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•
AMULET USPEX

He Pu

Phys. Rev. B 77, 224306 (2008)
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Vacuum-melting and Inert Gas Atomization 
System
Type 

ALD Vacuum Technologies GmbH

Ni-base superalloys

MCrAlY thermal spray powders

Co-base alloys for Additive Manufacturing

FeCr-base sputtering target alloys

High-alloy steel and tool steel

Stainless steel for MIM (17-4PH, 316L)
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 1479-691-56897835-2016  «    »
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6
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1.
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- ,
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- .

3.
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.
, , .

4.    
          

-       
  

( , , );
-      

     

  
  

 
  

C – T –
 1375 

Cr – Ta – W
«60 – 30 – 10»

[  %%]

 
–  2017 

   
 

, / 2

 
 

 
, °

 
  

, 

5 5 (190 ) 2,1 1520 400

    
  

100 150 350 

   
 

Cr – Ta – W
«60 – 30 – 10»

[  %%]

% . % .

Cr - W 54 48
Cr2Ta 46 52

~ 48/52

 –  2017 

11

:

T empe rature, C

Creep rate tempe rature depe ndence
at  e xternal compre ssion load

0,0 0E+00

2,00 E-05

4,00 E-05

6,00 E-05

8,00 E-05

1,00 E-04

1,20 E-04

1,40 E-04

1,60 E-04

1,80 E-04

10 00 1050 11 00 1150 12 00 1250 130 0 1350

 2017 :
 (~ 1600 )

  :
-     Cr2Ta
-  « » 

Zr, Hf, Nb

    -   

 :
-      TaC ( . 3983 ) 

      
-   :

« »  –    
( : V20Nb20Mo20W20Ta20 ………… YS1250 C  ~ 700 MPa)

« » – ( : Cr2Ta)

   
  

« » 
 

 1. 
  

 C -T -

 3. 
  

 C -T -
  1500 °  (27,5 )

[ –  2020 ]

!!!__« »    Cr2Ta 
   «2017»

Cr __ 62 
Ta __ 30
W __ 8

1

   8 
 

  
« »

Cr __ 57
Ta __ 29
W __ 14

2

   14 
 

  
« »

,  ( .)

 
   

 
r Ta r Ta

1 90 10 - 93.35 6.65 -   ( r)   ( Ta r2 + ( r)) Ta r2 + ( r)

2 66.7 33.3 - 69.80 30.201 -   Ta r2 Ta r2

3 50 50 - 52.11 47.89 -    ( Ta r2 + (Ta)) Ta r2 + (Ta )

4 85 10 5 - - -   ( r,Ta, )   ( Ta r2 + ( r, Ta , )) Ta r2+ ( r, Ta, )

5 63 32 5 67. 22 29.83 2.951   Ta r2 Ta r2

6 50 45 5 55. 15 42.79 2. 06   Ta r2   ( Ta r2 + ( r, Ta , )) Ta r2+ ( r, Ta, )

7 80 10 10 83.95 8.41 7.64
  ( r,Ta, )  Ta r2

 ( Ta r2 + ( r,Ta , ))
Ta r2+ ( r, Ta, )

8 60 30 10 58. 43 31.77 9.801 L  TaCr2  (Cr,Ta,W) TaCr2 + (Cr,Ta,W)

9 45 45 10 34.58 55.23 10.191   ( r, Ta , )  Ta r2 Ta r2+ ( r, Ta, )

10 80 15 5 85.37 11.29 3.341   Ta r2   ( Ta r2 + ( r,Ta, )) Ta r2+ ( r, Ta, )

11 75 15 10 79. 76 12.79 7. 45   Ta r2  ( r,Ta , ) Ta r2+ ( r, Ta, )

12 50 40 10 - - -   ( r, Ta , )  Ta r2 Ta r2+ ( r, Ta, )

13 70 15 15 75.74 13.75 10.511 L  TaCr2  (Cr,Ta,W) TaCr2 + (Cr,Ta,W)

14 57,5 27,5 15 59.26 28.61 12.12 L  (Cr,Ta,W)  TaCr2 TaCr2 + (Cr,Ta,W)

15 45 40 15 - - -   ( r, Ta , )  Ta r2 Ta r2+ ( r, Ta, )

16 60 40 - - - -   Ta r2   ( Ta r2 + (Ta)) Ta r2 + (Ta )

1   
  

 1500 °  
  27,5  

 1. 
  

