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1. Synthesis
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Fig. SI1: Scheme of the ligand 5,7-dichloro-8-hydroxyquinoline (5,7Cl,q).



Table SI1: Crystallographic data for the compounds.

Identification code NalnClg (3) NEtDyClq (4) KNEtDyClq (5)
Empirical formula C39H,5CIsDYyNsNaOs | CysH36ClgDYNsO, Cs4Hs5CligDy,KN1105
Formula weight 1110.71 1144.88 2280.71
Temperature/K 120(2) 120(2) 120(2)
Crystal system Monoclinic Monoclinic Triclinic
Space group P2,/c C2/c P-1

a/A 9.9819(2) 36.1061(11) 15.8989(16)
b/A 19.8256(4) 11.5705(3) 16.0286(16)
c/A 20.6783(4) 22.7831(6) 19.542(2)
a/° 90 90 98.384(9)
B/ 91.212(2) 109.429(3) 91.201(9)
v/° 90 90 118.115(10)
Volume/A3 4091.26(14) 8976.0(4) 4322.4(8)

VA 4 8 2
Pealcg/cm? 1.803 1.694 1.752
w/mm-1 2.411 2.191 2.322
F(000) 2180 4552 2252

Crystal size/mm?3

0.23x0.20x0.17

0.31x0.23x0.16

0.10 x 0.07 x 0.05

o ~ MoKa (A = B
Radiation MoKa (A = 0.71073) 0.71073) MoKa (A = 0.71073)
20 range for data 5.8 to 50.1 6.46 t0 50.08 5.76 to 50.12
collection/

-11<h <11, -41<h<42, -18<h <18,
Index ranges -23 <k <23, -13<k<13, -19<k <19,
-24<1<24 -27<1<26 -23<1<23
Reflections collected 53081 32816 34536
. 7932 [Rint =
Independent reflections 7217 [R;,: = 0.0745] 0.0414] 15245 [Ri; = 0.1551]
Data/restraints/parameters 7217/0/534 7932/0/563 15245/0/583
Goodness-of-fit on F2 1.158 1.101 0.965
R; =0.0582, R; =0.0276, R; =0.0963,
Final R indexes [I>=20 (I)] ! ! !
wR, =0.1068 wR, =0.0527 wR, =0.1632
. . R; =0.0924, R; =0.0364, R; =0.2156,
Final R ind Il dat
inal R indexes [all data] WR, = 0.1283 WR, = 0.0580 WR, = 0.2540
Largest diff. peak/hole / e 2.83/-1.47 0.72/-0.66 3.56/-1.46
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Table SI2: Bond Lengths for (3).

Atom Atom

Dyl

C25
Cl26

Nall
N11
012
019
N21
029
N31
039
N41
012!
019!
Cl28!
029!
0100
C12
C20
C49
C13
Cl14
C15
Cle
C20
Ci1e
C17
C18
C18
C19
C19
C20
C22
C30
C23
C24
C25
C26
C30
C26

11.X,1-Y,2-Z

Length/A  Atom Atom

3.324(3) C26 (27
2.531(7) C27 C28
2.318(6) Cl28 C28
2.323(5) C28 (€29
2.591(6) 029 C29
2.319(6) C29 C30
2.547(7) N31 C32
2.282(5) N31 C40
2.564(7) C32 C33
2.308(7) C33 C34
2.375(6) C34 C35
3.018(4) C35 C36
2.307(6) C35 C40
2.175(8) CI36 C36
1.322(10) C36 C37
1.380(10) C37 (38
1.288(10) CI38 €38
1.423(12) C38 C39
1.380(12) 039 (39
1.404(12) C39 C40
1.421(12) N41 C42
1.424(11) N41 C50
1.753(9) C42 C43
1.367(13) C43 C44
1.392(12) C44 C45
1.743(9) C45 C46
1.403(11) C45 C50
1.303(9) Cl46 C46
1.442(12) C46 CA7
1.340(10) C47 C48
1.375(10) Cl48 48
1.405(12) C48 C49
1.360(12) C49 C50
1.422(12) 0100 C103
1.396(12) N100 C101
1.409(11) N100 C102
1.754(9) N100 C103

Length/A

1.345(12)
1.388(12)

1.753(9)
1.388(12)

1.290(9)
1.452(11)
1.329(10)
1.377(10)
1.430(11)
1.366(12)
1.406(12)
1.420(12)
1.435(11)

1.754(8)
1.365(12)
1.402(12)

1.738(8)
1.396(11)

1.292(9)
1.422(12)
1.323(11)
1.398(10)
1.394(12)
1.420(13)
1.397(12)
1.426(11)
1.413(11)

1.734(8)
1.393(12)
1.392(12)

1.741(9)
1.399(11)
1.426(12)
1.251(13)
1.462(13)
1.436(14)
1.321(13)



Table SI3: Bond Angles for (3).

Atom Atom Atom

N11
N11
N11
N11
012
012
012
012
012
012
012
019
019
019
019
019
N21
029
029
029
029
029
029
N31
N31
N31
039
039
039
039
039
039
039
039
N41
N41
012!
012!
012!
019!
019!

Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl

Nal
Nal
Nal
Nal
Nal

Nall
N21
N31
N41
Na1l
N11
019
N21
029
N31
N41
Nall
N11
N21
N31
N41
Na1?!
Na1?!
N11
019
N21
N31
N41
Na1?!
N21
N41
Na1l
N11
012
019
N21
029
N31
N41
Na1?!
N21
Dy1!?
0191
Cl28t
Dy1?
Cl28t

Angle/*

94.15(16) C15
156.1(2) C22
93.7(2) C22
79.6(2) C30

43.95(16) N21
80.7(2) C24
77.0(2) C23
107.5(2) C26
72.5(2) C26
150.5(2) C30
66.5(2) C25

45.61(15) C27
67.3(2) C27
135.8(2) C26
74.2(2) C28
134.0(2) C27

107.31(16) C29

43.93(15) C29
137.4(2) Nall

74.61(19) C29
65.8(2) C29
93.8(2) C28
117.0(2) 029

108.52(16) 029
89.3(2) N21
141.2(2) N21

174.80(15) C25
84.0(2) C32
140.0(2) C32

129.40(19) C40
75.5(2) N31
136.9(2) C34
66.8(2) C33
74.5(2) C34

110.02(17) C34
83.3(2) C36

44.20(15) C35
76.2(2) C37
107.2(2) C37

44.34(14) C36
137.1(2) €37

C20
N21
N21
N21
C22
Cc23
C24
C25
C25
C25
C26
C26
C26
C27
CI28
Cc28
C28
C28
029
029
029
C29
Cc29
C29
C30
C30
C30
N31
N31
N31
C32
C33
C34
C35
C35
C35
C36
C36
C36
C37
C38

