Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2018

Electronic Supplementary Information

The effect of the second coordination sphere on the magnetism of
[Ln(NO3)3(H20)3]:(18-crown-6) (Ln=DyandEr)

I *a,b
’

Radovan Herche Pavel Zoufaly ® and lvan Nemec *

a- Department of Inorganic Chemistry, Faculty of Science, Palacky University, 17. listopadu 12, CZ -771 46 Olomouc, Czech Republic.
b.Regional Centre of Advanced Technologies and Materials, Faculty of Science, Palacky University, Slechtitelii 27, CZ-783 71 Olomouc, Czech Republic.

Table of contents

FIGURES 1. ACOMPARISONOF THE EXPERIMENTAL (RED) AND CALCULATED (BLUE) X-RAY POWDERDIFFRACTIONPATTERNS OF

COMPOUNDS 1 (TOP) AND 2 (BOTTOM). ...c.vrveteteseatesteneetesseseesesseseesessessesessessesessessesessesseseabessesesbensesesbebesesbensesesbensesessennns 2
FIGURE S2. A PERSPECTIVE VIEW ON HYDROGEN BONDING (BLACK AND GOLD DASHED LINES) IN SUPRAMOLECULAR 1D IN MOTIF OF 1.
(HYDROGEN ATOMS WERE OMITTED FOR CLARITY). ..utututetateseeeeenesesesssesesesessssssesessssssssesesssassssesesssssasesssnssssesassassesassassssesnns 3
FIGURE S3 THE ANALYSIS OF THE MOLAR SUSCEPTIBILITIES FOR COMPOUNDS 1 (LEFT) AND 2 (RIGHT) WITH CURIE-WEISS LAW. EMPTY
CIRCLES—EXPERIMENTAL DATA, FULLLINES = CALCULATED DATA .....covvvveeessssesssssmsessssseessssssssssssssssssssssessssssssssssssssssssssssssssssssssssossssssssssessssssssns 4
FIGURE S4 THE IN-PHASE Xrea AND OUT-OF-PHASE X MOLAR SUSCEPTIBILITIES FOR 1 AND 2 AT ZERO STATIC MAGNETIC FIELD (LEFT)
AND INNON-ZERO STATIC FIELD (RIGHT). 1.vtveutteeetesiesestesesteseesessesessesessessssessesesaesessessssessasessesessessssessssessasessessssessssessasensassssnses 5