  
 C -T -

[ 2_4 ] - Cr-Ta-W

,  ( .)  ,  ( .)

 
r Ta

r Ta r Ta

14 57.5 27.5 15 59.26 28.61 12.12

( r,Ta, )
25.82 40.83 33.35

32.98 40.49 32.98

Ta r2
68.40 23.36 8.24

61.49 29.16 9.36

( r,Ta, )
22.97 41.21 35.83

23.51 41.14 35.35

23.74 40.34 35.92

r2Ta
64.35 27.45 8.19

62.43 28.84 8.73

( r,Ta, ) 15.56 46.66 37.78

( r,Ta, ) 

+ r2Ta 19.10 45.39 35.51

r2Ta
63.25 29.82 6.94

63.85 29.57 6.59

1500  _ 27,5h

 ,  ( .)

r Ta

,  ( .)

 

r Ta r Ta

8 60 30 10 58.43 31.77 9.80

25  

1500  _ 27,5h25  

14

8

14

CrTaW: 
18Cr46Ta35W 

 1500

 Cr2Ta:
65Cr24Ta6W 

 1500

Cr __ 62 
Ta __ 30
W __ 8

____3140

2250____

  
  

  _____

2250 ______________
_____3140

Zr
Hf
Nb

III

1.1 L  TaCr2  (Cr,Ta,W) TaCr2 + (Cr,Ta,W)

CrTaW: 
22Cr41Ta37W 

 1500

 Cr2Ta:
64Cr27Ta9W 

 1500

Cr __ 57
Ta __ 29
W __ 14

____3145

2250____

  
  

  _____

2250 ______________
_____3145

Zr
Hf
Nb

III

2.1 L  (Cr,Ta,W)  TaCr2 TaCr2 + (Cr,Ta,W)

  
70Cr-15Ta-15W ( 13) 

  
 1500  27,5  

70Cr-15Ta-15W ( 13)

, % ( .)  , % ( .)

 
Cr Ta W

Cr Ta W Cr Ta W

13 70 15 15

75.74

56

13.75

33

10.51

11

(Cr,Ta,W)
88.88 1.93 9.19

89.20 1.85 8.95

Cr2Ta

69.10 19.92 10.98

69.04 19.31 11.64

69.39 19.40 11.21
 %

~  
«60 – 30 – 10» 

. 2017  !!!

3 13

75,74 .% Cr
13,75 .% Ta

5633

11

*  %

 «2017» __    

01.12.2020, 16:05
  -  «13»:

1. Max  «   Cr»   Cr2Ta
2. Max    1500  27,5h

    (  )
3.  1500   CrTaW   10 .% W:

   « » ( .  Cr – W)
4. Max   « »  Cr2Ta:

 max /  W { . . 3}
-  max   W  Tm Cr  Ta ( )

  «13»:
Cr _ 75,74 % .           56_ % .       (56.33.11)                 
Ta _ 13,75                     33 ~ 60.30.10 …………. «2017 » __ !!!
W _ 10,51                     11 % .

 :   [ . « »] ………  «8»  «13»

  / :
1) : ~ 1500  … (1600 )       __**
2) : Zr _ Hf _ Nb
3) « », , « »
** -  . .: « »;

« »   : TaC, HfC   

:
1)  « »   «13»
2) «  » [TermoCalc]

   
1250  1 00 … 1 000 … … 1 00 000 h

  
Ni -16W- 5Ta

Razumovskii I.M., Ruban A.V., Razumovskiy V.I. et al. 
New generation of Ni-based superalloys designed
on the basis of first-principles calculations
// Materials Science and Engineering A 497 (2008) 18–24

70Cr-15Ta-15W ( 13): 
 1500  27,5h
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,
 

Cr2Ta

  
 

:
 / 

 / 
:

Zr _ Hf _ Nb
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 / 
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1600
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Mo, W, Nb, Ta
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Mo, W, Nb, Ta

1.
– ppm

-
2.

