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6. Приложения 

6.1. РФА 

 

 

 

Рис. П1. Порошковые рентгенограммы 1Dy-1Yb в сравнении с рассчитанной порошковой 

рентгенограммой ErCl3·6H2O. 
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Рис. П2. Результаты полнопрофильного уточнения структуры 2Dy. 

Чистота продукта 2Dy подтверждена РФА для XEWWUR [Semenova L. I., Skelton B. W., White 

A.H. //Australian Journal of Chemistry. 1999. Vol. 52(6). P. 551 – 569] 

 

Рис. П3. Результаты полнопрофильного уточнения структуры 2Er 

Чистота продукта 2Er подтверждена РФА для EPUPUC [L.N.Puntus, K.A.Lyssenko, I.S.Pekareva, 

J.-.G.Bunzli (2009) J.Phys.Chem.B .113, 9265] 
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Рис. П4. Результаты полнопрофильного уточнения структуры 2Yb 

Чистота продукта 2Yb подтверждена РФА для XEWWUR [Semenova L. I., Skelton B. W., White 

A.H. //Australian Journal of Chemistry. 1999. Vol. 52(6). P. 551 – 569] 

Таблица П1. Кристаллографические данные и уточнение структуры комплексов 3Er, 3Yb. 

 

Identification code  3Er 3Yb  

Empirical formula  C3H12ErN3O6S3 C3H12N3O6S3Yb  
Formula weight  449.60 455.38  
Temperature, К  120(2) 120(2)  
Wavelength, Å 0.71073 0.71073  
Crystal system  Monoclinic Monoclinic  
Space group  P21 P21  
a, Å  8.4333(2) 8.4131(3)  
b, Å  7.1468(2) 7.1324(3)  
c, Å  12.2023(3) 12.1620(4)  
β, °  103.7620(10) 103.8360(10)  
Volume, Å3  714.33(3) 708.61(5)  
Z 2 2  
D (calc), Mg/m3  2.090 2.134  
µ, mm–1  6.325 7.054  
F(000) 430 434  
Crystal size, mm  0.4 x 0.2 x 0.18 0.4 x 0.2 x 0.18  
θ range, °  2.665, 33.122 2.671, 33.146  
Index ranges -12<=h<=12 -12<=h<=12  
 -10<=k<=10 -10<=k<=10  
 -18<=l<=18 -18<=l<=18  
Reflections collected 15215 14999  
Independent reflections, Rint 5136, 0.0213 5103, 0.0220  
Completeness to θ = 25.242° 99.9 %  99.9 %   
Absorption correction Semi-empirical Semi-empirical  
 from equivalents from equivalents  
Max,. min. transmission 0.2693, 0.1539 0.2693, 0.1826  
Refinement method Full-matrix Full-matrix  
 least-squares on F2 least-squares on F2  
Data / restraints / parameters 5136 / 13 / 183 5103 / 13 / 183  
Goodness-of-fit  1.042 1.212  
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R1, wR2 [I>2sigma(I)] 0.0276, 0.0696 0.0280, 0.0694  
R1, wR2 (all data) 0.0291, 0.0710 0.0295, 0.0704  
Absolute structure parameter 0.057(17) 0.398(17)  
Largest diff. peak and hole, e.Å–3 0.551, -0.804 0.582, -0.858  

 

Таблица П2. Результаты полнопрофильного уточнения по Ритвельду для соединения 4Er. 
Range Number :  1 

 

R-Values  
 

Rexp : 4.10    Rwp : 8.46     Rp  : 6.67   GOF : 2.07 

Rexp`: 8.86    Rwp`: 18.30    Rp` : 16.64  DW  : 0.56 

 
Number of independent parameters : 14 
 

Quantitative Analysis - Rietveld  
   Phase 1  : [Er(H2O)(bpy)2(NCS)3]•0.5(bpy)•H2O  100.000 % 

 

Background  
   Chebychev polynomial, Coefficient  0      353.5(14) 

                                      1      -44.2(19) 

                                      2      -10.5(17) 

                                      3      5.7(16) 

 

Instrument  
   Primary radius (mm)                       280 

   Secondary radius (mm)                     280 

   Linear PSD 2Th angular range (°)          2.94 

      FDS angle (°)                          0.8 

      Beam spill, sample length (mm)         20 

         Intensity corrected 

 

Corrections  
   Specimen displacement                     0.22 

   LP Factor                                 0 

 

Miscellaneous  
   Start X                                   5 

   Finish X                                  50 

 

Structure 1  
   Phase name                                [Er(H2O)(bpy)2(NCS)3]•0.5(bpy)•H2O 

   R-Bragg                                   4.142 

   Spacegroup                                P-1 

   Scale                                     0.00006249(38) 

   Cell Mass                                 1536.024 

   Cell Volume (Å^3)                         1538.14(25) 

   Wt% - Rietveld                            100.000 

   Crystal Linear Absorption Coeff. (1/cm)   72.702(12) 

   Crystal Density (g/cm^3)                  1.65825(26) 

   Preferred Orientation (Dir 1 : 0 1 -1)    0.4766(40) 

                         (Dir 2 : 0 0 1)     0.7728(66) 

      Fraction of Dir 1                      0.440(10) 

   PVII peak type 

      FWHM = a + b/Cos(Th) + c Tan(Th)  

         a                                   0.0280922 

         b                                   0.002285158 

         c                                   0.08668674 

      Exponent m = 0.6+ma+mb/Cos(Th)+mc/Tan(Th)  

         ma                                  0 
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         mb                                  0 

         mc                                  0.05322237 

   Lattice parameters 

      a (Å)                                  9.7717(12) 

      b (Å)                                  12.98653(96) 

      c (Å)                                  13.15957(74) 

      alpha (°)                              110.9886(52) 

      beta  (°)                              94.3831(80) 

      gamma (°)                              96.182(11) 

 

Site  Np    x           y           z         Atom Occ       Beq  

Er1   2   0.15487     0.35298     0.16754     Er   1         1 

S1    2   0.49312     0.64744     0.47155     S    1         1 

S2    2   0.53655     0.20377     -0.04743    S    1         1 

S3    2   -0.03347    0.24831     -0.23976    S    1         1 

O1    2   0.18500     0.53052     0.15550     O    1         2 

H1    2   0.26830     0.57840     0.17880     H    1         4 

H2    2   0.13250     0.58000     0.18790     H    1         4 

O2    2   0.42460     0.66770     0.21630     O    1         2 

H3    2   0.44110     0.70010     0.15740     H    1         4 

H4    2   0.47310     0.72220     0.28280     H    1         4 

N1    2   0.32790     0.46250     0.31450     N    1         2 

N2    2   0.34900     0.33170     0.06650     N    1         2 

N3    2   0.05590     0.30030     -0.01950    N    1         2 

N4    2   0.26530     0.20290     0.20600     N    1         2 

N5    2   -0.00330    0.17030     0.12510     N    1         2 

N6    2   0.05360     0.36010     0.34091     N    1         2 

N7    2   -0.07820    0.42090     0.18890     N    1         2 

N8    2   0.57210     0.89700     0.39650     N    1         2 

C1    2   0.39780     0.53890     0.38030     C    1         2 

C2    2   0.42720     0.28110     0.01840     C    1         2 

C3    2   0.01990     0.27890     -0.11080    C    1         2 

C4    2   0.40210     0.21930     0.23800     C    1         2 

H4A   2   0.45530     0.28750     0.24430     H    1         4 

C5    2   0.46900     0.14060     0.26220     C    1         2 

H5A   2   0.56610     0.15450     0.28500     H    1         4 

C6    2   0.39200     0.04280     0.25260     C    1         2 

H6A   2   0.43510     -0.01300    0.26800     H    1         4 

C7    2   0.25240     0.02560     0.22050     C    1         2 

H7A   2   0.19780     -0.04210    0.21440     H    1         4 

C8    2   0.19040     0.10670     0.19700     C    1         2 

C9    2   0.04100     0.09200     0.15900     C    1         2 

C10   2   -0.05000    0.00130     0.15540     C    1         2 

H10A  2   -0.01730    -0.05270    0.18060     H    1         4 

C11   2   -0.18680    -0.01130    0.11600     C    1         2 

H11A  2   -0.24970    -0.07310    0.11460     H    1         4 

C12   2   -0.23190    0.06600     0.07870     C    1         2 

H12A  2   -0.32600    0.05830     0.04910     H    1         4 

C13   2   -0.13760    0.15570     0.08500     C    1         2 

H13A  2   -0.16910    0.21000     0.05980     H    1         4 

C14   2   0.12250     0.33220     0.41680     C    1         2 

H14A  2   0.21580     0.31960     0.40910     H    1         4 

C15   2   0.06570     0.32090     0.50560     C    1         2 

H15A  2   0.11840     0.30130     0.55780     H    1         4 

C16   2   -0.06930    0.33880     0.51650     C    1         2 

H16A  2   -0.11200    0.33050     0.57620     H    1         4 

C17   2   -0.14160    0.36860     0.44070     C    1         2 

H17A  2   -0.23500    0.38130     0.44760     H    1         4 

C18   2   -0.07830    0.38040     0.35360     C    1         2 

C19   2   -0.14810    0.41840     0.27260     C    1         2 

C20   2   -0.27670    0.45470     0.28410     C    1         2 

H20A  2   -0.32440    0.45250     0.34380     H    1         4 
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C21   2   -0.33500    0.49390     0.20870     C    1         2 

H21A  2   -0.42260    0.51920     0.21610     H    1         4 

C22   2   -0.26480    0.49570     0.12300     C    1         2 

H22A  2   -0.30280    0.52180     0.06960     H    1         4 

C23   2   -0.13770    0.45870     0.11620     C    1         2 

H23A  2   -0.08930    0.46000     0.05660     H    1         4 

C24   2   0.69470     0.87930     0.35870     C    1         2 

H24A  2   0.69860     0.81150     0.29980     H    1         4 

C25   2   0.81390     0.95340     0.40040     C    1         2 

H25A  2   0.89870     0.93760     0.37160     H    1         4 

C26   2   0.80810     1.05060     0.48450     C    1         2 

H26A  2   0.88890     1.10440     0.51470     H    1         4 

C27   2   0.68360     1.07040     0.52560     C    1         2 

H27A  2   0.67800     1.13750     0.58470     H    1         4 

C28   2   0.56790     0.99150     0.47970     C    1         2 

 

Таблица П3. Результаты полнопрофильного уточнения по Ритвельду для соединения 4Yb. 
Range Number :  1 

 

R-Values  
 

Rexp : 2.84    Rwp : 7.84     Rp  : 5.91   GOF : 2.76 

Rexp`: 5.69    Rwp`: 15.74    Rp` : 12.67  DW  : 0.36 

 
Number of independent parameters : 28 
 

Quantitative Analysis - Rietveld  
   Phase 1  : [Yb(H2O)(bpy)2(NCS)3]•0.5(bpy)•H2O  100.000 % 

 

Background  
   One on X                                 860(700) 

   Chebychev polynomial, Coefficient  0      653(49) 

                                      1      75(55) 

                                      2      -14(30) 

                                      3      -4(17) 

                                      4      26.7(87) 

                                      5      -55.9(57) 

 

Instrument  
   Primary radius (mm)                       280 

   Secondary radius (mm)                     280 

   Linear PSD 2Th angular range (°)          2.94 

      FDS angle (°)                          1 

      Beam spill, sample length (mm)         20 

         Intensity corrected 

   Full Axial Convolution 

      Filament length (mm)                   12 

      Sample length (mm)                     10 

      Receiving Slit length (mm)             3 

      Primary Sollers (°)                    2.5 

      Secondary Sollers (°)                  2.5 

 

Corrections  
   Specimen displacement                     0.1329832 

   LP Factor                                 0 

 

Miscellaneous  
   Start X                                   4 

   Finish X                                  50 

 

Structure 1  
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   Phase name                                [Yb(H2O)(bpy)2(NCS)3]•0.5(bpy)•H2O 

