
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

www.rsc.org/crystengcomm

CrystEngComm

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


 

2  |  Journal Name, [year], [vol], 00–00 This journal is © The Royal Society of Chemistry [year] 

large alkali-metal templated Na2Co24 and KCo24 Clusters.10 
Although we (amongst other groups) have successfully used 
different calix[4]arenes and organic linkers as co-ligands to 
prepare a large number of high-nuclearity transition metal 
compounds, there is only one Ho12 metallawheel with the number 5 

of lanthanide ions higher than 10 for calix[4]arene-based 
lanthanide compounds so far. As we know, the recent increasing 
interest in lanthanide chemistry is focused on the synthesis of 
polynuclear lanthanide clusters originating from the following 
two reasons: distinct magnetic behaviors11 and interesting 10 

luminescent properties.12 Especially for the complexes of NdIII, 
ErIII and YbIII, the near-infrared (NIR) emission around 900-1600 
nm, can apply in optical amplification, telecommunication 
networks, bioassays and luminescent probes.13 As an extension of 
our research work on calixarene-phosphate/phosphonate system, 15 

we have tried to introduce lanthanide metal salts to prepare high-
nuclearity clusters. Fortunately, we have successfully prepared 
three high-nuclearity neodymium clusters, namely, 
[Nd10(BSC4A)4(MePO3)4(Cl)2(OH)4(H2O)2(DMF)8(MeOH)2]·3D
MF·7CH3OH (1), [Nd11(BSC4A)3(PhPO3)6(Cl)2(OH)6(DMF)12] 20 

Cl·7DMF·2CH3OH (2) and [Nd19(BSC4A)5(PhPO3)5(CO3)6 

(HCOO)7(OH)8(H2O)7(DMF)12]·11DMF·14CH3OH (3). Herein, 
the syntheses, structures, luminescent and magnetic properties of 
compounds 1-3 are presented and discussed.  

Experimental Section 25 

General Procedures. The H4BSC4A ligand was prepared as 
previously reported,14 while other starting chemicals were 
commercially available and used as received without further 
purification. Elemental analysis was performed with a German 
Elementary Varil EL III analyzer. Infrared (IR) spectra were 30 

recorded in the range 4000–400 cm–1 with a Magna 750 FT-IR 
spectrometer using KBr pellets. The NIR photoluminescent 
measurement was measured at room temperature with an 
Edinburgh FL-FS90 TCSPC system. Variable temperature 
magnetic susceptibility measurements were measured on a 35 

Quantum Design PPMS-9T and MPMS-XL magnetometer in the 
range of 2−300 K. 
Preparation of compound 1 

A mixture of H4BSC4A (43 mg, 0.05 mmol), NdCl3·6H2O (100 
mg, 0.28 mmol), MePO3H2 (5 mg, 0.05 mmol) in a mixed solvent 40 

of 2 mL CH3OH and 2 mL DMF was sealed in a 25 mL Teflon-
lined bomb at 120 °C for 72 h. With a cooling rate of 4 °C h−1 to 
room temperature, colorless block-shaped crystals of 1 in 52% 
yield based on H4BSC4A ligand were isolated by filtration, 
washed with DMF/CH3OH (1:1, v/v) and air dried. Elemental 45 

analysis calcd (%) for 1: C, 38.61; H, 4.80; N, 2.37; found: C, 
38.07; H, 4.61; N, 2.25. IR (KBr disk, ν / cm-1): 3408 (m), 2959 
(s), 2871 (s), 1660 (s), 1606 (s), 1495 (s), 1482 (s), 1389 (w), 
1362 (m), 1268 (s), 1216 (w), 1159 (m), 1133 (s), 1082 (s), 992 
(m), 908 (w), 843 (w), 791 (s), 752 (m), 733 (w), 674 (w), 646 50 

(m), 603 (m), 554 (s), 482(w). 
Preparation of compound 2 

A mixture of H4BSC4A (85 mg, 0.1 mmol), NdCl3·6H2O (150 
mg, 0.4 mmol), PhPO3H2 (32 mg, 0.2 mmol) in a mixed solvent 
of 5 mL CH3OH and 5 mL DMF was sealed in a 25 mL Teflon-55 

lined bomb at 120 °C for 72 h. With a cooling rate of 4 °C h−1 to 
room temperature, colorless block-shaped crystals of 2 in 48% 

yield based on H4BSC4A ligand were isolated by filtration, 
washed with DMF / CH3OH (1:1, v / v) and air dried. Elemental 
analysis calcd (%) for 2: C, 38.43; H, 4.64; N, 3.96; found: C, 60 

39.01; H, 4.63; N, 3.88. IR (KBr disk, ν / cm-1): 3410 (m), 2960 
(s), 2871 (s), 1660 (s), 1606 (s), 1495 (s), 1482 (s), 1389 (w), 
1362 (m), 1268 (s), 1216 (w), 1159 (m), 1133 (s), 1082 (s), 992 
(m), 908 (w), 843 (w), 791 (s), 753 (m), 733 (w), 674 (w), 646 
(m), 603 (m), 554 (s), 482(w). 65 