3. -

4.

5.

°

- -

-7
° –

- -

Mo-99,31, Ta- 0,34, W-0,25, Ni-0,05,  Nb-0,03, Cu-0,02, O-00039.
O – 0,0020, O – 0, 0008 – 0,002
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-7
Mo-Mo2C

- -
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…



160

-7 
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-



162

 

  – , , , ,     

  –  2,5 /  (  – 1 /  8 / 3)

  –   2100 ,   1500 .

  – 10-13  (+/- 1   2 )

 –    0.01 .%

 

2

      
   

. .,  . .,  . ., . .,  . . 

 

29  2021 .
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, °
20 882 968 6,6
20 914 916 3,1

350 775 875 8,5

 + 
20 885 951 9,7
20 882 935 8,4

350 649 740 24,0
 

(   max)
20 876 951 6,4 (13,2)

350 505 617 13,7
 +  

(   max)
20 851 943 7,3 (9,0) 

350 482 (494) 618 17 (17,9)

  

  
 -20 

 

, ° , / 2 ,

500 48 50  

( ) 500 48  50 

 EuTroloy 16625M.04

 

  
(     

 1000 , 3 )
 ( ) 414-758 827-1103 30-60

414-655 827-1034 30-60
310 590 25

 

  
.

, ,  

  

  

 « »

 -  

  
 5  

  
   
 

  +/- 0.2   
 420  (  9-10)

-6

        
 

8
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0,2  % 0,2  %
1-0 675 620 23 370-570 - 13  11-60,  23755-79

6 1026 925 14 885 - 8  .,  22178-76

20 1160 1100 10 930-980 - 6-12  .,  22178-76

5 805 739 15 640 590 8  5 .9071-88

698 1100 781 24 1100 - 13 1 90330-82

Inconel 718 1293 1086 18 1100 - 8  . ., 14-1-1582-75

751 1115 982 9 - - - -

Inconel 625 865 489 28 870 450 44 -

12 18 10 615 339 42 530 236 40  /   7350-77

08 18 10 631 295 57 509 206 43  /   7350-77

316l 588 410 57 490 196 40  ,  7350-77

09 16 4 1451 1167 13,5 1030 - 13  ,  7350-77

-09 14 1451,4 1167,0 13,5 - - - -

-28 1667 1069 11 1570 - 7  /   14-1-4461-88

3 

,
,

,
, %

,
, =20 °

D . =6 532 271,8 20,1

(AISI 316L) 515 205 40
(AISI

316L)
h 12,7 620 310 30

(AISI
316L)

h>12,7 515 205 30

  
   

 

900 

  -

, °
20 1046 1353 11,5

 + 20 820 985 7,4
 

(   max) 20 1075 1108 2,9 (4)

  

   ,   
    22%,     

2,9    

  
 6-
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6

: -14
: 2070 .

: 250 .
: -6

: 86 .
: >70 %

: 128

 

  67.04.50.004
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  – 20 
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  16

BeAM Machines Insstek DMG Mori

 29

 : 4,2 
 : 7 

: ø520  h130
: Inc718

 : 13 .

 : 104 
 : 120 

: ø544  h1298
: Inc718

 : 130 .

 

8

 : 16,5 
 : 41 

: ø520  h210
: Inc718

 : 96 .