   R-Bragg                                   3.414 

   Spacegroup                                P-1 

   Scale                                     0.0001581(12) 

   Cell Mass                                 1547.582 

   Cell Volume (Å^3)                         1537.65(26) 

   Wt% - Rietveld                            100.000 

   Crystal Linear Absorption Coeff. (1/cm)   78.648(13) 

   Crystal Density (g/cm^3)                  1.67127(28) 

   Preferred Orientation Spherical Harmonics  

      Order                                  4 

      y00                                    1 

      y20                                    0.369(20) 

      y21m                                   -0.425(17) 

      y21p                                   -0.008(15) 

      y22m                                   -0.231(22) 

      y22p                                   -0.516(14) 

      y40                                    -0.075(25) 

      y41m                                   0.280(22) 

      y41p                                   0.009(20) 

      y42m                                   0.115(20) 

      y42p                                   -0.320(16) 

      y43m                                   0.322(15) 

      y43p                                   -0.101(22) 

      y44m                                   0.142(24) 

      y44p                                   0.008(16) 

   PVII peak type 

      FWHM = a + b/Cos(Th) + c Tan(Th)  

         a                                   0.000766512 

         b                                   0.006068987 

         c                                   0.1576263 

      Exponent m = 0.6+ma+mb/Cos(Th)+mc/Tan(Th)  

         ma                                  0.06540861 

         mb                                  0.005475635 

         mc                                  0.004191095 

   Lattice parameters 

      a (Å)                                  9.7766(13) 

      b (Å)                                  12.98138(96) 

      c (Å)                                  13.14494(82) 

      alpha (°)                              110.9527(57) 

      beta  (°)                              94.4390(88) 

      gamma (°)                              95.9765(95) 

 

Site  Np    x           y           z         Atom Occ       Beq  

Yb1   2   0.15297     0.35566     0.16909     Yb   1         1 

S1    2   0.49312     0.64744     0.47155     S    1         1 

S2    2   0.53655     0.20377     -0.04743    S    1         1 

S3    2   -0.03347    0.24831     -0.23976    S    1         1 

O1    2   0.18500     0.53052     0.15550     O    1         2 

H1    2   0.26830     0.57840     0.17880     H    1         4 

H2    2   0.13250     0.58000     0.18790     H    1         4 

O2    2   0.42460     0.66770     0.21630     O    1         2 

H3    2   0.44110     0.70010     0.15740     H    1         4 

H4    2   0.47310     0.72220     0.28280     H    1         4 

N1    2   0.32790     0.46250     0.31450     N    1         2 

N2    2   0.34900     0.33170     0.06650     N    1         2 

N3    2   0.05590     0.30030     -0.01950    N    1         2 

N4    2   0.26530     0.20290     0.20600     N    1         2 

N5    2   -0.00330    0.17030     0.12510     N    1         2 

N6    2   0.05360     0.36010     0.34091     N    1         2 

N7    2   -0.07820    0.42090     0.18890     N    1         2 

N8    2   0.57210     0.89700     0.39650     N    1         2 
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C1    2   0.39780     0.53890     0.38030     C    1         2 

C2    2   0.42720     0.28110     0.01840     C    1         2 

C3    2   0.01990     0.27890     -0.11080    C    1         2 

C4    2   0.40210     0.21930     0.23800     C    1         2 

H4A   2   0.45530     0.28750     0.24430     H    1         4 

C5    2   0.46900     0.14060     0.26220     C    1         2 

H5A   2   0.56610     0.15450     0.28500     H    1         4 

C6    2   0.39200     0.04280     0.25260     C    1         2 

H6A   2   0.43510     -0.01300    0.26800     H    1         4 

C7    2   0.25240     0.02560     0.22050     C    1         2 

H7A   2   0.19780     -0.04210    0.21440     H    1         4 

C8    2   0.19040     0.10670     0.19700     C    1         2 

C9    2   0.04100     0.09200     0.15900     C    1         2 

C10   2   -0.05000    0.00130     0.15540     C    1         2 

H10A  2   -0.01730    -0.05270    0.18060     H    1         4 

C11   2   -0.18680    -0.01130    0.11600     C    1         2 

H11A  2   -0.24970    -0.07310    0.11460     H    1         4 

C12   2   -0.23190    0.06600     0.07870     C    1         2 

H12A  2   -0.32600    0.05830     0.04910     H    1         4 

C13   2   -0.13760    0.15570     0.08500     C    1         2 

H13A  2   -0.16910    0.21000     0.05980     H    1         4 

C14   2   0.12250     0.33220     0.41680     C    1         2 

H14A  2   0.21580     0.31960     0.40910     H    1         4 

C15   2   0.06570     0.32090     0.50560     C    1         2 

H15A  2   0.11840     0.30130     0.55780     H    1         4 

C16   2   -0.06930    0.33880     0.51650     C    1         2 

H16A  2   -0.11200    0.33050     0.57620     H    1         4 

C17   2   -0.14160    0.36860     0.44070     C    1         2 

H17A  2   -0.23500    0.38130     0.44760     H    1         4 

C18   2   -0.07830    0.38040     0.35360     C    1         2 

C19   2   -0.14810    0.41840     0.27260     C    1         2 

C20   2   -0.27670    0.45470     0.28410     C    1         2 

H20A  2   -0.32440    0.45250     0.34380     H    1         4 

C21   2   -0.33500    0.49390     0.20870     C    1         2 

H21A  2   -0.42260    0.51920     0.21610     H    1         4 

C22   2   -0.26480    0.49570     0.12300     C    1         2 

H22A  2   -0.30280    0.52180     0.06960     H    1         4 

C23   2   -0.13770    0.45870     0.11620     C    1         2 

H23A  2   -0.08930    0.46000     0.05660     H    1         4 

C24   2   0.69470     0.87930     0.35870     C    1         2 

H24A  2   0.69860     0.81150     0.29980     H    1         4 

C25   2   0.81390     0.95340     0.40040     C    1         2 

H25A  2   0.89870     0.93760     0.37160     H    1         4 

C26   2   0.80810     1.05060     0.48450     C    1         2 

H26A  2   0.88890     1.10440     0.51470     H    1         4 

C27   2   0.68360     1.07040     0.52560     C    1         2 

H27A  2   0.67800     1.13750     0.58470     H    1         4 

C28   2   0.56790     0.99150     0.47970     C    1         2 

 

Таблица П4. Результаты полнопрофильного уточнения по Ритвельду для соединения 5Er. 
Range Number :  1 

 

R-Values  
 

Rexp : 4.93    Rwp : 7.15     Rp  : 5.60   GOF : 1.45 

Rexp`: 2.72    Rwp`: 3.94     Rp` : 3.68   DW  : 1.04 

 

Quantitative Analysis - Rietveld  
   Phase 1  : [Er(H2O)(phen)2(NCS)3]•phen•0.5H2O  100.000 % 

 

Background  
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   One on X                                 8300(1300) 

   Chebychev polynomial, Coefficient  0      -315(79) 

                                      1      523(82) 

                                      2      -292(43) 

                                      3      159(22) 

                                      4      -81(11) 

                                      5      41.5(60) 

                                      6      -19.9(29) 

                                      7      12.7(17) 

 

Instrument  
   Primary radius (mm)                       280 

   Secondary radius (mm)                     280 

   Linear PSD 2Th angular range (°)          2.94 

      FDS angle (°)                          0.9 

      Beam spill, sample length (mm)         30 

         Intensity corrected 

 

Corrections  
   Specimen displacement                     0.2022206 

   LP Factor                                 0 

 

Miscellaneous  
   Start X                                   5 

   Finish X                                  50 

 

Structure 1  
   Phase name                                [Er(H2O)(phen)2(NCS)3]•phen•0.5H2O 

   R-Bragg                                   2.509 

   Spacegroup                                P-1 

   Scale                                     0.00004059(19) 

   Cell Mass                                 1818.328 

   Cell Volume (Å^3)                         1860.03(23) 

   Wt% - Rietveld                            100.000 

   Crystal Linear Absorption Coeff. (1/cm)   61.2126(77) 

   Crystal Density (g/cm^3)                  1.62331(20) 

   PVII peak type 

      FWHM = a + b/Cos(Th) + c Tan(Th)  

         a                                   0.009437339 

         b                                   0.01041474 

         c                                   0.1893084 

      Exponent m = 0.6+ma+mb/Cos(Th)+mc/Tan(Th)  

         ma                                  0 

         mb                                  0 

         mc                                  0.061891 

   Lattice parameters 

      a (Å)                                  10.42599(65) 

      b (Å)                                  12.67156(94) 

      c (Å)                                  15.2792(10) 

      alpha (°)                              96.7453(54) 

      beta  (°)                              104.9875(52) 

      gamma (°)                              103.6756(63) 

 

Site  Np    x           y           z         Atom Occ       Beq  

Er1   2   0.44469     0.29189     0.20935     Er   1         1 

S1    2   0.86398     0.21953     0.43319     S    1         1 

S2    2   0.85230     0.44161     0.08348     S    1         1 

S3    2   0.15545     0.04450     0.38580     S    1         1 

O1    2   0.40480     0.44630     0.13910     O    1         2 

H1    2   0.42490     0.44490     0.08750     H    1         4 

H2    2   0.41310     0.51260     0.16250     H    1         4 

O21   2   0.49800     0.57930     0.02910     O    0.25      2 
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H101  2   0.45580     0.60750     -0.01360    H    0.25      4 

H102  2   0.53350     0.61620     0.08400     H    0.25      4 

O22   2   0.55600     0.56030     0.03540     O    0.25      2 

H112  2   0.58670     0.59470     0.09120     H    0.25      4 

H110  2   0.49570     0.59440     0.01620     H    0.25      4 

N1    2   0.62070     0.23390     0.31410     N    1         2 

N2    2   0.62190     0.33400     0.13400     N    1         2 

N3    2   0.29310     0.15510     0.27140     N    1         2 

N4    2   0.31960     0.39570     0.30590     N    1         2 

N5    2   0.59690     0.46440     0.32880     N    1         2 

N6    2   0.23110     0.21820     0.06550     N    1         2 

N7    2   0.41480     0.09860     0.11920     N    1         2 

N8    2   0.61250     0.70150     0.20760     N    1         2 

N9    2   0.33720     0.63710     0.19930     N    1         2 

C1    2   0.72340     0.22780     0.36160     C    1         2 

C2    2   0.71910     0.37880     0.11480     C    1         2 

C3    2   0.23600     0.10730     0.31870     C    1         2 

C4    2   0.18500     0.36270     0.29640     C    1         2 

H4A   2   0.13290     0.29550     0.25550     H    1         4 

C5    2   0.11570     0.42210     0.34400     C    1         2 

H5A   2   0.01950     0.39490     0.33620     H    1         4 

C6    2   0.18930     0.51920     0.40120     C    1         2 

H6A   2   0.14450     0.56110     0.43360     H    1         4 

C7    2   0.33130     0.55770     0.41250     C    1         2 

C8    2   0.41540     0.66040     0.47180     C    1         2 

H8A   2   0.37370     0.70520     0.50430     H    1         4 

C9    2   0.55080     0.69350     0.48160     C    1         2 

H9A   2   0.60350     0.76150     0.52120     H    1         4 

C10   2   0.61780     0.63020     0.43460     C    1         2 

C11   2   0.76010     0.66140     0.44430     C    1         2 

H11A  2   0.81680     0.72790     0.48440     H    1         4 

C12   2   0.81610     0.59690     0.39670     C    1         2 

H12A  2   0.91190     0.61860     0.40150     H    1         4 

C13   2   0.73170     0.49760     0.34000     C    1         2 

H13A  2   0.77290     0.45180     0.30810     H    1         4 

C14   2   0.53940     0.52900     0.37500     C    1         2 

C15   2   0.39300     0.49240     0.36320     C    1         2 

C16   2   0.14060     0.27510     0.03930     C    1         2 

H16A  2   0.15510     0.34590     0.07480     H    1         4 

C17   2   0.02450     0.23640     -0.03810    C    1         2 

H17A  2   -0.03800    0.27980     -0.05410    H    1         4 

C18   2   0.00290     0.13480     -0.09020    C    1         2 

H18A  2   -0.07450    0.10750     -0.14330    H    1         4 

C19   2   0.09480     0.07140     -0.06500    C    1         2 

C20   2   0.07810     -0.03460    -0.11530    C    1         2 

H20A  2   0.00400     -0.06340    -0.17030    H    1         4 

C21   2   0.16650     -0.09600    -0.08610    C    1         2 

H21A  2   0.15220     -0.16730    -0.12060    H    1         4 

C22   2   0.27870     -0.05570    -0.00570    C    1         2 

C23   2   0.37210     -0.11570    0.02610     C    1         2 

H23A  2   0.35870     -0.18860    -0.00500    H    1         4 

C24   2   0.48240     -0.07000    0.10160     C    1         2 

H24A  2   0.54590     -0.11060    0.12410     H    1         4 

C25   2   0.50070     0.03850     0.14570     C    1         2 

H25A  2   0.57920     0.07030     0.19740     H    1         4 

C26   2   0.30400     0.05250     0.04470     C    1         2 

C27   2   0.20820     0.11650     0.01490     C    1         2 

C28   2   0.74620     0.73240     0.21430     C    1         2 

H28A  2   0.78260     0.68680     0.17820     H    1         4 

C29   2   0.83520     0.82800     0.27150     C    1         2 

H29A  2   0.93040     0.84630     0.27440     H    1         4 

C30   2   0.78620     0.89580     0.32370     C    1         2 
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H30A  2   0.84670     0.96180     0.36260     H    1         4 

