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Table S1 Selected geometrical parameters with standard uncertainties (s.u.’s) in parentheses 
of [ErL2(OTf)(MeOH)2](OTf)2 (1), [YbL2(OTf)2](OTf) (2) complexes. For clarity the 
hydrogen atoms are not listed. The shortest coordination bonds are highlighted in red colour.

1 Er-OTf 2 Yb-OTf
Bond Distance [Å] Bond Distance [Å]

M-N1A 2.521(7) M-N1A 2.475(6)
M-N8A 2.572(6) M-N8A 2.480(6)

M-N14A 2.464(6) M-N14A 2.390(7)
M-N1B 2.514(6) M-N1B 2.470(6)
M-N8B 2.557(6) M-N8B 2.512(6)

M-N14B 2.446(6) M-N14B 2.402(7)
M-O13C 2.332(5) M-O11C 2.255(5)
M-O1D 2.391(5) M-O11D 2.235(6)
M-O1E 2.435(6) --- ---

Dihedral angle [o] Dihedral angle [o]

N1A-C2A-C10A-N14A -1.41 N1A-C6A-C10A-
N14A -7.16

N1B-C2B-C10B-N14B -0.13 N1B-C6B-C10B-
N14B 9.36

Minimal distance between Er(III) centers: 
9.47 Å

Minimal distance between Yb(III) centers: 
9.80 Å
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Table S2 SHAPE analysis for lanthanide complexes, which assumes coordination number 9 
for Ln(III) central metal ion. The lowest values of CShM are highlighted in red colour.

Shape Symmetry Er-OTf-(1) Er-NO3-(3) Yb-NO3-(4)
Enneagon D9h 34.290 33.626 33.266
Octagonal 
pyramid C8v 22.879 22.421 21.523

Heptagonal 
bipyramid D7h 18.633 17.618 16.188

Capped cube 
(Elongated 

square pyramid, 
J8)

10.028 10.130 9.554

Capped cube 8.943 9.063 8.402
Capped sq. 
antiprism 

(Gyroelongated 
square pyramid 

J10)

1.896 2.464 2.549

Capped square 
antiprism

C4v

1.129 1.586 1.718

Tricapped 
trigonal prism 

(J51)
1.750 3.016 2.844

Tricapped 
trigonal prism

D3h

0.971 2.329 2.146

Trivacant 
cuboctahedron 14.267 13.592 13.083

Tridiminished 
icosahedron 

(J63)

C3v
12.380 11.441 11.880

Hula-hoop C2v 11.006 10.290 10.348
Muffin Cs 1.700 1.841 2.124
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Table S3 SHAPE analysis for lanthanide complexes, which assumes coordination number 8 
for Yb(III) central metal ion. The lowest values of CShM are highlighted in red colour.

Shape Symmetry Yb-OTf-(2)
Octagon D8h 30.704

Heptagonal 
pyramid C7v 24.239

Hexagonal 
bipyramid D6h 13.319

Cube Oh 10.787
Square antiprism D4d 2.913

Elongated 
trigonal 

bipyramid
22.819

Johnson - 
Elongated 
triangular 

bipyramid (J14)

D3h

25.685

Triangular 
dodecahedron 

(DD)
1.845

Snub disphenoid 
(J84) 2.347

Johnson - 
Gyrobifastigium 

(J26)

D2d

10.331

Johnson - 
Biaugmented 
trigonal prism

2.662

Biaugmented 
trigonal prism

C2v

2.430

Triakis 
tetrahedron Td 11.549
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Table S4 CSD search of Er(III) complexes (per analogy to 1) that adopt ErN6O3 coordination 
sphere.

Entry CSD Refcode Additional information (FAC and 
MER refers to O3)

Magnetic properties References

1 BELHAC Heterobimetallic helicate; – FAC 
coordination --- 2

2 FUNFAC Homobimetallic helicate – FAC 
coordination

Field induced SMM
Ueff/kB = 9.5 K

τ0 = 1.08 × 10−6 s
(Orbach)

3

3 HUHMOM Monometallic – MER coordination --- 4

4 ISAZIL Monometallic – MER coordination --- 5

5 ITOCUR

Field induced SIM
Ueff/kB = 30.4 K
τ0 = 7.8 × 10−8 s

(Orbach)
Ueff/kB = 49.2 K
τ0 = 3.8 × 10−9 s

(Raman+Orbach)

6 ITODIG

Monometallic – MER coordination.
High degree of similarity!

Field induced SIM
Ueff/kB = 25.8 K
τ0 = 3.5 × 10−8 s

(Orbach)

6

7 PEBRIY Monometallic – FAC coordination Only effective magnetic 
moments

7

8 RIVPUJ Monometallic – MER coordination --- 8

9 TUMJEQ Monometallic – MER coordination --- 9

10 XENRAL Monometallic – FAC coordination --- 10
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Table S5 CSD search of Yb(III) complexes (per analogy to 2) that adopt YbN6O2 
coordination sphere.