 : 4,7 
 : 12 

: ø570  h100
: Inc718

 : 24 .
4-   
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  : 10

  : 
:  + 2   

  : Ø 1300 , h=800
  Ti:  1,25 /

   Fe, Ni, Co:  2,5 /
   

  -3: 3 
 : 2  5 

      

   

1.
1
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 2:  

 
 : 6.6 

: ø160  h150
: 08 + 

   1.1 

 : 0,7 
: ø100  h30

: CuNiAl + Inc625
   1.1 

11

  :  26

5-   ,   
-  

  : Ø 1100 , h=600
   Fe, Ni, Co:  2,5 /

  
  2  5 

    28

M20iB/25 ( R30iB-Plus)
Technorobot TR4501-150

Gudel TMF-1

(O2<100 ppm)
: ø 2200

-3 (3 )

: 2 5 .
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: ø 2000 (3500) , 

H1000
  

: 2
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: 8 000 
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     DMI ):  
   HOP )   

   HOP   HIP

P . v. B , 214401 2013)

2.9.  
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3
 DMI 

1zyx

xyxz
dt

dy

xyxz
dt

dx

   Pt/Co/Ir/Co/Pt  
       
 -1390 Oe 

 -    , 
     -  -,    

. 

*  . Delane , D. Weaire, S. Hut ler, S. Murp , 
P ilo op i al Ma a ine etter  , 89–96 2005). 
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Si/SiO2 100nm)/Pt 3.2nm)/Co 1.1nm)/Ir 1.4nm)/Co 1nm)/Pt 3.2nm) ample 
re orded in ield o  8 Oe red line) and–8 Oe blue line)  at T = 300 K, ave ve tor 
k =11 m

–1.

x
S

SxSxAIPSxxIP Dk
M

MLkMJkHHMLkJkHf
2

2
2/122/12

BLS

     
    HIP.
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4.  
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(a)
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(b)
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( )
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a.

u.

f, GHz

(d)

 -      HIP = +8 
kOe,        kx = 11 m-1  

  ( ) tCo = 0.7 nm, (b) tCo = 0.8 nm, ( ) tCo = 1.0 nm, (d) tCo = 0.6 nm.  
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0.
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-

DMI
tCo Pt(3.2

nm)/Co(1.1 nm)/Ir(1.4 nm)/Co(tCo)/Pt(3.2 nm).
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+ 1 – states = , + 1, … , 0, … , 1,  

Field off Field on Field off 

U=  

= 1
4  

(integer S) 

(half-integer S) 

=  = +  

=0 

U 

Magnetization 
relaxation 

D < 0 

Single ion (SIM) magnet 
ZFS – zero field splitting 

= ( + 1)/3] +  

= 3
2  axial = 1

2  rhombic 

    
 -  

Co(II)   
 SIM

  17 2021

. . 

- -
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Why Co(II)?

D < 0  easy axis;                                   D > 0  easy plane;

Co(II), S=3/2

1)
2) Partial “unquenching” of orbital momentum
3) High-spin state is common
4) Rich coordination chemistry
5) Slow magnetic relaxation is possible in case of positive D (D > 0)

4

D = 0.42 cm-1

Ueff = 42 cm-1
Tb = 80K

F.- et al. 
2018

1400.

Ueff = 1541 cm-1

et al. 

2003

O. Waldmann,, Inorg. Chem., 46 (2007) 10035-10037.

Ueff = 260 cm-1

et al. 
(1993 141

Single molecule magnets (SMM)

3

Magnetization relaxation mechanism

Orbach
Direct

(one-phonon)
Raman

(two-phonon)
(TA-)Quantum

- Temperature
independent

TA-
QTM
TA

QTM

Virt. state
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V.V. Novikov, A.A. Pavlov, Y.V. Nelyubina, M.-E. 
Boulon, O.A. Varzatskii, Y.Z. Voloshin, R.E.P. 
Winpenny, J. Am. Chem. Soc., 137. 2015. 9792-9795.

D = -82 cm-1; E/D = 0.003; 
gx=gy=2.2; gz = 2.9; 

OH

N

N
N

N
N

N

N

N
N

B. Yao, M. K. Singh, Y. F. Deng, Y. N. Wang, K. R. Dunbar, Y. Z. 
Zhang, Inorg. Chem. 2020, 59, 8505–8513.

D = -97.2 cm-1 E = 0.0 cm-1 Ueff =  192.0 cm-1

gx = gy = 2.30(2), gz = 3.06(3)

7

D dependence on coordination polyhedron 
symmetry for hexacoordinated Co(II)

