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Description of the crystal structures
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Figure S1. Experimental powder XRD patterns for compounds LnV2 (20 range of 5-50°).
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Figure S2. Experimental powder XRD patterns for compounds LnV2 (20 range of 10-50°).



7 000:
6 000

5 0001
4 000

u.

3 000:
2 0001

Intensity, a

1,000} j
___,J b A ke,

R i B L

-1 000

2000 |

230000 L Ll LI 1 A A A
5 10 15 20 25 30 35 40 45

20, deg.

Figure S3. The experimental (blue line) and calculated (red line) powder XRD patterns for GdV2 and
their difference (grey line). The SCXRD data for GdV2 was used to simulate the theoretical line. Blue

ticks indicate calculated positions of the reflections.
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Figure S4. The experimental (blue line) and calculated (red line) powder XRD patterns for TbV2 and
their difference (grey line). The SCXRD data for TbV2 was used to simulate the theoretical line. Blue

ticks indicate calculated positions of the reflections.
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Figure S5. The experimental (blue line) and calculated (red line) powder XRD patterns for DyV2 and
their difference (grey line). The SCXRD data for DyV2 was used to simulate the theoretical line. Blue

ticks indicate calculated positions of the reflections.



10 000
9 5001
9 0001
8 500
8 0001
7 5001
7 0001
6 5001
6 0001
5 5001
5 0001
4 5001
4 0004
3 5004
3 000;

2 5001

2 OOO'J wLMMJLMwWW%M%W

1 5001

1 0001
5004
-5001

-1 000+ Lot 0 Wl 00 R W C U L A UG O O A 0O AN A MR

5 10 15 20 25 30 35 40 45
20, deg.

Intensity, a.u.

Figure S6. The experimental (blue line) and calculated (red line) powder XRD patterns for ErVz and
their difference (grey line). The SCXRD data for DyV2 was used to simulate the theoretical line. Blue

ticks indicate calculated positions of the reflections.
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Figure S7. The experimental (blue line) and calculated (red line) powder XRD patterns for YbV2 and
their difference (grey line). The SCXRD data for DyV2 was used to simulate the theoretical line. Blue

ticks indicate calculated positions of the reflections.
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Figure S8. The experimental (blue line) and calculated (red line) powder XRD patterns for LuV2 and
their difference (grey line). The SCXRD data for DyV2 was used to simulate the theoretical line. Blue

ticks indicate calculated positions of the reflections.

Table S1. Continuous Shape Measures (CShM) for GdOs, TbOg and DyOs coordination
polyhedra in compounds GdV2, TbV2, and DyV2. The lowest CShM values are highlighted, indicating

the best fits.
Structure MLs SAPR-8 TDD-8 JBTPR-8 BTPR-8 JSD-8
GdV: 0.297 1.879 2.783 2.203 4.820
TbV2 0.346 1.876 2.868 2.259 4.934
DyV2 0.320 1.860 2.837 2.233 4.892

Codes: SAPR-8 (Das4) Square antiprism; TDD-8 (D»4) Triangular dodecahedron; JBTPR-8 (C»,) Biaugmented
trigonal prism J50; BTPR-8 (C»y) Biaugmented trigonal prism; JSD-8 (D»4) Snub disphenoid J84.



Table S2. Selected bond angles (w, deg.) for GdVa.