Entry CSD Refcode Additional info Magnetic properties References
1 CAYRAX Monometallic --- 11

2 DIMJAM Homobimetallic --- 12

3 FUNDUP Homobimetallic DC and AC studies done; no SMM 
properties

3

4 GIFDAA (and 
GIFDAA10) Monometallic --- 13, 14

5 HIRWUA Heterobimetallic – YbCr

Only the variable temperature 
magnetic susceptibilities;

mT – 4.45 cm3·mol-1·K (max) to 
3.8 cm3·mol-1·K at 4K

Quote: 15“quantitative analysis of the 
Yb complexes must await further 

detailed examination for the 
magnetic behavior”

15

6 IJOCIV Monometallic --- 16

7
KAZTUA 

(and 
KAZTUA10)

Monometallic ---

8 KEJWIF (and 
KEJWIF10) Monometallic ---

17, 18

9 KOJLAX
10 KOJLEB Monometallic --- 19

11 MUVGAN Monometallic --- 20

12 NOMGUS Heterotetrametallic – Yb2Li2 --- 21

13 NULXUN Homobimetallic --- 22

14 OBIBEH Homobimetallic --- 23

15 POJWEQ Monometallic --- 24

16 POLGED Monometallic --- 25

17 PULNEP Heterotrimetallic – YbNiYb --- 26

18 QARBUH Monometallic 
High degree of similarity! --- 27

19 QIVBUS Heterobimetallic – YbCr ---
20 QIVCAZ Monometallic ---

28

21 TACJUE Monometallic --- 29

22 TUDBEA Monometallic ---
23 TUDBIE Monometallic ---

30

24 WAHFIX
25 WAHCUG Heterotrimetallic – YbMo2

DC and AC studies done; no SMM 
behavior

31

26 YIPJOX Monometallic --- 32
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Table S6 Selected geometrical parameters with s.u.’s in parentheses of [ErL(NO3)3(H2O)] 
(3). For clarity the hydrogen atoms are not listed. For clarity the hydrogen atoms are not 
listed. The shortest coordination bonds are highlighted in red colour.

3 Er – NO3

Bond Location Distance [Å]
M-N1A 2.446(8)
M-N8A 2.506(9)

M-N14A
Basal plane ligand

2.409(9)
M-O1E Basal plane solvent – H2O 2.357(7)

M-O11D Basal plane monodentate nitrate 2.302(7)
M-O11B 2.460(7)
M-O12B

Bidentate nitrate – below basal plane
2.381(7)

M-O11C 2.426(7)
M-O12C (apical anion)

Bidentate nitrate – above basal plane
2.436(7)

Dihedral angle of N1A-C6A-C10A-N14A: 
1.55 o

Minimal distance between Er(III) centers: 
5.86 Å
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Table S7 Selected geometrical parameters with s.u.’s in parentheses of 
[YbL(NO3)3(MeOH)]·MeCN (4). For clarity the hydrogen atoms are not listed. For clarity the 
hydrogen atoms are not listed. The shortest coordination bonds are highlighted in red colour.

4 Yb – NO3

Bond Location Distance [Å]
M-N1A 2.461(6)
M-N8A 2.486(7)

M-N14A
Basal plane ligand

2.419(6)
M-O1E Basal plane solvent – MeOH 2.331(5)

M-O12D Monodentate nitrate – above basal plane 2.251(5)
M-O12C Bidentate nitrate – basal plane 2.381(5)
M-O11C Bidentate nitrate – above basal plane 2.451(5)
M-O11B 2.440(6)
M-O12B

Bidentate nitrate – below basal plane
2.402(5)

Dihedral angle of N1A-C6A-C10A-N14A: 
0.65 o

Minimal distance between Yb(III) centers: 
5.95 Å
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Table S8 CSD search of Er(III) complexes (per analogy to 3) that adopt ErN3O6 coordination 
sphere.