R² = 0,790

-150,00

-100,00

-50,00

0,00

50,00

100,00

150,00

0 5 10 15D,
 cm

-1

TPR6

54 

–

M.Pinsky, et al. Inorg. Chem. 1998, 37, 5575-5582 

Spin Hamiltonian (SH): 

Griffith Hamiltonian (GH):

Axial elongated Axial compressed

Co(II) Oh

Oh

D4hD4h
ZFSZFS

SH is applicableGH is applicable

Phenomenological description
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11

Param A=Cl A=NCS
Co-N(1) 2.185(2) 2.133(2)
Co-N(5) 2.156(2) 2.142(2)
Co-N(3) 2.322(2) 2.323(2)
Co-N(8) 2.324(2) 2.297(2)

OC6 11.293 10.119
TPR6 6.156 5.406

2 - [CoLCl2 H2O

N(3) – Co(1) – N(8) = 146.42(6)°

Cl(1) - Co(1) – Cl(2) = 146.93(2)°, 

N(3) – Co(1) – N(8) = 146 42(6)°

1 - [Co(L)(NCS)2

10

Complexe  A = Cl- (1)   NCS- (2) 

N N NH

N
N

HN
N

N

N N NH

N
N

HN
N

N
AA

O

NH
HN

N N
O O

L

I

A = Cl- Y.P.Tupolova, I.N.Shcherbakov, L.D.Popov, V.E.Lebedev, et al. Dalton Trans, 2019, 48, 6960-6970
A = NCS- Y.P.Tupolova, I.N.Shcherbakov, L.D.Popov, V.E.Lebedev, et al.  JPCC, 2020, 124, 25957-25966.

X X

X1X1
AA

ontribution lz:
Value -

sign the |ml ,
e.g. d and d dxz and d -

Cirera J., Ruiz E., Alvarez S., Neese F., Kortus J. // Chem. Eur. J. 2009. 4078.
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14

0

LF one-electron state Energy, 

cm-1

0.75dyz + 0.61 dz2 0.0

0.92 dxy-0.35dyz 333

-0.37 dxy-0.55dyz+0.74 dz2 490

dxz 3774

0.97 dx2-y2 6063

13

AC magnetic fieldgg

Fre uenc  dependence of  at HDC =1000 and  HDC =3200 Oe for (A=Cl). 

Fre uenc  dependence of  at HDC =1000  3200 Oe for (A=NCS). Ueff = 24.7(9) cm 1

12 

DC magnetic field (1, 2 - experimental fit) 

SH fit: D = -78.4 cm-1; E = 2.24 cm-1 

1 11252.15 cm , 183.65 cm ,ax rh
1148.6 cm , 0.775,

0 50 100 150 200 250 300
0.0

0.5

1.0

1.5

2.0

2.5

3.0

M
T,

 c
m

3 
K 

m
ol

-1
 

Temperature, K

A = Cl- A = NCS- 

ax = 1538.0 cm-1, | rh| = 219.3 cm-1,  
 = 147.0 cm-1 and  = 0.87. 

D = -78.7 cm-1; E = 0.39 cm-1 
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16 

1 2
0
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-1

1 2

0

200
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1400

En
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gy
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m
-1

Kramers doublets

NCS- Cl- NCS- Cl- 

pQuartet excited states  

133 184 

CASSSF(7,5)+NEVPT2/def2-TZVP 

678 467 

3 

347 

3 

220 

Kramers doublets 

17 Y.P.Tupolova, I.N.Shcherbakov, L.D.Popov, et al. Dalton Trans, 2020, 49, 15592-15596.

OC-6: 1.854
SHAPE 2.1 analysis:

Co(1)-Fe(1): 6.26 Å

C2

Fe
O

O

H NNH
Fe N

N

NH

NH

N
O

Fe N

N

N

N

N

N

4

N N NH

N

HN

N

X-Ray structure of 3 3

N N NH

N

HN

N
O O

N NHNH

GH: (solid lines): 
ax = 1195.35 cm-1, 

| rh| = 120.25 cm-1, 
 = -146.9 cm-1, = 0.6.

