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Thermodynamically stable MOF showing highly rare 

four-connected hxg-d-4-Cccm net with self-penetration, 

polyrotaxane, and polycatenane multi-features  
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Two different crystals, namely Zn2(L)2(AzDC)2·(H2O)2(1), 

Zn2(L)2(AzDC)2(2) (L=N2,N6-di(pyridin-4-yl)pyridine-2,6-

dicarboxamide, H2AzDC=azobenzene-4,4'-dicarboxylic acid) 

have been co-crystallized in one-pot reaction, where 1 is a 

thermodynamically stalbe product, as only few crystal of 2 is 

observed in this system and after holding in the original solution 

for more than three hours the crystal of 2 transfers to be 1. 

Notably, 1 represents a highly rare hxg-d-4-Cccm net with self-

penetration, polyrotaxane and polycatenane multi-motifs, 

whereas common sql net with three-fold interpenetration is 

observed for 2. 

Entangled systems have been receiving great attentions, due to 

their intriguing topologies and potential applications such gas 

separation.1–3 Several special types with exceptional entangled 

phenomena, such as polycatenation (e.g. Borromean), 

polythreading (e.g. polyrotaxane), and polyknotting (e.g. self-

interpenetration), are  particularly interesting, due to their 

unique beautiful aesthetics.4-6 But in this system, to our best of 

knowledge, a case with the coexistence of multi-features 

covering self-penetration, polyrotaxane and polycatenane is 

never reported. 

As we know, the self-assembling technique has been used 

extensively in the design and construction of metal-organic 

frameworks (MOFs),7 where the rational selection of organic 

ligands is crucial to determine the final structure of MOFs. 

Especially, unusual topology and structural diversity often 

occurred when mixed N- and O-donor ligands are used to 

construct MOFs.8 
Our previous research has revealed that the combination of 

N-donor acylamide ligand and O-donor carboxylate ligand is 
facile to construct MOFs, and among them unusual topology, 
exceptional entangled structures, special coordination mode of 

acylamide oxygen atom, tunable luminescence property, 
selective adsorption of CO2 molecules, or photo-switching 
behaviour toward CO2 were observed.9 Herein, as an ongoing 
work in this content, both acylamide ligand of L and 
carboxylate ligand of H2AzDC (see Scheme 1) is employed, 

and two new acylamide MOFs, Zn2(L)2(AzDC)2·(H2O)2 (1) and 
Zn2(L)2(AzDC)2 (2), were obtained via co-crystallization in 
one-pot reaction. However, the big difference in both shape and 
color, viz. needle/dark red for 1 vs. block/pale red for 2, makes 
the mechanical separation of them very easy.  

1 and 2 were prepared through the co-crystallization in one-

pot reaction of Zn(NO3)2·6H2O, acylamide ligand (L) and 

H2AzDC ligand in 5 mL DMF and 1 mL water at 160 °C for 

60h. The resulted crystalline samples are mainly made up of 1 

and contain only few component of 2. Interestingly, after laying 

the samples in the original solution for more than three hours, 

no crystal 2 could be detected but with the outcome of single-

crystal-to-single-crystal transformation from 2 to 1, and finally 

purity phase of crystal 1 is obtained. This indicates that in this 

system 1 is of a thermodynamically stable phase, and 2 is a 

kinetically stable product. 

 
Scheme 1. The acylamide (L) and H2AzDC ligands involved in 

this work. 
 

The single-crystal X-ray diffraction shows that 1 crystallizes 
in monoclinic, C2/c space group. As shown in Fig. 1, the 
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asymmetric unit contains one crystallography-unique Zn(II) ion 
and two half AzDC ligands each lying about independent 
inversion centres. The Zn(II) site holds the four-coordinated 
tetrahedral geometry, finished by two AzDC2- oxygen atoms 
(Zn1-O1/2.072(5) Å, Zn1-O4/1.986(5)Å), two L nitrogen atoms 
(Zn1-N1/2.067(5) Å, Zn1-N4A/2.030(7)Å, symmetry code: A 
(-0.5+x, 1.5-y, -0.5+z). The Zn–O/N bond lengths of 1.923(2)-
2.073(2) Å are in the normal range.10 The AzDC2- ligand takes 
the bi(monodentate) coordination mode. L ligand takes the cis-
conformation,11 where ‘cis’ means that the two C=O units of 
acylamide ligand locates on the same side.  

 
Fig. 1 The coordination surrounding around Zn(II) ion. The 

hydrogen atoms except on acylamide groups are omitted for 

clarity. Symmetry transformations used to generate equivalent 

atoms A: -0.5+x, 1.5-y, -0.5+z. Color code: Zn/purple, C/green, 

N/blue, O/red, H/pink.  

 

 

 
Fig. 2 View of the 1D chain formed by metal and carboxylate 

ligands (or L ligands), the 3D framework of 1.  

As shown in Fig. 2, the AzDC2- ligands connect to two Zn(II) 

ions to create infinite 1D chain, while L ligands also connect to 
two Zn(II) to generate infinite 1D chain. Further, the 
combination of them constructs a very complicated 3D 
framework.  

