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Table 1. Crystallographic data and structure refinement details for compounds 1-9

Empirical formula
M/ g mol™!
T/K
Radiation type
Radiation wavelength / A
Crystal system
Space group
Tnins Trnax
alA
b/ A
c/A
pre
v/ A3
VA
Peale / g Cm >
i/ mm-!
F(000)
Crystal size / mm?

20 range for data collection / ©
Index ranges

Collected reflections
Rint
Observed reflections

Reflections with
1>206(])

Goodness-of-fit on F?

Final R indexes
[7> 20(])]
Final R indexes [all data]

Largest diff. peak and hole /
eA3

1
C30H4sN19O24Pr4Re6Ss
2866.07
130(2)

Mo K,
0.71073
Monoclinic
P2,/n
0.586, 1.000
22.7792(7)
12.6008(3)
23.8919(7)
111.325(3)
6388.3(3)

4
2.980
14.640
5200
0.20x0.19%0.17
3.303-28.714

—27<h<24
-16 <k<16;
—31</<30

35925
0.0239
14107

12296

1.019

2
Cs3H4,N11Nd4O5:Re6S
2895.41
130(2)
Mo K,
0.71073
Monoclinic
P2,/n
0.581, 1.000
22.8344(4)
12.5424(2)
23.8734(4)
111.117(2)
6378.1(2)
4
3.015
14.863
5244
0.15%0.05%0.03
3.297-29.084

—30<h<30;
-17<k<13;
—27<1<30

32942
0.0268
14153

11766

1.019

3
C30H44N10O24Re6S3Smy
2903.83
130(2)

Mo K,
0.71073
Monoclinic
P2,/n
0.191, 1.000
22.7540(4)
12.5264(2)
23.7189(4)
111.036(2)
6310.0(2)

4
3.057
15.455
5248
0.27%0.18%x0.08
3.242-28.723

—29<h<29;
—-16 <k<16;
—32</<31

80812
0.0380
15113

14180

1.056

R, =0.0292, wR, =0.0697 R, =0.0311, wR, =0.0951 R, =0.0277, wR, = 0.0695

R, =0.0366, wR, =0.0721 R, =0.0443, wR, =0.0688 R, =0.0303, wR, =0.0707

2.33(0.85 A from Prl)
—~1.94 (0.58 A from Pr3)

2.50 (1.18 A from O9W)

—2.15 (0.44 A from ND3)

4.07 (0.78 A from Sml)
~3.82 (0.64 A from Sml)
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Table 1. Crystallographic data and structure refinement details for compounds 1-9 (continued)

4 5 6
Empirical formula C30H4EusN0O23Re6Sg C;30H4,Gd4N;0O23Re6Ss C30H44N10O024Re6SsThy
M/ g mol™! 2892.25 2913.41 2938.11
T/K 100(2) 100(2) 130(2)
Radiation type Synchrotron Synchrotron Mo K,
Radiation wavelength / A 0.96990 0.96990 0.71073
Crystal system Monoclinic Monoclinic Monoclinic
Space group P2,/n P2,/n P2,/n
Tmins Tinax 0.074, 0.275 0.095, 0.404 0.253, 1.000
alA 22.6868(15) 22.6751(9) 22.6022(7)
b/ A 12.4553(11) 12.4275(6) 12.3896(3)
c/A 23.6524(17) 23.6074(10) 23.5464(7)
p/° 110.984(3) 110.903(3) 110.930(4)
v/ A3 6240.2(8) 6214.6(5) 6158.7(3)
VA 4 4 4
Peale / g cm™3 3.079 3.114 3.169
i/ mm-! 21.733 22.162 16.614
F(000) 5224 5240 5296
Crystal size / mm? 0.25%x0.12x0.08 0.20x0.05%0.05 0.45x0.07%0.07
20 range for data collection / © 3.248-29.691 2.759-29.693 3.251-28.541
—28 <h<28; —27 <h<26; —26<h<27,
Index ranges —15<k<15; —-15<k<15; —15<k<16;
—29</<29 —29</<28 —-31</<31
Collected reflections 72220 62471 52272
Rin 0.0564 0.0568 0.0293
Observed reflections 12242 12222 14100
Reﬂfitiz";’(sl)mth 11939 10986 12531
Goodness-of-fit on F? 1.089 1.013 1.034