DC magnetic field (0,1T)

AC magnetic field
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0.0

84333

-

-1

d

d
d

dxz

d -

D-tenzor

Parmtr CAS(7,5)+NEVPT2
D, cm-1 +34.5
E, cm-1 10.3

g
2.100
2.334
2.537

AC magnetic field

Combination of one-phonon direct and
two-phonon Raman processes:

-1=A ( DC)2T+C Tn

The best-fit A = 3.0(6)·10-4 s-1K-1,
C = 258(3) s-1K-n and n = 2.60(8).

18

DC magnetic field

Experimental SH fit: D = +35.20 cm-1, E = 11.02 cm-1

gX = 2.43, gY = 2.64, gZ = 2.00, zJ = -0.02 cm-1.
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10 100 1000 100000,00

0,05

0,10

0,15
 2K
 2.2K
 2.4K
 2.5K
 2.6K
 2.8K
 3K
 3.2K
 3.4K
 3.5K
 3.6K
 3.8K
 4K
 4.2K
 4.4K
 4.5K
 4.6K
 4.8K
 5K
 5.1K

, Hz

'', 
cm

3 /m
ol

HDC = 1500 Oe

10 100 1000 100000,0

0,1

0,2

0,3
 2K
 2.25K
 2.5K
 2.75K
 3K
 3.25K
 3.5K
 3.75K
 4K
 4.25K
 4.5K
 4.75K
 5K

, Hz

'', 
cm

3 /m
ol

HDC = 1500 Oe

Complex 5 6 

eff/kB, K 65(1) 60(1) 

0, s 5.0×10-11 1.5×10-10 

C, s-1K-n 14.8(4) 182(3) 

n 2.92(3) 2.93(2) 

R2 0.999 0.999 

AC magnetic field 

2 2 21
3

ˆ ˆ ˆ ˆ ˆ ˆˆ 1Z X Y B X X X Y Y Y Z Z ZH D S S S E S S B g S B g S B g S

Parameter 1 2 

Value 

gx 2.238 2.436 

gy 2.245 2.341 

gz 2.216 2.015 

D, cm-1 13.69 11.46 

E, cm-1 2.47 1.97 

zJ, cm-1 -0.038 -0.051 

DC magnetic field (5 and 6) 

5 6 

N N

HN
NH2

H3 3

N
3

O

H3

O

N
3

N

H3

N
HN NH

N N N N

H3 3 H3 3

2 +

3

4

5

4 2
6H 2

2
6H

2O

L

N
3

N

H3

N
HN NH

N N N N

H3 3 H3 3

N
3

N

H3

N
HN NH

N N N N

H3 3 H3 3

H2O

4

H2O5 6
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T Tpt T TC

T TN

3D –

1D – single-
–

D = -0.46 cm-1

U = 46 cm-1

Lis, Acta Crystallogr., Sect. B
Sessoli Caneschi Novak,
Nature , -

U cm-1
0 s

Zhu et al JACS, 143 –

U S |D|

(II)
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D = –  

Ueff 
 

(0 kOe) 

Y.  et al., Nature Communications, 2016, 7, 10467; 
 

gz = 11.323 

Ueff 
 

(0 kOe)  
 

-Nan  et al, J. Am. Chem. Soc. 2017, 139, 373; 
 

Ueff 
 

(3 kOe)  
 

 C.  et al, Science, 2018, 362, eaat7319; 
 

3 

Instruments for SIM/SMM:

• design of metal complexes, control of metal atom 

coordination environment to tune its magnetic anisotropy 

and long relaxation time

• magnetic dilution to isolate metal centers/molecules 

(heterometallic complexes with diamagnetic 3d metal ions 

(Co(III), Zn(II)) – “molecular magnetic dilution”

5

D –
z 

D –
xy

Feltham Coord. Chem. Rev., –33
- Nat. Commun. 5

Dalton. Trans. 44
Chem. Sci. 7 -

U S |D|

Ms

Ms

Ms ±S

+Ms
-Ms

4
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(Ph4P)2[Co(OPh)4](MeCN) (1)  
K(Ph4P)[Co(OPh)4] (2)  
(Ph4P)2[Co(SPh)4] (3) 