Preparation of compound 3 

A mixture of H4BSC4A (85 mg, 0.1 mmol), NdCl3·6H2O (150 
mg, 0.4 mmol), PhPO3H2 (16 mg, 0.1 mmol) in a mixed solvent 
of 5 mL CH3OH and 5 mL DMF was sealed in a 25 mL Teflon-
lined bomb at 120 °C for 72 h, then cooled slowly at 4 °C h−1 to 70 

room temperature. Slow concentration of the filtrate at room 
temperature for several days and then colorless block-shaped 
crystals of 3 in 45% yield based on H4BSC4A ligand were 
isolated by filtration, washed with DMF/CH3OH (1:1, v / v) and 
air dried. Elemental analysis calcd (%) for 3: C, 36.21; H, 4.58; N, 75 

2.98; found: C, 35.89; H, 4.43; N, 2.82. IR (KBr disk, ν / cm-1): 
3435 (m), 2958 (s), 2871 (s), 1660 (s), 1606 (s), 1495 (s), 1479 
(s), 1440 (s), 1394 (s), 1360 (m), 1267 (s), 1219 (w), 1134 (s), 
1080 (s), 1027 (w), 979 (m), 905 (w), 744 (m), 856 (w), 836 (m), 
796 (m), 756 (m), 735 (w), 677 (w), 640 (m), 602 (m), 554 (s), 80 

522 (m), 491 (w), 462(w). 
Single-Crystal X-ray Diffraction 

Crystal data for compounds 1-3 were performed on a SuperNova 
diffractometer equipped with a copper micro-focus X-ray sources 
Cu-Kα (λ = 1.5406 Å) and an Atlas CCD detector at 100 K. Data 85 

were corrected for absorption using the CrystalClear program.15 
Structure solution by direct methods and full-matrix least-squares 
refinement on F2 were solved by using SHELXTL-97 program 
package.16 All the non-hydrogen atoms were refined 
anisotropically except several badly disordered carbon atoms of 90 

tert-butyl groups. Organic hydrogen atoms of the ligands were 
placed in calculated positions and refined isotropically with fixed 
thermal factors. Because of the weak crystal diffractions, disorder 
of the tert-butyl groups and some highly disordered MeOH and 
DMF molecules of crystallization in void spaces of the 95 

compounds, the crystal structures were treated by the 
“SQUEEZE” method, a part of the PLATON package of 
crystallographic software, which had dramatically improved the 
agreement indices.17 Moreover, the aforementioned disorder 
solvent molecules were directly added into the molecular 100 

formulas. Crystallographic Data and Structure Refinement for 
compounds 1-3 were summarized in Table S1 in the ESI. CCDC-
1445821 (1), CCDC-1445822 (2) and CCDC-1445823 (3) 
contain the supplementary crystallographic data for this paper. 
These data can be obtained free of charge from Cambridge 105 

Crystallographic Data Centre via www.ccdc. 
cam.ac.uk/conts/retrieving.html. 

Results and Discussion 

Synthesis and Structures 

Hydro(solvo)thermal techniques, which may promote some 110 

interest inorganic and organic ligands generated in situ, have been 
employed to prepare high-nuclearity coordination compounds in 
recent years. In addition, both H4BSC4A and phosphonate 
ligands with several available oxygen atoms have been proved to 

Page 1 of 8 CrystEngComm

C
ry

st
E

ng
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  3 

be excellent multidentate ligands to construct polymetallic 
compounds due to their various anionic forms and rich 
coordination fashions. Considering the abovementioned two 
aspects, we use H4BSC4A and phosphonate ligands as co-ligands 
to react with neodymium chloride at 120 °C in a mixed DMF and 5 

CH3OH solvent, which has resulted in three high-nuclearity 
coordination compounds with different architectures ranging 
from an oval-shaped Nd10 cluster (1), to a rugby-like Nd11 
nanocage (2), to a large irregular Nd19 cluster (3). As we expect, 
the H4BSC4A and phosphonate ligands in all three structures use 10 

their donor oxygen atoms to coordinate neodymium ions and 
show four and three kinds of coordination modes, respectively. In 
addition, the extended structure of compounds 1-3 are assembled 
by the stacking of Nd10, Nd11 and Nd19 entities, respectively, 
which further construct into skewed bilayer array via weak 15 

interactions such as van der Waals, π···π and hydrogen-bonding 
interactions (Figure S1-S3, in the ESI). It should be noted that 
DMF played an important role in the syntheses of Nd19 cluster, 
because it serves as the source of HCOO- and CO3

2- anions. 
Specifically, HCOO- anions could be generated through the 20 

decarbonylation of DMF under the solvothermal conditions. 
Furthermore, with the aid of water molecules, partial HCOO- 
anions would be slowly oxidized to CO3

2- anions at the high 
temperatures under basic conditions.18 Certainly, another source 
of CO3