C31   2   0.64620     0.86720     0.31920     C    1         2 

C32   2   0.58660     0.93470     0.36840     C    1         2 

H32A  2   0.64410     1.00110     0.40840     H    1         4 

C33   2   0.44960     0.90720     0.36000     C    1         2 

H33A  2   0.41200     0.95490     0.39320     H    1         4 

C34   2   0.36090     0.80700     0.30160     C    1         2 

C35   2   0.21950     0.77460     0.29280     C    1         2 

H35A  2   0.17860     0.82020     0.32510     H    1         4 

C36   2   0.14070     0.67670     0.23750     C    1         2 

H36A  2   0.04420     0.65390     0.22990     H    1         4 

C37   2   0.20400     0.61130     0.19240     C    1         2 

H37A  2   0.14770     0.54350     0.15410     H    1         4 

C38   2   0.41550     0.73570     0.25250     C    1         2 

C39   2   0.56220     0.76680     0.25990     C    1         2 

 

Таблица П5. Результаты полнопрофильного уточнения по Ритвельду для соединения 5Yb. 
Range Number :  1 

 

R-Values  
 

Rexp : 5.97    Rwp : 8.28     Rp  : 6.58   GOF : 1.39 

Rexp`: 11.53   Rwp`: 15.98    Rp` : 13.66  DW  : 1.08 

 
Number of independent parameters : 17 
 

Quantitative Analysis - Rietveld  
   Phase 1  : [Yb(H2O)(phen)2(NCS)3]•phen•0.5H2O  100.000 % 

 

Background  
   Chebychev polynomial, Coefficient  0      146.01(79) 

                                      1      -26.67(85) 

                                      2      4.51(91) 

                                      3      10.14(74) 

                                      4      -6.31(73) 

 

Instrument  
   Primary radius (mm)                       280 

   Secondary radius (mm)                     280 

   Linear PSD 2Th angular range (°)          2.94 

      FDS angle (°)                          1 

      Beam spill, sample length (mm)         25 

         Intensity corrected 

 

Corrections  
   Specimen displacement                     0.3349183 

   LP Factor                                 0 

 

Miscellaneous  
   Start X                                   5 

   Finish X                                  50 

 

Structure 1  
   Phase name                                [Yb(H2O)(phen)2(NCS)3]•phen•0.5H2O 

   R-Bragg                                   2.294 

   Spacegroup                                P-1 

   Scale                                     0.00002764(19) 

   Cell Mass                                 1829.887 

   Cell Volume (Å^3)                         1850.12(32) 

   Wt% - Rietveld                            100.000 

   Crystal Linear Absorption Coeff. (1/cm)   66.463(11) 
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   Crystal Density (g/cm^3)                  1.64238(28) 

   Preferred Orientation Spherical Harmonics  

      Order                                  2 

      y00                                    1 

      y20                                    0.009(15) 

      y21m                                   0.078(12) 

      y21p                                   0.022(12) 

      y22m                                   0.004(14) 

      y22p                                   0.088(13) 

   PVII peak type 

      FWHM = a + b/Cos(Th) + c Tan(Th)  

         a                                   0.004810939 

         b                                   0.005862314 

         c                                   0.2590598 

      Exponent m = 0.6+ma+mb/Cos(Th)+mc/Tan(Th)  

         ma                                  0 

         mb                                  0 

         mc                                  0.04134817 

   Lattice parameters 

      a (Å)                                  10.40415(84) 

      b (Å)                                  12.6562(13) 

      c (Å)                                  15.2670(14) 

      alpha (°)                              96.8115(73) 

      beta  (°)                              105.1554(71) 

      gamma (°)                              103.6804(84) 

 

Site  Np    x           y           z         Atom Occ       Beq  

Yb1   2   0.44470     0.29143     0.20922     Yb   1         1 

S1    2   0.86398     0.21953     0.43319     S    1         1 

S2    2   0.85230     0.44161     0.08348     S    1         1 

S3    2   0.15545     0.04450     0.38580     S    1         1 

O1    2   0.40480     0.44630     0.13910     O    1         2 

H1    2   0.42490     0.44490     0.08750     H    1         4 

H2    2   0.41310     0.51260     0.16250     H    1         4 

O21   2   0.49800     0.57930     0.02910     O    0.25      2 

H101  2   0.45580     0.60750     -0.01360    H    0.25      4 

H102  2   0.53350     0.61620     0.08400     H    0.25      4 

O22   2   0.55600     0.56030     0.03540     O    0.25      2 

H112  2   0.58670     0.59470     0.09120     H    0.25      4 

H110  2   0.49570     0.59440     0.01620     H    0.25      4 

N1    2   0.62070     0.23390     0.31410     N    1         2 

N2    2   0.62190     0.33400     0.13400     N    1         2 

N3    2   0.29310     0.15510     0.27140     N    1         2 

N4    2   0.31960     0.39570     0.30590     N    1         2 

N5    2   0.59690     0.46440     0.32880     N    1         2 

N6    2   0.23110     0.21820     0.06550     N    1         2 

N7    2   0.41480     0.09860     0.11920     N    1         2 

N8    2   0.61250     0.70150     0.20760     N    1         2 

N9    2   0.33720     0.63710     0.19930     N    1         2 

C1    2   0.72340     0.22780     0.36160     C    1         2 

C2    2   0.71910     0.37880     0.11480     C    1         2 

C3    2   0.23600     0.10730     0.31870     C    1         2 

C4    2   0.18500     0.36270     0.29640     C    1         2 

H4A   2   0.13290     0.29550     0.25550     H    1         4 

C5    2   0.11570     0.42210     0.34400     C    1         2 

H5A   2   0.01950     0.39490     0.33620     H    1         4 

C6    2   0.18930     0.51920     0.40120     C    1         2 

H6A   2   0.14450     0.56110     0.43360     H    1         4 

C7    2   0.33130     0.55770     0.41250     C    1         2 

C8    2   0.41540     0.66040     0.47180     C    1         2 

H8A   2   0.37370     0.70520     0.50430     H    1         4 

C9    2   0.55080     0.69350     0.48160     C    1         2 
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H9A   2   0.60350     0.76150     0.52120     H    1         4 

C10   2   0.61780     0.63020     0.43460     C    1         2 

C11   2   0.76010     0.66140     0.44430     C    1         2 

H11A  2   0.81680     0.72790     0.48440     H    1         4 

C12   2   0.81610     0.59690     0.39670     C    1         2 

H12A  2   0.91190     0.61860     0.40150     H    1         4 

C13   2   0.73170     0.49760     0.34000     C    1         2 

H13A  2   0.77290     0.45180     0.30810     H    1         4 

C14   2   0.53940     0.52900     0.37500     C    1         2 

C15   2   0.39300     0.49240     0.36320     C    1         2 

C16   2   0.14060     0.27510     0.03930     C    1         2 

H16A  2   0.15510     0.34590     0.07480     H    1         4 

C17   2   0.02450     0.23640     -0.03810    C    1         2 

H17A  2   -0.03800    0.27980     -0.05410    H    1         4 

C18   2   0.00290     0.13480     -0.09020    C    1         2 

H18A  2   -0.07450    0.10750     -0.14330    H    1         4 

C19   2   0.09480     0.07140     -0.06500    C    1         2 

C20   2   0.07810     -0.03460    -0.11530    C    1         2 

H20A  2   0.00400     -0.06340    -0.17030    H    1         4 

C21   2   0.16650     -0.09600    -0.08610    C    1         2 

H21A  2   0.15220     -0.16730    -0.12060    H    1         4 

C22   2   0.27870     -0.05570    -0.00570    C    1         2 

C23   2   0.37210     -0.11570    0.02610     C    1         2 

H23A  2   0.35870     -0.18860    -0.00500    H    1         4 

C24   2   0.48240     -0.07000    0.10160     C    1         2 

H24A  2   0.54590     -0.11060    0.12410     H    1         4 

C25   2   0.50070     0.03850     0.14570     C    1         2 

H25A  2   0.57920     0.07030     0.19740     H    1         4 

C26   2   0.30400     0.05250     0.04470     C    1         2 

C27   2   0.20820     0.11650     0.01490     C    1         2 

C28   2   0.74620     0.73240     0.21430     C    1         2 

H28A  2   0.78260     0.68680     0.17820     H    1         4 

C29   2   0.83520     0.82800     0.27150     C    1         2 

H29A  2   0.93040     0.84630     0.27440     H    1         4 

C30   2   0.78620     0.89580     0.32370     C    1         2 

H30A  2   0.84670     0.96180     0.36260     H    1         4 

C31   2   0.64620     0.86720     0.31920     C    1         2 

C32   2   0.58660     0.93470     0.36840     C    1         2 

H32A  2   0.64410     1.00110     0.40840     H    1         4 

C33   2   0.44960     0.90720     0.36000     C    1         2 

H33A  2   0.41200     0.95490     0.39320     H    1         4 

C34   2   0.36090     0.80700     0.30160     C    1         2 

C35   2   0.21950     0.77460     0.29280     C    1         2 

H35A  2   0.17860     0.82020     0.32510     H    1         4 

C36   2   0.14070     0.67670     0.23750     C    1         2 

H36A  2   0.04420     0.65390     0.22990     H    1         4 

C37   2   0.20400     0.61130     0.19240     C    1         2 

H37A  2   0.14770     0.54350     0.15410     H    1         4 

C38   2   0.41550     0.73570     0.25250     C    1         2 

C39   2   0.56220     0.76680     0.25990     C    1         2 

 

Таблица П6. Результаты полнопрофильного уточнения по Ритвельду для соединения 6Er. 
Range Number :  1 

 

R-Values  
 

Rexp : 4.37    Rwp : 8.09     Rp  : 5.75   GOF : 1.85 

Rexp`: 8.93    Rwp`: 16.51    Rp` : 13.39  DW  : 1.17 

 
Number of independent parameters : 14 
 

Quantitative Analysis - Rietveld  
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   Phase 1  : [Hbpy][Er(NCS)4(bpy)2]         100.000 % 

 

Background  
   One on X                                 0(510) 

   Chebychev polynomial, Coefficient  0      295(32) 

                                      1      -15(33) 

                                      2      -10(17) 

                                      3      -14.8(88) 

                                      4      8.8(42) 

                                      5      -8.6(25) 

 