Entry CSD Refcode Additional information (FAC and 
MER refers to N3)

Magnetic properties References

1 AQAHIJ Homobimetallic – MER coordination --- 33

2 BAGBER
Monometallic – MER coordination; 2 

bidentate axial nitrates, equatorial 
acetylacetonate

--- 34

3 BUZDEG Bimetallic – MER coordination --- 35

4 CAQGEG
Monometallic – MER coordination; 2 
bidentate axial nitrates, one bidentate 

equatorial nitrate
--- 36

5 CIGYIC
Monometallic – MER coordination; 
one bidentate axial nitrate, two water 

molecules
--- 37

6 COKPEY Heterotetrametallic ErAg3 – MER 
coordination --- 38

7 DUCQUN
Monometallic – MER coordination; 

two bidentate axial nitrates, two 
equatorial water molecules

--- 39

8 DULMON
Monometallic – MER coordination; 

two bidentate axial nitrates, equatorial 
acetylacetonate

--- 40

9 DUVPAM Monometallic – MER coordination --- 41

10 FAZQEC

Monometallic – MER coordination; 
two bidentate axial nitrates, 

monodentate equatorial nitrate, 
equatorial MeOH;

Isostructural to 21

--- 42

11 FUDKUL Monometallic – MER coordination --- 43

12 GAMRAP Homobimetallic – MER coordination ---
13 GESGER Homobimetallic – MER coordination ---

44

14 ILUGIG Heterotrimetallic polymer – ErCo2; 
MER coordination

15 ILUGOM Heteropentametallic polimer – Er2Fe3;

Only DC measurements;
The magnetic coupling 

interactions between d-and f-
metal ions in the series of [Fe–

L1–Ln], [Co–L1–Ln] and 
[CoII–L2–Ln] coordination 

polymers were explicitly 
characterized.

45

16 JAGJAD
Monometallic – MER coordination; 

two bidentate axial nitrates, two 
equatorial water molecules

--- 46

17 JUZVIL Homobimetallic – FAC and MER 
coordination

DC measurements;
Only for Dy very weak AC 

signal was observed
47

18 KEPZIP Monometallic – MER coordination --- 48

19 KIBJOV Monometallic – MER coordination; --- 49

20 KUNTAP

Monometallic – MER coordination; 
one bidentate axial nitrate, one axial 
and one equatorial water molecule, 
one equatorial and one axial DMF 

molecules

--- 50

21 LAHPEQ --- 51

22 LAHPEQ01
Heterotetrametallic – ErNa3; MER 

coordination --- 52

23 LUWXIL Monometallic (Co-Er ionic salt) – 
MER coordination --- 53
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24 NALCEJ Monometallic (Co-Er ionic salt) – 
MER coordination --- 54

25 OCIVED Heterobimetallic coordination 
polymer – ErCo; MER coordination

26 ODELAM Heterobimetallic coordination 
polymer – ErMn; MER coordination

Weak antiferromagnetic 
exchange coupling interactions

55

27 PERFOI Homobimetallic; MER coordination --- 56

28 QIBRUP Homobimetallic helicate; MER 
coordination --- 57

29 TEHDER Homobimetallic helicate; MER 
coordination --- 58

30 TUGYEA Heterotrimetallic; ErK2; Mer 
coordination --- 59

31 TUVDUJ
Heteropentametallic polymeric 

assembly: Er2Mn3 – MER 
coordination

--- 60

32 UGUHEK Homotetrametallic polymeric 
assembly – MER coordination --- 61

33 UMIWOE Homobimetallic – MER coordination --- 62

34 UQONAQ Homobimetallic – MER coordination --- 63

35 VAJNIF Heterooctametallic coordination 
polymers: Er2Cu6 –MER coordination --- 64

36 VUKNOG
Monometallic – MER coordination; 2 

bidentate axial nitrates, equatorial 
DMSO

Erbium analogue was not 
studied for SIM behavior;

Dy congener displayed SIM 
properties

65

37 WOPFAJ i
Heteropentametallic coordination 

polymers; Er2Mn3 – MER 
coordination;

38 WOPFIR
Heteropentametallic coordination 

polymers; Er2Zn3 – MER 
coordination;

DC measurements;
Ferromagnetic interactions

66

39 XECQIF Monometallic – MER coordination --- 67

40 XEJBOF Heterotetrametallic coordination 
polymer; ErK3 – MER coordination --- 68

41 XIDTAG Heterotetrametallic coordination 
polymer; Er2K2 – MER coordination --- 69

42 XITYEG

Monometallic – MER coordination; ; 
two bidentate axial carboxylates, one 
equatorial monodentate carboxylate, 

one equatorial water molecule

--- 70

43 YAZXOO Heterotetrametallic – Er2Mn2 – FAC 
coordination

Antiferromagnetic 
interactions;

 SMM behaviour was 
investigated -

AC below 6 K but without any 
observed maxima

71

44 YUMGOC Monometallic (Cr-Er ionic salt) – 
FAC coordination --- 72

45 ZOPNUP Heterobimetallic coordination 
polymers ErSr – MER coordination --- 73
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Table S9 CSD search of Yb(III) complexes (per analogy to 4) that adopt YbN3O6 
coordination sphere.