2- anion may be the atmospheric CO2 due to the slow 25 

concentration exposed directly to air.19 
Crystal Structure of 1 

Single-crystal X-ray analysis reveals that compound 1 crystallizes 
in the monoclinic system with space group P21/n. Compound 1 
contains an oval-shaped cluster core involving 10 NdIII ions 30 

constructed from four BSC4A4- ligands, four MePO3
2- ligands as 

well as other bridging anions (Figure 1a), which lies about an 
inversion center. Each BSC4A4- ligand takes pinched cone 
conformation and bridges three NdIII ions to form a Nd3-BSC4A  

 35 

Figure 1. (a) Molecular structure of compound 1. Hydrogen atoms and 
isolated solvent molecules are omitted for clarity. (b) Schematic diagram 
of the chelation mode of the BSC4A4- ligands in 1. (c) The oval-shaped 
Nd10 core within compound 1. Symmetry code: (A) 2-x,1-y,1-z. 

subunit, where the ligand acts as a tetradentate chelating ligand 40 

ions through a phenoxo oxygen atom and a sulfonyl oxygen atom 
for one NdIII ion through four low-rim phenoxo oxygen atoms, 
and also acts as a bisbidentate chelating ligand for other two NdIII 
respectively (Figure 1b). With a closer inspection, the latter two 
NdIII ions are shared by the neighboring BSC4A4- ligands and 45 

nine-coordinated in triangular dodecahedron geometries 
calculated by SHAPE program20 with the five remaining 
coordination sites to be bonded by one ligated DMF molecule and 
four oxygen atoms from two MePO3

2- ligands; while the former 
NdIII ion is eight-coordinated in a biaugmented trigonal prism 50 

geometry and the four remaining coordination sites are occupied 
by one µ3-OH, one DMF molecule and two oxygen atoms from 
two MePO3

2- ligands. Each nearby Nd3-BSC4A subunit is linked 
together by sharing one NdIII ion to constitute an large 16-
membered wheel with -[Nd-O]- repeating unit, which is similar to 55 

the reported Ln8 wheels linked by eight AcO- anions. However, 
this oval-shaped Nd10 cluster core involves two kinds of linking 
components and is linked by four MePO3

2- ligands and two 
NdO7Cl groups. All the MePO3

2 −  ligands in this structure 
coordinate to five NdIII ions with [5.212234245] coordination mode 60 

according to Harris notation.21 Moreover, the longest and shortest 
diameters for the oval-shaped Nd10 cluster core were estimated to 
be 10.996 Å for Nd5···Nd5A and 8.713 Å for Nd2···Nd2A, 
respectively. 
Crystal Structure of 2 65 

Compound 2 crystallizes in an orthorhombic cell with the space 
group P21/n. The metallic core of 2, capped by three BSC4A4- 
ligands, six PhPO3

2- ligands and six µ3-hydroxide anions, 
describes a novel rugby-like Nd11 core housing two µ4-Cl anions 
(Figure 2a). Different to the BSC4A4- ligands in compound 1, 70 

three BSC4A4- ligands in this structure are in cone conformation 
and coordinate to four NdIII ions to generate Nd4-BSC4A subunits. 
We just take one Nd4-BSC4A subunit as an example to describe, 
because they are structurally analogous and show similarity in 
their coordination environments. We note that the BSC4A4- 75 

ligand acts as a bidentate chelating ligand for one NdIII ion 
through one phenoxo oxygen and one sulfonyl oxygen, a 
bistridentate chelating ligand for two NdIII ions through two 
phenoxo oxygen atoms and a sulfonyl oxygen atom and also acts 
as monodentate chelating ligand for one NdIII ion through a 80 

sulfonyl oxygen atom (Figure 2b). We note that the 11 
crystallographically independent NdIII ions have four kinds of 
coordination environments: (i) Nd1 and Nd11 are seven-
coordinated in capped octahedron geometries with a µ4-Cl, three 
oxygen atoms from three PhPO3

2- ligands, and three ligated DMF 85 

molecules; (ii) Nd2-Nd4 and Nd8-Nd10 are nine-coordinated and 
spherical capped square antiprism in geometry with a µ4-Cl, two 
µ3-OH, two oxygen atoms from two PhPO3

2- ligands, and one 
phenoxo oxygen atom and two sulfonyl oxygen atoms from two 
BSC4A4- ligands; (iii) Nd6 is eight-coordinated in a square 90 

antiprism geometry with two µ3-OH, two oxygen atoms from two 
PhPO3

2- ligands, two ligated DMF molecules, and two sulfonyl 
oxygen atoms from two BSC4A4- ligands; (iv) Nd5 and Nd7 are 
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nine-coordinated in spherical tricapped trigonal prism geometries 
with one phenoxo oxygen atom from BSC4A4- ligands, and with 
the same to those in Nd5 for the eight remaining coordination 
sites. The nearby Nd4-BSC4A subunits are connected by sharing 
one NdIII ion and two PhPO3

2- ligands to form the body of the 5 

rugby, whose vertexes are further capped by two NdIII ions (Nd1 
and Nd11) respectively. Moreover, the height and diameter for 
the rugby-like Nd11 core are estimated to be 9.677 Å (the 
Nd1···Nd11 distance) and 8.656 Å, respectively. 