Angle Q] Angle )
011-Gd1-011% 137.8(2) 0149-Gd1-013 111.01(14)
0119-Gd1-0140 76.50(14) 014-Gd1-013 141.41(14)
011-Gd1-014% 72.06(14) 014-Gd1-013® 111.00(14)
0119-Gd1-014 72.06(14) 0149-Gd1-013D 141.41(14)
011-Gd1-014 76.50(14) 0149-Gd1-0120 144.11(14)
011-Gd1-013 74.17(14) 014-Gd1-012% 70.95(14)
0119-Gd1-013 145.03(14) 014-Gd1-012 144.12(14)
011-Gd1-013% 145.03(14) 0149-Gd1-012 70.95(14)
0119-Gd1-013® 74.17(14) 013-Gd1-013% 81.3(2)
0119-Gd1-012® 115.69(14) 013-Gd1-012% 78.98(14)
0119-Gd1-012 78.37(14) 013-Gd1-012 72.70(14)
011-Gd1-012 115.69(14) 0139-Gd1-012% 72.70(14)
011-Gd1-012® 78.37(14) 0139-Gd1-012 78.98(14)
014-Gd1-0149 82.6(2) 0129-Gd1-012 142.4(2)
Symmetry code: (i) x, -y+3/2, -z+1/2.
Table S3. Selected bond angles (w, deg.) for TbV2.
Angle w Angle )
O11-Tb1-011% 137.85(19) 012-Tb1-014® 70.74(14)
0119-Tb1-012 78.94(14) 0120-Tb1-014 70.74(14)
O11-Tb1-012 115.08(16) O12-Tb1-O14 144.32(13)
0119-Tb1-0120 115.08(16) 0120-Tb1-0140 144.32(13)
011-Tb1-012% 78.94(14) 0139-Tb1-012% 72.49(13)
011-Tb1-013® 145.26(13) 013-Tb1-012 72.49(13)
0119-Tb1-013 145.26(13) 013-Tb1-012® 79.18(15)
0119-Tb1-013D 73.91(14) 0139-Tb1-012 79.17(15)
011-Tb1-013 73.91(14) 0139-Tb1-013 81.6(2)
011-Tb1-014% 71.61(14) O13-Tb1-O14 141.52(13)
O11-Tb1-O14 77.17(14) 013-Tb1-014® 110.44(14)
0119-Tb1-014 71.61(14) 0139-Tb1-014 110.44(14)
0119-Tb1-0140 77.17(14) 0139-Tb1-0140 141.52(13)
012-Tb1-012% 142.35(19) 0140-Tb1-014 83.25(19)

Symmetry code: (i) x, -y+3/2, -z+1/2.




Table S4. Selected bond angles (w, deg.) for DyVa.

Angle Q] Angle )
012-Dy1-012® 137.8(2) 013-Dyl1-0O14 70.85(16)
012-Dy1-013® 76.68(17) 0139-Dy1-014 144.65(16)
0129-Dy1-013% 72.05(16) 013-Dy1-014% 144.65(16)
0129-Dy1-013 76.68(17) 0139-Dy1-014D 70.85(16)
012-Dyl1-013 72.05(16) 014-Dy1-014® 141.9(2)
0129-Dy1-014 78.76(16) O11-Dyl1-013 141.28(15)
012-Dy1-014® 78.76(16) 0119-Dy1-013 110.82(16)
0129-Dy1-014D 115.45(17) 011-Dy1-013® 110.83(16)
012-Dyl1-014 115.45(17) 0119-Dy1-013® 141.28(15)
0129-Dy1-011® 145.07(16) 011-Dyl1-014 78.88(17)
012-Dyl1-O11 145.07(16) 011-Dy1-014% 72.41(16)
012-Dy1-011® 74.16(16) 0119-Dy1-014 72.41(16)
0129-Dy1-011 74.17(16) 0119-Dy1-014® 78.88(17)
013-Dy1-013® 83.2(2) 011-Dy1-011® 81.2(2)
Symmetry code: (i) x, -y+1/2, -z+3/2.
Table S5. Hydrogen bonding parameters of structure GdVa.
Fragment D-H---A Distance/ A D-H---A /°
D-H oA DA
O11-H:--06Y 0.85 1.83 2.684(7) 180
O11-Ha---03 0.85 2.03 2.821(7) 156
Ol-Hlga---0181 0.98 1.62 2.602(12) 174
O1-H1b---O4A® 0.98 2.28 2.98(2) 127
O14-Hb---O4A® 0.85 1.90 2.69(3) 155
014-Hc---07 0.85 1.97 2.726(6) 147
013-Hd---010 0.85 1.89 2.739(7) 180
013-He:--05Y 0.85 2.02 2.768(7) 147
O12-Hf*--09t) 0.85 1.87 2.720(7) 179
012-Hg---08® 0.85 1.99 2.785(7) 155

Symmetry codes: | —1/2+x, y, 1-z; ' x, 3/2—y, 1/2—z; 1 —1/2+x, 3/2—y, —1/2+z.




Table S6. Hydrogen bonding parameters of structure TbV2.

