 
 

2H11/2 628.9 15901 31 -260 
 

4F9/2 686.1 14575 -125 -419 
 

4S3/2 737.5 13559 59 -233 
 

4F7/2 751.4 13308 -192 -411 
 

4F5/2 802.9 12455 -25 -293 
 

4F3/2 874.4 11436 -24 -262 
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�><?;5:A J-@V2=V %<C30 5;5:B@>==>3> ?5@5E>4C 2 

:><?;5:AV Nd3+ (�К%) Δ(0:20, 

A<-1 

Δ(2V;P=, 

A<-1 

=< A<-1 

[Nd(L1)2(bpy)2]BPh4 2P1/2 431.1 23196 -54 -592 
 

(2D, 2P)3/2 473.6 21115 -185 -585 

-5646 
 

2G9/2, 
2K15/2 

478.7 20890 

 

-410 -603 

-1153 
 

4G9/2 514.5 19436 -114 -533 
 

4G7/2 526.4 18997 -163 -543 
 

2K13/2 531.4 18818 -200 -1187 
 

2G7/2 573.5 17437 -23 -218 
 

4G5/2 583.1 17150 -150 -557 
 

2H11/2 629.2 15893 23 -268 
 

4F9/2 683.1 14639 -61 -355 
 

4S3/2 739 13532 32 -260 
 

4F7/2 751.4 13308 -192 -411 
 

4F5/2 802.3 12464 -16 -284 
 

4F3/2 876.4 11410 -50 -288 

[Nd(L1)3bpy] 2P1/2 430 23256 6 -532 

 (2D, 2P)3/2 472.6 21160 -140 -540 

-5601 

 2G9/2, 
2K15/2 

476.6 20982 -318 -511 

   -1061 

 4G9/2 513 19493 -57 -476 

 4G7/2 526.3 19001 -159 -539 
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�><?;5:A J-@V2=V %<C30 5;5:B@>==>3> ?5@5E>4C 2 

:><?;5:AV Nd3+ (�К%) Δ(0:20, 

A<-1 

Δ(2V;P=, 

A<-1 

=< A<-1 

 2K13/2 531.3 18822 -196 -1183 

 2G7/2 572.2 17476 16 -179 

 4G5/2 581.7 17191 -109 -516 

 2H11/2 628.2 15918 48 -243 

 4F9/2 682.9 14643 -57 -351 

 4S3/2 736.9 13570 70 -222 

 4F7/2 746.5 13396 -104 -323 

 4F5/2 802.9 12455 -25 -293 

 4F3/2 875 11429 -31 -269 

[Nd(L2)2(NO3)(bpy)] 2P1/2 431 23202 -48 -586 
 

(2D, 2P)3/2 473.9 21101 -199 -599 

-5660 
 

2G9/2, 
2K15/2 

-  
 

 

 
4G9/2 513.9 19459 -91 -510 

 
4G7/2 526.9 18979 -181 -561 

 
2K13/2 -  

 
 

 
2G7/2 573.3 17443 -17 -212 

 
4G5/2 581.9 17185 -115 -522 

 
2H11/2 630.7 15855 -15 -306 

 
4F9/2 -  

 
 

 
4S3/2 738.4 13543 43 -249 

 
4F7/2 -  
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�><?;5:A J-@V2=V %<C30 5;5:B@>==>3> ?5@5E>4C 2 

:><?;5:AV Nd3+ (�К%) Δ(0:20, 

A<-1 

Δ(2V;P=, 

A<-1 

=< A<-1 
 

4F5/2 801.9 12470 -10 -278 
 

4F3/2 875.5 11422 -38 -276 

[Nd(L2)2(bpy)2]BPh4 2P1/2 430.8 23213 -37 -575 
 

(2D, 2P)3/2 473.6 21115 -185 -585 

-5646 
 

2G9/2, 
2K15/2 

477.1 20960 -340 -533 

-1083 
 

4G9/2 514 19455 -95 -514 
 

4G7/2 526.9 18979 -181 -561 
 

2K13/2 -  
 

 

 
2G7/2 573.3 17443 -17 -212 

 
4G5/2 583.3 17144 -156 -563 

 
2H11/2 -  

 
 