Final R indexes

[[>26(1)] R, =0.0363, wR, =0.0932 R, =0.0382, wR, =0.0986 R, =0.0291, wR,=0.0717
Final R indexes [all data] R, =0.0373, wR, =0.0940 R, =0.0432, wR, =0.1011 R, =0.0355, wR, =0.0743

Largest diff. peak and hole / 3.80 (0.80 A from Eul) 1.83 (1.32 A from Rel) 2.26 (0.80 A from Re6)
eA ~3.74 (0.69 A from Eul) —2.39 (0.66 A from Gd1) —2.06 (0.48 A from Tb1)
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Table 1. Crystallographic data and structure refinement details for compounds 1-9 (continued)

Empirical formula
M/ g mol™!
T/K
Radiation type
Radiation wavelength / A
Crystal system
Space group
Tnins Trnax
alA
b/ A
c/A
pre
VA3
zZ

Pealc / g €M
i/ mm-!
F(000)

Crystal size / mm?

20 range for data collection / ©
Index ranges

Collected reflections
Rint
Observed reflections

Reflections with
1>206(])

Goodness-of-fit on F?

Final R indexes
[7> 20(])]
Final R indexes [all data]

Largest diff. peak and hole /
eA3

7
C30H33DyaN10021Re6Ss
2898.38
130(2)

Mo K,
0.71073
Monoclinic
P2,/n
0.348, 1.000
22.5236(7)
12.3713(3)
23.4758(7)
110.565(3)
6124.6(3)

4
3.143
16.961
5192
0.18%0.09%0.08
3.282-25.348

—23<h<27,
-11<k<14
—28<1<26

33174
0.0336
11148

10148

1.262

2.52(0.15 A from N1B)

—2.89 (0.75 A from Dyl)

8
Cs0H4Ho4N 10O23Re6S
2944.13
130(2)

Mo K,
0.71073
Monoclinic
P2,/n
0.418, 1.000
22.5433(12)
12.3603(6)
23.5047(13)
110.435(6)
6137.2(6)

4
3.186
17.218
5288
0.31x0.19%0.15
3.225-28.425

—27<h<27;
—-14<k<16;
—-31<7/<30

34548
0.0329
13011

12006

1.096

3.45 (0.85 A from Hol)

—2.33(0.57 A from Hol)

9
C30H42ErsN10023Re6Sq
2953.45
100(2)
Synchrotron
0.96990
Monoclinic
P2,/n
0.196, 0.377
22.459(4)
12.321(2)
23.420(3)
110.270(8)
6079.4(17)

4
3.227
24.228
5304
0.10%0.05x0.05
3.263-29.692

—27<h<27,
-13<k<15;
—27<1<28

39521
0.0779
11944

11255

1.054

R, =0.0610, wR, =0.1292 R, =0.0341, wR, =0.0740 R, =0.0413, wR, = 0.1076

R, =0.0673, wR, =0.1309 R, =0.0385, wR, =0.0759 R, =0.0440, wR, = 0.1098

2.31 (0.72 A from Re6)
—2.84 (0.80 A from Re6)
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Table S1. Selected interatomic distances of compounds 1-9, A

Range / Average, A
1 (Ln=Pr) 2 (Ln=Nd) 3 (Ln=Sm) 4 (Ln=Eu) 5 (Ln=Gd)

. 3.7513(5)-4.0479(6) / 3.7400(5)—4.0490(5) / 3.7062(4)-3.9955(4) / 3.6850(6)-3.9622(6) / 3.6853(6)-3.9310(6) /
e 3.92(14) 3.93(11) 3.88(11) 3.85(10) 3.84(9)

. o 2.398(5)-2.518(5) / 2.385(5)-2.533(5) / 2.365(4)-2.484(4) / 2.380(6)-2.460(6) / 2.336(6)-2.433(6) /
n—(p3-0) 2.45(4) 2.44(4) 2.41(4) 2.40(4) 2.39(3)

Lo 2.390(6)-2.572(6), 2.732(5) /| 2.330(6)-2.561(5), 2.738(5) /| 2.348(5)-2.530(6), 2.767(6) / | 2.336(6)-2.560(10), 2.775(11) /| 2.23(2)-2.55(1), 2.75(1)
N—Ycoo- 2.46(8) 2.44(8) 2.43(8) 2.42(8) 2.39(10)

Ln—Npa 2.754(6) (N1A) 2.736(6) (N1A) 2.718(5) (N1A) 2.692(8) (N1A) 2.667(9)