Entry CSD Refcode Additional information (FAC and 
MER refers to N3)

Magnetic properties References

1 AQAHEF Homobimetallic – MER coordination --- 33

2 ARUQEJ
Monometallic – MER coordination; 

two bidentate axial nitrates, one 
equatorial bidentate nitrate

--- 74

3 ASUHIF Monometallic – MER coordination --- 75

4 CAQGAC
Monometallic – MER coordination; 

two bidentate axial nitrates, one 
equatorial bidentate nitrate

--- 36

5 CAYZOT Homotetrametallic – MER 
coordination --- 76

6 COVCEW Heterotrimetallic – Yb2K: MER 
coordination --- 77

7 DUCSEZ
Monometallic – MER coordination; 

two bidentate axial nitrates, two 
equatorial water molecules;

---

8 DUCTOK

Monometallic – MER coordination; 
two bidentate axial nitrates, 

monodentate equatorial nitrate, 
equatorial water;

Similar to 23

---

39

9 DUXXOL Monometallic – MER coordination; 
three acetylacetonates (2 ax. 1 eq.)

Yb(III) analogue was probed 
for SIM behavior but without 
observation of slow relaxation 

of magnetisation;
Isostructural Dy analogue was 

found to display slow 
relaxation of magnetization

78

10 EFIZIC

Monometallic – MER coordination; 
two bidentate axial nitrates, 

monodentate equatorial nitrate, 
equatorial EtOH;

Similar to 23

---

11 EFIZUO
Monometallic – MER coordination; 

two bidentate axial nitrates, two 
equatorial water molecules;

---

79

12 EVEGAN i Heteropentametallic coordination 
network – Yb2Mn3

---

13 EVEGER Heterodecametallic coordination 
network – Yb4Mn6

---
80

14 FEWQEE
Monometallic – MER coordination; 

two bidentate axial nitrates, one 
equatorial bidentate nitrate

--- 81

15 FONQUU i 
FONQUU01

Monometallic – MER coordination;  2 
bidentate axial nitrates, equatorial 

acetylacetonate
--- 34, 82

16 FONTEH

Monometallic – MER coordination; 
one bidentate axial nitrate, one axial 

acetylacetonate, one equatorial 
acetylacetonate

--- 82

17 GEXHAU Monometallic – MER coordination --- 83

18 HABMIH i 
HABMIH01 Homobimetallic – FAC coordination ---

84

19 HAWQUT Monometallic – MER coordination ---
20 HAWRAA Monometallic – MER coordination ---

85
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21 HIMFIT Heterotrimetallic Yb2Pt – MER 
coordination; three acac molecules ---

22 HOYTIZ Heterotetrametallic coordination 
network – YbCs3; MER coordination --- 86

23 IJOCER
Monometallic – MER coordination;  

two bidentate axial nitrates, equatorial 
DMSO

--- 16

24 ILUGAY Heterotrimetallic polymer – YbCo2; 
MER coordination

Only DC measurements;
The magnetic coupling 

interactions between d-and f-
metal ions in the series of [Fe–

L1–Ln], [Co–L1–Ln] and 
[CoII–L2–Ln] coordination 

polymers were explicitly 
characterized.

25 ILUKAC Heteropentametallic polimer – Yb2Fe3; ---

45

26 JEVTUZ Monometallic; MER coordination --- 87

27 JIWMUY Heterohexametallic Yb4Pt2; MER 
coordination --- 88

28 KOLGIB Monometallic – FAC coordination --- 89

29 KUNTIX

Monometallic – MER coordination; 
one bidentate axial nitrate, one axial 

and one equatorial water molecule, one 
equatorial and one axial DMF 

molecules

--- 50

30 LAMFUA Heterohexametalic polymeric material 
– Yb4Ag2; FAC coordination --- 90

31 MALLUG
Monometallic – MER coordination; 

two bidentate axial nitrates, one 
equatorial bidentate nitrate

--- 91

32 METRUY

Monometallic – MER coordination; 
one bidentate axial nitrates, two 

equatorial H2O molecules, two axial 
H2O molecules

---

33 METSAF

Monometallic – MER coordination; 
two bidentate axial nitrates, 

monodentate equatorial nitrate, 
equatorial H2O;

---

92

34 NEYFED
Monometallic – MER coordination; 

two bidentate axial nitrates, one 
equatorial bidentate nitrate

--- 93

35 NPYCYB Monometallic – MER coordination; --- 94

36 PIRZUM
Monometallic – MER coordination; 

two bidentate axial nitrates, two 
equatorial water molecules

--- 95

37 POVTIE
Heterotrimetallic: Yb2Pt –
MER coordination; three 

acetylacetonates (2 ax. 1 eq.)
--- 96

38 PYCYBN Monometallic – MER coordination; --- 97

39 QAKGIV Monometallic; ion pair with POM; 
MER coordination --- 98

40 QAMBUE Heterooctametallic; Yb4Rb4 – MER 
coordination ---

41 QAMCAL Heterotrimetallic; Yb2Rb – MER 
coordination ---

42 QAMMEZ Heterooctametallic coordination 
polymer; YbRb  – MER coordination ---

99

43 QEKXEK Monometallic – MER coordination; 
two bidentate axial nitrates, one --- 100
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equatorial bidentate nitrate

