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S1. Crystal structure of C1;H1sDyNsOq (Dy-CP)

The Dy-based coordination polymer Ci1HisDyN3;Oq (Dy-CP) crystallizes in a monoclinic space group
P2i/c (C3,: no. 14) with a distorted tricapped triangular prismatic geometry.' Lattice parameters are: a =
11.8534 A, b=11.8871 A, ¢ =12.5771 A and B = 104.182°. The unit cell contains four formula units, i.e.,
Z = 4 and all atoms reside at 4e WyckofT sites, having triclinic (C) site symmetry. Each Dy** at triclinic C,
site is coordinated to nine oxygen ligands bound to different chemical groups: two oxygens, O1 and 02,
containing monodentate dimethylformamide (DMF) molecules; three monodentate oxygens, O3, O4 and
09; two bridging oxygens, O5 and O5’, with neighbouring Dy; and two oxygens, O6 and O8, containing
bidentate bridging nitrate ion (Fig. S1(a)). Two Dy** ions interact via two carboxylate oxygen atoms. The
atomic coordinates of Dy and oxygen atoms obtained from a CIF data' are collected in Table S1. The Dy—O
bond lengths vary within the range of 2.26 — 2.65 A (see Table S2) within [DyQy] coordination polyhedron
(see Fig. S1(b)), while the Dy-Dy bond distances are 7.58, 8.664, 10.455 (in A) within the conventional unit
cell of Dy-CP.
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Fig. S1 (a) Crystal structure of C11H13DyN3Os (Dy-CP). (b) Left panel: The [DyOs] polyhedron: Dy ion (blue)
coordinated to nine oxygen ions (red) in monoclinic Dy-CP crystal. Right panel: the CAS (a,b,c) and the

rotated CAS* (X', Y’, Z'). For explanations, see text.

Table S1 The atomic coordinates of Dy and oxygen atoms in [DyOo] polyhedron in Dy-CP compound.?

Atomic coordinates
Atoms x/a y/b z/c
Dy 0.84575 0.57199 0.46070
O, 0.85400 0.77070 0.42820
0 0.70290 0.65270 0.53480
O3 0.79500 0.42950 0.57930
O4 0.85580 0.40890 0.35890
Os 1.02170 0.58580 0.42220
Os' 0.97830 0.41420 0.57780
Os 0.77890 0.61300 0.25870
Os 0.65200 0.54060 0.33480
Oy 0.96010 0.64620 0.62690




Table S2 The Dy-O bond lengths (r;), idealized spherical polar coordinates (R, 6;, ¢i) in the CAS*, the angles

(94, @;) in the rotated CAS*, and the effective charge of oxygen ligands surrounding Dy atom in Dy-CP that

serve as input for SIMPRE calculations. For explanations, see, text.

Oxygen Idealized spherical polar coordinates in
atoms 1 (A) CAS* rotated CAS* Zi
R;(A) 0i (°) i (°) 9; () @ (°)
0, 2.4033 | 1.5033 | 100.37 | 87.70 80.86 | 269.92 | —0.212
0, 23301 | 1.4301 | 54.70 149.7 12.8 212,55 | —0.212
(o} 24281 | 1.5481 | 47.54 251.0 71.42 112.0 | —0.199
04 23424 | 14424 | 1240 | 27341 | 1221 48.42 | —0.199
Os 22597 | 13597 | 116.13 4.64 159.42 | 254.60 | —0.192
Os | 2.6499 | 1.7699 | 65.76 | 309.10 | 119.5 | 128.82 | —0.192
Os 2.5167 | 1.6367 | 158.81 | 147.60 | 96.85 338.0 | —0.206
0s 24777 | 1.5977 | 11433 | 189.51 58.4 13.15 | —0.206
0o 23657 | 1.4657 42.0 33.87 91.14 195.1 | —0.199

Table S3 The predicted crystal-field parameters (CFPs) in cm™ together with the invariant quantities: the

Stevens CFPs/CE calculated using RECM: (b) in the CAS* and (c) in the rotated CAS*; converted Wybourne

CFPs/Byq: (e) from column (b), (f) from column (c); and (g) SPM/Byq. The respective CFPs/Byq after the

3DD and CST standardisation are listed in columns (x/3DD), x = e, f, g. For explanations, see, text.