Atom Atom Atom

C19
Dyl
C30
Dyl
Cc23
C22
C25
Cc24
C30
Cc24
Cl26
C25
Cl26
C28
Nal?
Cl28
C27
CI28
Dyl
Dyl
Nall
C30
C28
C30
C25
C29
C29
Dyl
Cc40
Dyl
C33
C32
C35
C36
C40
C40
CI36
C35
CI36
C38
CI38

Angle/*

122.5(7)
129.2(6)
117.6(7)
112.0(5)
122.6(8)
120.2(8)
119.3(8)
125.0(8)
117.7(8)
117.2(8)
119.7(7)
120.2(8)
120.1(7)
122.6(9)

94.9(3)
120.2(7)
121.7(8)
118.0(7)

91.9(2)
120.3(5)
126.6(5)
114.6(7)
125.3(8)
120.0(8)
122.9(7)
114.6(7)
122.5(8)
128.5(5)
118.4(7)
112.3(5)
123.8(8)
117.8(8)
120.9(8)
126.6(8)
117.7(8)
115.7(8)
118.5(7)
122.5(8)
119.0(6)
119.7(8)
118.6(6)



Cl28! Nal
029! Nal
029! Nal
029! Nal
029! Nal
0100 Nal
0100 Nal
0100 Nal
0100 Nal
0100 Nal
c12 N1l
c12 N1l
C20 N11
Nall 012
c49 012
c49 012
N11 C12
Cl4 C13
C13 Cl4
c14 C15
C14 C15
Cl6 C15
C15 C16
C17 C16
C17 C16
Cl6 C17
C17 C18
C17 C18
C19 C18
Dyl 019
C19 019
C19 019

C18
019
019
N11
N11

C19
C19
C19
C20
C20

11-X,1-Y,2-Z

Dy1?!
Dy1?
012!
019!
Cl28!?
Dy1?!
012!
019¢
Cl28?
029!
Dyl
C20
Dyl
Dyl
Dyl
Nall
C13
C12
C15
Cl6
C20
C20
Cl16
C15
Cli6
C18
Cl18
C19
Cl18
Nall
Dyl
Nall!
C20
C18
C20
C15
C19

108.41(11) C39

44.21(15) C39
73.0(2) C39
73.8(2) C38

66.97(17) 039
163.1(3) 039
141.1(3) N31
118.9(3) N31
85.9(3) C39
143.6(3) C42
128.0(5) €42
118.5(7) C50
113.0(5) N41
91.8(2) C42
123.5(5) €45
144.4(5) C44
123.5(8) C44
117.9(8) C50
120.5(8) C45
125.7(8) C47
117.6(8) C47
116.6(8) C48
118.1(7) C47
122.5(8) C47
119.4(7) C49
119.2(8) 012
118.2(7) 012
123.7(8) C48
118.1(7) N41

90.05(19) N41
120.4(5) C45

C38
C38
039
C39
C39
C39
c40
C40
c40
N41
N41
N41
c42
c43
ca4
C45
C45
C45
C46
C46
C46
ca7
C48
C48
c48
C49
C49
49
C50
C50
C50

C37
CI38
Dyl
C40
C38
C40
C35
C39
C35
Dyl
C50
Dyl
C43
Ca4
Ca3
C46
C50
C46
Cl46
C45
Cla6
C46
Cl48
C49
Cl48
C48
C50
C50
C45
C49
C49

129.8(5) C103 0100 Nal

115.3(8) €102 N100 C101
124.8(8) €103 N100 C101
119.9(7) C103 N100 C102
121.7(8) 0100 C103 N100
115.9(7)

122.8(8)
118.6(6)
121.5(5)
115.8(7)
123.6(8)
120.5(7)
121.3(8)
115.3(7)
123.4(8)
128.4(6)
117.8(7)
113.7(5)
126.3(9)
115.8(9)
120.4(8)
124.3(8)
119.1(8)
116.6(8)
120.6(7)
120.6(8)
118.8(6)
120.2(8)
118.9(6)
123.2(8)
117.9(7)
124.0(8)
120.9(7)
115.1(8)
120.6(8)
115.1(7)
124.3(7)
148.4(8)
118.5(10)
118.3(10)
122.8(10)
122.8(12)



Table SI4: Bond Lengths for (4).

Atom Atom

N11
019
N21
029
N31
039
N41
049
C12
C20
C13
Ci14
C15
C16
C20
Clie
c17
C18
Cl18
C19
C19
C20
C22
C30
Cc23
C24
C25
C26
C30
Cl26
c27
C28
Cl28
Cc29
C29
C30

2.577(3) N31
2.295(2) N31
2.634(2) C32
2.269(2) C33
2.672(3) C34
2.287(2) €35
2.519(2) C35
2.292(2) C36
1.326(4) C36
1.375(4) C37
1.427(4) C38
1.359(4) C38
1.416(4) 039
1.420(4) C39
1.421(4) N41
1.748(3) N41
1.360(4) C42
1.400(4) C43
1.746(3) C44
1.397(4) C45
1.297(4) C45
1.444(4) C46
1.325(4) C46
1.379(4) C47
1.410(4) C48
1.366(4) C48
1.410(4) 049
1.417(4) C49

Length/A  AtomAtom

C32
C40
C33
C34
C35
C36
C40
CI36
C37
C38
CI38
C39
C39
C40
C42
C50
C43
C44
C45
C46
C50
Cl46
Cc47
C48
Cl48
C49
C49
C50

1.427(4) N100 C101
1.750(3) N100 C111
1.365(4) N100 C121
1.403(4) N100 C131
1.742(3) €101 C102
1.387(4) C111 C112
1.298(3) C121 C122
1.434(4) C131 C132

Length/A

1.325(4)
1.364(4)
1.403(4)
1.364(5)
1.417(4)
1.420(5)
1.425(4)
1.751(3)
1.355(4)
1.410(4)
1.742(3)
1.390(4)
1.299(3)
1.446(4)
1.331(4)
1.365(4)
1.394(4)
1.370(4)
1.405(4)
1.413(4)
1.414(4)
1.743(3)
1.365(4)
1.408(4)
1.745(3)
1.390(4)
1.302(3)
1.457(4)
1.522(4)
1.519(4)
1.520(4)
1.514(4)
1.511(4)
1.510(5)
1.519(4)
1.516(5)



Table SI5: Bond Angles for (4).