Instrument  
   Primary radius (mm)                       280 

   Secondary radius (mm)                     280 

   Linear PSD 2Th angular range (°)          2.94 

      FDS angle (°)                          1.2 

      Beam spill, sample length (mm)         18 

         Intensity corrected 

 

Corrections  
   Specimen displacement                     0.2324584 

   LP Factor                                 0 

 

Miscellaneous  
   Start X                                   5 

   Finish X                                  50 

 

hkl Phase - 1 Lebail method    
   Phase name                                [Hbpy][Er(NCS)4(bpy)2] 

   R-Bragg                                   0.957 

   Spacegroup                                P-1 

   Cell Mass                                 1738.31 

   Cell Volume (Å^3)                         1795.66(13) 

   Wt% - Rietveld                            100.000 

   Crystallite Size  

      Cry size Lorentzian (nm)               190.8(28) 

   PV_MOD peak type: a + b Tan(Th) + c / Cos(Th) 

      FWHM a                                 0.0001000024 

           b                                 0.0746289 

           c                                 0.0001000024 

      Lorentzian mix a                       0.0001000024 

                     b                       0.212323 

                     c                       0.0001000024 

   Lattice parameters 

      a (Å)                                  9.65697(39) 

      b (Å)                                  13.28613(38) 

      c (Å)                                  16.30576(63) 

      alpha (°)                              112.3937(28) 

      beta  (°)                              94.5259(37) 

      gamma (°)                              107.8103(32) 

 

Таблица П7. Результаты полнопрофильного уточнения по Ритвельду для соединения 6Yb. 
Range Number :  1 

 

R-Values  
 

Rexp : 2.98    Rwp : 8.59     Rp  : 5.86   GOF : 2.88 

Rexp`: 6.39    Rwp`: 18.44    Rp` : 14.53  DW  : 1.15 

 

Quantitative Analysis - Rietveld  
   Phase 1  : [Hbpy][Yb(NCS)4(bpy)2]         100.000 % 
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Background  
   Chebychev polynomial, Coefficient  0      675.4(22) 

                                      1      167.0(37) 

                                      2      6.2(34) 

                                      3      -39.4(33) 

                                      4      28.4(30) 

                                      5      -21.8(30) 

 

Instrument  
   Primary radius (mm)                       280 

   Secondary radius (mm)                     280 

   Linear PSD 2Th angular range (°)          2.94 

      FDS angle (°)                          1.2 

      Beam spill, sample length (mm)         18 

         Intensity corrected 

 

Corrections  
   Specimen displacement                     -0.0009435189 

   LP Factor                                 0 

 

Miscellaneous  
   Start X                                   5 

   Finish X                                  50 

 

hkl Phase - 1 Lebail method    
   Phase name                                [Hbpy][Yb(NCS)4(bpy)2] 

   R-Bragg                                   0.994 

   Spacegroup                                P-1 

   Cell Mass                                 1749.870 

   Cell Volume (Å^3)                         1788.68(15) 

   Wt% - Rietveld                            100.000 

   PV_MOD peak type: a + b Tan(Th) + c / Cos(Th) 

      FWHM a                                 0.04983109 

           b                                 0.0001 

           c                                 0.01439521 

      Lorentzian mix a                       0.8456502 

                     b                       0.0001 

                     c                       0.3323685 

   Lattice parameters 

      a (Å)                                  9.64083(51) 

      b (Å)                                  13.27715(39) 

      c (Å)                                  16.29354(72) 

      alpha (°)                              112.4800(28) 

      beta  (°)                              94.4975(43) 

      gamma (°)                              107.8313(36) 

 

Таблица П8. Результаты полнопрофильного уточнения по Ритвельду для соединения 7Er. 
Range Number :  1 

 

R-Values  
 

Rexp : 2.92    Rwp : 7.26     Rp  : 5.64   GOF : 2.48 

Rexp`: 3.27    Rwp`: 8.12     Rp` : 7.05   DW  : 0.39 

 
Number of independent parameters : 17 
 

Quantitative Analysis - Rietveld  
   Phase 1  : [Hphen][Er(NCS)4(phen)2]       100.000 % 

 

Background  
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   One on X                                 9200(1900) 

   Chebychev polynomial, Coefficient  0      70(140) 

                                      1      660(150) 

                                      2      -469(84) 

                                      3      207(47) 

                                      4      -94(26) 

                                      5      45(15) 

                                      6      -31.8(75) 

                                      7      55.1(48) 

 

Instrument  
   Primary radius (mm)                       280 

   Secondary radius (mm)                     280 

   Linear PSD 2Th angular range (°)          2.94 

      FDS angle (°)                          1 

      Beam spill, sample length (mm)         25 

         Intensity corrected 

 

Corrections  
   Specimen displacement                     0.2 

   LP Factor                                 0 

 

Miscellaneous  
   Start X                                   4 

   Finish X                                  50 

 

Structure 1  
   Phase name                                [Hphen][Er(NCS)4(phen)2] 

   R-Bragg                                   3.933 

   Spacegroup                                P21/n 

   Scale                                     0.00002210(12) 

   Cell Mass                                 3764.933 

   Cell Volume (Å^3)                         3873.24(35) 

   Wt% - Rietveld                            100.000 

   Crystal Linear Absorption Coeff. (1/cm)   63.7363(58) 

   Crystal Density (g/cm^3)                  1.61411(15) 

   Preferred Orientation (Dir 1 : 1 -1 -1)   0.5756(51) 

                         (Dir 2 : 0 1 0)     0.674(12) 

      Fraction of Dir 1                      0.693(19) 

   PV_MOD peak type: a + b Tan(Th) + c / Cos(Th) 

      FWHM a                                 0.04(43) 

           b                                 0.083(80) 

           c                                 0.04(43) 

      Lorentzian mix a                       0.5(50) 

                     b                       0.24(99) 

                     c                       0.1(50) 

   Lattice parameters 

      a (Å)                                  12.44936(54) 

      b (Å)                                  16.59200(74) 

      c (Å)                                  18.7695(12) 

      beta  (°)                              92.5343(42) 

 

Site  Np    x           y           z         Atom Occ       Beq  

Er1   4   0.54633     0.18304     0.28683     Er   1         1 

S1    4   0.93692     0.14932     0.21442     S    1         1 

S2    4   0.16074     0.19907     0.36177     S    1         1 

S3    4   0.66095     -0.05586    0.45204     S    1         1 

S4    4   0.43193     -0.03896    0.10436     S    1         1 

N1    4   0.72213     0.14473     0.25352     N    1         2 

N2    4   0.36687     0.15324     0.32178     N    1         2 

N3    4   0.58815     0.07378     0.36676     N    1         2 

N4    4   0.49369     0.07428     0.20809     N    1         2 
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N5    4   0.54746     0.24790     0.40855     N    1         2 

N6    4   0.67062     0.30797     0.30471     N    1         2 

N7    4   0.43707     0.31657     0.26737     N    1         2 

N8    4   0.55056     0.24397     0.16469     N    1         2 

N9    4   0.69372     0.08338     0.57529     N    1         2 

H1    4   0.71500     0.05630     0.53630     H    1         4 

N10   4   0.81207     0.15041     0.47210     N    1         2 

C1    4   0.81170     0.14556     0.23681     C    1         2 

C2    4   0.28060     0.17089     0.33912     C    1         2 

C3    4   0.61911     0.02041     0.40218     C    1         2 

C4    4   0.46783     0.02686     0.16507     C    1         2 

C5    4   0.49200     0.21745     0.46062     C    1         2 

H5A   4   0.46320     0.16400     0.45530     H    1         4 

C6    4   0.47350     0.25985     0.52307     C    1         2 

H6A   4   0.43290     0.23560     0.55910     H    1         4 

C7    4   0.51450     0.33656     0.53152     C    1         2 

H7A   4   0.50140     0.36680     0.57310     H    1         4 

C8    4   0.57610     0.37050     0.47873     C    1         2 

C9    4   0.62600     0.44941     0.48467     C    1         2 

H9A   4   0.61540     0.48160     0.52560     H    1         4 

C10   4   0.68730     0.47858     0.43365     C    1         2 

H10A  4   0.71920     0.53100     0.43910     H    1         4 

C11   4   0.70560     0.43257     0.37152     C    1         2 

C12   4   0.77180     0.45955     0.31798     C    1         2 

H12A  4   0.80560     0.51150     0.32160     H    1         4 

C13   4   0.78770     0.41156     0.26104     C    1         2 

H13A  4   0.83310     0.42920     0.22480     H    1         4 

C14   4   0.73608     0.33578     0.25647     C    1         2 

H14A  4   0.74860     0.30240     0.21660     H    1         4 

C15   4   0.65672     0.35501     0.36266     C    1         2 

C16   4   0.59155     0.32392     0.41737     C    1         2 

C17   4   0.37659     0.35153     0.31476     C    1         2 

H17A  4   0.35680     0.32010     0.35440     H    1         4 

C18   4   0.33990     0.43229     0.30994     C    1         2 

H18A  4   0.29520     0.45430     0.34490     H    1         4 

C19   4   0.36960     0.47861     0.25420     C    1         2 

H19A  4   0.34770     0.53400     0.25080     H    1         4 

C20   4   0.43230     0.44452     0.20205     C    1         2 

C21   4   0.46680     0.48919     0.14191     C    1         2 

H21A  4   0.44860     0.54520     0.13730     H    1         4 

C22   4   0.52410     0.45367     0.09242     C    1         2 

H22A  4   0.54690     0.48510     0.05370     H    1         4 

C23   4   0.55220     0.36865     0.09632     C    1         2 

C24   4   0.60660     0.32845     0.04379     C    1         2 

H24A  4   0.62720     0.35710     0.00290     H    1         4 

C25   4   0.63020     0.24769     0.05122     C    1         2 

H25A  4   0.66520     0.21900     0.01500     H    1         4 

C26   4   0.60190     0.20789     0.11337     C    1         2 

H26A  4   0.62050     0.15210     0.11890     H    1         4 

C27   4   0.52280     0.32368     0.15595     C    1         2 

C28   4   0.46294     0.36177     0.20975     C    1         2 

C29   4   0.63590     0.04593     0.62260     C    1         2 

H29A  4   0.61410     -0.00900    0.61510     H    1         4 

C30   4   0.60710     0.08643     0.68276     C    1         2 

H30A  4   0.56490     0.05970     0.71660     H    1         4 

C31   4   0.63970     0.16546     0.69362     C    1         2 

H31A  4   0.62050     0.19340     0.73520     H    1         4 

C32   4   0.70140     0.20510     0.64337     C    1         2 

C33   4   0.73730     0.28746     0.64971     C    1         2 

H33A  4   0.72140     0.31770     0.69080     H    1         4 

C34   4   0.79300     0.32298     0.59898     C    1         2 

H34A  4   0.81460     0.37820     0.60450     H    1         4 
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C35   4   0.82065     0.27956     0.53646     C    1         2 

C36   4   0.87770     0.31401     0.48118     C    1         2 

H36A  4   0.90120     0.36910     0.48390     H    1         4 

C37   4   0.89900     0.26788     0.42397     C    1         2 

H37A  4   0.93650     0.29060     0.38590     H    1         4 

C38   4   0.86490     0.18613     0.42146     C    1         2 

H38A  4   0.88080     0.15480     0.38100     H    1         4 

C39   4   0.78929     0.19759     0.52839     C    1         2 

C40   4   0.72858     0.16164     0.58301     C    1         2 

 

Таблица П9. Результаты полнопрофильного уточнения по Ритвельду для соединения 7Yb. 
Range Number :  1 

 

R-Values  
 

Rexp : 3.96    Rwp : 8.06     Rp  : 6.28   GOF : 2.04 

Rexp`: 8.72    Rwp`: 17.76    Rp` : 16.17  DW  : 0.71 

 
Number of independent parameters : 14 
 

Quantitative Analysis - Rietveld  
   Phase 1  : [Hphen][Yb(NCS)4(phen)2]       100.000 % 

 

Background  
   Chebychev polynomial, Coefficient  0      385.0(14) 

                                      1      -44.9(20) 

                                      2      -19.0(19) 