Lo 2.49(2)-2.61(1)/ 2.496(5)-2.626(6) / 2.421(12)-2.594(6) / 2.413(8)-2.583(11) / 2.39(2)-2.62(2) /
o 2.53(4) 2.55(6) 2.49(6) 2.48(6) 2.47(8)

Lo 2.598(6)-2.714(6) / 2.546(6)-2.672(6) / 2.520(5)-2.663(5) / 2.493(7)-2.650(7) / 2.478(8)-2.635(7) /
ien 2.62(6) 2.61(5) 2.58(6) 2.55(6) 2.54(6)

ReR 2.5859(4)-2.6071(4) / 2.5882(4)-2.6107(4) / 2.5919(3)-2.6109(3) / 2.5892(5)-2.6117(4) / 2.5898(5)-2.6114(5) /
ee 2.595(7) 2.600(6) 2.602(6) 2.600(7) 2.600(7)

ReS 2.392(2)-2.410(2) / 2.399(2)-2.414(2) / 2.399(1)-2.415(2) / 2.395(2)-2.411(2) / 2.395(2)-2.410(2) /
. 2.401(5) 2.405(4) 2.407(4) 2.404(4) 2.403(3)

Re 2.097(7)-2.127(8) / 2.082(7)-2.124(8) / 2.085(6)-2.134(6) / 2.084(9)-2.141(9) / 2.103(9)-2.143(10) /
o 2.12(1) 2.11(2) 2.12(2) 2.12(2) 2.12(2)
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Table S1. Selected interatomic distances of compounds 1-9, A (continued)

Range / Average, A
6 (Ln =Tb) 7 (Ln = Dy) 8 (Ln=Ho) 9 (Ln=Er)
_ 3.6876(4)-3.8716(4) /| 3.6876(13)-3.8566(12) /[3.6911(5)-3.8652(5) /| 3.6693(7)-3.8384(7) /
e 3.81(7) 3.79(6) 3.78(7) 3.76(7)
. o] 2331(4-2425(5)/ | 2306(13)-2.462(13)/ | 2316(5)-2.449(5)/ | 2303(6)-2.429(6) /
n-(1-0) 237(3) 2.36(4) 2.36(4) 235(4)
Lo 2.28(1)-2.48(2) / 2.18(5)-2.36(1) / 2.273(5)-2.356(6) / | 2.268(7)-2.338(6)/
i oo, 2.35(3) 2.30(4) 2.30(3) 2.29(3)
2.60(2) (N1A) 2.584(8) (N1A) 2.576(8) (N1A)
Ln—Niva 2.604(7) (N1A) 2.53(2) (N1B) 2.558(7) (N1B) 2.572(8) (N1B)
Lo 2.354(14)-2.481(6)/ |  2.38(2)-2.43(2)/ 2.369(6)-2.437(7)/ | 2.341(6)-2.416(8) /
o0 2.42(5) 2.40(2) 2.40(3) 2.38(3)
Lo 2.477(6)-2.629(6) / 2.47(2)-2.59(2) / 2.474(7)-2.583(8) / | 2.430(8)-2.568(9) /
e 2.54(6) 2.53(5) 2.53(5) 2.51(5)
Re R 2.5895(4)-2.6112(3) /| 2.5905(11)-2.6064(10) /| 2.5971(5)-2.6152(4) /| 2.5960(6)-2.6136(6) /
e 2.599(7) 2.598(6) 2.606(6) 2.604(6)
ReS 2.395(2)-2.4102) | 2.394(5)-2.415(5)/ | 2.398(2)-2.421(2)/ | 2.397(2)-2.420(2) /
. 2.404(4) 2.403(5) 2.409(6) 2.407(5)
Re 2.081(7)-2.137(7) 2.10(2)-2.13(2) / 2.113(8)-2.137(8) | 2.122(10)-2.160(9) /
e 2.12(2) 2.11(1) 2.123(9) 2.13(1)
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Table S2. Coordination environment and coordination number of lanthanide ions in compounds 1-9

Compound Atom Coordination number OMH,0) O(COO,ina) p;-O N(CN) N(ina)

Lnl 9 1 2 3 2 1
14 Ln2 9 1 3 3 2 -
Ln3 8 2 2 3 1 —
Ln4 8 2 2 3 1 -
Gdl 8/9 -/1 2 3 2 1
5 Gd2 8/9 1 / 3 2 -
Gd3 8 2 2 3 1 —
Gd4 8 2 2 3 1 -
Tbl 8 -/1 / 3 2 1
p Tb2 8 1 2 3 2 -
Tb3 8 2 2 3 1 -
Tb4 8 2 2 3 1 -
Dyl 8 — 2 3 2 1