Atom Atom Atom

N11
N11
019
019
019
019
N21
029
029
029
029
029
029
029
039
039
039
039
039
039
N41
N41
N41
049
049
049
049
049
C12
C12
C20
N11
Ci14
C13
C14
C14
Ci6
C15
C17
C17
Ci6

Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
N11
N11
N11
C12
C13
Cl4
C15
C15
C15
Cl6
Cie
Cie
C17

N21
N31
N11
N21
N31
N41
N31
N11
019
N21
N31
039
N41
049
N11
019
N21
N31
N41
049
N11
N21
N31
N11
019
N21
N31
N41
Dyl
C20
Dyl
C13
C12
C15
Ci6
C20
C20
Cl16
C15
Cl16
C18

Angle/*

138.40(8) C29
73.50(8) C29
66.17(8) C29
153.88(8) C28
87.46(7) 029
79.46(8) 029
106.58(7) N21
74.10(8) N21
139.94(7) C25
65.95(7) C32
76.37(8) C32
114.53(7) C40
136.18(7) N31
85.37(7) C34
132.19(8) €33
89.64(7) C34
77.44(7) C34
64.42(8) C36
73.80(8) C35
138.48(7) C37
134.15(8) C37
75.18(8) C36
136.19(8) C37
87.12(7) C39
97.27(7) C39
78.82(7) C39
156.28(7) C38
67.44(7) 039
127.8(2) 039
117.7(3) N31

112.94(19) N31

124.1(3) €35
117.7(3) C42
121.1(3) C42
125.9(3) C50
117.0(3) N41
117.1(3) C44
118.8(3) C43
121.3(3) C44
119.9(3) C44
120.4(3) C46

C28
Cc28
029
C29
Cc29
Cc29
C30
C30
C30
N31
N31
N31
C32
C33
C34
C35
C35
C35
C36
C36
C36
C37
C38
C38
C38
039
C39
C39
C39
C40
C40
C40
N41
N41
N41
C42
C43
C44
C45
C45
C45

Atom Atom Atom

C27
Cl28
Dyl
C30
C28
C30
C25
C29
C29
Dyl
Cc40
Dyl
C33
C32
C35
C36
C40
Cc40
CI36
C35
CI36
C38
CI38
C37
CI38
Dyl
C40
C38
Cc40
C35
C39
C39
Dyl
C50
Dyl
C43
C42
C45
C46
C50
C50

Angle/*

123.1(3)
117.1(2)
125.75(19)
115.4(3)
124.0(3)
120.5(3)
122.0(3)
115.3(3)
122.8(3)
129.4(2)
117.7(3)
112.8(2)
123.9(3)
118.8(3)
120.2(3)
125.9(3)
116.5(3)
117.6(3)
119.6(3)
121.4(3)
119.0(3)
120.2(3)
119.0(3)
123.1(3)
117.9(3)
126.72(19)
115.7(3)
125.0(3)
119.3(3)
122.8(3)
115.1(3)
122.0(3)
127.4(2)
117.8(3)
114.77(19)
123.8(3)
118.6(3)
120.2(3)
125.1(3)
117.3(3)
117.6(3)



C17
C19
C19
C19
C18
019
019
N11
N11
C15
C22
C22
C30
N21
C24
C23
C24
Cc24
C26
C25
C27
C27
C26
Cc27

Ci8
C18
C18
019
C19
C19
C19
C20
C20
C20
N21
N21
N21
C22
Cc23
C24
C25
C25
C25
C26
C26
C26
C27
C28

Cl18
C17
Cl18
Dyl
C20
C18
C20
C15
C19
C19
Dyl
C30
Dyl
C23
C22
C25
C26
C30
C30
Cl26
C25
Cl26
Cc28
Cl28

118.3(2) €45
123.3(3) C47
118.4(3) C47

123.17(19) C46

114.8(3) C47
125.1(3) €49
120.1(3) C49
122.4(3) C49
114.6(3) C48
123.0(3) 049
129.4(2) 049
118.2(3) N41

112.39(19) N41

123.2(3) €45
119.3(3) C111
120.0(3) C111
125.5(3) €121
117.3(3) €131
117.2(3) C131
119.4(2) C131
120.8(3) C102
119.8(2) C112
120.5(3) C122

C46 Cla6
C4a6 C45
c46 Cla6
c47 C48
c48 Cl48
c48 C47
c48 Cl48
049 Dyl
C49 C50
c49 48
C49 C50
C50 C45
C50 €49
C50 C49
N100 C101
N100 C121
N100 C101
N100 C101
N100 C111
N100 C121
€101 N100
C111 N100
€121 N100

119.8(2) N100 C131 C132

Table Sl6: Bond Lengths for (5).

Atom Atom

N11
019
N21
029
N31
039
N41
049
K1t

N51
059
N61

Length/A  AtomAtom

2.525(10) 049
2.305(9) 049
2.559(12) C49
2.318(11) N51
2.537(11) N51
2.314(9) C52
2.601(12) C53
2.275(9) C54
3.9634(9) C55
2.526(13) C55
2.325(9) C56
2.550(11) C56

Length/A
ca9 1.300(15)
K1t 3.048(11)
C50 1.451(19)
C52 1.321(19)
C60 1.389(16)
C53 1.39(2)
C54 1.376(19)
C55 1.39(2)
C56 1.413(18)
C60 1.427(19)
Cl56 1.748(16)
57 1.37(2)

119.6(3)
121.4(3)
119.0(3)
120.0(3)
117.3(2)
123.3(3)
119.3(2)
122.50(19)
114.9(3)
125.6(3)
119.5(3)
122.4(3)
115.0(3)
122.6(3)
109.0(3)
111.4(3)
107.6(2)
111.5(3)
108.6(3)
108.7(2)
115.4(3)
116.5(3)
115.4(3)
115.6(3)



Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
N11
N11
C12
C13
Ci4
C15
C15
Ci6
Ci6
C17
C18
C18
019
C19
N21
N21
C22
Cc23
Cc24
C25
C25
C26
C26
Cc27
C28
C28
Cl28
029
029
C29
N31
N31
C32
C33
C34
C35
C35

069
N71
079
N81
089
K2
C12
C20
C13
Ci4
C15
C16
C20
Cl1e
c17
C18
Cl18
C19
C19
C20
C22
C30
Cc23
C24
C25
C26
C30
Cl26
c27
C28
CI28
Cc29
K11
C29
K1t
C30
C32
C40
C33
C34
C35
C36
C40

2.300(10) C57
2.591(13) C58
2.286(10) C58
2.564(11) 059
2.333(9) C59
3.9783(9) N61
1.301(18) N61
1.404(17) C62
1.391(19) €63
1.341(19) C64