To understand this complicated framework presented by 1, 
topology analysis by TOPOS program is carried out.12 With the 
consideration of each Zn atom as 4-connected node and organic 
ligands (L and AzDC2-) as connectors, a hxg-d-4-Cccm net 
with 658 short symbol and long symbol of 6.6.6.6.62.82 is 
suggested. As we know, both dmp and cds nets afford 658 short 
symbol, but the long symbol of them is different from the hxg-
d-4-Cccm net.13 According to the latest CCDC databases and 
literatures, only three examples with hxg-d-4-Cccm topology 
have been reported. But careful checking the topology of our case 
reveals self-penetration, polyrotaxane and polycatenane multi-
features. By contrast, any of these features is never observed in 
the reported cases with hxg-d-4-Cccm topology. Thus, our case 
is unique. Moreover, to our best of knowledge, the motif of 
self-penetration, polyrotaxane, polycatenane, or coexistence of 
polyrotaxane and polycatenane has been well realized in the 
literature,14 however, the coexistence of multi-features 
involving in self-penetration, polyrotaxane, and polycatenane in 
MOFs is never observed. 

 
Fig. 3 Schematic description of the 4-connected hxg-d-4-Cccm net 

with multi-features of self-penetration, polyrotaxane and 

polycatenane (see the highlighted section) 

 

 
Fig. 4 View of a) the simplification for this special topology; b) the 

special topology of coexistence of polycatenane and polyrotaxane. 

 

In order to illustrate the fascinating framework of 1 clearly, 

the main feature of it is emphasized in Fig. 4. According, the 

basic component of this framework is the metal-L-AzDC2- six-

membered rings (Fig. 5a). By sharing two metal ions and one 

a) 

b) 
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AzDC2- ligands (or L ligands), these six-membered rings create 

a 2D 63 net (Fig. 5b). Then two adjacent identical 63 nets 

intertwine with each other in this way that each six-membered 

loop from one 63 net intertwine with two identical six-

membered loops from another adjacent 63 net (Fig. 6), thus 

giving the motif of polycatenane. Meanwhile, another basic 

component of this framework is the AzDC2- ligand that is not 

the specials used to construct six-membered rings, but acting as 

pillars locating on each metal site and supporting the 

aforementioned 63 nets. As shown in Fig. 7, for each six-

membered loop, six AzDC2- pillars locate on it in this way of 

each three upper and down.  Interestingly, each AzDC2- pillar 

penetrates through one six-membered loop of another 63 net, 

while each 63 net is penetrated by two AzDC2- pillars from 

another 63 net, thus generating the polyrotaxane motif. Note 

that the present entangled framework is not a common 

interpenetrating net that is formed by at least two identical or 

different nets interpenetrating with each other, by contrast, the 

present framework is only of a single net and could not be 

isolated, in literature, which is called as self-penetration. In this 

regard, 1 also shows self-penetration motif.  

 

 
Fig. 5 a) View of the metal-L-AzDC2- six-membered rings; b) 

of the 2D 63 net. 

 

 

 
Fig. 6 View of a), b) the intertwisting mode between six-membered 

loops; c) the coexistence of polycatenane and polyrotaxane. 

 

The single crystal X-ray diffraction shows that 2 crystallizes in the 
triclinic P-1, space group. In 2 there is also one crystallography-
independent Zn(II) site, giving four-coordinated tetrahedral 
geometry, completed by two oxygen atoms from two AzDC2- 
ligands and two pyridine nitrogen atoms from two L ligands (Fig. 7), 
and two half AzDC ligands each lying about independent inversion 
centres. The Zn-O lengths are 2.150(5)Å for Zn1-O1 and 2.106(4) Å 
for Zn1-O4, while Zn-N length is 2.042(5) Å for Zn1-N1 and 
2.060(4) Å for Zn1-N3B (symmetry code: B 1+x, 1+y, z). The Zn-O 
values are slightly bigger than that observed in 1, whereas the Zn-N 
values are comparable. For both L and AzDC2- ligands, they show 
the same coordination mode as observed in 1.  

a) 

b) 

c) 

a) 

b) 
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Fig. 7 The coordination surrounding around Zn(II) ions. The 

hydrogen atoms except on acylamide groups are omitted for 

clarity. Symmetry transformations used to generate equivalent 

atoms: B 1+x, 1+y, z. Color code: Zn/purple, C/green, N/blue, 

O/red, H/pink. 

 

As shown in Fig. 8a, the combination of metal ions, L, and  

AzDC2- ligands creates a neutral ‘stairway’-type 2D net. 

Further, three identical 2D net interpenetrate with each other to 

form a three-fold interpenetrating framework (Fig. 8b). 

Topologically, by considering each Zn(II) ion as a 4-connecting 

node and L, AzDC2- ligands as connectors, then 2 can be 

rationalized as common 4-connected sql net (Fig. 8c). 

 

 

 
Fig. 8 View of a) the ‘stairway’-type 2D layer; b) three-fold 

interpenetrating framework in 2; c) the simplified three-fold 

interpenetrating sql net. Note that three identical layers are 

highlighted in blue, green and purple. 
 