44 SAMFOD Homobimetallic – MER coordination; 
three acetylacetonates (2 ax. 1 eq.) ---

45 SAMGAQ Homobimetallic – MER coordination; 
three acetylacetonates (2 ax. 1 eq.) ---

101

46 SPYCYB Monometallic – MER coordination; --- 94

47 TOZLIF Monometallic – MER coordination; --- 102

48 TUGYAW Heterotrimetallic; Yb2Rb – MER 
coordination; --- 59

49 UGUGUZ Homotetrametallic polymeric assembly 
– MER coordination --- 61

50 VAJNEB Heterooctametallic coordination 
polymers: Yb2Cu6 –MER coordination --- 64

51 XIDTEK Monometallic – MER coordination --- 69

52 XITYOQ

Monometallic – MER coordination; ; 
two bidentate axial carboxylates, one 
equatorial monodentate carboxylate, 

one equatorial water molecule

--- 70

53 YUMHAP Monometallic (Cr-Yb ionic salt) – 
FAC coordination --- 72

54 ZIXHUE Monometallic – MER coordination
Field-induced SIM;

Ueff = 15.6 K; τ0=2.73 10-6 s)
103

Fig. S1. Theoretical and experimental powder X-ray diffractograms obtained for compounds 
1-4. 



SI-15

0 50 100 150 200 250 300
0

2

4

6

8

10

12

 compound3
 compound1 m

T(
cm

3 K
m
ol
-1
)

T(K)

Fig. S2. Temperature dependence of the χmT product for compounds 1 and 3.
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Fig. S3. Temperature dependence of the χmT product for compounds 2 and 4.



SI-16

Table S10. Comparison of DC magnetic data for 1 - 4 with the literature examples.

Compound, 
ion 

Ground 
state of 
Ln(III), 

g-factor

Theoretical
χmT

[cm3Kmol-1]a

Theoretical
Msat value 

[B.M.]b

Experimental
χmT(300K)/ χmT(1.8K)

[cm3Kmol-1]

Experimental
Msat value

[B.M.]
Ref.

1, Er(III) 10.5/4.63 4.90
3, Er(III) 11.5/4.64 5.17

This work

ITODOM
Er(III)

10.38/7.34 5.35

ITOCUR
Er(III)

13.04/5.7 4.23

ITODIG
Er(III)

11.29/5.39 5.29

6

REJGUL 
Er(III)

4I15/2, 
g=6/5

11.48 9

11.3/6.0(4.5K) 4.28 104

2, Yb(III) 2.42/1.26 1.75

4, Yb(III) 2.67/1.20 1.82

This work

ITODEC
Yb(III)

2.21/1.99 1.94

ITODAY
Yb(III)

2.24/1.44 1.74

ITODUS
Yb(III)

2.25/1.48 1.83

6

REJHEW
Yb(III)

2.31/1.26(4.5K) 1.72 104

MUFLOQ
Yb(III)

2.32/1.13 1.85

MUFLUW
Yb(III)

2F7/2, 
gJ=8/7

2.57 4

2.35/1.07 1.74

105

a χmT=Nβ2/3k{gJ
2J(J+1)},  bM=MJμB; J=L+S; gJ=3/2+ST(ST+1)-L(L+1)/2J(J+1)
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Fig. S4 Temperature dependence of the relaxation time for complexes 1 (a). 2 (b). 3 (c) and 4 
(d). The solid line represents the Arrhenius law fit.

Table S11. Values of τ, α, χT and  χs for complex 1 under a 0.1 T applied field and varying 
temperatures. 

T [K] τ α χT χs R2

1.8 0.00025 0.1285 12.4453 0.7461 0.9887
2.0 0.00021 0.1286 11.9408 0.7647 0.9832
2.1 0.00016 0.1338 11.3518 0.6272 0.9799
2.2 0.00013 0.1427 10.8768 0.3428 0.9938
2.4 0.00010 0.1430 10.5285 0.2973 0.9805
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Table. S12. Values of τ, α, χT and  χs for complex 2 under a 0.1 T applied field and varying 
temperatures. 