1.39(2) C65

1.43(2) C65
1.427(19) C66
1.729(14) C66

1.37(2) C67
1.374(18) C68
1.747(16) C68
1.419(19) Cl68
1.280(15) 069

1.43(2) 069
1.312(17) C69
1.350(18) N71
1.450(18) N71

1.40(2) C72

1.39(2) C73

1.41(2) C74
1.419(18) C75
1.760(14) C75

1.36(2) C76
1.392(18) C76
1.733(15) C77

1.42(2) C78
3.400(4) C78
1.301(15) 079
2.821(10) 079

1.40(2) C79
1.325(18) N81
1.392(16) N81
1.412(19) C82
1.392(19) €83

1.41(2) C84

1.42(2) C85
1.417(19) C85

C58
CI58
C59
C59
Cce60
62
C70
C63
Cce4
C65
Cc66
C70
Cle6
Ce67
Cc68
Cle8
C69
K2
C69
K2
C70
C72
C80
C73
C74
C75
C76
C80
Cl76
Cc77
C78
Cl78
C79
C79
K2
C80
82
C90
C83
C84
C85
C86
Cca0

1.42(2)
1.705(15)
1.368(18)
1.299(16)

1.45(2)
1.320(16)
1.346(17)
1.418(16)
1.350(18)
1.378(19)
1.384(19)
1.406(17)
1.725(13)
1.435(19)
1.392(18)
1.739(15)

1.40(2)

3.698(4)
1.307(14)
2.910(8)
1.477(18)
1.296(16)
1.389(17)

1.44(2)
1.365(19)
1.407(19)

1.43(2)

1.40(2)
1.733(18)

1.38(2)

1.40(2)
1.756(15)

1.37(2)
1.307(18)
3.247(10)
1.399(19)
1.314(16)
1.388(16)
1.384(17)
1.386(17)
1.423(19)
1.436(18)
1.435(19)
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C36 CI36 1.752(14) C86 CI86 1.737(13)

C36 C37 1.38(2) C86 C87 1.363(18)
C37 C38 1.390(19) C87 (88 1.413(17)
C38 CI38 1.761(16) C88 CI88 1.728(14)
C38 (€39 1.380(18) C88 (89 1.375(17)
C39 039 1.304(15) CI88 K2 3.436(4)
C39 C40 1.43(2) 089 (89 1.298(14)
039 K1! 2.965(9) 089 K2 2.790(9)
N4l C42 1.284(17) C89 €90 1.417(19)
N41 C50 1.373(15) N101 C101 1.49(2)
C42 C43 1.387(19) N101 C103 1.51(2)
C43 C44 1.374(17) N101 C105 1.512(16)
C44 C45 1.357(18) N101 C107 1.545(18)
C45 C46 1.412(18) €101 C102 1.61(2)
C45 C50 1.435(19) €103 C104 1.550(18)
C46 Cla6 1.760(16) C105 C106 1.53(2)
Ca6 C47 1.39(2) €107 C108 1.60(2)
C47 C48 1.375(18) N201 C201 1.144(18)
C48 Cl48 1.763(14) C201 C202 1.50(2)
C48 €49 1.402(16) €301 N301 1.13(2)
clag K1t 3.725(4) €301 C302 1.44(2)

11+X,-1+Y,4+Z

Table SI7: Bond Angles for (5).

Atom Atom Atom Angle/’ Atom Atom Atom Angle/’

N11 Dyl N21 93.8(3) C67 C68 Cl68 118.9(13)
N11 Dyl N31 95.9(3) C67 C68 (69 122.1(14)
N1l Dyl N41 142.7(4) C69 C68 Cl68 118.9(11)
N11 Dyl K1l 100.5(3) C68 Cl68 K2 95.6(5)
019 Dyl N11 67.2(4) Dy2 069 K2 98.9(3)
019 Dyl N21 74.1(4) C69 069 Dy2 122.8(9)
019 Dyl 029 125.2(3) C69 069 K2 125.8(8)
019 Dyl N31 81.8(4) C68 C69 C70 116.2(12)
019 Dyl 039 128.7(3) 069 C69 C68 123.2(13)
019 Dyl N41 75.5(4) 069 C69 C70 120.6(13)
019 Dyl Ki! 166.8(3) N61 C70 C65 125.6(14)
N21 Dyl N41 76.2(4) N61 C70 C69 113.1(12)

N21 Dyl K1t 103.0(3) C65 C70 C69 121.2(14)



029
029
029
029
029
N31
N31
N31
039
039
039
039
039
039
N41
049
049
049
049
049
049
049
049
N51
N51
N51
N51
059
059
059
059
059
059
N61
N61
N61
069
069
069
069
069
069
069

Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dyl
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2

N11
N21
N31
N41
K1t
N21
N41
K1t
N11
N21
029
N31
N41
K1t
K1t
N11
019
N21
029
N31
039
N41
K1t
N61
N71
N81
K2
N51
N61
N71
N81
089
K2
N71
N81
K2
N51
059
N61
N71
N81
089
K2

79.5(3) C72
65.9(4) C72
145.9(4) C80
125.4(3) N71
44.4(2) C74
148.1(4) C73
77.7(4) C74
105.0(3) C80
76.1(3) C80
144.7(4) C75
79.0(3) C77
67.3(4) C77
130.9(4) C76
48.0(2) C77
116.7(3) C79
150.4(4) C79
142.3(4) Dy2
94.5(3) C79
78.3(3) C79
91.8(3) C78
80.7(3) 079
66.8(4) 079
50.0(3) N71
99.6(4) N71
142.7(4) C79
89.5(4) C82
95.6(3) C82
67.1(4) C90
84.0(3) N81
75.6(4) C82
72.0(3) C83
125.7(3) C84
162.3(2) C84
76.2(4) C90
148.6(4) C85
102.9(3) C87
74.7(4) C87
126.4(3) C86
66.6(4) C87
132.2(4) C89
144.5(3) C89
79.9(3) C88
46.3(2) Dy2

N71
N71
N71
C72
C73
C74
C75
C75
C75
C76
C76
C76
C77
C78
C78
C78
079
079
079
C79
C79
C79
C80
C80
C80
N81
N81
N81
C82
C83
c84
C85
C85
C85
C86
C86
C86
Cc87
Cc88
C88
C88

Dy2
Cc80
Dy2
C73
C72
C75
C76
C74
Cc76
Cl76
C75
Cl76
C78
Cl78
C77
Cl78
K2
Dy2
K2
Cc80
C78
C80
C75
C79
C75
Dy2
C90
Dy2
C83
c84
C85
C86
Cc90
C86
CI86
C85
CI86
C88
CI88
Cc87
CI88