 10 

Figure 2. (a) Molecular structure of compound 2. Hydrogen atoms and 
isolated solvent molecules are omitted for clarity. (b) Schematic diagram 
of the chelation mode of the BSC4A4- ligands in 2. (c) The rugby-like 
Nd11 core within compound 2. 

Crystal Structure of 3 15 

Compound 3 crystallizes in the triclinic system with space 
group P-1, and contains a large irregular cluster involving 19 
NdIII ions constructed from five BSC4A4- ligands, five PhPO3

2- 
ligands and other bridging anions (Figures 3b and 3c). This Nd19 
cluster can be regarded as a larger Nd16 cluster (Nd4-Nd19) 20 

attach to a smaller Nd3 cluster (Nd1-Nd3). There are four 
pinched-conic Nd3-BSC4A subunits (Figure 3a) in the former 
Nd16 cluster, in which four BSC4A4- ligands all act as tetradentate 
and bisbidentate chelating ligand. The coordination modes of the 
BSC4A4- ligands are much different in 1 and 3 by comparison. In 25 

1, two coordinated sulfonyl oxygen atoms are from two neighbor 
sulfonyl groups, but in 3 they are from two opposite sulfonyl 
groups (Figure S4, in the ESI). Then, these four Nd3-BSC4A 
subunits are further linked by five NdIII ions, four PhPO3

2- ligands 
and other bridging anions (including OH-, HCOO- and CO3

2- 30 

anions) to form the larger Nd16 cluster. Different from the 
abovementioned BSC4A4- ligands, the ligand in the latter Nd3 
cluster is in cone conformation and coordinates to two NdIII ions 
(Nd1 and Nd2) through a sulfonyl oxygen atom and two phenoxo 
oxygen atoms to comprise one Nd2-BSC4A subunit (Figure 3b). 35 

By sharing one neodymium ion (Nd3) through one PhPO3
2- 

ligands, two hydroxide anions and two HCOO- anions, this Nd2-
BSC4A subunit cluster is attached to the above Nd16 cluster to 
make up an irregular Nd19 cluster. 

In 3, these 19 crystallographically independent NdIII ions are 40 

all coordinated by oxygen atoms and have four kinds of 
coordination modes. Specially, (1) Nd1, Nd8 and Nd14 are eight-
coordinated in triangular dodecahedron geometries; (2) Nd2, Nd5, 
Nd12 and Nd19 are also eight-coordinated but in square 
antiprism geometries; (3) Nd3, Nd4, Nd9, Nd13 and Nd18 are 45 

nine-coordinated and in spherical capped square antiprism 
geometry; (4) Nd6, Nd7, Nd10, Nd11 and Nd15-Nd17 are also 
nine-coordinated but in muffin geometries. It should be noted that 
five PhPO3

2- ligands have three different binding modes: (i) one 
ligand coordinates in a [3.111] manner; (ii) one binds in a    50 

 
Figure 3. (a) Schematic diagrams of the chelation modes of the BSC4A4- 
ligands in 3. (b) Molecular structure of compound 3. The hydrogen atoms 
and isolated solvent molecules are omitted for clarity. (c) The irregular 
Nd19 core within compound 3. 55 

[4.21222314] fashion; (iii) while the remaining three adopt the 
[4.212223234] modes (Scheme 2). Except the X-ray crystal data, 
the abovementioned CO3

2- and HCOO- anions generated in situ 
have also been confirmed by IR analyses. Absorption peaks on 
856 and 796 cm-1 can be separately indexed to face and out-face 60 

deformation vibration absorption of CO3
2- anions, while strong 

peak of 1440 cm-1 can be referred to asymmetric stretching 
vibration absorption of CO3

2-.22 In addition, the band around 640 
and 1394 cm-1 can be referred to the δO-H and C=O vibration of 
HCOO-, respectively.23 Both of the CO3

2- and HCOO- anions take 65 

three kinds of coordination modes. For six CO3
2- anions, (i) one 

anion coordinates in a [6.222] manner; (ii) two adopt the 
[5.212234245] modes; (iii) three binds in a [6.2123234256] fashion. 
For seven HCOO- anions, (i) one anion coordinate in a [2.11] 
manner; (iii) three adopt the [3.12] modes; (ii) three take the 70 
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[3.212223] fashions (Scheme 2). As we know, compounds 2 and 3 
give the first two examples of lanthanide compounds with odd 
number of metal atoms based on H4BSC4A, which are totally 
different from the reported compounds with even number of 
metal atoms containing 2, 4, 8 and 12 lanthanide centers.24 

5 

Moreover, compound 3 also represents the highest-nuclearity 
lanthanide cluster based on H4BSC4A ligand so far. 