Stevens CFPs Wybourne CFPs
c By, SPM/Byq
(a) (b) (© | @] (9 [3DD)"|(/CST)| () |(F3DD)?| (g) |(g/3DD)”
cd 8.5 88.7 | By | 17.1 | —234.0 | 268.8 | 1774 | 2688 | 1774 | 2703
c} | 1665 | 200.0 |B%; [ -68.0 0 0 -81.7 0 —81.5 0
Cy' | —4424 | 2083 |Bh, | -180.6 0 0 85.0 0 86.1 0
cz | 300 73.1 52| 245 | —1240 | 813 59.7 81.3 61.0 83.6
C;2| -843 | 1195 |Bi, | 68.8 0 0 -97.6 0 -100.0 0
S; | 130.7 | 1307 | 1307 | 130.7 | 130.7 | 132.0 | 1319
Cd | —99.0 | 116.7 | By | -792.0| 6622 59.0 | 933.8 | 588 | 933.0 | -236
Ci | -513.8 | 684 |Bi, | 459.5 | -13.1 2753 | 612 | 2751 | 404 | 2332
Cy'| 335 | -399.8 | By, | 300 | 3096 | —97.1 |-357.6| 97.6 |-3580| 146.0
CZ | 131.0 | -118.5 |Bj, | 1657 | 164 397.9 | -150.0 | 3984 |-163.6 | 4422
Cy%| 566 | 2568 |Bi,| -71.6 | —127.0 | 5359 |-325.0| —535.3 | -332.0 | —498.0
C; | 337.6 | -1138.8 | Bis | —114.1 | 578.0 31.7 | 3850 | 324 | 3860 | 67.3
C;%|-10433 | 71.7 |Bl;|-3527| —497.8 | 578.1 | 242 | —578.6 | 245 | -592.7
C{ | 5867 | 271.0 |Bi,| 561.0 | -193.4 | 3113 | 259.1 | 311.0 | 2622 | 3235
Cy*| 350 | 330.8 |Bi,| -333 | —2463 | -216.6 |-3163 | 216.7 |-321.3 | 209.1




Si | 4741 | 4741 4742 | 4741 | 4742 | 477.0 | 477.0
cQ | 223 20.8 | Bgo | 356.8 | -97.5 162.1 | 3325 | 162.0 | 3325 | 111.7
ct | —947 | 1388 |Bf, | 117.0 | —2126 | -35.1 |-171.4| =350 |-170.6 | -15.1
Co'| 2302 | —177.5 | BL, | 2842 | —116.5 | —56.0 | -219.1 | 562 |-233.0| 587
C2 | -1053 | —752 |BL, |-164.5| —-101.4 | 1988 |-1174| 198.8 | -753 | 137.6
Cz2| 56.8 90.7 | BL, | -88.6 | —183.3 | 2773 | -141.6 | —277.1 | —142.0 | —296.4
C3 | 1493 | 167.5 |BL; | 116.6 | —269.7 834 | -130.7| 840 |-1347| 91.0
Cs3 | -155.6 | 2555 |BL,|-121.5| 180.2 92.3 199.5 | —92.4 | 1345 | —102.8
C& | 590 | -192.0 | BE, | 841 | —2373 | —168.0 | -273.5| —167.3 | -275.5 | -133.0
Ce* | —342 | —25.7 |BL, | 487 | 205.0 215.7 36.7 | —216.0 | 60.3 | —197.1
c | 7611 | -723 |Bfs|-2313| -104.1 | -278.1 | 22.0 | —277.8 | —29.2 | 2855
Cs° | —507.2 | —600.7 | Bl | —154.1 | 43.0 190.4 | —-182.5 | —191.0 | —203.0 | —230.1
cé | 882 | —93.7 |Bis| —93.0 | 105.1 39.3 -98.6 | 393 |-1313| 885
Cs° | 1586 36.2 | Bl | -167.0 | -99.6 732 | -38.1 | -732 | -764 | -105.1

Se | 2303 | 2303 230.3 | 230.2 | 230.2 | 230.5 | 230.5
S | 3135 313.5 315.2

The Euler angles are: Y a=87.26, p=49.17, y =—62.63;? 0.=36.81, B = 32.67, y =—12.90; ¥ a = 36.90, p = 32.98,
vy =—12.98 (all in degree).