CI88 K2

089

K2

127.7(11)
120.4(14)
111.8(9)
122.4(15)
118.5(15)
119.2(17)
122.7(16)
119.7(15)
117.4(14)
120.7(13)
118.1(17)
121.0(13)
122.0(16)
117.6(13)
121.5(16)
120.7(14)
90.2(3)
122.2(9)
147.3(9)
116.4(16)
120.9(15)
122.6(14)
119.5(14)
116.0(15)
124.4(15)
127.5(9)
118.2(12)
114.2(9)
125.7(13)
119.2(15)
117.1(14)
124.0(14)
120.3(13)
115.7(14)
117.7(11)
120.0(13)
122.2(10)
121.7(13)
119.3(11)
122.1(14)
118.3(11)
100.2(5)
101.5(3)
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N71
079
079
079
079
079
079
079
079
N81
N81
089
089
089
089
089
C12
C12
C20
N11
Ci14
C13
C14
C14
C20
C15
C17
C17
Ci6
C17
C17
C19
C19
C18
019
019
N11
N11
C15
C22
C22
C30
N21

Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
Dy2
N11
N11
N11
C12
C13
Ci14
C15
C15
C15
Cl6
Ci6
Cie
c17
Ci8
ci8
Cci8
019
C19
C19
C19
C20
C20
Cc20
N21
N21
N21
C22

K2

N51
059
N61
069
N71
N81
089

121.7(3) C89
149.9(4) C89
142.9(4) C88

84.7(3) 089

79.9(4) 089

67.3(4) N81
102.3(3) N81

80.2(3) C89

54.7(3) Dy12

78.4(4) CI282
106.1(2) CI283

79.7(4) CI283
145.2(4) CI282
124.6(3) CI283

65.9(3) Cl283

43.4(2) CI282
127.5(10) Cl283
119.3(13) Cl282
112.7(9) 0293
122.2(15) 0293
120.6(16) 0292
120.2(15) 0292
126.3(14) 0293
117.7(15) 0292
116.0(15) 0292
120.4(12) 0293
119.7(14) 0292
119.9(12) 0292
122.5(15) 0293
120.2(12) 0293
123.5(15) 0292
116.3(11) 0292
121.2(10) 0292
112.7(14) 0293
126.8(15) 0293
120.5(14) 0293
119.6(15) 0292
114.8(13) 0292
125.6(15) 0293
125.8(11) 0392
119.8(13) 0393
114.2(10) 0393
125.4(15) 0392

Dy2
K2
Ca0
C88
Co0
C85
C89
C85
Dy13
Dy12
Dy1?
Dy13
Dy13
Cl282
Cl482
Cl48?
Cl483
Cl483
Dy12
Dy13
Dy13
Dy1?
Cl283
Cl28?
Cl283
Cl282
0293
0392
0392
0393
0393
Cl482
Cl483
Cl48?
Cl483
0492
0493
0492
0493
Dy1?
Dy13
Dy12
Dy13

123.7(9)
132.1(8)
115.6(13)
124.4(13)
119.6(12)
119.2(14)
115.9(13)
124.4(13)
180.0
91.40(7)
88.60(7)
91.40(7)
88.60(7)
180.0
60.55(9)
119.45(9)
119.45(9)
60.55(9)
144.9(2)
35.1(2)
144.9(2)
35.1(2)
56.3(2)
56.3(2)
123.7(2)
123.7(2)
180.0
61.1(3)
118.9(3)
61.1(3)
118.9(3)
101.9(2)
78.1(2)
78.1(2)
101.9(2)
121.0(3)
121.0(3)
59.0(3)
59.0(3)
35.46(18)
35.46(18)
144.54(18)
144.54(18)
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C24
C25
C24
Cc24
C26
C25
Cc27
C27
C26
Cc27
Cc27
C29
C28

C29
C29
029
029
C30
N21
N21
C29
C32
C32
c40
N31
C34
C33
C34
C34
Cc40
C35
C37
C37
C36
C37
C39
C39
C38
039
039
Dyl
C39

Cc23
C24
C25
C25
C25
C26
C26
C26
C27
C28
Cc28
C28
CI28
029
029
029
C29
Cc29
C29
C30
C30
C30
N31
N31
N31
C32
C33
C34
C35
C35
C35
C36
C36
C36
C37
C38
C38
C38
C39
C39
C39
039
039

C22
C23
C26
C30
C30
Cl26
C25
Cl26
C28
Cl28
C29
Cl28
K1t
K1t

K1t
C28
C30
C28
C25
C29
C25
Dyl
Cc40
Dyl
C33
C32
C35
C36
Cc40
C36
CI36
C35
CI36
C38
CI38
C37
CI38
C40
C38
Cc40
K1!

112.8(16) 0392
123.2(15) 0393
124.5(15) 0393
118.1(16) 0392
117.3(16) 0392
119.4(13) 0392
120.9(15) 0393
119.6(13) 0392
121.0(17) 0393
120.7(13) 0392
121.5(16) 0392
117.7(11) 0393

95.9(5) 0393
100.5(3) Cl48?
122.3(10) Cl482
120.4(8) Cl483
123.5(15) Cl483
120.8(15) Cl482
115.7(13) 0493
120.6(16) 0493
115.9(14) 0492
123.5(16) 0492
128.9(10) 0493
116.8(13) 0492
114.2(9) 0493
126.6(15) 0492
115.8(16) 0492
120.9(16) 0493
123.7(15) 0492
118.1(15) 0493
118.1(16) 0492
119.4(13) Dy2*
119.7(15) Cl68*
120.9(12) CI68
119.5(15) Cl68*
117.3(12) Cl68
125.4(16) Cl68*
117.1(12) 069
113.9(13) 069*
125.3(15) 069*
120.7(14) 069

96.5(3) 069
122.5(10) 069*

K1

K1

K1

Cl282
Cl28?2
Cl283
Cl283
0393
Cl48?
Cl48?
Cl483
Cl483
0492
0493
0492
0493
Dy13
Dy1?
Dy12
Dy13
Cl483
Dy12
Dy13
Dy1?
Dy13
Cl283
Cl28?
Cl282
Cl283
Cl48?2
Cl483
Cl483
Cl48?
0493
Dy2
Dy24
Dy24
Dy2
Dy2
Cle8
Dy24
Dy2*
Dy2
Dy2
Cleg*
Cle8

108.7(2)
71.3(2)
108.7(2)
71.3(2)
180.0
103.1(2)
76.9(2)
76.9(2)
103.1(2)
59.2(2)
120.8(2)
120.8(2)
59.2(2)
93.99(7)
86.01(7)
93.99(7)
86.01(7)
180.0
145.14(16)
34.86(16)
34.86(16)
145.14(16)
108.14(19)
108.14(19)
71.86(19)
71.86(19)
51.16(17)
51.16(17)
128.84(17)
128.84(17)
180.0
180.0
86.73(6)
93.27(6)
93.27(6)
86.73(6)
180.00(10)
145.17(19)
34.83(19)
145.17(19)
34.83(19)
127.8(2)
127.8(2)
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C39
N31
N31
C35
C42
C42
C50
N41
C44
C45
Cc44
C44
C46
C45
C47
Cc47
C48
Cc47
C47
C49
C48