 
4F9/2 683.2 14637 -63 -357 

 
4S3/2 738.7 13537 37 -255 

 
4F7/2 748.2 13365 -135 -354 

 
4F5/2 802.2 12466 -14 -282 

 
4F3/2 876 11416 -44 -282 

[Nd(L3)2(bpy)2]BPh4 2P1/2 430 23256 6 -532 
 

(2D, 2P)3/2 473.2 21133 -167 -567 

-5628 
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�><?;5:A J-@V2=V %<C30 5;5:B@>==>3> ?5@5E>4C 2 

:><?;5:AV Nd3+ (�К%) Δ(0:20, 

A<-1 

Δ(2V;P=, 

A<-1 

=< A<-1 
 

2G9/2, 
2K15/2 

476.4 20991 -309 -502 

-1052 
 

4G9/2 513 19493 -57 -476 
 

4G7/2 526.9 18979 -181 -561 
 

2K13/2 -  
 

 

 
2G7/2 571.7 17492 32 -163 

 
4G5/2 581.3 17203 -97 -504 

 
2H11/2 628.1 15921 51 -240 

 
4F9/2 682.1 14661 -39 -333 

 
4S3/2 736.3 13581 81 -211 

 
4F7/2 752.6 13287 -213 -432 

 
4F5/2 802.4 12463 -17 -285 

 
4F3/2 874.3 11438 -22 -260 
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�>40B>: 8. %?V2AB02;5==O D>@<8 :>>@48=0FV9=8E ?>;V54@V2 F5=B@0;P=8E 9>=V2 

A8=B57>20=8E :><?;5:AV2 є2@>?VN 7 45O:8<8 WE ;N<V=5AF5=B=8<8 E0@0:B5@8AB8:0<8. 

�><?;5:A  #>;V54@ 70 

?@>3@0<>N Shape 

2.1 (2 4C6:0E 3 

V=45:A 71V6=>ABV) 

I(5D0³7F2)/I(5D0³7F1) %8<5B@VO 70 

:V;P:VABN 

:><?>=5=B 

A<C3 C A?5:B@0E 

;N<V=5AF5=FVW 

Äobs, 

<A 

(300 

�) 

NMe4[Eu(L1)4] &@8:CB=89 

4>45:054@ D2d 

(0.309) 

2.7 D2d 2.65 

NEt4[Eu(L1)4] &@8:CB=89 

4>45:054@ D2d 

(0.39) 

2.6 D2 2.78 

PPh4[Eu(L1)4] &@8:CB=89 

4>45:054@ D2d 

(0.12)* 

7.5 S4 1.45 

[Eu(L1)2(bpy)2]BPh4 �204@0B=0 

0=B8?@87<0 D4d 

(0.742) 

3.5 C3v 1.76 

[Eu(L1)3bpy]  &@8:CB=89 

4>45:054@ (D2d) 

(0.046) 

- C2v 1.7 

[Eu(L2)2(bpy)2]BPh4  �204@0B=0 

0=B8?@87<0 D4d 

(0.798) 

4.9 D4d 1.59 

[Eu(L2)2(NO3)(bpy)] #@><V6=89 <V6 

:204@0B=>N 

6.5 Cs, C2, C1 1.74 
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�><?;5:A  #>;V54@ 70 

?@>3@0<>N Shape 

2.1 (2 4C6:0E 3 

V=45:A 71V6=>ABV) 

I(5D0³7F2)/I(5D0³7F1) %8<5B@VO 70 

:V;P:VABN 

:><?>=5=B 

A<C3 C A?5:B@0E 

;N<V=5AF5=FVW 

Äobs, 

<A 

(300 

�) 

0=B8?@87<>N D4d 

(2.061), 

B@8:CB=8< 

4>45:054@>< 

(D2d) (2.536) B0 

42>H0?:>2>N 

B@83>=0;P=>N 

?@87<>N (C2v) 

(2.476) 

[Eu(L2)3bpy] &@8:CB=89 

4>45:054@ D2d 

(0.663-0.902) 

5.7 C3v 1.88 

[Eu(L3)2(bpy)2]BPh4 #@><V6=89 <V6 

:204@0B=>N 

0=B8?@87<>N D4d 

(1.298) B0 

B@8:CB=8< 

4>45:054@>< D2d 

(1.297) 