Table S4 The calculated low-lying electronic energy (E;) levels in cm~ within the ground multiplet ®His/; and

associated wave functions (¥;) of Dy*" ion in Dy-CP: (a) E;, (b) ¥; and (c) g-tensor predicted using Stevens

CFPs/Cf(l calculated using RECM in the rotated CAS* (column c in Table S3); (d) Ej, (e) ¥; and (f) g-tensor

predicted using the converted Wybourne CFPs/By (column f in Table S3); and (g) Ei using SPM CFPs/Byq

(column g in Table S3). Only the modulus square of each M, contribution greater than 5% is provided

(except for the ground doublet). Barycenter ( E ) of the energy levels in cm™ is also given.

SIMPRE SPECTRE
Ei ¥; g-tensor Ei v; g-tensor | E;
(gXl’ gYI’ (gXl, nga
ng) gZI)
(a) (b) (c) (d) (e) (H (2)
0.0 | 0.87| $1§ >+001[F2 >+ | 103,028 | 00 103862 1175 >+001|F=> 068,036, | 0
18.1 2 —
0.03] F2>+0.02| F 2>+ +0.033| F2>+002) Fo> | 1782
— 3 — 1
0_023|$§>+0.023|$%>+ +0.02|+;>+0.02|+;>+
1 3
0.013] +3 > +0.005] £3 >+ 0-015|ig>+0-003|ig>+
5 7 0.004] £ 2> +0.003] £ >+
0.004] +=>+0.002| £->+ 12 2
2 2 0.01] +=>
0.002] += > # 2
30.7 1 0.08| F 2 >+026| Fo>+ | 994,034 | 284 [ 007| F 2> 4026/ F2>+ | 1466, 29.6
—1 1 2.01 _1 1 0.57,1.70
0.18] F2 >+0.25 [+ >+ 0.18] F=>+0.24| £ >+
0.08 +2 > 0.10[ £ >




74.0 0.39|$12_3>+0_13|$§>+ 2.50,4.50, | 69.3 0_20|¢§>+0'05|$§>+ 1.90,9.27, | 70.6
-5 —3 9.15 7 _s 2.91
0.14|+E>+0.1|+E>+ 0'11|+E>+0'15|+E>+
0.08] £ > 0.06] £3>+0.11[ + 5>+
0.15] £ 2>
10461 032] FZ>+0.11| F= >+ | 6.88, 99.5 | 021 FZ>+0.06| F2>+ |[826325 |994
_ _ 0.87
0.08) F2>+0.14/ Fi>+ | 431868 0.05|F 1> +0.1] F2>+
0.07) £ >+0.07] £ 2> 0.06] 2> +0.13 £ 2>+
0121+ 2 >+014/ £ 2>
166.4 0.09|$§>+0.24|$%>+ 2.15, 3.45, 160.0 ()_1|$12_3>+0_23|$12_1>+ 2.84,4.77, 163.0
—_—7 — 3 621 —7 — 3 617
0.07] +5>+0.15[+> >+ 0.07) F2>+0.14] F> >+
0.19I¢§>+0.07Ii§>+ 0.18|$%>+0.08|i%>+
0.07] £ > 0.07] £ >
294.8 0.27|$%>+0.16|$§>+ 2.52,1.78, | 290.0 0_23|;%>+0_1|;§>+ 2.39, 286.0
_s _3 8.25 s 3 10.28, 3.86
0.23|+2>+0.19[+->+ 0.14] F>>+0.15] F>>+
0.06] ¥ > 0.1l £2>+0.07| £ >+
0.05] + = >
327.0 | 0.06| FE>+0.17] F2>+ | 083,652, | 3215 | 0.06| FE>+02| F2>+ 4.90, 322.3
7 s 6.95 _; 2 10.76, 3.89
037| F2>+017| F2>+ 0.22] F 2>+ 011 F2>+
0.06] +2 > 0.07|+32>+020[+ 2>
35801 0.07) F 2>+ 021 F 2>+ [ 241,357, [ 3513 [ 007 F2 > +012/ FL >+ [ 1007, 3552
_9 _7 8.64 s . 7.28,2.73
0.32] +5>+0.15[+ 2>+ 0.25] F 2> +0.06| ¥ >+
0.05] £ > +0.06] £ > 0.15|+2>+0.10] £ 2>+
0.10] + = >
Barycentre (E )
169.5 165.0 165.8