                                      3      -9.1(18) 

                                      4      6.6(16) 

                                      5      -17.1(16) 

 

Instrument  
   Primary radius (mm)                       280 

   Secondary radius (mm)                     280 

   Linear PSD 2Th angular range (°)          2.94 

      FDS angle (°)                          1 

      Beam spill, sample length (mm)         30 

         Intensity corrected 

 

Corrections  
   Specimen displacement                     0.2767687 

   LP Factor                                 0 

 

Miscellaneous  
   Start X                                   4 

   Finish X                                  50 

 

Structure 1  
   Phase name                                [Hphen][Yb(NCS)4(phen)2] 

   R-Bragg                                   3.174 

   Spacegroup                                P21/n 

   Scale                                     0.000010700(60) 

   Cell Mass                                 3788.049 

   Cell Volume (Å^3)                         3862.45(32) 

   Wt% - Rietveld                            100.000 

   Crystal Linear Absorption Coeff. (1/cm)   68.6296(56) 

   Crystal Density (g/cm^3)                  1.62855(13) 

   Preferred Orientation (Dir 1 : 1 -1 -1)   0.7433(64) 

                         (Dir 2 : 0 1 0)     0.672(39) 

      Fraction of Dir 1                      0.853(32) 

   PVII peak type 
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      FWHM = a + b/Cos(Th) + c Tan(Th)  

         a                                   0.009147276 

         b                                   0.02198601 

         c                                   0.005215139 

      Exponent m = 0.6+ma+mb/Cos(Th)+mc/Tan(Th)  

         ma                                  0.1347203 

         mb                                  0.009668545 

         mc                                  0.04065351 

   Lattice parameters 

      a (Å)                                  12.44280(49) 

      b (Å)                                  16.59188(76) 

      c (Å)                                  18.7246(10) 

      beta  (°)                              92.3426(38) 

 

Site  Np    x           y           z         Atom Occ       Beq  

Yb1   4   0.55090     0.17621     0.28812     Yb   1         1 

S1    4   0.93692     0.14932     0.21442     S    1         1 

S2    4   0.16074     0.19907     0.36177     S    1         1 

S3    4   0.66095     -0.05586    0.45204     S    1         1 

S4    4   0.43193     -0.03896    0.10436     S    1         1 

N1    4   0.72213     0.14473     0.25352     N    1         2 

N2    4   0.36687     0.15324     0.32178     N    1         2 

N3    4   0.58815     0.07378     0.36676     N    1         2 

N4    4   0.49369     0.07428     0.20809     N    1         2 

N5    4   0.54746     0.24790     0.40855     N    1         2 

N6    4   0.67062     0.30797     0.30471     N    1         2 

N7    4   0.43707     0.31657     0.26737     N    1         2 

N8    4   0.55056     0.24397     0.16469     N    1         2 

N9    4   0.69372     0.08338     0.57529     N    1         2 

H1    4   0.71500     0.05630     0.53630     H    1         4 

N10   4   0.81207     0.15041     0.47210     N    1         2 

C1    4   0.81170     0.14556     0.23681     C    1         2 

C2    4   0.28060     0.17089     0.33912     C    1         2 

C3    4   0.61911     0.02041     0.40218     C    1         2 

C4    4   0.46783     0.02686     0.16507     C    1         2 

C5    4   0.49200     0.21745     0.46062     C    1         2 

H5A   4   0.46320     0.16400     0.45530     H    1         4 

C6    4   0.47350     0.25985     0.52307     C    1         2 

H6A   4   0.43290     0.23560     0.55910     H    1         4 

C7    4   0.51450     0.33656     0.53152     C    1         2 

H7A   4   0.50140     0.36680     0.57310     H    1         4 

C8    4   0.57610     0.37050     0.47873     C    1         2 

C9    4   0.62600     0.44941     0.48467     C    1         2 

H9A   4   0.61540     0.48160     0.52560     H    1         4 

C10   4   0.68730     0.47858     0.43365     C    1         2 

H10A  4   0.71920     0.53100     0.43910     H    1         4 

C11   4   0.70560     0.43257     0.37152     C    1         2 

C12   4   0.77180     0.45955     0.31798     C    1         2 

H12A  4   0.80560     0.51150     0.32160     H    1         4 

C13   4   0.78770     0.41156     0.26104     C    1         2 

H13A  4   0.83310     0.42920     0.22480     H    1         4 

C14   4   0.73608     0.33578     0.25647     C    1         2 

H14A  4   0.74860     0.30240     0.21660     H    1         4 

C15   4   0.65672     0.35501     0.36266     C    1         2 

C16   4   0.59155     0.32392     0.41737     C    1         2 

C17   4   0.37659     0.35153     0.31476     C    1         2 

H17A  4   0.35680     0.32010     0.35440     H    1         4 

C18   4   0.33990     0.43229     0.30994     C    1         2 

H18A  4   0.29520     0.45430     0.34490     H    1         4 

C19   4   0.36960     0.47861     0.25420     C    1         2 

H19A  4   0.34770     0.53400     0.25080     H    1         4 

C20   4   0.43230     0.44452     0.20205     C    1         2 



138 
 

C21   4   0.46680     0.48919     0.14191     C    1         2 

H21A  4   0.44860     0.54520     0.13730     H    1         4 

C22   4   0.52410     0.45367     0.09242     C    1         2 

H22A  4   0.54690     0.48510     0.05370     H    1         4 

C23   4   0.55220     0.36865     0.09632     C    1         2 

C24   4   0.60660     0.32845     0.04379     C    1         2 

H24A  4   0.62720     0.35710     0.00290     H    1         4 

C25   4   0.63020     0.24769     0.05122     C    1         2 

H25A  4   0.66520     0.21900     0.01500     H    1         4 

C26   4   0.60190     0.20789     0.11337     C    1         2 

H26A  4   0.62050     0.15210     0.11890     H    1         4 

C27   4   0.52280     0.32368     0.15595     C    1         2 

C28   4   0.46294     0.36177     0.20975     C    1         2 

C29   4   0.63590     0.04593     0.62260     C    1         2 

H29A  4   0.61410     -0.00900    0.61510     H    1         4 

C30   4   0.60710     0.08643     0.68276     C    1         2 

H30A  4   0.56490     0.05970     0.71660     H    1         4 

C31   4   0.63970     0.16546     0.69362     C    1         2 

H31A  4   0.62050     0.19340     0.73520     H    1         4 

C32   4   0.70140     0.20510     0.64337     C    1         2 

C33   4   0.73730     0.28746     0.64971     C    1         2 

H33A  4   0.72140     0.31770     0.69080     H    1         4 

C34   4   0.79300     0.32298     0.59898     C    1         2 

H34A  4   0.81460     0.37820     0.60450     H    1         4 

C35   4   0.82065     0.27956     0.53646     C    1         2 

C36   4   0.87770     0.31401     0.48118     C    1         2 

H36A  4   0.90120     0.36910     0.48390     H    1         4 

C37   4   0.89900     0.26788     0.42397     C    1         2 

H37A  4   0.93650     0.29060     0.38590     H    1         4 

C38   4   0.86490     0.18613     0.42146     C    1         2 

H38A  4   0.88080     0.15480     0.38100     H    1         4 

C39   4   0.78929     0.19759     0.52839     C    1         2 

C40   4   0.72858     0.16164     0.58301     C    1         2 

  



139 
 

 
 

 

Рис. П5. Экспериментальная и теоретическая (с учетом текстурирования) рентгенограммы 

порошков 3Er и 3Yb. 
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c 
 

 
 

d 
Рис. П6. Профили уточнения Ритвельда для 4Er, 4Yb (а); 5Er, 5Yb (б); 6Er, 6Yb (в); 7Er, 7Yb (г) 

для данных порошковой рентгенографии при комнатной температуре. Расчетный и 

экспериментальный профили показаны красной и синей линиями соответственно. Нижний 

график показывает кривую разницы. Вертикальные полосы указывают рассчитанные положения 

пиков Брэгга. 
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Рис. П7. Результаты полнопрофильного уточнения по Ритвельду для соединения 8Dy. 

 

Таблица П10. Результаты полнопрофильного уточнения по Ритвельду для соединения 8Dy. 
Range Number :  1 

 

R-Values  
 

Rexp : 2.18    Rwp : 3.72     Rp  : 2.86   GOF : 1.71 

Rexp`: 4.86    Rwp`: 8.29     Rp` : 7.50   DW  : 0.77 

 

Quantitative Analysis - Rietveld  
   Phase 1  : "[Dy(NCS)3(H2O)(Me4phen)2]·(Me4phen)·0.75EtOH "  100.000 % 

 

Background  
   One on X                                 9200(3700) 

   Chebychev polynomial, Coefficient  0      1110(230) 

                                      1      820(240) 

                                      2      -520(130) 

                                      3      219(65) 

                                      4      -41(33) 

                                      5      3(18) 

                                      6      -11.5(84) 

                                      7      52.4(50) 

 

Instrument  
   Primary radius (mm)                       280 

   Secondary radius (mm)                     280 

   Linear PSD 2Th angular range (°)          2.94 

      FDS angle (°)                          0.2 

      Beam spill, sample length (mm)         6 

         Intensity corrected 

 

Corrections  
   Specimen displacement                     0.1111(27) 

   LP Factor                                 0 

 

Miscellaneous  
   Start X                                   5 

   Finish X                                  50 
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Structure 1  
   Phase name                                [Dy(NCS)3(H2O)(Me4phen)2]·(Me4phen)·0.75EtOH  

   R-Bragg                                   1.930 

   Spacegroup                                P2(1)/n 

   Scale                                     0.00001703(45) 

   Cell Mass                                 4393.088 

   Cell Volume (Å^3)                         5104.90(95) 

   Wt% - Rietveld                            100.000 

   Crystallite Size  

      Cry size Lorentzian (nm)               83.6(12) 

   Crystal Linear Absorption Coeff. (1/cm)   85.217(16) 

   Crystal Density (g/cm^3)                  1.42900(27) 

   Preferred Orientation Spherical Harmonics  

      Order                                  4 

      y00                                    1 

      y20                                    -0.062(34) 

      y22m                                   -0.527(53) 

      y22p                                   0.067(12) 

      y40                                    -0.214(30) 

      y42m                                   -0.216(25) 

      y42p                                   -0.0218(76) 

      y44m                                   -0.055(14) 

      y44p                                   -0.246(31) 

   Lattice parameters 

      a (Å)                                  13.0480(16) 

      b (Å)                                  16.4683(18) 

      c (Å)                                  24.1435(20) 

      beta  (°)                              100.2626(65) 

 

Site  Np    x           y           z         Atom Occ       Beq  

Dy1   4   0.43173     0.60153     0.17994     Dy   1         3 

S1    4   0.79487     0.60956     0.29545     S    0.75      4 

S1B   4   0.78080     0.66090     0.30970     S    0.25      4 

S2    4   0.56118     0.84461     0.07617     S    1         4 

S3    4   0.06348     0.64310     0.07384     S    1         4 

O1    4   0.40290     0.69394     0.25104     O    1         4 

H1    4   0.46090     0.70270     0.27620     H    1         6 

H2    4   0.36670     0.67220     0.27780     H    1         6 

N1    4   0.59880     0.63660     0.23205     N    1         4 

N2    4   0.48140     0.71340     0.12800     N    1         4 

N3    4   0.26820     0.65090     0.13014     N    1         4 

N4    4   0.30760     0.53300     0.23461     N    1         4 

N5    4   0.50160     0.47540     0.23460     N    1         4 

N6    4   0.54520     0.53740     0.11727     N    1         4 

N7    4   0.34860     0.48490     0.11649     N    1         4 

N8    4   0.47650     0.59500     0.36609     N    1         4 

N9    4   0.29240     0.67360     0.34170     N    1         4 

C1    4   0.68100     0.62900     0.25910     C    0.75      4 

C1B   4   0.67600     0.63900     0.26400     C    0.25      6 

C2    4   0.51380     0.76830     0.10630     C    1         4 

C3    4   0.18220     0.64980     0.10551     C    1         4 

C4    4   0.21180     0.55990     0.23340     C    1         4 

H4A   4   0.19540     0.61250     0.21800     H    1         6 

C5    4   0.13220     0.51680     0.25322     C    1         4 

C6    4   0.15650     0.44130     0.27854     C    1         4 

C7    4   0.25990     0.41370     0.28282     C    1         4 

C8    4   0.29500     0.33840     0.31022     C    1         4 

H8A   4   0.24690     0.30560     0.32580     H    1         6 

C9    4   0.39400     0.31350     0.31426     C    1         4 

H9A   4   0.41440     0.26410     0.33370     H    1         6 

C10   4   0.47100     0.35840     0.29033     C    1         4 
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C11   4   0.57610     0.33380     0.29393     C    1         4 