C49
C49
Cc48
049
049
N41
N41
C45
C52
C52
C60
N51
C54
C53
C54
C54
C56
C55
C57
C57
C56

039
C40
C40
C40
N41
N41
N41
C42
Cc43
Cc44
C45
C45
C45
C46
C46
C46
C47
C48
C48
C48
Cla8
049
049
049
C49
C49
C49
C50
C50
C50
N51
N51
N51
C52
C53
C54
C55
C55
C55
C56
C56
C56
C57

C53
C52
C55
C56
c60
ce60
CI56
C55
CI56
C58

123.8(8) 069
121.7(14) 069*
115.2(13) 069*
123.1(14) 069*

128.6(9) 069
117.8(13) 069*
113.4(10) 069
125.6(14) 069*
117.2(15) 069
120.8(14) 069*
127.8(14) 069
117.9(13) 079
114.3(14) 079*
118.3(13) 079
123.3(15) 079*
118.4(11) 079*
119.0(13) 079
118.2(10) 079
125.1(14) 079*
116.6(11) 079*

106.0(4) 079

95.2(3) 079

123.8(9) 079*

140.3(8) 079*
113.0(13) CI88
125.3(14) CIgg?
121.6(12) CI88*
120.6(14) CI88
114.2(13) CIgg*
125.2(12) CI88
127.9(11) CIgg*
117.5(14) CI88
114.2(10) CIgg?
122.4(16) 089
120.2(18) 089*
120.6(17) 089
126.5(15) 089*
115.4(14) 089
118.0(14) 089*
119.3(12) 089
120.1(15) 089*
120.6(12) 089*
121.8(15) 089*

Cle8
Cleg*
069
0794
079
079
0794
CIgg*
Clgg*
CI88
Cl88
Dy24
Dy24
Dy2
Dy2
Cle8
Cle8
Cleg*
Cleg*
079
Clsg*
Cl88
Cl8g*
CI88
Dy2
Dy24
Dy2
Dy24
Cle8
Cleg*
Cleg*
Cle8
CI88
Dy24
Dy2
Dy2
Dy24
Cleg*
Cle8
Cle8
Cleg*
069
0694

52.2(2)
52.2(2)
180.0
56.8(3)
56.8(3)
123.2(3)
123.2(3)
108.97(19)
71.03(19)
71.03(19)
108.97(19)
144.93(17)
35.07(17)
35.07(17)
144.93(17)
76.66(17)
103.34(17)
76.66(17)
103.34(17)
180.0(4)
70.95(18)
109.05(18)
109.05(18)
70.95(18)
90.49(6)
90.49(6)
89.51(6)
89.51(6)
62.72(10)
62.72(10)
117.28(10)
117.28(10)
180.0
144.93(18)
144.93(18)
35.07(18)
35.07(18)
73.8(2)
73.8(2)
106.2(2)
106.2(2)
117.1(3)
62.9(3)
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C57 C58 CI58 117.3(11) 089 K2 069* 117.1(3)

C59 €58 C57 120.5(15) 089 K2 069 62.9(3)
C59 €58 CI58 122.2(12) 089 K2 079 58.5(3)
C59 059 Dy2 122.0(9) 089 K2 079" 121.5(3)
C58 C59 C60 118.1(14) 089* K2  079* 58.5(3)
059 C59 C58 122.4(14) 089* K2 079 121.5(3)
059 C59 C60 119.5(13) 089 K2  CIg8* 124.3(2)
N51 C60 C55 123.4(14) 089 K2  CIg8* 55.7(2)
N51 C60 C59 115.3(14) 089* K2  CI88 124.3(2)
C55 C60 C59 121.3(13) 089 K2 CI88 55.7(2)
C62 N61 Dy2 128.1(10) 089* K2 089 180.0(3)
C62 N61 C70 115.4(12) C101 N101 C103 117.2(13)
C70 N61 Dy2 116.5(9) €101 N101 C105 112.9(12)
N61 C62 C63 123.5(14) C101 N101 C107 101.0(12)
C64 C63 C62 118.8(14) C103 N101 C105 107.0(13)
C63 C64 C65 120.4(13) €103 N101 C107 110.1(12)
C64 C65 C66 123.7(13) C105 N101 C107 108.3(12)
C64 C65 C70 116.0(15) N101 C101 C102 105.5(14)
C66 C65 C70 120.3(14) N101 C103 C104 113.9(14)
C65 C66 CI66 122.0(11) N101 C105 C106 116.3(14)
C65 C66 C67 119.3(13) N101 C107 C108 114.7(14)
C67 C66 Cl66 118.6(12) N201 €201 €202 176(2)
C68 C67 C66 120.8(15) N301 C301 C302 178(2)

114X,-1+Y,+Z; 23-X,-1-Y,2-Z; 3-1+X,1+Y,+Z; *3-X,-Y,1-Z

Figure SI2: First coordination sphere of the [Ln(Cl,q)s]- based complexes. a)
Na[Dy(5,7Cl,q)4](3) b) NEt,[Dy(5,7Cl,q)s] (4) c) Kos(NEts)os[Dy(5,7Cl;q)a] (5).
Interestingly, NaDyClq (3) and KNetDyClq (5) have a similar coordination sphere, but
NEtDyClqg (4) is different since the ligands have a different arrangement around the
lanthanide center.
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2. IR spectra

The IR spectra of the powdered compounds are compared with the films finding an
excellent agreement. The characteristic vibration modes of the molecules place in the
range [1700 - 500] cm™. The bands in the range [1600 - 1300] cm™? are mainly
attributed to C = N and C = C vibration frequencies (ring stretching) while the band at
1100 cm™ is related to the CO stretching.12. The C - Cl vibration locates in the range

[958 - 954] cm.

a
film NaYClq
bulk
=)
QM
1750 1500 1250 1000 750 500
k (cm™)
C . . . ‘
film NaDyClg
bulk
5
1750 1500 1250 1000 750 500
k (cm™)
e . . . ‘
——film KNEtDyClq

bulk

M
e

1750 1500 1250 1000 750 500
k (cm™)

I(a.u.)

film I NaTbClg
bulk

M

1750 1500 1250 1000 750 500
k (cm™)

l(a.u.)

—— film NEtDyClq
bulk

NI/
M

1750 1500 1250 1000 750 500
k (cm™)

I(a.u.)