 
Scheme 2. Observed bonding modes of the phosphonate ligands, formate 
and carbonate anions. 10 

NIR Luminescent Properties 

The NIR spectra of compounds 1-3 in the solid state recorded at 
room temperature are shown in Figure 4. Upon excitation at 375 
nm, the emission spectra of all title compounds exhibit three 
characteristic bands of NdIII ion centered at λ = 889, 1063, and 15 

1327 nm, which are assigned to the 4F3/2→ 4I9/2, 
4F3/2 → 4I11/2, and 

4F3/2 → 4I13/2 transitions of NdIII ion, respectively.25 The most 
intense band is at 1063 nm which is similar to the other reported 
calixarene-supported neodymium compounds.26 

20 

Figure 4. The NIR luminescent spectra of compounds 1-3 in the 
solid state at room temperature. 

Magnetic Properties 

The direct-current temperature dependence of magnetic 
susceptibilities are collected in the temperature range of 2 to 300 25 

K on the polycrystalline sample of compounds 1-3 under an 
applied field of 1000 Oe (Figure 5). The χmT products at room 
temperature are 15.92, 16.92 and 28.59 cm3 K mol-1 for 1-3, 
which are close to the expected values of 10 (16.00 cm3 K mol−1), 
11 (17.60 cm3 K mol−1) and 19 (30.40 cm3 K mol−1) uncoupled 30 

NdIII (4I9/2, S = 3/2, L = 6, g = 8/11) ions respectively.27 Upon the 
temperature cooling, the χmT curves for 1 and 2 decrease 
gradually from room temperature to around 100 K and then 
decreases more rapidly to 5.79 and 7.43 cm3 K mol-1 K at 2 K. 
While the χmT curve for 3 decreases gradually until reaching the 35 

minimum value of 15.80 cm3 K mol−1at 6.5 K and then increases 
to 17.11 cm3 K mol-1 K at 2 K. The increases of χmT value at low 
temperature are suggestive of ferrimagnetic or weak 
ferromagnetic interactions between the NdIII spin carriers. 

For all three compounds, the χm
-1 vs. T data from 100 K to 300 40 

K can be fitted by Curie–Weiss law (1/χm = T/C − θ/C) to give C 
= 16.05 cm3 K mol-1 and θ = -50.82 K for 1, C = 17.26 cm3 K 
mol-1 and θ = -38.58 K for 2, and C = 29.03 cm3 K mol-1 and θ = 
-43.33 K = for 3 (Figure S5, in the ESI). The negative θ values 
together with the decrease of the χmT values upon reduction of the 45 

temperature may be ascribed to either antiferromagnetic 
interactions between the spin carriers or the progressive 
depopulation of the Stark sublevels of NdIII ions, which is known 
to be derived from the splitting of the free ion ground state by the 
crystal field. 50 

 
Figure 5. Temperature dependence of χmT for compounds 1-3 measured 
in a 1000 Oe field.  

Conclusion 

In conclusion, three high-nuclearity neodymium compounds have 55 

been prepared and characterized based on H4BSC4A and 
phosphonate ligands in this paper. When MePO3H2 was utilized 
as co-ligand, an oval-shaped Nd10 cluster (1) was synthesized. 
Employment of different content of PhPO3H2 ligand in the same 
reaction condition has resulted in two different architectures: a 60 

rugby-like Nd11 nanocage (2) and a large irregular Nd19 cluster 
(3). To the best of our knowledge, compound 3 represents the 
highest nuclearity neodymium compound based on H4BSC4A 
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ligand so far. The photoluminescent analyses reveal that all three 
compounds show the characteristic emissions of Nd3+ ion at the 
NIR region. Magnetic measurements suggest the presence of 
dominant antiferromagnetic interactions (in 100-300 K) between 
the NdIII centers and/or depopulation of the Stark sublevels of the 5 

NdIII ions. Our future studies will focus on pure polynuclear 
lanthanide based on calixarene by using other multidentate 
oxygen-donor molecules as co-ligands. 

Acknowledgment 

We thank National Natural Foundation of China (21131006, 10 

21390392 and 21371169) and Nature Science Foundation of 
Fujian Province. 

Notes and references 
aState Key Laboratory of Structure Chemistry, Fujian Institute of 
Research on the Structure of Matter, Chinese Academy of Sciences, 15 

Fuzhou, Fujian, 350002, China 
bUniversity of the Chinese Academy of Sciences, Beijing, 100049, 
China 
cCollege of Chemistry and Materials Engineering, Wenzhou 
University, Wenzhou 325035, China 20 

E-mail: wumy@fjirsm.ac.cn, hmc@firsm.ac.cn 

† Electronic Supplementary Information (ESI) available: [X-ray 
crystallographic data in CIF format, χm

-1 vs. T data and other additional 
pictuires for compounds 1-3]. See DOI: 10.1039/b000000x/ 
 25 