; Dy2 8 1/- 2 3 2 -/1
Dy3 8 2 2 3 1 -
Dy4 8 2 2 3 1 —
Lnl 8 — 2 3 2 1
8.9 Ln2 8 — 2 3 2 1
Ln3 8 2 2 3 1 -
Ln4 8 2 2 3 1 —
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b)
Figure S1. Asymmetric unit of the structure 2 with atom represented by thermal ellipsoids drawn at 50%
probability (a); {Nd4(us;-OH)s(p-ina)(ina);(H,0)s s(CsHgN,O)o 514" building unit. Asterisk denotes
symmetry-generated bridging ina ligand, symmetry code: -x+0.5; y-0.5; -z+1.5. Broken-off bonds mark
the Nd—N¢y bonds (). Hydrogen atoms are omitted for clarity.
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Figure S2. Asymmetric unit of the structure 3 with atom represented by thermal ellipsoids drawn at 40%
probability (a); {Smy(u;-OH)4(p-ina)(ina);(H,O)s}*" building unit. Asterisk denotes symmetry-generated
bridging ina ligand, symmetry code: -x+0.5; y-0.5; -z+1.5. Broken-off bonds mark the Sm—Ncy bonds ().

Hydrogen atoms are omitted for clarity.
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N1D

N1C

b)
Figure S3. Asymmetric unit of the structure 4 with atom represented by thermal ellipsoids drawn at 50%
probability. Alternative position of disordered terminal ina ligand is shown as colorless balls (a); {Eus(ps-
OH),(p-ina)(ina);(H,O0)s}# building unit. Asterisk denotes symmetry-generated bridging ina ligand,
symmetry code: -x+0.5; y-0.5; -z+1.5. Broken-off bonds mark the Eu—Ncy bonds (b). Hydrogen atoms are

omitted for clarity.
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b)
Figure S4. Asymmetric unit of the structure 5 with atom represented by thermal ellipsoids drawn at 40%
probability (a); {Gds(us;-OH)4(u-ina)(ina);(H,O)s}*" building unit. Asterisk denotes symmetry-generated
bridging ina ligand, symmetry code: -x+0.5; y-0.5; -z+1.5. Broken-off bonds mark the Gd—Ncy bonds ().
Alternative position of disordered bridging ina ligand is shown as colorless balls. Hydrogen atoms are

omitted for clarity.
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b)
Figure S5. Asymmetric unit of the structure 6 with atom represented by thermal ellipsoids drawn at 50%
probability (a); {Tb4(us;-OH)4(p-ina)(ina);(H,0)s}4" building unit. Asterisk denotes symmetry-generated
bridging ina ligand, symmetry code: -x+0.5; -0.5; -z+1.5. Broken-off bonds mark the Tb—Ncy bonds ().
Alternative position of disordered bridging ina ligand is shown as colorless balls. Hydrogen atoms are

omitted for clarity.
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N 4

b)
Figure S6. Asymmetric unit of the structure 7 with atom represented by thermal ellipsoids drawn at 50%
probability (a); {Dyi(ps;-OH)4(p-ina) ¢(ina), 4(H,O)4}*" building unit. B and B’ denote the alternative
positions of disordered ina ligand. Asterisks denote symmetry-generated bridging ina ligands. Symmetry
codes: -x+0.5; »-0.5; -z+1.5 for A* and x; y-1; z for B*. Broken-off bonds mark the Dy—Ncy bonds (b).

Alternative position of disordered bridging ina ligand is shown as colorless balls. Hydrogen atoms are

omitted for clarity.
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b)
Figure S7. Asymmetric unit of the structure 8 with atom represented by thermal ellipsoids drawn at 50%
probability (a); {Ho(n;-OH)4(p-ina),(ina),(H,0)4}#* building unit. Asterisks denote symmetry-generated
bridging ina ligands. Symmetry codes: -x+0.5; y-0.5; -z+1.5 for A* and x; y-1; z for B*. Broken-off bonds