4.3 C2v 1.58 

* ?>;V54@ V7>AB@C:BC@=>3> �% 304>;V=VN. 
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�>40B>: 9. �0=V B5@<>3@02V<5B@8G=8E 4>A;V465=P  

�><?;5:A  &5<?5@0BC@=89 

V=B5@20; 2B@0B 

<0A8, º% 

�B@0B0 

<0A8, % 

�:AB@5<C<8 =0 

:@82V9 �&�, 

º% 

�030;P=0 2B@0B0 

<0A8 ?@8 

=03@V20==V 4> 

600 %, % 

NMe4[Nd(L1)4] 150-600 58 +(204). -(513) 61 

NEt4[La(L1)4] 150-470 64 -(154). +(184). 

+(297). +(470) 

67 

NEt4[Nd(L1)4] 153-475 63 -(157). +(185). 

+(295). +(460) 

66 

NEt4[Eu(L1)4] 160-475 59 -(159). +(189). 

+(308). +(462) 

60 

NEt4[Dy(L1)4] 156-455 59 -(155). +(184). 

+(307). +(447) 

61 

[Tb(L1)3bpy] 210-420 46 - 49* 

[Dy(L1)3bpy] 195-385 51 - 57* 

[Tb(L1)2(bpy)2]BPh4 140-310 57 -(157). +(188) 67 

[Eu(L2)2(bpy)2]BPh4 160-300 52 -(150). +(203). 

+(228). -(248) 

66 

[Tb(L2)2(bpy)2]BPh4 135-310 48 -(154). +(182). 

+(238). -(268) 

53 

[Gd(L2)2(NO3)(bpy)] 150-390 53 - 58* 

[La(L2)3bpy] 165-290 56 -(96). +(221). -

(281) 

67 

[Gd(L2)3bpy] 195-380 46 -(104). +(224) 51** 

[La(L2)(NO3)2(bpy)2] 175-585 67 +(218). +(565) 70 

[Tb(L3)2(bpy)2]BPh4 220-300 52 -(197). +(238) 61 
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* 3 4> 550 %, ** 3 4> 500 %. 

«+» 3 5:7>5D5:B, «-» 3 5=4>5D5:B 

 

 

�>40B>: 10. %?8A>: >?C1;V:>20=8E ?@0FP 70 B5<>N 48A5@B0FVW 

1. Struhatska, M. B., Kariaka, N. S., Amirkhanov, V. M., Dyakonenko, V. V., & Seredyuk, 

M. (2021). Crystal structure and Hirshfeld surface analysis of the anionic tetrakis-

complex of lanthanum(III) NMe4LaL4 with the CAPh-ligand dimethyl (2,2,2-

trichloroacetyl)phosphoramidate. Acta Crystallographica Section E: Crystallographic 

Communications, 77, 130731310. https://doi.org/10.1107/S2056989021011750 

("A>18AB89 2=5A>: 74>1C20G0: >3;O4 ;VB5@0BC@8, A8=B57, 28@>IC20==O 

<>=>:@8AB0;V2, CG0ABP C >1@>1FV @57C;PB0BV2, =0?8A0==V AB0BBV). 

2. Struhatska, M., Olyshevets, I., Kariaka, N., Dyakonenko, V., Konovalova, I., Shishkina, 

S., Smola, S., Rusakova, N., Ovchynnikov, V., Sliva, T. Y., & Amirkhanov, V. M. (2022). 

Structure and spectral properties of cationic lanthanide(III) complexes with 

carbacylamidophosphate (CAPh) ligand and tetraphenylborate-ion as counterion. 

Inorganica Chimica Acta, 535, 137. https://doi.org/10.1016/j.ica.2022.120844 

("A>18AB89 2=5A>: 74>1C20G0: >3;O4 ;VB5@0BC@8, A8=B57, 28@>IC20==O 

<>=>:@8AB0;V2, CG0ABP C >1@>1FV @57C;PB0BV2, =0?8A0==V AB0BBV). 

3. Struhatska, M. B., Kariaka, N. S., Dyakonenko, V. V., Shishkina, S. V., Smola, S. S., 

Rusakova, N. V., Ovchynnikov, V. A., Sliva, T. Y., & Amirkhanov, V. M. (2024). 