(Ph4P)2[Co(SePh)4] (4) 
K(Ph4P)[Co0.06Zn0.94(OPh)4] (5) 

7 

Co-N 1.969-1.975 1.898 1.923, 1.929 

Co-O,P 2.036 2.518 

N-Co-N 119.6-120.8 141.8 125.4 

N-Co-O,P 109.1 117.0, 117.5 

gx = gy 2.79 2.68 2.58 

gz 2.79 2.90 2.90 

D, cm-1 -57 -72 -82 

E, cm-1 ±12.7 ±13.5 ±0 

Hdc, Oe 800 600 750 

Ueff, cm-1 16.1 18.1 19.1 

o, s 3.5 10-7 9.3 10-8 3.0 10-7 

6 

Hdc, Oe

-
-
1000
1000
1000
1000

8



246

2{Co(Piv)2} + Li(Piv) + 2L  

MeCN/THF 
L =Py  

L = PPh3 

MeCN 

CMe3

OO

Co Li

CMe3

O O

CMe3

O O

N

CMe3

O O

CoLi

CMe3

OO

CMe3

OO

N

– Py N N RR

CMe3

OO

Co Li

CMe3

O O

CMe3

O O

CMe3

O O

CoLi

CMe3

OO

CMe3

OO
N

N

R

R

N

N

R

R

72 %

11 

[Li2Co2(O2CR)6L2] 

NN Co Co
Ln

N

O

O OCMe3

O O

CMe3

O O

CMe3

OO
CMe3

OO

CMe3

OO

CMe3

O O
CMe

C Me

3{Co(Piv)2} + Ln(NO3)3 xH2O 

MeCN 

NN Co Co
Ln

N

O

O OCMe3

O O

CMe3

O O

CMe3

OO
CMe3

OO

CMe3

OO

CMe3

O O

Py, 
MeCN 

TH 

PPh3, 
toluene 

PPh3 

10 

[Co2La(O2CR)6(NO3)L2] 

dCo…Co  7.5 
JCo-Co = 0 cm-1

dCo…Co  8.1 
JCo-Co = 0 cm-1

X = N (pyridine and its derivatives)
P (PPh3)

M. Kiskin et al. Eur. J. Inorg. Chem. 2018, 1356–1366
S. Nikolaevskii et al. ChemistrySelect 2020, 5, 12829– 12834
D. Yambulatov et al. Mendeleev Comm. 2021, accepted

9
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[CoxZn(1-x)( ) -NH - 1x x = 1 0)

[Co( ) -NH - ] [Zn( ) -NH - ]
T (K) 10

P 1 c

3)

CO O

O

ON

N NH

H N
ZnO O

O

ON

N NH

H N

15
C, 2021,9, 9446-9452

D - -1

Ueff

D - -1

Ueff
Ueff

J. Phys. Chem. Lett. 7

in - Single-Ion Tuning Its to

13

La(O C
R) (NO3)}

{Li (O CR) }

PPh3 -Lut - PPh3

MT MT MT MT MT MT

D
cm-1

E/D - - - - - -

gx

g

g

giso

Co3 -

+D -DN-
P-

C-

12
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1

 

Compound , s-1·K-1 ·103,s-1·K-9 o
-1, s-1 Ueff, cm-1 

11 
85 ± 8 
66 ± 3 

11.2 ± 0.6 
80 ± 10   

10.9 44 ± 1 8.8 ± 0.1   
10.75 23.0 ± 0.5 8.23 ± 0.07   
10.5 27.9 ± 0.8 9.1 ± 0.1   
10.25 4.0 ± 0.2 5.0 ± 0.2 (5 ± 2)·1010 46 ± 1 
10.1 3.8 ± 0.2 4.3 ± 0.2 (5 ± 2)·109 39.8 ± 0.9  17 

16
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Cis- Trans-

T 15 cis- 7s
T 15 trans- 124sSci. Rep.

-

APSOC –
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T 1
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-
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