FIGURE S5. ANALYSIS OF AC MOLAR SUSCEPTIBILITIES FOR 1 MEASURED AT THE APPLIED EXTERNAL FIELD Boc =0.1 T ACCORDING TO
EQ. 4. FULL POINTS — EXPERIMENTAL DATA, FULL LINES — CALCULATED DATA. BLACK LINE FORF=1488.1 Hz: n= 1.58x10™ S, Ueer
=66K;BLUELINEFORF=715.6HZ: 0=5.89%X10™S, Ut S71K o.oovvovoeeeeeeeeeeeseeeeee e, 6
FIGURE S6. ANALYSIS OF ACMOLAR SUSCEPTIBILITIES FOR 2MEASURED AT THE APPLIED EXTERNALFIELDBDC =0.1 T ACCORDING TO
EQ. 4. FULL POINTS —EXPERIMENTAL DATA, FULL LINES — CALCULATED DATA. BLACK LINE FORF=1488.1 HzZ: 10 = 1.27x10™ S, Ueer
=24K;BLUELINEFORF=715.6HZ:10=7.66X10™™°S, Ut T21K ..o.ooovoeeeveeeeeeeseeeeeeesee s, 6
FIGURES7 THE ELECTROSTATIC POTENTIALS OF THE LIGANDS PROJECTED INASPHERE OF 1 ARADIUS LOCATED AT THE ERBIUM POSITION
IN MOLECULAR SYSTEMS [ER(NO3)3(H20)s] (LEFT) AND [ER(NO3)3(H20)s]-(18C6)2 (RIGHT) OBTAINED BY REMOVING THE ERBIUM
ATOM. THE COLOR SCALE OF THE ELECTROSTATIC POTENTIAL IS SHOWN ON THE RIGHT. THE DONOR OXYGENATOMS FROMNITRATO AND
AQUA LIGANDS ARE SHOWN AS RED BALLS .......ormircvvvoieraecesscosses s sssisessssssssss s sssss s s ss s sssssson 7
TABLES1. RESULTS OF CONTINUOUS SHAPE MEASURES CALCULATIONS USING PROGRAM SHAPE 2.1 FOR COMPLEXES 1 AND 2 A 8
TABLE S2 ENERGY LEVELS (CM™ OR K) OF THE LOWEST LIGAND FIELD MULTIPLETS IN ZERO MAGNETIC FIELD DERIVED FROM
CASSCF/DKH2/SINGLE_ANISO CALCULATIONS FOR [DY(NO3)3(H20)3] OF COMPOUND 1 WITHRESPECTIVE G-FACTORS DERIVED
FOREACH KRAMERS DOUBLETWITHEFFECTIVE SPIN L/2. ....cuvviiitiiiete ettt st b et sttt ettt st ns b s ebe s abenns 9
TABLE S3 ENERGY LEVELS (CM™ OR K) OF THE LOWEST LIGAND FIELD MULTIPLETS IN ZERO MAGNETIC FIELD DERIVED FROM
CASSCF/DKH2/SINGLE_ANISO CALCULATIONS FOR [ER(NO3)3(H20)3] OF COMPOUND 2 WITH RESPECTIVE G-FACTORS DERIVED
FOREACH KRAMERS DOUBLETWITHEFFECTIVE SPIN L/2. ...ttt sttt sttt sa st sn et s b e 9
TABLE S4 ENERGY LEVELS (CM™ OR K) OF THE LOWEST LIGAND FIELD MULTIPLETS IN ZERO MAGNETIC FIELD DERIVED FROM
CASSCF/DKH2/SINGLE_ANISO CALCULATIONS FOR [DY(NO3)3(H20)3]-(18C6)2 OF COMPOUND 1 WITHRESPECTIVE G-FACTORS
DERIVED FOREACH KRAMERS DOUBLETWITHEFFECTIVE SPINL/2. ....vivitiiiete ettt sttt sttt st v srens 10
TABLES5 ENERGY LEVELS (CM*ORK) OF LOWESTLIGAND FIELDMULTIPLETSINZEROMAGNETIC FIELD DERIVED FROM
CASSCF/DKH2/SINGLE_ANISO CALCULATIONS FOR [ER(NO3)3(H20)s3]-(18C6)2 OF COMPOUND 2 WITHRESPECTIVE G-FACTORS
DERIVED FOREACH KRAMERS DOUBLETWITHEFFECTIVE SPIN L/2. ...ttt sttt 10



2.00+005
1.6e+005

1.0e+005

5.00+004
0.0e+000 - sl e R - .- N—

Intensity (cps)

10 20 30 40
2-hets (deg)

8 Oa+004-
@ 500+004
E 4.08+004-
g 3.02+004
# 20e+004

et UAA NAM_AAMM
0.0e+000 \ 7 | S { -

2-theta (deg)

Figure S1. Acomparison of the experimental (red) and calculated (blue) X-ray powder diffraction patterns
of compounds 1 (top) and 2 (bottom).



Figure S2.Aperspective viewonhydrogen bonding (blackand gold dashedlines)insupramolecular 1Din
motif of 1. (Hydrogen atoms were omitted for clarity).
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Figure S3 The analysis of the molar susceptibilities for compounds 1 (left) and 2 (right) with Curie-Weiss
law. Empty circles — experimental data, full lines — calculated data.
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Figure S4 Thein-phase x.ea and out-of-phase ximag molar susceptibilities for 1 and 2 at zero static magnetic
field (left) and in non-zero static field (right).
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Figure S5. Analysisofacmolarsusceptibilitiesfor L measuredatthe appliedexternalfield Boc=0.1T

accordingtoeq. 4. Full points —experimental data, full lines — calculated data. Black line for f=1488.1 Hz:
= 1.58x10" s, Uerr = 66 K; blue line for f = 715.6 Hz: 7= 5.89x10" s, Uesr= 71 K.
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Figure S6. Analysis of ac molar susceptibilities for 2 measured atthe applied external field BDC=0.1T

accordingto eq. 4. Full points — experimental data, full lines — calculated data. Black line for f=1488.1 Hz:
T0= 1.27x10™ s, Uerr = 24 K; blue line for f = 715.6 Hz: 1o= 7.66x10™° s, Uer= 21 K.



£.950
0163
- 0175
-0 188
0.200
0213
- -0.225
0238
0250
- -0 263
0275

Figure S7 The electrostatic potentials of the ligands projected in a sphere of 1 A radius located at the
erbium positionin molecular systems[Er(NO3)s(H20)s] (left) and [Er(NO3)3(H20)s]- (18C6)2 (right) obtained
by removing the erbium atom. The color scale of the electrostatic potential is shown on the right. The
donor oxygen atoms from nitrato and aqua ligands are shown as red balls.