Structural and photoluminescence properties of lanthanide(III) complexes with 

carbacylamidophosphate ligand and ³,³′-bipyridine. Inorganica Chimica Acta, 563, 13

10. https://doi.org/10.1016/j.ica.2023.121909 ("A>18AB89 2=5A>: 74>1C20G0: >3;O4 

;VB5@0BC@8, A8=B57, 28@>IC20==O <>=>:@8AB0;V2, CG0ABP C >1@>1FV @57C;PB0BV2, 

=0?8A0==V AB0BBV). 

https://doi.org/10.1107/S2056989021011750
https://doi.org/10.1016/j.ica.2022.120844
https://doi.org/10.1016/j.ica.2023.121909
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4. Struhatska, M. B., Ovchynnikov, V. A., Kariaka, N. S., Gawryszewska, P., & 

Amirkhanov, V. M. (2024). Crystal structure of tetraphenyl phosphate tetrakis [dimethyl 

(2,2,2-trichloroacetyl)phosphoramidato]lutetium(III), PPh4[LuL4]. Acta 

Crystallographica Section E, 80(4), 3703374. 

https://doi.org/10.1107/S205698902400210X ("A>18AB89 2=5A>: 74>1C20G0: >3;O4 

;VB5@0BC@8, A8=B57, 28@>IC20==O <>=>:@8AB0;V2, CG0ABP C >1@>1FV @57C;PB0BV2, 

=0?8A0==V AB0BBV). 

5. Struhatska, M. B., Kariaka, N. S., Dyakonenko, V. V., Shishkina, S. V., Smola, S. S., 

Rusakova, N. V., ... & Amirkhanov, V. M. (2024). Structure, Thermal Properties and 

Photoluminescence of Terbium and Dysprosium Mixed‐Ligand Complexes with 

Dimethyl‐N‐Trichloroacetylamidophosphate and 2, 29‐Bipyridine. ChemistrySelect, 

9(15), e202305229. https://doi.org/10.1002/slct.202305229 ("A>18AB89 2=5A>: 

74>1C20G0: >3;O4 ;VB5@0BC@8, A8=B57, 28@>IC20==O <>=>:@8AB0;V2, CG0ABP C >1@>1FV 

@57C;PB0BV2, =0?8A0==V AB0BBV). 

6. Struhatska, M. B., Kariaka, N. S., Dyakonenko, V. V., Shishkina, S. V., Smola, S. S., 

Rusakova, N. V., Gawryszewska, P., Malta, O. L., Carneiro Neto, A. N., Trush, V. O., & 

Amirkhanov, V. M. (2024). The influence of different cations on the structure and 

spectral properties of Ln3+ tetrakis-complexes with CAPh-type ligand dimethyl-N-

trichloroacetylamidophosphate. New Journal of Chemistry, 48, 11886311898. 

https://doi.org/10.1039/d4nj01700e ("A>18AB89 2=5A>: 74>1C20G0: >3;O4 ;VB5@0BC@8, 

A8=B57, 28@>IC20==O <>=>:@8AB0;V2, CG0ABP C >1@>1FV @57C;PB0BV2, =0?8A0==V 

AB0BBV). 

7. %B@C30FP:0,  . �., �0@O:0, !. %., �PO:>=5=:>, �. �., ,8H:V=0, %. �., �070@5=:>,  . 

 ., ,B5<5=:>, ". �., �<V@E0=>2, �.  . (2024). %B@C:BC@=V, A?5:B@0;P=V B0 

B5@<>3@0DVG=V 4>A;V465==O :><?;5:AV2 �0=B0=C 7 N,N9-B5B@05B8;-N=-

(B@8E;>@0F5B8;)D>AD>B@80<V4><, 2,29-1V?V@848;>< B0 =VB@0B 0=V>=><. #8B0==O 

EV<VW B0 EV<VG=>W B5E=>;>3VW, (3), 1793186. 10.32434/0321-4095-2024-154-3-179-186 

https://doi.org/10.1107/S205698902400210X
https://doi.org/10.1002/slct.202305229
https://doi.org/10.1039/d4nj01700e
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("A>18AB89 2=5A>: 74>1C20G0: >3;O4 ;VB5@0BC@8, A8=B57, 28@>IC20==O 

<>=>:@8AB0;V2, CG0ABP C >1@>1FV @57C;PB0BV2, =0?8A0==V AB0BBV). 