Distance/ A
Fragment D-H---A D-H---A /°

D-H H-A DA
Ol1-Hla---018® 0.85 1.79 2.581(14) 154
O1-H1b---O4A® 0.85 2.12 2.920(10) 156
Ol1-Hlle---06"D 0.85 1.84 2.686(6) 176
O11-H11f£--03 0.85 2.02 2.812(6) 155
012-H12e--09) 0.85 1.88 2.716(6) 168
O12-H12f--O8A 0.85 1.97 2.808(8) 170
013-H13e:--08™) 0.85 1.89 2.742(6) 178
013-H13f--050 0.85 1.94 2.765(4) 164
O14-Hl4g--O4A 0.86 1.96 2.685(10) 141
O14-H14h---07 0.86 1.89 2.731(6) 165

Symmetry codes: ! 1/2+x, y, 1-z; ' x, 3/2—y, 1/2—z; 1 —1/2+x, y, 1-z; V —1/2+x, 3/2—y, —1/2+z.

Table S7. Hydrogen bonding parameters of structure DyV2.

Fragment D-H---A Distance/ A D-H---A /°
D-H oA DA
Ol-Hla---018® 0.86 1.80 2.593(16) 154
O1-H1b---O6A®D 0.86 2.13 2.96(3) 162
Ol11-Hlle---08"iD 0.85 1.89 2.738(8) 180
Ol1-H11f--03 0.85 2.02 2.768(7) 147
O12-H12e:--04 0.85 1.83 2.679(8) 180
O12-H12f--05 0.85 2.03 2.824(7) 156
O13-H13e---O6A 0.85 2.02 2.71(3) 137
O13-H13f--050 0.85 2.54 3.346(7) 158
O14-H14g---07®) 0.85 1.86 2.713(7) 180
O14-H14h---010 0.85 1.99 2.782(8) 155

Symmetry codes: ! 1/2+x, 1/2—y, —1/2+z; ' x, 1/2-y, 3/2—z; 1 —1/2+x, y, 1-z; ¥ —1/24x, 1/2-y, 1/2+z.



Magnetic properties
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Figure S9. Dependencies of the magnetization [pug] vs dc-magnetic field H (left) and H/T (right) for
GdV: at 2, 4 and 6 K. Calculated values are represented by black lines.
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Figure S10. Dependencies of the magnetization [us] vs dc-magnetic field H (left) and H/T (right) for

TbVz at2, 4 and 6 K.
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Figure S11. Dependencies of the magnetization [ug] vs dc-magnetic field H (left) and H/T (right) for
DyV:at 2,4 and 6 K.
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Figure S12. Dependencies of the magnetization [ug] vs dc-magnetic field H (left) and H/T (right) for

Erv:at2,4 and 6 K.
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Figure S13. Dependencies of the magnetization [us] vs dc-magnetic field H (left) and H/T (right) for

YbVzat 2,4 and 6 K.
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Figure S14. Dependencies of the magnetization [ug] vs dc-magnetic field H (left) and H/T (right) for

LuV:2 at 2, 4 and 6 K. Calculated values are represented by black lines.
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Figure S15. Frequency dependencies of the in-phase (', left) and out-of-phase (y", right)

components of the ac susceptibility for TbV2 up to a 5000 Oe dc magnetic field at 2 K.
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Figure S16. Frequency dependencies of the in-phase (', left) and out-of-phase (y", right)

components of the ac susceptibility for GdV2 up to a 5000 Oe dc magnetic field at 2 K.
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Figure S17. Frequency dependencies of the in-phase (', left) and out-of-phase (y", right)

components of the ac susceptibility for DyV2 up to a 5000 Oe dc magnetic field at 2 K.