Table S1. Results of continuous shape measures calculations using program Shape 2.1 for complexes 1
and 2.2

Dy(1ll), (1) Er(l11), (2)
CN=9"
EP-9 35.681 35.613
OPY-9 21.810 22.032
HBPY-9 19.562 19.582
JTC-9 15.009 15.066
JCCU-9 11.544 11.540
CCU-9 9.833 9.868
JCSAPR-9 3.380 3.130
CSAPR-9 2.117 1.889
JTCTPR-9 4.953 4.723
TCTPR-9 3.419 3.178
JTDIC-9 12.789 12.719
HH-9 9.837 9.920
MFF-9 1.822 1.625

2the listed values correspond to the deviation between the ideal and real coordination polyhedra, the lowest
values are in red color.

PEP-9=enneagon, OPY-9=octagonal pyramid, HBPY-9=heptagonal bipyramid, JTC-9=Johnsontriangularcupola
J3,JCCU-9=capped cube J8, CCU-9 = spherical-relaxed capped cube, JCSAPR-9 = capped square antiprism, CSAPR-9
= spherical capped square antiprism, JTCTPR-9 = tricapped trigonal prism J51, TCTPR-9 = spherical tricapped
trigonal prism, JTDIC-9 =tridiminished icosahedron, HH-9 = hula-hoop, MFF-9 = muffin.



Table S2 Energy levels (cm™ or K) of the lowest ligand field multiplets in zero magnetic field derived from
CASSCF/DKH2/SINGLE_ANISO calculations for [Dy(NOsz)3(H20)3] of compound 1 with respective g-factors
derived for each Kramers doublet with effective spin 1/2.

Energy (cm™) Energy (K) 0x gy 0z

0 0 0.0252 0.0486 19.4760
99 143 0.8804 1.4250 18.0576
153 220 2.4375 5.7563 9.2346
182 262 8.5546 5.5258 1.9440
213 307 3.7163 4.2227 10.6437
235 339 0.0289 1.5164 14.8111
266 383 0.5292 0.8806 15.4796
299 430 0.2955 1.3271 17.8739

Table S3 Energy levels (cm™ or K) of the lowest ligand field multiplets in zero magnetic field derived from
CASSCF/DKH2/SINGLE_ANISO calculations for [Er(NO3)3(H20)s] of compound 2 with respective g-factors
derived for each Kramers doublet with effective spin 1/2.

Energy (cm™) Energy (K) 0x gy 0z

0 0 0.7041 3.7186 12.4823
30 42 2.8136 5.5864 9.3725
106 152 6.7373 4.9587 3.0869
142 204 0.1487 0.5238 15.6873
179 258 0.7251 1.2656 11.7257
221 317 0.5446 1.0821 4.7261
279 401 4.1726 4.7322 6.1666
324 466 3.1832 3.5588 11.6421




Table S4 Energy levels (cm™ or K) of the lowest ligand field multiplets in zero magnetic field derived from
CASSCF/DKH2/SINGLE_ANISO calculations for [Dy(NOs)3(H20)s]-(18C6). of compound 1 with respective g-

factors derived for each Kramers doublet with effective spin 1/2.

Energy (cm™) Energy (K) 0x gy 0z

0 0 0.1050 0.5283 18.7563
40 57 0.2739 1.0270 16.2309
56 80 3.0165 4.4533 12.5439
89 128 0.2341 3.2065 14.0541
104 149 0.0962 5.2411 11.9038
153 221 2.2987 3.0202 11.1354
222 319 0.2804 0.8833 14.2856
274 394 0.4103 0.6105 17.3750

TableS5 Energylevels (cm™orK) oflowestligandfield multipletsin zeromagnetic field derived from

CASSCF/DKH2/SINGLE_ANISO calculations for [Er(NO3)3(H20)s]- (18C6). of compound 2 with respective g-

factors derived for each Kramers doublet with effective spin 1/2.

Energy (cm™) Energy (K) 0Ox gy 0z

0 0 1.1589 1.9433 12.8273
11 16 2.5536 5.0093 10.8047
75 108 0.0925 0.9408 14.8139
107 154 3.8681 5.2266 6.8649
153 220 0.8925 2.2511 11.3410
221 318 2.2093 3.9018 7.1324
249 358 0.1832 1.6058 12.5779
320 460 2.0263 4.1820 13.1596
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