8. %B@C30FP:0,  .�., ";8H525FP, �.#., �<V@E0=>2, �. . %8=B57 B0 A?5:B@0;P=V 

2;0AB82>ABV @V7=>;V30=4=8E :0BV>==8E :><?;5:AV2 ;0=B0=>W4V2 V7 

48<5B8;(D5=V;AC;PD>=V;)0<V4>D>AD0B><. &578 4>?>2V459: XXII  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, 19-21 B@02=O 2021 @., A. 80 (70>G=0 D>@<0 CG0ABV). 

9. %B@C30FP:0,  .�., �0@O:0, !.%., �<V@E0=>2, �. . �N<V=5AF5=B=V 2;0AB82>ABV 

0=V>==>3> B5B@0:VA-:><?;5:AC є2@>?VN V7 ��(-;V30=4>< V B5B@05B8;0<>=V9-

:0BV>=><.  0B5@V0;8 �X �A5C:@0W=AP:>W =0C:>2>-?@0:B8G=>W :>=D5@5=FVW ABC45=BV2, 

0A?V@0=BV2 B0 <>;>48E 2G5=8E «"19є4=0=V =0C:>N: ?5@A?5:B828 

<V648AF8?;V=0@=8E 4>A;V465=P», �8W2, 2022,162 (70>G=0 D>@<0 CG0ABV). 

10. %B@C30FP:0,  .�., �0@O:0, !.%., ,8H:V=0, %.�., %<>;0, %.%., &@CH, �."., 

�<V@E0=>2, �. . �N<V=5AF5=B=V B5B@0:VA-:><?;5:A8 є2@>?VN V B5@1VN 7 ��(-

;V30=4>< V B5B@0<5B8;0<>=V9-:0BV>=><. &578 4>?>2V459 XXIV  V6=0@>4=>W 

:>=D5@5=FVW ABC45=BV2, 0A?V@0=BV2 B0 <>;>48E 2G5=8E «%CG0A=V ?@>1;5<8 EV<VW», 

�8W2, 17-19 B@02=O 2023 @., 70371(>G=0 D>@<0 CG0ABV). 

11. %B@C30FP:0,  .�., �0@O:0, !.%., �PO:>=5=:>, �.�., ,8H:V=0, %.�., %<>;0, %.%., 

$CA0:>20, !.�., "2G8==V:>2, �.�., %;820, &..., �<V@E0=>2, �. . %B@C:BC@=V B0 

D>B>;N<V=5AF5=B=V 2;0AB82>ABV :><?;5:AV2 ;0=B0=>W4V2 (III) 7 

:0@10F8;0<V4>D>AD0B>< B0 ³,³`-1V?V@848=><. Modern problems of science, 

education and society. Proceedings of the 9th International scientific and practical 

conference. SPC <Sci-conf.com.ua=. Kyiv, Ukraine. 2023. Pp. 254-259. URL: 

https://sci-conf.com.ua/ix-mizhnarodna-naukovo-praktichna-konferentsiya-modern-

problems-of-science-education-and-society-6-8-11-2023-kiyiv-ukrayina-arhiv/ (70>G=0 

D>@<0 CG0ABV).  

https://sci-conf.com.ua/ix-mizhnarodna-naukovo-praktichna-konferentsiya-modern-problems-of-science-education-and-society-6-8-11-2023-kiyiv-ukrayina-arhiv/
https://sci-conf.com.ua/ix-mizhnarodna-naukovo-praktichna-konferentsiya-modern-problems-of-science-education-and-society-6-8-11-2023-kiyiv-ukrayina-arhiv/
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12.  %B@C30FP:0,  .�., �0@O:0, !.%., �PO:>=5=:>, �.�., ,8H:V=0, %.�., %<>;0, %.%., 

�02@8H52AP:0, #., �<V@E0=>2, �. . �0BV>==V :><?;5:A8 $�� V7 
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