3.2

FH‘I—H—.—.—.—‘—.—.—I—I—H—I—.—a—'—._._._._._._H & H=0 | _
28 * e Iﬂjﬂgo ::;goo
—v— H=1500 —A—H=1000
B W o B : ::;ggg
g 241 T=2K 3 THes000 E —»— H=5000
§ 20} _ £
_X 16 WW :><
1.2+
0.8 - -
10 100 1000 10000 10 100 1000 10000
v, Hz v, Hz
Figure S18. Frequency dependencies of the in-phase (', left) and out-of-phase (y", right)
components of the ac susceptibility for ErVz up to a 5000 Oe dc magnetic field at 2 K.
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Figure S20. Frequency dependencies of the in-phase (', left) and out-of-phase (y", right)

components of the ac susceptibility for LuV2z up to a 5000 Oe dc magnetic field at 2 K.
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magnetic field. Solid lines represent fitting by the generalized Debye model.
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Figure S25. Cole-Cole plots for DyV2. Solid lines were fitted by generalized Debye model for two

modes of relaxation.
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Table S8. Fitting of the 7 vs.T dependences for GAV2 under an optimal dc field (Hpc = 2500 Oe, T =
4.5 K). Meaningless parameters are specified in - while yellow color emphasizes insufficient

R? values. Reliable fits are specified in green color.

Fitting Fit function, temperature range,

best-fit parameters with uncertainties.
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Quantum chemical calculations

Fig. S29. CASSCF computed main magnetic g-axis of the [Ln(H20)s]** unit.

Table S9. Calculated energy (cm ') and wavefunction decomposition of Ising pseudo-doublets analysis

for Tb*" ion in TbV2 (values above 10% are given, the major dominating values are kept in bold).

Energy Wavefunction decomposition

0.000 99.2%|+6)

0.003 99.2%|+6)
140.265 24.8%|£2)+24.4%|£3)+20.2%|£5)+16.0%|x1)+13.2%|+4)
140.641 27.8%|£2)+25.0%|£3)+21.2%|+5)+13.4%|+4)+10.4%|+1)
165.817 30.4%|£5)+29.4%£1)+24.9%)|0)
168.916 38.8%|+5)+34.0%]|+1)+15.6%]|+2)




182.405 45.9%|0)+26.6%[£5)+14.0%}+2)

190.398 30.0%|£1)+27.4%+5)+22.8%[+3)

202.445 19.8%|£3)+14.8%|0)+12.4%|=5)+10.8%=4)
228.104 34.0%|£4)+33.2%+2)+14.6%[+ 1)

231.669 39.8%|£2)+30.2%]+4)+16.8%[+ 1)

307.092 40.8%|£3)+37.6%}+4)+13.6%[+2)

307.355 41.2%|£3)+36.3%}+4)+14.6%|+2)

Table S10. Calculated energy (cm™') and g-tensors for each Kramers doublets for Ln** ions in

compounds LnV2.

|£M,) states Energy Sux S gz
Dy*
KD° 0 0.007 0.014 19.435
KD! 105.750 0.061 0.067 15.456
KD? 148.741 2.311 2.717 11.722
KD? 195.362 7.078 6.248 2.415
KD* 245.444 2431 3.522 9.573
KD? 286.940 1.200 2.359 13.685
KD® 326.751 0.550 0.787 18.207
KD’ 364.813 0.289 0.436 19.245
Er’*
KD° 0 0.742 2.677 14.920
KD! 45.371 8.633 5.993 2.363
KD? 80.548 1.864 2.272 8.841
KD? 113.082 0.288 0.525 16.203
KD* 156.289 2.739 2.510 0.427
KD? 164.351 6.639 3.914 0.775
KD® 203.100 0.080 0.836 9.742
KD’ 255.670 0.015 0.148 15.846
Yb*
KD° 0 0.144 0.455 7.618
KD! 109.280 1.283 1.974 6.213
KD? 220.175 1.693 2.507 4.777
KD? 282.596 0.233 0.296 7.909




Table S11. Calculated energy (cm™!) and wavefunction decomposition analysis of doublets for Dy*",

Er**, and Yb*" ions in compounds LnV2 (values above 10% are given, the major dominating values

are kept in bold).
|£M ) Energy | Wavefunction decomposition
states
Dy**

1 0 93.8%|+15/2)
2 105.750 | 74.0%]+13/2)+10.8%]+7/2)
3 148.741 | 41.5%|£11/2)+18.5%|£5/2)+16.0%]£3/2)+10.5%]|+9/2)
4 195.362 | 34.6%]|+9/2)+25.0%|£11/2)+17.1%]|+1/2)+15.2%|+3/2)
5 245.444 | 30.7%|£7/2) + 30.1%[+9/2) + 21.7%|x1/2) + 13.3%]|+5/2)
6 286.940 | 31.7%|£7/2) + 30.5%|£5/2) + 26.9%]|+3/2)
7 326.751 | 26.9%|+11/2) + 19.1%]|+9/2) + 18.4%|+5/2) + 17.3%]|+=13/2)
8 364.813 | 45.4%|£1/2) + 33.4%|+3/2) + 12.6%]|+5/2)