Fig. SI3: IR transmission spectra for the bulk compounds, NaYClg (1), NaTbClg (2),
NaDyClq (3), NEtDyClg (4) and KNEtDyClq (5), compared with the deposited films where

the ligand vibrations can be detected.
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3. Mass Spectrometry

Electrospray ionization mass spectrometry (ESI-MS) has been performed for all bulk
compounds. For the five cases the main signal corresponds to the relation mass/charge
(m/z) of the ionized molecule: [Dy[(5,7Cl,q)4]]". On the right hand side of the figure the
pattern of the main signal is compared to the theoretical pattern, matching in all cases.
The secondary signals are attributed to fragmentations of the molecules caused by the

technique itself.
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g h
—— ESI-MS(-) for NEt[Dy[(5.7CL,q),] -
3
[DYI5,7CLa) I 9
-,
- : : : ]
= 1005 1010 1015 1020 1025
o experimental ESI-MS (-)
- —~
=
£ M_A_AJ\_A_/\‘
800 850 900 950 1000 1050 1100 1005 1010 1015 1020 1025
m/z m/z
1 [ ——ESI-MS(-) for K, NEt_ Dy[(5,7CL,a),11 ) simulated [Dy[(5,7C1.a), ]I
i
) 3
[DyI(G,7CLa,]1 ©
T =
3 1005 1010 1015 1020 1025
© experimental ESI-MS (-)
S
= = \ |
; i
: ]
= | | | | | I
Wi (O
W ~mJ~J}4I VANUAN A "“»J'\J}w\ .
800 900 1000 1100 1005 1010 1015 1020 1025

m/z m/z

Fig. SI4: Electrospray ionization mass spectrometry (ESI-MS) for the bulk compounds, a-
b (1), c-d (2), e-f (3), g-h (4) and i-j (5), in negative mode.
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4. Radial Effective Charge (REC) model

Let us start with a caveat: it has been recently pointed out, both experimentally and
via theoretical calculations, that spin-vibration coupling are critical for relaxation
processes3™, meaning the nature of the ground state and the apparent energy barrier
are not sufficient conditions to predict SMM behaviour. Despite early successes,
currently the necessary theory to fully understand these spin-vibrational-governed
relaxation processes is still being developed.

Moreover, even state-of-the-art models for determining the energy level scheme of
the magnetic levels, which are much more mature, have important limitations. This
has been recently studied with a benchmark study® With that being said, one of said
state-of-the-art models is the Radial Effective Charge (REC) model, so we apply it here
to verify a high-spin ground state, separated by a non-negligible energy from the first
excited states as indications for a potential SMM behaviour.

Our calculations start with the crystallographic/non-idealized atomic coordinates of
the first coordination sphere. These are introduced as an input for the portable
fortran77 software code SIMPRE’. This code parameterizes the electric field effect
produced by the surrounding ligands, acting over the central ion, by using the
following Crystal Field (CF) Hamiltonian expressed in terms of the Extended Stevens
Operators (ESOs) &2:

A k k
Hy()= Y, Y. BO! =3 Y a(1-0)4! (r")O; (51)

k=2,4,6 g=—k k=2,4,6 g=—k

where k is the order (also called rank or degree) and g is the operator range, that
varies between k and —k, of the Stevens operator equivalents O/ as defined by Ryabov

in terms of the angular momentum operators J, and J,,1° where the components 0?(c)
and 0?(s)correspond to the ESOs with g > 0 and g < 0 respectively!. Note that all the
Stevens CF parameters B¢ are real, whereas the matrix elements of 0/(q < O) are
imaginary. a, are the «, f and y Stevens coefficients!! for k = 2, 4, 6, respectively,
which are tabulated and depend on the number of f electrons. oy are the Sternheimer

shielding parameters!? of the 4f electronic shell, and <rk> are the expectation values of
the radius?2.
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In SIMPRE, the A4, CF parameters are determined by the following relations:

4 L Ze
0 __ i
Ak = 2k+llZ:1: Rik+IZk0(€i>¢i)pkq (Sza)
Ar NZe .
A= Z R 00 0P o
Ar Ze
9 _— Z Zk|q|(9ia¢j)pk|q| (SZC)

“ 2k+15 RH

In the REC model®® the ligand is modeled through an effective point charge situated
between the lanthanoid and the coordinated atom at a distance R; from the magnetic
center, which is smaller than the real metal-ligand distance (r;j). To account for the
effect of covalent electron sharing, a radial displacement vector (D,) is defined, in
which the polar coordinate r of each coordinated atom is varied, R; = ri-D,. The usual
procedure is to obtain the D, parameter of each kind of donor atom from a collective
fit of an observable (e.g. energy levels or magnetic properties) for a family of
isostructural lanthanide complexes. At the same time, the charge value (Z) is scanned
in order to achieve the minimum deviation between calculated and experimental data,
whereas 6; and @; remain constant. We calculate the effective distances of the
coordinated atoms using the following formula for D,:

j : ~ (S3)

where N, is the coordination number of the complex (N, = 8), V\ is the valence of the
metal (V= 3), and Ey, and E_ are the Pauling electronegativities of the metal (Ey = 1.2)
and the donor atom (E_ = 3.44 for oxygen and 3.04 for nitrogen) respectively.

Such relation is an approximation that was obtained by fitting the experimental energy
levels of the ground multiplet of the homoleptic families CsNaYClg:Ln3* and
CsNaYFg:Ln3*, LiYF4:Ln3* and LaCls:Ln3* using the crystal structures and the REC model*3.
The obtained values of Dr (N) and Dr (O) for the Dy compounds are thus 1.20 A and
0.98 A. This strategy allows us to restrict the number of free parameters to 2, i.e. the
effective charges of the nitrogen and oxygen atoms, Zi (N) = 0.160 and Zi (O) = 0.235,
which have been obtained by a two-parameter fit of the xT product of NaTbClg and
NaDyClg measured under a magnetic field of 0.1 and 1T. In the fitting procedures, we
define the relative error E as:
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1 Leos = Zopi )
E-2 theo,i  Aexp,i
i [ Heoi] (s4)

where z., and ywme, are experimental and theoretical magnetic susceptibility,
respectively, and n is the number of points.