C12   4   0.64130     0.38040     0.26720     C    1         4 

C13   4   0.59830     0.44990     0.23762     C    1         4 

H13A  4   0.64270     0.48100     0.21830     H    1         6 

C14   4   0.43740     0.43050     0.26153     C    1         4 

C15   4   0.33220     0.45960     0.25921     C    1         4 

C16   4   0.02400     0.55320     0.24500     C    1         4 

H16A  4   0.02420     0.60580     0.22590     H    1         6 

H16B  4   0.00310     0.56060     0.28200     H    1         6 

H16C  4   -0.02540    0.51660     0.22160     H    1         6 

C17   4   0.07410     0.39280     0.30060     C    1         4 

H17A  4   0.10100     0.37530     0.33960     H    1         6 

H17B  4   0.05590     0.34490     0.27650     H    1         6 

H17C  4   0.01190     0.42650     0.30010     H    1         6 

C18   4   0.61710     0.25710     0.32560     C    1         4 

H18A  4   0.56980     0.24100     0.35130     H    1         6 

H18B  4   0.68680     0.26750     0.34760     H    1         6 

H18C  4   0.62110     0.21340     0.29830     H    1         6 

C19   4   0.75310     0.36050     0.26810     C    1         4 

H19A  4   0.78290     0.39920     0.24430     H    1         6 

H19B  4   0.75870     0.30530     0.25350     H    1         6 

H19C  4   0.79140     0.36370     0.30720     H    1         6 

C20   4   0.64330     0.56150     0.11827     C    1         4 

H20A  4   0.66680     0.60760     0.14080     H    1         6 

C21   4   0.71430     0.52450     0.08905     C    1         4 

C22   4   0.68070     0.45940     0.05435     C    1         4 

C23   4   0.57710     0.43170     0.05178     C    1         4 

C24   4   0.53300     0.36610     0.01694     C    1         4 

H24A  4   0.57520     0.33860     -0.00560    H    1         6 

C25   4   0.43460     0.34150     0.01474     C    1         4 

H25A  4   0.40880     0.29810     -0.00990    H    1         6 

C26   4   0.36690     0.37840     0.04832     C    1         4 

C27   4   0.26360     0.35260     0.04847     C    1         4 

C28   4   0.20450     0.39410     0.08190     C    1         4 

C29   4   0.25160     0.45970     0.11410     C    1         4 

H29A  4   0.20990     0.48860     0.13620     H    1         6 

C30   4   0.40680     0.44450     0.08319     C    1         4 

C31   4   0.51280     0.47190     0.08418     C    1         4 

C32   4   0.82400     0.55680     0.09630     C    1         4 

H32A  4   0.83000     0.60560     0.12020     H    1         6 

H32B  4   0.84060     0.57050     0.05910     H    1         6 

H32C  4   0.87290     0.51540     0.11450     H    1         6 

C33   4   0.75480     0.41800     0.02160     C    1         4 

H33A  4   0.71500     0.38440     -0.00840    H    1         6 

H33B  4   0.80330     0.38370     0.04740     H    1         6 

H33C  4   0.79420     0.45910     0.00460     H    1         6 

C34   4   0.21850     0.28030     0.01430     C    1         4 

H34A  4   0.24390     0.27930     -0.02190    H    1         6 

H34B  4   0.14210     0.28400     0.00700     H    1         6 

H34C  4   0.24010     0.23030     0.03540     H    1         6 

C35   4   0.09420     0.37350     0.08620     C    1         4 

H35A  4   0.06870     0.41170     0.11200     H    1         6 

H35B  4   0.09140     0.31810     0.10090     H    1         6 

H35C  4   0.05030     0.37710     0.04850     H    1         6 

C36   4   0.56400     0.55240     0.37790     C    1         4 

H36A  4   0.62160     0.57270     0.36270     H    1         6 

C37   4   0.58160     0.48210     0.40980     C    1         4 

C38   4   0.49870     0.44930     0.42980     C    1         4 

C39   4   0.40160     0.49010     0.41770     C    1         4 

C40   4   0.31220     0.46150     0.43680     C    1         4 

H40A  4   0.31610     0.41120     0.45650     H    1         6 

C41   4   0.22030     0.50300     0.42830     C    1         4 
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H41A  4   0.16230     0.48210     0.44290     H    1         6 

C42   4   0.21040     0.57870     0.39714     C    1         4 

C43   4   0.11670     0.62550     0.38867     C    1         4 

C44   4   0.11650     0.69660     0.35724     C    1         4 

C45   4   0.20490     0.71540     0.33470     C    1         4 

H45A  4   0.20180     0.76300     0.31200     H    1         6 

C46   4   0.29720     0.60550     0.37470     C    1         4 

C47   4   0.39570     0.56270     0.38590     C    1         4 

C48   4   0.68920     0.44550     0.41900     C    1         4 

H48A  4   0.73180     0.47360     0.39510     H    1         6 

H48B  4   0.68430     0.38770     0.40890     H    1         6 

H48C  4   0.72170     0.45120     0.45900     H    1         6 

C49   4   0.50990     0.37200     0.46520     C    1         4 

H49A  4   0.46690     0.37620     0.49480     H    1         6 

H49B  4   0.58320     0.36470     0.48290     H    1         6 

H49C  4   0.48690     0.32540     0.44070     H    1         6 

C50   4   0.02260     0.59950     0.41310     C    1         4 

H50A  4   0.04290     0.59150     0.45410     H    1         6 

H50B  4   -0.00480    0.54840     0.39530     H    1         6 

H50C  4   -0.03130    0.64160     0.40570     H    1         6 

C51   4   0.02090     0.75180     0.34490     C    1         4 

H51A  4   -0.00390    0.76390     0.38030     H    1         6 

H51B  4   -0.03460    0.72450     0.31850     H    1         6 

H51C  4   0.03970     0.80260     0.32780     H    1         6 

O2    4   0.54040     0.75280     0.34060     O    0.75      4 

H3    4   0.52580     0.70330     0.35940     H    0.75      6 

C52   4   0.64000     0.77130     0.36300     C    0.75      4 

H52A  4   0.64650     0.83120     0.36550     H    0.75      6 

H52B  4   0.68540     0.75230     0.33650     H    0.75      6 

C53   4   0.68590     0.73150     0.42840     C    0.75      4 

H53A  4   0.76240     0.73350     0.43580     H    0.75      6 

H53B  4   0.66290     0.67490     0.42980     H    0.75      6 

H53C  4   0.65890     0.76320     0.45730     H    0.75      6 

 

 

 

Рис. П8. Результаты полнопрофильного уточнения по Ритвельду для соединения 8Er. 

 

Таблица П11. Результаты полнопрофильного уточнения по Ритвельду для соединения 8Er. 
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Range Number :  1 

 

R-Values  
 

Rexp : 2.44    Rwp : 7.22     Rp  : 5.29   GOF : 2.96 

Rexp`: 4.02    Rwp`: 11.93    Rp` : 9.31   DW  : 0.40 

 

Quantitative Analysis - Rietveld  
   Phase 1  : "[Er(NCS)3(H2O)(Me4phen)2]·(Me4phen)·0.75EtOH "  100.000 % 

 

Background  
   One on X                                 5100(2900) 

   Chebychev polynomial, Coefficient  0      640(200) 

                                      1      260(230) 

                                      2      -230(130) 

                                      3      63(70) 

                                      4      20(38) 

                                      5      -18(22) 

                                      6      -17(11) 

                                      7      65.7(69) 

 

Instrument  
   Primary radius (mm)                       280 

   Secondary radius (mm)                     280 

   Linear PSD 2Th angular range (°)          2.94 

      FDS angle (°)                          0.2 

      Beam spill, sample length (mm)         10 

         Intensity corrected 

 

Corrections  
   Specimen displacement                     0.2714623 

   LP Factor                                 0 

 

Miscellaneous  
   Start X                                   4 

   Finish X                                  50 

 

Structure 1  
   Phase name                                [Er(NCS)3(H2O)(Me4phen)2]·(Me4phen)·0.75EtOH  

   R-Bragg                                   3.510 

   Spacegroup                                P2(1)/n 

   Scale                                     0.00002830(64) 

   Cell Mass                                 4412.127 

   Cell Volume (Å^3)                         5093.38(54) 

   Wt% - Rietveld                            100.000 

   Crystallite Size  

      Cry size Lorentzian (nm)               99.7(12) 

   Crystal Linear Absorption Coeff. (1/cm)   45.7385(49) 

   Crystal Density (g/cm^3)                  1.43844(15) 

   Preferred Orientation Spherical Harmonics  

      Order                                  4 

      y00                                    1 

      y20                                    -0.118(28) 

      y22m                                   -0.421(49) 

      y22p                                   0.018(10) 

      y40                                    -0.126(23) 

      y42m                                   -0.126(20) 

      y42p                                   -0.0413(64) 

      y44m                                   -0.109(13) 

      y44p                                   -0.254(28) 

   Lattice parameters 
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      a (Å)                                  13.02888(83) 

      b (Å)                                  16.4646(10) 

      c (Å)                                  24.1272(14) 

      beta  (°)                              100.2292(47) 

 