E l.3+

0 66.2%]£15/2) + 18.1%]+11/2)

[u—

2 45371 | 32.4%[£13/2) + 28.4%£5/2) + 13.3%[£1/2) + 10.0%[3/2)

3 80.548 | 24.8%]+3/2) + 23.4%[13/2) + 14.4%[£9/2) + 10.7%+5/2)

4 113.082 | 37.0%|£1/2) + 16.6%[£9/2) + 16.5%[£3/2) + 11.9%£5/2)+ 11.2%|£7/2)

5 156.289 | 23.2%[£1/2) + 22.7%9/2) + 154%JE11/2) + 10.7%[£15/2) +
10.6%}+13/2)

6 164351 | 48.3%|£7/2) + 16.3%[£11/2) + 13.7%£3/2)

7 203.100 | 30.2%|=11/2) + 20.8%JE13/2) + 18.8%£5/2) + 12.4%[£9/2)

8 255.670 | 19.4%|£5/2) + 19.2%£3/2) + 15.1%£1/2) + 12.0%[£7/2) + 11.0%]+9/2)

Yb3+

1 0 49.2%|£7/2) + 27.1%[£3/2) + 22.4%}+5/2)

2 109.280 | 44.4%]£5/2) + 37.8%[£1/2) + 13.6%[=3/2)

3 220.175 | 38.2%[£3/2) + 23.0%£7/2) + 22.9%[£1/2) + 15.9%}+5/2)

4 282.596 | 37.9%£1/2) + 23.6%£7/2) + 21.1%[£3/2) + 17.3%£5/2)

Table S12. Calculated crystal-field parameters B,? (cm™) for nonequivalent Ln*" ions in compounds

LnV2. The major components in the table are in bold.



Tb3+ D 3+
- : y Er3+ 3+
- 0.:”02.26.31801 ~0.846-10°3 0.725 —0 ;5: 1073
. Y -0.107-102 -0.852-10* —0.490- 3
. —0.139 . L
1 —0.989 —0.750 —0_1(;391 -3 06110
2 0.306 —0.566 —0'786.10‘l b0zl
—4 -0.166-107 0.489-10* —0'173.102 e
-3 0.998-102 -0.213-10°° —0‘266. 10’6 pyioted
-2 —0.116-107" 0.454-10* —0‘124. 10’2 pliie
-1 -0.325-10! -0.162-10* —0‘312. 10‘6 Pesid
0 —0.123-10"! -0.222-1072 —0.194.10‘2 Peve
1 0.894-102 ~0.161-107" 0.10 6.1(15 R
2 0.317-1072 0.206-10" 20 10’ 02t
3 0.330-10°2 —-0.584-10! v o
\ o . °1({ 0.287-107 0.454
- e 0.979-10 -0.175-10! 0.145-10°"
h _0.272. e -0.751-10°° -0.253-10* 0'529' 6
. —0.196-10°° —0.306-10°° | 10’
—4 0.128-10* 0.901-10°° 0.11 -3 et
-3 ~0.104-10 -0.107-10°° —d 905‘ i i Byie
-2 0.394-10* 0.110-10°° 0 66 ’ 104 s
-1 -0.170-1073 0.105-10°° 0.733.107 By
0 ~0.180-10* -0.111-107* (;49.105 Bytoie
1 0.241-10* 0.138-107° _0.236.107 P
2 0.378-10* 0.722:107 _0 .1664‘103 oo 10
3 0.556-10°* ~0.186-107° —d 163‘10 6 a0
4 -0.117-107 0.191-107° —0.33i10‘3 Py
5 0.160-107 -0.457-1073 —0.75 -10’7 P
6 ~0.305-107 -0.109-10°73 0 .2803.103 s
.280-10 0.240-1073