T [K] τ α χT χs R2

2 0.00046 0.2574 1.8338 0.3583 0.9987
2.1 0.00043 0.2733 1.7609 0.3352 0.9780
2.3 0.00035 0.2740 1.6314 0.2949 0.9771
2.5 0.00030 0.2403 1.4943 0.3060 0.9789
2.7 0.00027 0.1982 1.3842 0.3283 0.9932
2.9 0.00023 0.1648 1.2838 0.3326 0.9899
3.1 0.00019 0.1332 1.2000 0.3354 0.9912
3.3 0.00017 0.1099 1.1306 0.3403 0.9931
3.5 0.00014 0.0820 1.0660 0.3444 0.9898
3.7 0.00011 0.0966 1.0105 0.3058 0.9763

Table. S13. Values of τ, α, χT and χs for complex 3 under a 0.1 T applied field and varying 
temperatures.

T [K] τ α χT χs R2

1.8 0.00020 0.3406 16.8607 1.9725 0.9863
1.9 0.00018 0.3189 15.7250 2.2824 0.9730
2 0.00016 0.3230 14.9621 2.0472 0.9909

2.1 0.00016 0.2893 14.2572 2.5589 0.9819
2.2 0.00014 0.2918 13.7426 2.3381 0.9844

Table. S14. Values of τ, α, χT and χs for complex 4 under a 0.1 T applied field and varying 
temperatures. 

T [K] τ α χT χs R2

1.8 0.00220 0.1596 1.9818 0.3267 0.9962
1.9 0.00191 0.1666 1.8834 0.3062 0.9836
2.0 0.00165 0.1693 1.7970 0.2898 0.9917
2.1 0.00141 0.1674 1.7131 0.2749 0.9887
2.3 0.00105 0.1597 1.5803 0.2531 0.9782
2.5 0.00074 0.1528 1.4573 0.2351 0.9964
2.7 0.00052 0.1406 1.3500 0.2196 0.9993
2.9 0.00036 0.1400 1.2609 0.2028 0.9883
3.1 0.00026 0.1336 1.1818 0.1963 0.9781
3.3 0.00019 0.1292 1.1114 0.1841 0.9933
3.5 0.00014 0.1277 1.0510 0.1753 0.9940
3.7 0.00010 0.1256 0.9971 0.1719 0.9852
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a) b)

 

c) d)

 

e) f)
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g)

Figure S5. Absorption spectra of Er(III) ion in compound 3 showing transitions from the 
ground multiplet 4I15/2 to CF components of the excited multiplets: a) 4I13/2, b) 4I11/2, c) 4I9/2, d) 
4F9/2, e) 4S3/2, f) 2H11/2, and g) 4F7/2. Arrows and vertical bars indicate the experimental and 
calculated energy levels, respectively.

a) b)

c) d)
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e) f)

 

g) h)

i)

Figure S6. Absorption spectra of Er(III) ion in compound 3 showing transitions from the 
ground multiplet 4I15/2 to CF components of the excited multiplets: a) 4I13/2, b) 4I11/2, c) 4I9/2, d) 
4F9/2, e) 4S3/2, f) 2H11/2, g) 4F7/2, h) 4F5/2 and i) 4F3/2. Arrows and vertical bars indicate the 
experimental and calculated energy levels, respectively. 



SI-22

 

a) b)

Fig. S7. Absorption spectra of Yb(III) ion in compound a) 2 and b) 4 showing transitions 
from the ground multiplet 2F7/2 to CF components of the excited multiplet 2F5/2. 

Fig. S8. Axis systems used for compound 1: the original non-Cartesian crystallographic axis 
system (CAS) defined by the axes (a, b, c) and the modified Cartesian CAS (CAS*), i.e. the 
(x, y, z) coordinate system, selected so that the O1e atom is on the z-axis yielding the 
approximate C2 axis and thus the approximated site symmetry C2. 
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Fig. S9. Axis systems used for compound 3: the original non-Cartesian crystallographic axis 
system (CAS) defined by the axes (a, b, c) and  modified Cartesian CAS (CAS*), i.e. the (x, y, 
z) coordinate system, selected so that the N8A atom is on the z-axis yielding the approximate 
C2 axis and thus the approximated site symmetry C2.

Table S15. The calculated, approximated, and fitted CFPs for compound 1 and 3; CFPs and 
rms values are in cm-1. For explanations see main text.