# For comparison, the wave function of the ground Kramers doublet obtained using the Stevens CFPs/ CE

(listed in column b in Table S3) expressed in the CAS* is:

Wy =0.002| F 2 >+0.05| F 2

>+0.10] ¢%>+0.17| $§>+0.23| ¢§>+0.20| $§>+0.12| $%>

+0.024] F3 > +0.01] £5 > +0.014] £ > +0.02] 2> +0.005] £ > +0.007| +2 > +0.03] + = >

+0.023] + 2 >+0.003] +2 >




Table S5 The transition magnetic moment, <u> (us/Dy) between the Kramers states. For explanations, see,

text.
<u> [+15/2> |-15/2> | |+1/2,+3/2> | |-1/2,-3/2>| |+13/2, +5/2> | |-13/2,-5/2> | |+13/2, +11/2> | |-13/2, -11/2>
[+15/2> 3.338 0.211 1.517 0.782 1.873 0.36 0.682 0.36
|-15/2> 0.211 3.338 0.782 1.517 0.36 1.873 0.36 0.682
[+1/2, +3/2> | 1.517 0.782 2.63 1.712 1.442 0.516 1.665 1.237
|-1/2,-3/2> | 0.782 1.517 1.712 2.63 0.515 1.442 1.238 1.666
[+13/2, +5/2> | 1.873 0.36 1.442 0.515 3.18 1.166 2.5 1.49
|-13/2,-5/2> | 0.36 1.873 0.516 1.442 1.166 3.18 1.488 2.5
[+13/2, +11/2>| 0.682 0.36 1.665 1.238 2.5 1.488 2.495 1.864
|-13/2,-11/2>| 0.36 0.682 1.237 1.666 1.49 2.5 1.864 2.495

Table S6 The percentage root-mean-square (r.m.s.) deviations, Ax,ms (Axrmas), between the magnetic

susceptibility ygye (inverse susceptibility yz.%.) calculated using: (i) the Stevens CFPs/CS listed in column c

in Table S3 calculated using RECM (computed with SIMPRE), (i) the converted Wybourne CFPs/By listed

in column f in Table S3 (computed with SPECTRE) and (iii) SPM CFPs/Byq given in column g in Table S3

(computed with SPECTRE), and the experimental data.? For explanations, see, text.

AXyrms%o Axrms%o
1.8—300K | 1.8—20K | 200-300K | 1.8—300K | 1.8—20K | 200 - 300K

RECM/ 02 0.47 0.08 0.03 0.08 0.08
SIMPRE

RECM/ 034 0.83 02 0.1 0.12 022
SPECTRE

SPM/ 0.35 0.9 02 0.1 0.14 023
SPECTRE
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Fig. S2 Temperature variation of the dc magnetic susceptibility: (a) x within 1.8-20 K, (b) % ~* within 1.8—-20
K, and (c) x ! within 200-300 K predicted using: (i) the Stevens CFPs/Cl? listed in column c in Table S3
calculated using RECM (computed with SIMPRE), (ii) the converted Wybourne CFPs/Byg listed in column f
in Table S3 (computed with SPECTRE) and (iii) SPM CFPs/qu listed in column f in Table S3 (computed with

SPECTRE), and the experimental data (O).? For explanations, see, text.



R 4
L5
£
=
o 2
}{
0 1 N 1 N | N 1 N 1 N 1 N 1
0 50 100 150 200 250 300
T (K)

Fig. S3 Temperature variation of the directional magnetic susceptibility along the (X', Y’, Z') axis of the
rotated CAS* system computed with SIMPRE using the Stevens CFPs/CE (listed in column c in Table S3)

together with the calculated average susceptibility y,,. that matches with the experimental data (O)

recorded atH=0.1T.?
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Fig. S4 Directional magnetization along the (X', Y’, Z') axis of the rotated CAS* system predicted at T=3 K
using the Stevens CFPs/C{(l (listed in column c in Table S3) with the calculated average of magnetization

Mgye (blue line) that matches with the experimental data (O) at T = 3 K.?
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