Subsequently, such REC parameters for both different donor atoms are validated with
the correct prediction of the T product of NEtDyClg and KNEtDyClq, with an excellent
agreement with the experimental results (Fig. SI5(b) and SI5(c)). According to this
description, the first excited state is found at 126 cm™ (g, = 19.5), 49 cm™ (g, = 18.5),
193 cm™ (g, = 19.4) and 154 cm™ (g, = 19.2), for NaDyClg, NEtDyClg and KNEtDyClq
respectively, with a wave function with a major contribution of M, = £15/2 (Fig. SI6(b))

in all cases.
15 L 18
a b
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=1 S q
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2 o
= 5] | = 5] i
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T (K)

Fig. SI5: »T product of a) NaTbClg (2), b) NEtDyClq (4) and c) KNEtDyClg (5)
(experimental data in circles) and theoretical fit/prediction from 2 to 300 Kat H=1T as
a solid line.
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The calculated wave functions of the ground doublets, dominated by high-M,
contributions (M, (Tb) = £6 or M, (Dy) = +15/2) are then compatible with the observed
SMM behavior for the four compounds (see Fig. SI6). The different countercations
present in each crystallographic structure distort the coordination environment to an
extent that is comparable to the differences between two conformers within the same
crystal structure. For example, the crystal field effect is slightly larger for (3) derivative
(about 873 cm™), compared with (4) (800 cm™t) or with the two conformers of (5) (841
and 788 for Dyl and Dy2 respectively). There is no correlation with the averaged
distances between the lanthanide and the donor atoms (2.435 A (3), 2.443 A (4), 2.430
A (5) and 2.436 A (5°)), and thus such differences in the crystal field strength are
attributed to the small distortions of the chemical structures due to the crystal
packing. In contrast with typically negligible distortions caused by temperature!* the
differences in the crystallographic sites, induced partially by these countercations, lead
to different energy level schemes, as can be seen in fig. SI6(b). As these variations
cannot be easily controlled, there is no immediate connection between countercation
and dynamic magnetic properties. In any case, the countercation has no effect on our
parameterization of the effective charges, as demonstrated by the good agreement
between the predictions of the magnetic data of (4) and (5) and the experiment (fig.
SI5(b) and SI5(c)).

a 800 —
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0 —— —— 0.48 |46> + 0.48 | 6>
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Figure SI6: Energy level scheme and main M, contributions to the wave functions of the
ground and first excited states of (2) NaTbClg (a) and (3) NaDyClq, (4) NEtDyClqg, and
(5) KNEtDyClg (b) predicted by SIMPRE software.
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5. AC Measurements

The single ion magnet behavior has been experimentally checked by applying an ac
magnetic field at different frequencies. Magnetic compounds didn’t show frequency
dependence at zero dc field (Hpc) but they did when a dc field was applied.
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Figure SI7: Bulk NaDyClqg (3) ac measurements at 150 Oe. a) Magnetic susceptibility in
phase for different frequencies. b) Magnetic susceptibility out of phase. c) Cole-Cole
plots at different temperatures with the corresponding a values. The lines in the Cole-
Cole plots are fittings to equation SI7. d) Arrhenius fit with an effective energy barrier
Uess = 63 cml, and a pre-exponential factor t, = 1.8x10°® s. e) Fit to a Raman relaxation
mechanism with Brgman = 1.0x10°HzK>.
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Figure SI8: Bulk NaDyClq (3) ac measurements at 425 Oe. a) Magnetic susceptibility in
phase for different frequencies. b) Magnetic susceptibility out of phase. c) Cole-Cole
plot at different temperatures with the corresponding a values. The lines in the Cole-
Cole plots are fittings to equation SI7. d) Arrhenius fit with an effective energy barrier

Uess = 65 cm™, and a pre-exponential factor t, = 2.7x10°® s. e) Fit to a Raman relaxation
mechanism with Brgman = 1.2x10°HzK>.
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Figure SI19: Bulk NaDyClq (3) ac measurements at 750 Oe. a) Magnetic susceptibility in
phase for different frequencies. b) Magnetic susceptibility out of phase. c) Cole-Cole
plots at different temperatures with the corresponding a values. The lines in the Cole-
Cole plots are fittings to equation SI7. d) Arrhenius fit with an effective energy barrier
Uesr = 75 cm™, and a pre-exponential factor t, = 1.1x10°® s. e) Fit to a Raman relaxation
mechanism with Brgman = 1.5x10°HzK>.
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Figure SI110: Bulk NaDyClq (3) ac measurements at 1000 Oe. a) Magnetic susceptibility
in phase for different frequencies. b) Magnetic susceptibility out of phase. c) Cole-Cole
plot at different temperatures with the corresponding a values. The lines in the Cole-
Cole plots are fittings to equation SI7. d) Arrhenius fit with an effective energy barrier

Uesr = 76 cm™, and a pre-exponential factor t, = 1.1x10°® s. e) Fit to a Raman relaxation
mechanism with Brgman = 1.53x10°HzK.
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Figure SI11: a) Extrapolation of the effective energy barrier (Ues = 60.1 cm™) at zero dc
magnetic field for bulk NaDyClg (3). b) Extrapolation of C at zero dc field with Bgroman =
9.3x1019HzK™ for the same compound.

ey

Equation SI5: Arrhenius equation.

-1 _ n
T - BRamanT

Equation SI6: Raman relaxation equation.

2

. — Xt~ Xs . . (XT_Xs)
X ()() = + | _XS)(XT _X)—Tl'

N 2tan ((1 - a)—)
2tan | (1 a)z 2
Equation SI7: Cole-Cole equation where a (0 < a < 1) is related to the number of
relaxation mechanismes, xr is the isothermal susceptibility and xs is the adiabatic

susceptibility.

Table SI8: Coefficient of determination, R?, of the fits to the Raman and Orbach terms
showing a best fit for the Raman relaxation in all cases for the compound (3).

H(Oe) R2(t1=CTY?) | RY(t= 1, texp(-Uex/kT))
150 0.997 0.983

425 0.996 0.957

500 0.995 0.954

750 0.997 0.966

1000 0.996 0.985
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Figure SI12: a) Comparation of the Raman mechanism values for NaDyClq (3) as bulk
and sublimated material measured in a SQUID magnetometer. For the linear fit to
equation SI5, only the points at high temperature (13 — 20 K) are taken into account. b)
Equivalent Raman mechanism fits.
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Figure SI13: Magnetic susceptibilities in phase (y’, left) and out of phase (y”, right) at
a) Hpc= 500 Oe and b) Hpc= 2000 Oe of bulk NaTbClqg (2).
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Figure SI114: Magnetic susceptibilities in phase (y’, left) and out of phase (y”, right) at
a) Hpc= 500 Oe and b) Hpc= 2000 Oe of bulk NEtDyClq (4).
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6. Film Characterization
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Figure SI15: AFM topography images of NaDyClg (3) molecular layers grown on NiFe

(left) and Co (right) substrates.
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Figure SI116: Negative and positive modes MALDI-TOF for films of a) NaYClg (1), b)
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NaTbClg (2) and c) NaDyClq (3). A pattern was not found in films of NEtDyClq (4) and

KNEtDyClg (5).
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Figure SI17: a) Temperature-dependent magnetization of NiFe (10nm)/NaTbClq where
a 1/T behavior is observed in the FC curve whereas a blocking (cusp) appears in the ZFC
curve. b) Temperature-dependent magnetization of NiFe (10 nm). Mgy has been
subtracted in Figures 5b-d and in some cases scaled to My, at low temperatures before
subtraction, as slight variation in the thickness yield different absolute magnetization
values. recalcar que el NiFe no tiene 1/T behaviour en el fc ni cusp en el zfc (blocking).
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