CFPs Compound 1 Compound 3
Method SPM-C1 C2 = rotation

Oz/-32.3
C2 fit
rms = 5.3

SPM-C1 C2 = rotation
Oz/-20.42

C2 fit
rms = 9.4

B20 -35 -35 -14 ±62 -90 -90 58 ±68
ReB21 73 0 0 -14 0 0
ImB21 -32 0 0 156 0 0
ReB22 44 103 126 ±31 -59 -78 -184 ±59
ImB22 93 0 0 -51 0 0
B40 98 98 -321 ±109 38 38 28 ±73
ReB41 77 0 0 9 0 0
ImB41 10 0 0 -26 0 0
ReB42 165 -1 19 ±67 -244 -332 -6 ±75
ImB42 -79 -183 -164 ±83 -226 -11 149 ±71
ReB43 -40 0 0 -28 0 0
ImB43 20 0 0 -28 0 0
ReB44 -296 7 295 ±92 -147 166 321 ±33
ImB44 -234 377 -246 ±87 189 173 33 ±65
B60 338 338 301 ±78 488 488 477 ±113
ReB61 75 0 0 80 0 0
ImB61 -6 0 0 -35 0 0
ReB62 413 199 -410 ±70 -370 -233 88 ±65
ImB62 25 -363 -402 ±88 72 296 178 ±93
ReB63 12 0 0 -257 0 0
ImB63 -12 0 0 -130 0 0
ReB64 532 -344 -397 ±62 307 318 338 ±112
ImB64 -8 -406 89 ±68 277 -264 205 ±89
ReB65 -107 0 0 -90 0 0
ImB65 35 0 0 159 0 0
ReB66 -90 142 -104 ±71 293 -236 301 ±61
ImB66 -224 195 -141±81 -93 -197 -534 ±77
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Table S16. Energy levels and components of the state vector for the ground multiplet 4I15/2 of 
Er(III) in compound 1 obtained using the CFP set C2-fit in Table S15.

Composition of the wave functions (in %)Energy levels
(in cm-1) |1/2> |3/2> |5/2> |7/2> |9/2> |11/2> |13/2> |15/2>
0 15 24 12 10 4 21 4 12
47 4 8 24 8 8 15 14 18
124 44 6 2 3 3 10 12 20
165 17 17 2 4 4 1 56 1
242 3 7 6 25 39 6 9 6
299 13 25 4 15 10 15 1 16
359 1 12 45 1 29 5 4 3
397 4 1 5 35 4 27 25

Table S17. Energy levels and components of the state vector for the ground multiplet 4I15/2 of 
Er(III) in compound 3 obtained using the CFP set C2-fit in Table S15.

Composition of the wave functions (in %)Energy levels
(in cm-1) |1/2> |3/2> |5/2> |7/2> |9/2> |11/2> |13/2> |15/2>
0 31 16 2 1 8 23 18 2
38 2 17 30 13 6 6 27 1
122 9 15 3 15 9 13 25 11
195 24 13 5 14 13 9 8 14
256 25 0 5 10 15 26 16 3
305 4 7 22 0 3 10 4 50
365 5 30 1 3 42 11 1 8
441 1 3 32 44 5 2 3 10

Fig. S10. Schematic representation of compounds 1-4 based on their single crystal X-ray 
measurements confronted with the model proposed by Long and co-workers. Adapted with 
permission from ref 1 Copyright 2011 Royal Society of Chemistry.
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Comment 1: Additional comments on the computational procedure and the C2 
symmetry approximation.

An alternative procedure for reduction of the CFP sets corresponding to the actual C1 
(triclinic) symmetry to the CFP sets corresponding to the approximated C2 (monoclinic) 
symmetry is based on the diagonalization of the second-rank crystal field terms for 3dN and 
4fN ions at triclinic or monoclinic symmetry sites (the 3DD method).106 Importantly, one 
rotation about the Oz axis cannot reduce all three non-orthorhombic CFPs: ReB21, ImB21 and 
ImB22 to zero. This can be achieved only using the 3DD method, which handles two rotations 
that are needed in this case. 

However, the procedure for the C2 symmetry approximation used in the present calculations 
should be seen before any 3DD rotations. The approximate C2 axis appears for such axis 
system orientation as shown in Fig. S8 and S9. After the 3DD rotations a completely different 
orientation of the axis system would be obtained. In other words, we do not implement the C2 
symmetry approximation by resetting the CFPs ReB21, ImB21 and ImB22 to zero via the 3DD 
rotations but by neglecting those CFPs that should be zero for the C2 symmetry. Thus, we 
neglect ReB21 and ImB21, whereas only ImB22 is reset by appropriate rotation, which that does 
not change the orientation of the z-axis. Hence in this case the approximate C2 axis is 
preserved. This procedure is analogous to SPM calculations of the geometric coefficients gkq 
for C1 symmetry, which would yield the triclinic ones being small, thus justifying their 
neglect. Here we just went one step further. First, we have fitted the SPM intrinsic parameters 
and then taken for further calculations only the so-obtained non-triclinic CFPs. Therefore, the 
triclinic CFPs are not listed in Table S15 since for the C2 symmetry they do not appear.