1  (a) J. F. Bai, A. V. Virovets and M. Scheer, Science, 2003, 300, 781;  
(b) X.-J. Kong, L.-S. Long, Z. Zheng, R.-B. Huang and L.-S. Zheng, 
Acc. Chem. Res., 2010, 43, 201;  (c) X.-K. Wan, S.-F. Yuan, Z.-W. 
Lin and Q.-M. Wang, Angew. Chem. Int. Ed., 2014, 53, 2923;  (d) C. 
Heindl, E. V. Peresypkina, A. V. Virovets, W. Kremer and M. Scheer, 30 

J. Am. Chem. Soc., 2015, 137, 10938. 
2  (a) J. Jankolovits, C. M. Andolina, J. W. Kampf, K. N. Raymond and V. 

L. Pecoraro, Angew. Chem. Int. Ed., 2011, 50, 9660;  (b) X. Yang, D. 
Schipper, R. A. Jones, L. A. Lytwak, B. J. Holliday and S. Huang, J. 

Am. Chem. Soc., 2013, 135, 8468. 35 

3  (a) J.-B. Peng, Q.-C. Zhang, X.-J. Kong, Y.-P. Ren, L.-S. Long, R.-B. 
Huang, L.-S. Zheng and Z. Zheng, Angew. Chem. Int. Ed., 2011, 50, 
10649;  (b) C. Plenk, T. Weyhermuller and E. Rentschler, Chem. 

Commun., 2014, 50, 3871;  (c) J. B. Peng, X. J. Kong, Q. C. Zhang, 
M. Orendac, J. Prokleska, Y. P. Ren, L. S. Long, Z. Zheng and L. S. 40 

Zheng, J Am Chem Soc, 2014, 136, 17938. 
4  (a) T. Murase, Y. Nishijima and M. Fujita, J. Am. Chem. Soc., 2011, 
134, 162;  (b) D. W. Feng, Z. Y. Gu, J. R. Li, H. L. Jiang, Z. W. Wei 
and H. C. Zhou, Angew. Chem. Int. Ed., 2012, 51, 10307;  (c) H.-X. 
Li, W. Zhao, H.-Y. Li, Z.-L. Xu, W.-X. Wang and J.-P. Lang, Chem. 45 

Commun., 2013, 49, 4259;  (d) H.-X. Li, Z.-G. Ren, D. Liu, Y. Chen, 
J.-P. Lang, Z.-P. Cheng, X.-L. Zhu and B. F. Abrahams, Chem. 
Commun., 2010, 46, 8430. 

5  (a) D. Martin, K. Beckerle, S. Schnitzler, T. P. Spaniol, L. Maron and J. 
Okuda, Angew. Chem. Int. Ed., 2015, 54, 4115;  (b) C. Redshaw, M. 50 

R. J. Elsegood, J. A. Wright, H. Baillie-Johnson, T. Yamato, S. De 
Giovanni and A. Mueller, Chem. Commun., 2012, 48, 1129. 

6  T. Kajiwara, N. Iki and M. Yamashita, Coord. Chem. Rev., 2007, 251, 
1734. 

7  (a) T. Kajiwara, K. Katagiri, S. Takaishi, M. Yamashita and N. Iki, 55 

Chem. Asian. J., 2006, 1, 349; (b) C.-M. Liu, D.-Q. Zhang, X. Hao 
and D.-B. Zhu, Chem. – Eur. J., 2011, 17, 12285 (c) S. Du, C. Hu, J. 
C. Xiao, H. Tan and W. Liao, Chem. Commun., 2012, 48, 9177;  (d) 
S. Du, T. Q. Yu, W. Liao and C. Hu, Dalton Trans, 2015, 44, 14394;  
(e) F.-R. Dai and Z. Wang, J. Am. Chem. Soc., 2012, 134 8002;  (f) F. 60 

R. Dai, U. Sambasivam, A. J. Hammerstrom and Z. Wang, J. Am. 

Chem. Soc., 2014, 136, 7480;  (g)  F. R. Dai, D. C. Becht and Z. 
Wang, Chem. Commun., 2014, 50, 5385. 

8  (a) M. Liu and W. Liao, Crystengcomm, 2012, 14, 5727;  (b) M. Liu, 
W. Liao, C. Hu, S. Du and H. Zhang, Angew. Chem. Int. Ed., 2012, 65 

51, 1585;  (c) S. Wang, Y. Bi and W. Liao, CrystEngComm, 2015, 17, 
2896;  (d) D. A. Fowler, A. V. Mossine, C. M. Beavers, S. J. Teat, S. 
J. Dalgarno and J. L. Atwood, J. Am. Chem. Soc., 2011, 133, 11069;  
(e) P. P. Cholewa and S. J. Dalgarno, CrystEngComm, 2014, 16, 
3655;  (f) S. M. Taylor, J. M. Frost, R. McLellan, R. D. McIntosh, E. 70 

K. Brechin and S. J. Dalgarno, CrystEngComm, 2014, 16, 8098;  (g) 
Y. F. Bi, X. T. Wang, B. W. Wang, W. P. Liao, X. F. Wang, H. J. 
Zhang, S. Gao and D. Q. Li, Dalton Trans., 2009, 2250. 