Site  Np    x           y           z         Atom Occ       Beq  

Er1   4   0.42802     0.60236     0.17881     Er   1         3 

S1    4   0.79487     0.60956     0.29545     S    0.45      4 

S1B   4   0.78080     0.66090     0.30970     S    0.55      4 

S2    4   0.56118     0.84461     0.07617     S    1         4 

S3    4   0.06348     0.64310     0.07384     S    1         4 

O1    4   0.40290     0.69394     0.25104     O    1         4 

H1    4   0.46090     0.70270     0.27620     H    1         6 

H2    4   0.36670     0.67220     0.27780     H    1         6 

N1    4   0.59880     0.63660     0.23205     N    1         4 

N2    4   0.48140     0.71340     0.12800     N    1         4 

N3    4   0.26820     0.65090     0.13014     N    1         4 

N4    4   0.30760     0.53300     0.23461     N    1         4 

N5    4   0.50160     0.47540     0.23460     N    1         4 

N6    4   0.54520     0.53740     0.11727     N    1         4 

N7    4   0.34860     0.48490     0.11649     N    1         4 

N8    4   0.47650     0.59500     0.36609     N    1         4 

N9    4   0.29240     0.67360     0.34170     N    1         4 

C1    4   0.68100     0.62900     0.25910     C    0.45      4 

C1B   4   0.67600     0.63900     0.26400     C    0.55      6 

C2    4   0.51380     0.76830     0.10630     C    1         4 

C3    4   0.18220     0.64980     0.10551     C    1         4 

C4    4   0.21180     0.55990     0.23340     C    1         4 

H4A   4   0.19540     0.61250     0.21800     H    1         6 

C5    4   0.13220     0.51680     0.25322     C    1         4 

C6    4   0.15650     0.44130     0.27854     C    1         4 

C7    4   0.25990     0.41370     0.28282     C    1         4 

C8    4   0.29500     0.33840     0.31022     C    1         4 

H8A   4   0.24690     0.30560     0.32580     H    1         6 

C9    4   0.39400     0.31350     0.31426     C    1         4 

H9A   4   0.41440     0.26410     0.33370     H    1         6 

C10   4   0.47100     0.35840     0.29033     C    1         4 

C11   4   0.57610     0.33380     0.29393     C    1         4 

C12   4   0.64130     0.38040     0.26720     C    1         4 

C13   4   0.59830     0.44990     0.23762     C    1         4 

H13A  4   0.64270     0.48100     0.21830     H    1         6 

C14   4   0.43740     0.43050     0.26153     C    1         4 

C15   4   0.33220     0.45960     0.25921     C    1         4 

C16   4   0.02400     0.55320     0.24500     C    1         4 

H16A  4   0.02420     0.60580     0.22590     H    1         6 

H16B  4   0.00310     0.56060     0.28200     H    1         6 

H16C  4   -0.02540    0.51660     0.22160     H    1         6 

C17   4   0.07410     0.39280     0.30060     C    1         4 

H17A  4   0.10100     0.37530     0.33960     H    1         6 

H17B  4   0.05590     0.34490     0.27650     H    1         6 

H17C  4   0.01190     0.42650     0.30010     H    1         6 

C18   4   0.61710     0.25710     0.32560     C    1         4 

H18A  4   0.56980     0.24100     0.35130     H    1         6 

H18B  4   0.68680     0.26750     0.34760     H    1         6 

H18C  4   0.62110     0.21340     0.29830     H    1         6 

C19   4   0.75310     0.36050     0.26810     C    1         4 

H19A  4   0.78290     0.39920     0.24430     H    1         6 

H19B  4   0.75870     0.30530     0.25350     H    1         6 

H19C  4   0.79140     0.36370     0.30720     H    1         6 

C20   4   0.64330     0.56150     0.11827     C    1         4 

H20A  4   0.66680     0.60760     0.14080     H    1         6 

C21   4   0.71430     0.52450     0.08905     C    1         4 
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C22   4   0.68070     0.45940     0.05435     C    1         4 

C23   4   0.57710     0.43170     0.05178     C    1         4 

C24   4   0.53300     0.36610     0.01694     C    1         4 

H24A  4   0.57520     0.33860     -0.00560    H    1         6 

C25   4   0.43460     0.34150     0.01474     C    1         4 

H25A  4   0.40880     0.29810     -0.00990    H    1         6 

C26   4   0.36690     0.37840     0.04832     C    1         4 

C27   4   0.26360     0.35260     0.04847     C    1         4 

C28   4   0.20450     0.39410     0.08190     C    1         4 

C29   4   0.25160     0.45970     0.11410     C    1         4 

H29A  4   0.20990     0.48860     0.13620     H    1         6 

C30   4   0.40680     0.44450     0.08319     C    1         4 

C31   4   0.51280     0.47190     0.08418     C    1         4 

C32   4   0.82400     0.55680     0.09630     C    1         4 

H32A  4   0.83000     0.60560     0.12020     H    1         6 

H32B  4   0.84060     0.57050     0.05910     H    1         6 

H32C  4   0.87290     0.51540     0.11450     H    1         6 

C33   4   0.75480     0.41800     0.02160     C    1         4 

H33A  4   0.71500     0.38440     -0.00840    H    1         6 

H33B  4   0.80330     0.38370     0.04740     H    1         6 

H33C  4   0.79420     0.45910     0.00460     H    1         6 

C34   4   0.21850     0.28030     0.01430     C    1         4 

H34A  4   0.24390     0.27930     -0.02190    H    1         6 

H34B  4   0.14210     0.28400     0.00700     H    1         6 

H34C  4   0.24010     0.23030     0.03540     H    1         6 

C35   4   0.09420     0.37350     0.08620     C    1         4 

H35A  4   0.06870     0.41170     0.11200     H    1         6 

H35B  4   0.09140     0.31810     0.10090     H    1         6 

H35C  4   0.05030     0.37710     0.04850     H    1         6 

C36   4   0.56400     0.55240     0.37790     C    1         4 

H36A  4   0.62160     0.57270     0.36270     H    1         6 

C37   4   0.58160     0.48210     0.40980     C    1         4 

C38   4   0.49870     0.44930     0.42980     C    1         4 

C39   4   0.40160     0.49010     0.41770     C    1         4 

C40   4   0.31220     0.46150     0.43680     C    1         4 

H40A  4   0.31610     0.41120     0.45650     H    1         6 

C41   4   0.22030     0.50300     0.42830     C    1         4 

H41A  4   0.16230     0.48210     0.44290     H    1         6 

C42   4   0.21040     0.57870     0.39714     C    1         4 

C43   4   0.11670     0.62550     0.38867     C    1         4 

C44   4   0.11650     0.69660     0.35724     C    1         4 

C45   4   0.20490     0.71540     0.33470     C    1         4 

H45A  4   0.20180     0.76300     0.31200     H    1         6 

C46   4   0.29720     0.60550     0.37470     C    1         4 

C47   4   0.39570     0.56270     0.38590     C    1         4 

C48   4   0.68920     0.44550     0.41900     C    1         4 

H48A  4   0.73180     0.47360     0.39510     H    1         6 

H48B  4   0.68430     0.38770     0.40890     H    1         6 

H48C  4   0.72170     0.45120     0.45900     H    1         6 

C49   4   0.50990     0.37200     0.46520     C    1         4 

H49A  4   0.46690     0.37620     0.49480     H    1         6 

H49B  4   0.58320     0.36470     0.48290     H    1         6 

H49C  4   0.48690     0.32540     0.44070     H    1         6 

C50   4   0.02260     0.59950     0.41310     C    1         4 

H50A  4   0.04290     0.59150     0.45410     H    1         6 

H50B  4   -0.00480    0.54840     0.39530     H    1         6 

H50C  4   -0.03130    0.64160     0.40570     H    1         6 

C51   4   0.02090     0.75180     0.34490     C    1         4 

H51A  4   -0.00390    0.76390     0.38030     H    1         6 

H51B  4   -0.03460    0.72450     0.31850     H    1         6 

H51C  4   0.03970     0.80260     0.32780     H    1         6 

O2    4   0.54040     0.75280     0.34060     O    0.75      4 
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H3    4   0.52580     0.70330     0.35940     H    0.75      6 

C52   4   0.64000     0.77130     0.36300     C    0.75      4 

H52A  4   0.64650     0.83120     0.36550     H    0.75      6 

H52B  4   0.68540     0.75230     0.33650     H    0.75      6 

C53   4   0.68590     0.73150     0.42840     C    0.75      4 

H53A  4   0.76240     0.73350     0.43580     H    0.75      6 

H53B  4   0.66290     0.67490     0.42980     H    0.75      6 

H53C  4   0.65890     0.76320     0.45730     H    0.75      6 

 

 

Рис. П9. Результаты полнопрофильного уточнения по Ритвельду для соединения 8Yb. 

 

Таблица П12. Результаты полнопрофильного уточнения по Ритвельду для соединения 8Yb. 
Range Number :  1 

 

R-Values  
 

Rexp : 3.22    Rwp : 6.35     Rp  : 4.95   GOF : 1.97 

Rexp`: 5.05    Rwp`: 9.98     Rp` : 8.48   DW  : 0.64 

 

Quantitative Analysis - Rietveld  
   Phase 1  : "[Yb(NCS)3(H2O)(Me4phen)2]·(Me4phen)·0.75EtOH "  100.000 % 

 

Background  
   One on X                                 5200(1500) 

   Chebychev polynomial, Coefficient  0      310(100) 

                                      1      330(120) 

                                      2      -264(64) 

                                      3      127(36) 

                                      4      -28(20) 

                                      5      11(11) 

                                      6      -27.7(58) 

                                      7      61.5(36) 

 

Instrument  
   Primary radius (mm)                       280 

   Secondary radius (mm)                     280 

   Linear PSD 2Th angular range (°)          2.94 

      FDS angle (°)                          0.3 
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      Beam spill, sample length (mm)         8 

         Intensity corrected 

 

Corrections  
   Specimen displacement                     0.1920(20) 

   LP Factor                                 0 

 

Miscellaneous  
   Start X                                   4 

   Finish X                                  50 

 

Structure 1  
   Phase name                                [Yb(NCS)3(H2O)(Me4phen)2]·(Me4phen)·0.75EtOH  

   R-Bragg                                   3.269 

   Spacegroup                                P2(1)/n 

   Scale                                     0.00001334(35) 

   Cell Mass                                 4435.244 

   Cell Volume (Å^3)                         5082.58(65) 

   Wt% - Rietveld                            100.000 

   Crystallite Size  

      Cry size Lorentzian (nm)               118.3(20) 

   Crystal Linear Absorption Coeff. (1/cm)   49.4191(63) 

   Crystal Density (g/cm^3)                  1.44905(19) 

   Preferred Orientation Spherical Harmonics  

      Order                                  4 

      y00                                    1 

      y20                                    -0.123(33) 

      y22m                                   -0.564(52) 

      y22p                                   0.044(13) 

      y40                                    -0.068(26) 

      y42m                                   -0.078(23) 

      y42p                                   -0.0424(80) 

      y44m                                   -0.059(14) 

      y44p                                   -0.299(29) 

   Lattice parameters 

      a (Å)                                  13.0087(10) 

      b (Å)                                  16.4611(13) 

      c (Å)                                  24.1151(15) 

      beta  (°)                              100.1846(47) 

 

Site  Np    x           y           z         Atom Occ       Beq  

Yb1   4   0.42544     0.60144     0.17754     Yb   1         3 

S1    4   0.79487     0.60956     0.29545     S    0.35      4 

S1B   4   0.78080     0.66090     0.30970     S    0.65      4 

S2    4   0.56118     0.84461     0.07617     S    1         4 

S3    4   0.06348     0.64310     0.07384     S    1         4 

O1    4   0.40290     0.69394     0.25104     O    1         4 

H1    4   0.46090     0.70270     0.27620     H    1         6 

H2    4   0.36670     0.67220     0.27780     H    1         6 

N1    4   0.59880     0.63660     0.23205     N    1         4 

N2    4   0.48140     0.71340     0.12800     N    1         4 

N3    4   0.26820     0.65090     0.13014     N    1         4 

N4    4   0.30760     0.53300     0.23461     N    1         4 

N5    4   0.50160     0.47540     0.23460     N    1         4 

N6    4   0.54520     0.53740     0.11727     N    1         4 

N7    4   0.34860     0.48490     0.11649     N    1         4 

N8    4   0.47650     0.59500     0.36609     N    1         4 

N9    4   0.29240     0.67360     0.34170     N    1         4 

C1    4   0.68100     0.62900     0.25910     C    0.35      4 

C1B   4   0.67600     0.63900     0.26400     C    0.65      6 

C2    4   0.51380     0.76830     0.10630     C    1         4 

C3    4   0.18220     0.64980     0.10551     C    1         4 
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C4    4   0.21180     0.55990     0.23340     C    1         4 