Comment 2: Additional comments on the results for compound 2 and 4.

For Yb compounds 2 and 4 the absorption spectra do not provide sufficient data to perform 
full scale CF calculations. Hence we have performed only suitable simulations and calculated 
the expected splitting of the ground multiplet 2F7/2 of Yb(III) ion for compound 2 and 4 taking 
directly the CFPs obtained for erbium compounds 1 and 3, respectively. Note that since no 
suitable rescaling relationships107 exist we cannot consider rescaling of Er-CFPs to obtain 
more reliable CFPs for Yb. So-obtained calculated splitting of the ground multiplet 2F7/2 of 
Yb(III) ion is 0, 128, 198 and 307 for compound 2, whereas 0, 120, 237 and 295 for 
compound 4. For compound 2 the composition of the state vector for the ground and first 
excited level is {52% |5/2> + 31% |1/2> + 11% |-3/2>+ 6% |-7/2>} and {28% |5/2> + 15% 
|1/2> + 1% |-3/2>+ 56% |-7/2>}, respectively. Correspondingly, for compound 4 we obtain 
{44% |5/2> + 27% |1/2> + 21% |-3/2>+ 8% |-7/2>} and {11% |5/2> + 46% |1/2> + 2% |-
3/2>+41% |-7/2>}. These tentative results serve only for illustration of potential effectiveness 
of the methods employed. However, since their reliability may be doubtful they do not allow 
for meaningful correlation of the spectroscopic data and magnetic susceptibility 
measurements.
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Comment 3: Theoretical background.
For the energy level calculations we apply the effective operator model suitable for 4fN ions in 
crystal.108-112 The observed energy levels are fitted to the phenomenological Hamiltonian, 

, by simultaneous diagonalization of the two parts - the free-ion ( ) CFFI HHH ˆˆˆ  FIĤ
Hamiltonian:

, (1)
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and the crystal-field Hamiltonian ( ) expressed in the compact form113-115 in the CFĤ
Wybourne notation108: 

. (2))z,y,x(ĈBĤ
q,k

)k(
qkqCF 

The operators and interaction parameters in Eq. (1) as well as the intra-configurational 
spherical-tensor operators , expressed in a given axis system (x, y, z), and the symbolic )(ˆ k

qC

CFPs116, 117 , of rank k and component q, in Eq. (2) are defined according to the prevailing kqB

conventions. 108-111 In low symmetry CFP studies, the expanded form of  is most often CFĤ
used, in which the Re and Im parts of the complex CFPs in Eq. (2) are explicitly indicated: 

. Due to properties of the Wybourne operators108:  kqkqkq BiBB ImRe 
*)1( kq

q
qk BB 

(see, e.g. 111, 118) the relations hold: , .    kq
q

qk BReBRe 1   kq
q

qk BImBIm 11 
 

If the central ion site has no symmetry elements, i.e. for triclinic symmetry, according to 
group theory all 27 CFPs Bkq in Eq. (2) are non-zero, including 3 real Bk0 (k = 2, 4, 6) and 24 
complex CFPs, which are interdependent ‘in-pairs’ with (+q, -q). In general, for monoclinic 
(C2, Cs, or C2h) site symmetry three possible forms of  exist119, each corresponding to a CFĤ
specific choice of the monoclinic axis (or direction) as the z-, y-, or x-axis.116, 118 The axis 
system adopted here corresponds to the case most often used in literature, i.e. C2||z. It yields 
the non-zero CFPs ReBkq and Im Bkq with q even only, whereas the number of CFPs is 
reduced from 27 to 15; the explicit  forms may be found, in e.g.120, 121. In addition, CFĤ
parameter ImB22 can be put to zero by appropriate rotation of axis system which leaves 14 
independent CFPs. 

To reduce the number of parameters at initial stages of fittings the superposition model 
(SPM) was employed, which is based on the main assumption that the CFPs for a central 
metal ion may be expressed as a sum of cylindrically symmetric single-ligand (L) 
contributions.122-124 The SPM expressions expressed consistently in the Wybourne notation108 
are:

, 
L

LLq,kLkkq ),(g)R(BBRe 
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, (4) 
L

LLq,kLkkq ),(g)R(BBIm 

where  are the intrinsic parameters and gk,q are the coordination factors.  kB

In the SPM model the distance dependence is assumed in the form of a power law with the 
coefficients tk 121-123:

, (5)kt
kk RRRBRB )/)(()( 00

where R0 is usually assumed to be the average metal-ligand distance. Eq. (4) may be than 
rewritten as:

(6) 
L

LLq,k
t

Lkkq ),(gR/R)R(BBRe k 00

.  
L

LLq,k
t

Lkkq ),(gR/R)R(BBIm k 00
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