mark the Ho—Ncy bonds (b). Hydrogen atoms are omitted for clarity.
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b)
Figure S8. Asymmetric unit of the structure 9 with atom represented by thermal ellipsoids drawn at 50%
probability (a); {Ery(u;-OH)4(p-ina),(ina),(H,0)4}*" building unit. Asterisks denote symmetry-generated
bridging ina ligands. Symmetry codes: -x+0.5; y-0.5; -z+1.5 for A* and x; y-1; z for B*. Broken-off bonds
mark the Er—N¢y bonds (). Hydrogen atoms are omitted for clarity.
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Figure S9. Structure of polymeric chains {Lny(p;-OH),(p-ina)(ina);(H,0)s},*" (Ln = Nd, Sm, Eu, Gd) in
the structure of compounds 2-5 (a-d, respectively). Alternative positions of disordered linkers are drawn

as blue and red sticks.
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Figure S10. Structure of polymeric chains {Tb,(us3-OH)4(p-ina)(ina);(H,O)s}, 4" and {Lny(ps-OH)4(p-
ina),(ina),(H,0)4},** (Ln = Dy, Ho, Er) in the structure of compounds 6-9 (a-d, respectively).

Alternative positions of disordered linkers are drawn as blue and red sticks.
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Figure S11. Polyhedral representation of the packing of {Pry(u;-OH),}8* (green polyhedra) and {ResSg}?*
(blue polyhedra) cluster units in the structure 1. The ina ions, ps;-Se ligands and H,O molecules are not

shown.
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Figure S12. Experimental (red line) vs calculated (black line) powder X-Ray diffraction (PXRD) patterns

of compounds 1-9 (a—i, respectively).
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Table S3. Thermal mass loss of compounds 1-9 according to the TGA data.

Range 1, °C Mass loss 1 Range 2, °C Mass loss 2 Total loss,

amu / H,O

1 (Ln=Pr) 25-150 5.0% = 143 amu 150-250 1.8% =51 amu 194/10.8
2 (Ln =Nd) 25-146 4.4% =127 amu 146-253 1.6% = 46 amu 173/9.6
3 (Ln=Sm) 25-146 3.3% =96 amu 146-265 2.2% = 64 amu 160/8.9
4 (Ln=Eu) 25-161 5.5% =159 amu 161-245 1.7% =49 amu 208 /11.6
5 (Ln=Gd) 25-162 3.5% =102 amu 146-270 1.7% = 50 amu 152/8.4
6 (Ln=Tb) 25-152 4.1% =119 amu 152-240 1.6% =46 amu 165/9.2
7 (Ln = Dy) 25-160 4.2% = 124 amu 160238 1.4% =41 amu 165/9.2
8 (Ln = Ho) 25-150 4.5% =132 amu 150274 1.5% =44 amu 176 /9.8
9 (Ln =Er) 25-150 4.0% =118 amu 150-258 1.7% = 50 amu 168/9.3

100 —
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Figure S13. TG (black line) and DTG (red line) curve of compound 1.

S21




100 40,0
98 4.4% 1
96 4-02
X 1 1.6%
¢ 94 l
= 0.8%
92 4-04
90 1
88 ' T J T J | J | T T T T T -0,6
100 200 300 400 500 600 700
T, °C
a)
100 - 0,0
X
0)
|_
| ! | I I I |
100 200 300 400 500 600 700
b T, °C

Figure S14. TG (black line) and DTG (red line) curves of compounds 2 (a) and 3 (b).
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Figure S15. TG (black line) and DTG (red line) curves of compounds 4 (a) and 5 (b).
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Figure S17. TG (black line) and DTG (red line) curves of compounds 8 (a) and 9 (b).
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Figure S18. Emission spectrum of the crystalline sample of compound 6 upon excitation by 355 nm laser.

Figure S19. Exchange interaction pathways assumed in model B in the least-squares fit of the magnetic
dc data of 5; A(2—4) and A(3—4) represent the shortest, A(1-3) and A(1-2) the medium, and A(1-4) and
A(2-3) the largest distances between the four Gd** ions.
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Figure S20. Magnetic ac data of 7 at zero static bias field: a) out-of-phase molar susceptibility y,,’” vs.

frequency f (lines are guides for the eyes); b) out-of-phase y,,”” vs. in-phase molar susceptibility y,’

(symbol/color codes in a) for both plots).
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Figure S21. Magnetic ac data of 7 at 0.1 T static bias field: a) out-of-phase molar susceptibility y,,’” vs.

frequency f (lines are guides for the eyes); b) out-of-phase y,,”’ vs. in-phase molar susceptibility y,’

(symbol/color codes in a) for both plots).
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