9   (a) K. Su, F. Jiang, J. Qian, M. Wu, K. Xiong, Y. Gai and M. Hong, 
Inorg. Chem., 2013, 52, 3780; (b) K. Xiong, X. Wang, F. Jiang, Y. 75 

Gai, W. Xu, K. Su, X. Li, D. Yuan and M. Hong, Chem. Commun., 
2012, 48, 7456;  (c) K. C. Xiong, F. L. Jiang, Y. L. Gai, D. Q. Yuan, 
D. Han, J. Ma, S. Q. Zhang and M. C. Hong, Chem. – Eur. J., 2012, 
18, 5536 (d) K. Xiong, F. Jiang, Y. Gai, D. Yuan, L. Chen, M. Wu, K. 
Su and M. Hong, Chem. Sci., 2012, 3, 2321. 80 

10  (a) K. Su, F. Jiang, J. Qian, Y. Gai, M. Wu, S. M. Bawaked, M. 
Mokhtar, S. A. Al-Thabaiti and M. Hong, Cryst. Growth Des., 2014, 
14, 3116;  (b) K. Su, F. Jiang, J. Qian, J. Pang, S. A. Al-Thabaiti, S. 
M. Bawaked, M. Mokhtar, Q. Chen and M. Hong, Cryst. Growth 

Des., 2014, 14, 5865;  (c) K. Su, F. Jiang, J. Qian, M. Wu, Y. Gai, J. 85 

Pan, D. Yuan and M. Hong, Inorg. Chem., 2014, 53, 18;  (d) K. Su, F. 
Jiang, J. Qian, J. Pan, J. Pang, X. Wan, F. Huab and M. Hong, RSC 

Advances, 2015, 5, 33579;  (e) K. Su, F. Jiang, J. Qian, J. Pang, F. Hu, 
S. M. Bawaked, M. Mokhtar, S. A. Al-Thabaiti and M. Hong, 
CrystEngComm, 2015, 17, 1750;  (f) K. Su, F. Jiang, J. Qian, Z. Kang 90 

J. Pang, S. Basahel, M. Mokhtar, A. Al-Thabaiti and M. Hong., Inorg. 

Lett., 2014, 1, 1. 
11  (a) M. Ballesteros-Rivas, H. Zhao, A. Prosvirin, E. W. Reinheimer, R. 

A. Toscano, J. Valdés-Martínez and K. R. Dunbar, Angew. Chem. Int. 

Ed., 2012, 51, 5124;  (b) S. A. Sulway, R. A. Layfield, F. Tuna, W. 95 

Wernsdorfer and R. E. P. Winpenny, Chem. Commun., 2012, 48, 
1508;  (c) N. F. Chilton, S. K. Langley, B. Moubaraki, A. Soncini, S. 
R. Batten and K. S. Murray, Chem. Sci., 2013, 4, 1719;  (d) L. Ungur, 
S. K. Langley, T. N. Hooper, B. Moubaraki, E. K. Brechin, K. S. 
Murray and L. F. Chibotaru, J. Am. Chem. Soc., 2012, 134, 18554. 100 

12  (a) F. Artizzu, F. Quochi, L. Marchiò, R. F. Correia, M. Saba, A. 
Serpe, A. Mura, M. L. Mercuri, G. Bongiovanni and P. Deplano, 
Chem. – Eur. J., 2015, 21, 3882;  (b) C. M. Wang, Y. Y. Wu, Y. W. 
Chang and K. H. Lii, Chem. Mater., 2008, 20, 2857;  (c) C. Kachi-
Terajima, K. Yanagi, T. Kaziki, T. Kitazawa and M. Hasegawa, 105 

Dalton Trans., 2011, 40, 2249;  (d) Z. P. Zheng, Y. J. Ou, X. J. Hong, 
L. M. Wei, L. T. Wan, W. H. Zhou, Q. G. Zhan and Y. P. Cai, Inorg 

Chem, 2014, 53, 9625. 
13  (a) G.-L. Law, T. A. Pham, J. Xu and K. N. Raymond, Angew. Chem. 

Int. Ed., 2012, 51, 2371;  (b) J. Xu, T. M. Corneillie, E. G. Moore, G. 110 

L. Law, N. G. Butlin and K. N. Raymond, J. Am. Chem. Soc., 2011, 
133, 19900;  (c) D. T. Thielemann, A. T. Wagner, E. Rösch, D. K. 
Kölmel, J. G. Heck, B. Rudat, M. Neumaier, C. Feldmann, U. 
Schepers, S. Bräse and P. W. Roesky, J. Am. Chem. Soc., 2013, 135, 
7454. 115 

14  N. Morohashi, N. Iki, A. Sugawara and S. Miyano, Tetrahedron, 2001, 
57, 5557. 

15  CrystalClear Version 1.3.6; Rigaku/MSC: The Woodlands, TX, 2004. 
16  (a) Sheldrick, G. M. SHELXS 97: Program for Crystal Structure 

Solution; University of Göttingen: Göttingen, Germany, 1997; (b) 120 

Sheldrick, G. M. SHELXL 97: Program for Crystal Structure 
Refiniement; University of Göttingen: Göttingen, Germany, 1997. 