H4A   4   0.19540     0.61250     0.21800     H    1         6 

C5    4   0.13220     0.51680     0.25322     C    1         4 

C6    4   0.15650     0.44130     0.27854     C    1         4 

C7    4   0.25990     0.41370     0.28282     C    1         4 

C8    4   0.29500     0.33840     0.31022     C    1         4 

H8A   4   0.24690     0.30560     0.32580     H    1         6 

C9    4   0.39400     0.31350     0.31426     C    1         4 

H9A   4   0.41440     0.26410     0.33370     H    1         6 

C10   4   0.47100     0.35840     0.29033     C    1         4 

C11   4   0.57610     0.33380     0.29393     C    1         4 

C12   4   0.64130     0.38040     0.26720     C    1         4 

C13   4   0.59830     0.44990     0.23762     C    1         4 

H13A  4   0.64270     0.48100     0.21830     H    1         6 

C14   4   0.43740     0.43050     0.26153     C    1         4 

C15   4   0.33220     0.45960     0.25921     C    1         4 

C16   4   0.02400     0.55320     0.24500     C    1         4 

H16A  4   0.02420     0.60580     0.22590     H    1         6 

H16B  4   0.00310     0.56060     0.28200     H    1         6 

H16C  4   -0.02540    0.51660     0.22160     H    1         6 

C17   4   0.07410     0.39280     0.30060     C    1         4 

H17A  4   0.10100     0.37530     0.33960     H    1         6 

H17B  4   0.05590     0.34490     0.27650     H    1         6 

H17C  4   0.01190     0.42650     0.30010     H    1         6 

C18   4   0.61710     0.25710     0.32560     C    1         4 

H18A  4   0.56980     0.24100     0.35130     H    1         6 

H18B  4   0.68680     0.26750     0.34760     H    1         6 

H18C  4   0.62110     0.21340     0.29830     H    1         6 

C19   4   0.75310     0.36050     0.26810     C    1         4 

H19A  4   0.78290     0.39920     0.24430     H    1         6 

H19B  4   0.75870     0.30530     0.25350     H    1         6 

H19C  4   0.79140     0.36370     0.30720     H    1         6 

C20   4   0.64330     0.56150     0.11827     C    1         4 

H20A  4   0.66680     0.60760     0.14080     H    1         6 

C21   4   0.71430     0.52450     0.08905     C    1         4 

C22   4   0.68070     0.45940     0.05435     C    1         4 

C23   4   0.57710     0.43170     0.05178     C    1         4 

C24   4   0.53300     0.36610     0.01694     C    1         4 

H24A  4   0.57520     0.33860     -0.00560    H    1         6 

C25   4   0.43460     0.34150     0.01474     C    1         4 

H25A  4   0.40880     0.29810     -0.00990    H    1         6 

C26   4   0.36690     0.37840     0.04832     C    1         4 

C27   4   0.26360     0.35260     0.04847     C    1         4 

C28   4   0.20450     0.39410     0.08190     C    1         4 

C29   4   0.25160     0.45970     0.11410     C    1         4 

H29A  4   0.20990     0.48860     0.13620     H    1         6 

C30   4   0.40680     0.44450     0.08319     C    1         4 

C31   4   0.51280     0.47190     0.08418     C    1         4 

C32   4   0.82400     0.55680     0.09630     C    1         4 

H32A  4   0.83000     0.60560     0.12020     H    1         6 

H32B  4   0.84060     0.57050     0.05910     H    1         6 

H32C  4   0.87290     0.51540     0.11450     H    1         6 

C33   4   0.75480     0.41800     0.02160     C    1         4 

H33A  4   0.71500     0.38440     -0.00840    H    1         6 

H33B  4   0.80330     0.38370     0.04740     H    1         6 

H33C  4   0.79420     0.45910     0.00460     H    1         6 

C34   4   0.21850     0.28030     0.01430     C    1         4 

H34A  4   0.24390     0.27930     -0.02190    H    1         6 

H34B  4   0.14210     0.28400     0.00700     H    1         6 

H34C  4   0.24010     0.23030     0.03540     H    1         6 

C35   4   0.09420     0.37350     0.08620     C    1         4 

H35A  4   0.06870     0.41170     0.11200     H    1         6 
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H35B  4   0.09140     0.31810     0.10090     H    1         6 

H35C  4   0.05030     0.37710     0.04850     H    1         6 

C36   4   0.56400     0.55240     0.37790     C    1         4 

H36A  4   0.62160     0.57270     0.36270     H    1         6 

C37   4   0.58160     0.48210     0.40980     C    1         4 

C38   4   0.49870     0.44930     0.42980     C    1         4 

C39   4   0.40160     0.49010     0.41770     C    1         4 

C40   4   0.31220     0.46150     0.43680     C    1         4 

H40A  4   0.31610     0.41120     0.45650     H    1         6 

C41   4   0.22030     0.50300     0.42830     C    1         4 

H41A  4   0.16230     0.48210     0.44290     H    1         6 

C42   4   0.21040     0.57870     0.39714     C    1         4 

C43   4   0.11670     0.62550     0.38867     C    1         4 

C44   4   0.11650     0.69660     0.35724     C    1         4 

C45   4   0.20490     0.71540     0.33470     C    1         4 

H45A  4   0.20180     0.76300     0.31200     H    1         6 

C46   4   0.29720     0.60550     0.37470     C    1         4 

C47   4   0.39570     0.56270     0.38590     C    1         4 

C48   4   0.68920     0.44550     0.41900     C    1         4 

H48A  4   0.73180     0.47360     0.39510     H    1         6 

H48B  4   0.68430     0.38770     0.40890     H    1         6 

H48C  4   0.72170     0.45120     0.45900     H    1         6 

C49   4   0.50990     0.37200     0.46520     C    1         4 

H49A  4   0.46690     0.37620     0.49480     H    1         6 

H49B  4   0.58320     0.36470     0.48290     H    1         6 

H49C  4   0.48690     0.32540     0.44070     H    1         6 

C50   4   0.02260     0.59950     0.41310     C    1         4 

H50A  4   0.04290     0.59150     0.45410     H    1         6 

H50B  4   -0.00480    0.54840     0.39530     H    1         6 

H50C  4   -0.03130    0.64160     0.40570     H    1         6 

C51   4   0.02090     0.75180     0.34490     C    1         4 

H51A  4   -0.00390    0.76390     0.38030     H    1         6 

H51B  4   -0.03460    0.72450     0.31850     H    1         6 

H51C  4   0.03970     0.80260     0.32780     H    1         6 

O2    4   0.54040     0.75280     0.34060     O    0.75      4 

H3    4   0.52580     0.70330     0.35940     H    0.75      6 

C52   4   0.64000     0.77130     0.36300     C    0.75      4 

H52A  4   0.64650     0.83120     0.36550     H    0.75      6 

H52B  4   0.68540     0.75230     0.33650     H    0.75      6 

C53   4   0.68590     0.73150     0.42840     C    0.75      4 

H53A  4   0.76240     0.73350     0.43580     H    0.75      6 

H53B  4   0.66290     0.67490     0.42980     H    0.75      6 

H53C  4   0.65890     0.76320     0.45730     H    0.75      6 
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Рис. П10. Полнопрофильное уточнение структур 9Dy(а), 10Dy(б). 

 

Рис. П11. Порошковые рентгенограммы 11Tb-11Yb в сравнении с теоретической 

рентгенограммой для Er-содержащего аналога, взятой из [177]. 
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Рис. П12. Порошковые рентгенограммы 12Dy-12Yb в сравнении с рассчитанной порошковой 

рентгенограммой [Y(H2O)4(terpy)Cl]Cl2·3H2O. 
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6.2. Другие приложения 

Таблица П13. Расчёты полиэдра Ln в программе SHAPE для 11Ln 

-------------------------------------------------------------------------------- 

S H A P E   v2.1         Continuous Shape Measures calculation 

(c) 2013  Electronic Structure Group, Universitat de Barcelona 

Contact:  llunell@ub.edu 

-------------------------------------------------------------------------------- 

OP-8 1 D8h Octagon 

HPY-8 2 C7v Heptagonal pyramid 

HBPY-8 3 D6h Hexagonal bipyramid 

CU-8 4 Oh Cube 

SAPR-8 5 D4d Square antiprism 

TDD-8 6 D2d Triangular dodecahedron 

JGBF-8 7 D2d Johnson gyrobifastigium J26 

JETBPY-8 8 D3h Johnson elongated triangular bipyramid J14 

JBTPR-8 9 C2v Biaugmented trigonal prism J50 

BTPR-8 10 C2v Biaugmented trigonal prism 

JSD-8 11 D2d Snub diphenoid J84 

TT-8 12 Td Triakis tetrahedron 

ETBPY-8 13 D3h Elongated trigonal bipyramid 
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Structure [ML8] OP-8 HPY-8 HBPY-8 CU-8 SAPR-8 TDD-8 JGBF-8 

Gav180 29.437 23.848 17.595 10.441 0.241 2.391 16.597 

 

Structure [ML8] JETBPY-8 JBTPR-8 BTPR-8 JSD-8 TT-8 ETBPY-8 

Gav180 28.864 2.146 1.648 4.767 11.096 24.734 
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Расчет оси анизотропии в комплексе 11Dy 

Для определения ориентации оси легкого намагничивания были проведены расчеты в 

программе MAGELLAN [175] с использованием структурных данных изоморфного 

соединения {[Eu(H2O)2][Co(CN)6]∙2H2O}n [171]. При расчетах применялось распределение 

заряда по схеме 1. Для атома Dy предполагался заряд +3. В пределах CN- заряд -1 

полностью приписывался атому N, так как его электроотрицательность выше, чем у C. 

Заряд координированных молекул H2O принимался равным 0 (Рис. 26а). Альтернативное 

распределение заряда (Рис. 26б), учитывающее равное распределение отрицательного 

заряда внутри CN- (C -1/2; Co-1/2). Расчеты по обеим схемам дали одинаковую 

ориентацию оси анизотропии (рис. 27). 

Входной файл для программы MAGELLAN для {[Dy(H2O)2][Co(CN)6]∙2H2O}n 

!sites 1 1 

Dy    0.00000    4.13840   10.21275   3 

 N    0.00000    2.78842    8.10075  -1 

 N    0.00000    2.78842   12.32475  -1 

 N    1.49504    5.44170    8.70671  -1 

 N   -1.49504    5.44170   11.71879  -1 

 N    1.49504    5.44170   11.71879  -1 

 N   -1.49504    5.44170    8.70671  -1 

 O    1.93467    2.75017   10.21275   0 

 O   -1.93467    2.75017   10.21275   0 

 C   -2.33246    5.79742    7.99590   0 

 C    0.00000    1.72253    7.58875   0 

 C    0.00000    1.72253   12.83675   0 

 C    2.33246    5.79742    7.99590   0 

 C   -2.33246    5.79742   12.42960   0 

 C    2.33246    5.79742   12.42960   0 

 

Выходной файл программы MAGELLAN для {[Dy(H2O)2][Co(CN)6]∙2H2O}n  

принятие начислений по схеме Рис. 26а. 

Оптимизированная энергия на месте (см–1) Собственные значения кривизны Мин. 

реверсивная энергия (см–1) 

   1          -0.6364E+03          0.1961E+04  0.2046E-03            0.9152E+03 

Выходной файл программы MAGELLAN для {[Dy(H2O)2][Co(CN)6]∙2H2O}n  

принятие начислений по схеме Рис. 26б. 
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Оптимизированная энергия на месте (см–1) Собственные значения кривизны Мин. 

реверсивная энергия (см–1) 

   1          -0.3901E+03          0.1199E+04  0.1023E-03            0.5604E+03 

7. Список обозначений и сокращений  

Сокращение/Обозначение – Расшифровка 

SMM – Молекулярный магнетик 

SIM – Моноионный магнетик 

РСА – Рентгеноструктурный анализ 

РФА - Рентгенофазовый анализ 

ИК - Инфракрасная спектроскопия 

ИК-НПВО – Инфракрасная спектроскопия нарушенного полного внутреннего отражения 

КТН – квантовое туннелирование намагниченности 

MOF - metal-organic frameworks - металлоорганические каркасы 

РЗЭ – Редкоземельные элементы 

ZFC/FC – zero field cooling/field cooling - охлаждение в нулевом магнитном 

поле/охлаждение в ненулевом магнитном поле 

Ln – Лантанид 

ЩЭ – Щелочные элементы 

КЧ – Координационное число 

КС – Координационное соединение/Координационные соединения 

КО – Координационное окружение 

КУ – Координационный узел 

MeOH – Метанол, метиловый спирт 

Solv – Растворитель, один из компонентов сольвосистемы 

Bpy - 2,2`-бипиридин 

Phen – 1,10-фенантролин 

УФ - ультрафиолетовое 

ЯМР – спектроскопия ядерного магнитного резонанса 

ЭПР – спектроскопия электронного парамагнитного резонанса 

DFT - теория функционала плотности 

ПКП - пористые координационные полимеры 

D – параметр расщепления в нулевом поле/zero-field splitting 

Металлолиганды - соединения, в которых группы атомов металлов связаны мостиковыми 

органическими лигандами.  