17  Vandersluis, P.; Spek, A. L. Acta Crystallogr., Sect. A 1990, A46, 194. 
18  (a) J. Muzart, Tetrahedron, 2009, 65, 8313;  (b) L.-X. Chang, G. 

Xiong, L. Wang, P. Cheng and B. Zhao, Chem. Commun., 2013, 49, 125 

1055. 
19  (a) H. Ke, L. Zhao, G. F. Xu, Y. N. Guo, J. Tang, X. Y. Zhang and H. 

J. Zhang, Dalton Trans, 2009, 10609; (b) S. K. Langley, B. 
Moubaraki and K. S. Murray, Inorg Chem, 2012, 51, 3947; (c) X. L. 
Tang, W. H. Wang, W. Dou, J. Jiang, W. S. Liu, W. W. Qin, G. L. 130 

Zhang, H. R. Zhang, K. B. Yu and L. M. Zheng, Angew Chem Int Ed 

Engl, 2009, 48, 3499. 
20  M. Llunell, D. Casanova, J. Cirera, J. M. Bofill, P. Alemany, S. 

Alvarez, M. Pinsky and D. Avnir, SHAPE: Continuous shape 
measures of polygonal and polyhedral molecular fragments, 1.1b, 135 

University of Barcelona, Barcelona, 2005. 

Page 5 of 8 CrystEngComm

C
ry

st
E

ng
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  7 

21  Coxall, R. A.; Harris, S. G.; Henderson, D. K.; Parsons, S.; Tasker, P. 
A.; Winpenny, R. E., J. Chem. Soc., Dalton Trans. 2000, 2349-2356. 

22  L.-X. Chang, G. Xiong, L. Wang, P. Cheng and B. Zhao, Chem. 

Commun., 2013, 49, 1055. 
23   Z. Wu, C. Xu, H. Chen, H. Yu, Y. Wu and F. Gao, Mater. Res. Bull., 5 

2013, 48, 2340. 
24  (a) T. Kajiwara, H. S. Wu, T. Ito, N. Iki and S. Miyano, Angew. Chem. 

Int. Ed., 2004, 43, 1832l;  (b) Kajiwara, K. Katagiri, M. Hasegawa, A. 
Ishii, M. Ferbinteanu, S. Takaishi, T. Ito, M. Yamashita and N. Iki, 
Inorg. Chem., 2006, 45, 4880;  (c) T. Kajiwara, M. Hasegawa, A. 10 

Ishii, K. Katagiri, M. Baatar, S. Takaishi, N. Iki and M. Yamashita, 
Eur. J. Inorg. Chem., 2008, 5565;  (d) C.-M. Liu, D.-Q. Zhang, X. 
Hao and D.-B. Zhu, Cryst. Growth Des., 2012, 12, 2948. 

25  (a) Y. X. Chi, S. Y. Niu and J. Jin, Inorg. Chim. Acta, 2009, 362, 3821;  
(b) P. R. Matthes, J. Nitsch, A. Kuzmanoski, C. Feldmann, A. Steffen, 15 

T. B. Marder and K. Müller-Buschbaum, Chem. – Eur. J., 2013, 19, 
17369. 

26  (a) K. Su, F. Jiang, J. Qian, J. Pang, F. Hu, S. M. Bawaked, M. 
Mokhtar, S. A. Al-Thabaiti and M. Hong, Inorg. Chem. Commun., 
2015, 54, 34;  (b) N. Iki, S. Hiro-oka, T. Tanaka, C. Kabuto and H. 20 

Hoshino, Inorg. Chem., 2012, 51, 1648. 
27  (a) X.-J. Kong, Y.-P. Ren, L.-S. Long, Z. Zheng, G. Nichol, R.-B. 

Huang and L.-S. Zheng, Inorg. Chem., 2008, 47, 2728;  (b) H. S. Ke, 
L. Zhao, Y. Guo and J. K. Tang, Dalton Trans., 2012, 41, 2314. 

Page 6 of 8CrystEngComm

C
ry

st
E

ng
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



 

 
1

Table of Contents Synopsis 
 

Syntheses, structures, luminescent and magnetic properties of three 

high-nuclearity neodymium compounds based on mixed 

sulfonylcalix[4]arene-phosphonate ligands 

Kongzhao Su,
a
 Feilong Jiang,

a
 Mingyan Wu,*

a
 Jinjie Qian,

c
 Jiandong Pang,

ab
 Daqiang 

Yuan
a
 and Maochun Hong*

a 

 

 

Solvethermal reactions of p-tert-butylsulfonylcalix[4]arene (H4BSC4A), phosphonic acid and 
neodymium chloride have resulted in three novel high-nuclearity neodymium coordination compounds. 
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