As discussed above, significant structural diversity between 

1 and 2 is observed, although similar coordination 

surrounding/geometry for metal ion, coordination mode for 

both L and AzDC2- ligands is observed in 1 and 2. Then, one 

question that what kind of factor causes this difference arises. 

To reply this, we further checked both L and AzDC2- ligands 

and found that there is no detectable distortion for two phenyl 

rings of AzDC2- ligand in 1 and 2, which is accompanied by 

almost the same value of the span for adjacent metal pair linked 

by AzDC2- ligand (1/17.02(2)Å, 2/17.04(2)Å). However, the 

span for adjacent metal pair linked by L ligand in 1 is ca. 12.35 

Å, clearly shorter than that of ca. 13.86 Å observed in 2. This 

can be further reflected in the opening degree for this V-shaped 

ligand of L, viz. 78.33(2)° in 1 vs. 89.60(2)° in 2. The main 

reason is due to various degree of distortion for L ligand, such 

as smaller dihedral angel of 6.61(2)° and 10.09(2)° in 1 and 

relatively bigger dihedral angel of 27.10(2)° and 46.09(2)° in 2 

(the dihedral angel is defined between terminal pyridine ring 

and middle phenyl ring of one L ligand). Accordingly, we also 

found significant difference in the O-Zn-O and N-Zn-N angles 

for each ZnO2N2 tetrahedron in 1 and 2. For 1, the 

corresponding values are 153.92(2)°, 111.20(2)°, respectively, 

whereas in 2 these values become to be 149.56(2)° and 

98.15(2)°. In this regard, it is believed that the various degree of 

distortion for L ligand between 1 and 2 should be responsible 

for the difference in structure between them. Moreover, the 

potential solvent-accessible volume estimated by Platon 

program is 42.2% in 1 and 48.8% in 2, which also indicates 

more stable phase of 1.15  

As the phase of 2 was very few during the preparation of 1, 

thus, we could not collect enough sample to carry out 

thermogravimetric and X-ray powder diffraction (PXRD) tests 

for this phase. The thermostability of 1 is explored by TG 

studies at 30–800°C. The weight loss at 30-150°C corresponds 

to release of guest water molecules (calc. 2.68%, exp. 2.70%) 

(Fig. S1). The PXRD patterns of 1 were recorded at room 

temperature in order to test the purity of the bulk samples (Fig. 

S2), where the simulated PXRD patterns from the crystal data 

match well with experimental PXRD patterns. 

 a) 

b) 

c) 
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In summary, two different crystals have been successfully 

co-crystallized via one-pot reaction. But only one is 

thermodynamically stable, as the other one would transfer to be 

the thermodynamically stable phase after several hours. 

Moreover, the outstanding structure feature of coexistence of 

self-penetration, polyrotaxane and polycatenane in 1 is also 

very interesting, and should represent the first case in MOFs.  

Acknowledgements 

This work was supported by the Foundation of Key Laboratory 

for Radioactive Geology and Exploration Technology, 

Fundamental Science for National Defense and State Key 

Laboratory for Nuclear Resources and Environment (Z1502), 

and the NSF of China (21203022, 21261001, 21361001), the 

Natural Science Foundation of Jiangxi Province of China 

(20143ACB20002, 20151BAB203001), the Innovation Fund 

Designated for Graduate Students of Jiangxi Province 

(YC2015-S274), and the Young scientist training program of 

Jiangxi Province of China (no. 20142BCB23018). 

Notes and references 

‡The synthesis of 1 and 2. They were co-crystallized in one-pot 
reaction under solvo(hydro)-thermal conditions. An DMF:H2O 
(5:1) solution of Zn(NO3)2·6H2O, L and H2AzDC in a ratio of 
1:1:1 was sealed in a Teflon reactor, and heated at 160°C for 60 
h, and then cooled to room temperature at 3°C·h-1. The yield 
based on Zn for 1 and 2 is ca. 85% and 0.2%, respectively. For 1, 
EA (%): calc. C 55.49, H 3.46, N 14.61; exp. C 55.48, H 3.47, N 
14.60.  
§Crystal data for 1: C62H46N14O14Zn2, formula weight=1341.87, 
T=120K, Monoclinic, space group C2/c, a =30.8851(18)Å, 
b=17.4665(10)Å, c=20.3272(14)Å, β=127.705(6)°, V=8675.6(9)Å3, 
Z=4, Dcalcd.=1.027gcm-3, reflections collected/ unique=31872/7625, 
Rint=0.0457, for all data: R1=0.1388, Rw2=0.344, GOF =1.089. The 
disordered solvent molecules could be excatly determined by single 
crystal X-ray diffraction, thus they are treated by Platon Squeeze 
program.15 The CCDC number is 1441331. 
Crystal data for 2: C31H21N7O6, formula weight=652.92, T=120K, 
ZnTriclinic, space group P-1, a =10.882(3)Å, b=11.386(3)Å, 
c=20.627(5)Å, α=100.75(2)°, β=103.307(16)°, γ=103.024(18), 
V=2345.3(11)Å3, Z=2, Dcalcd.=0.925gcm-3, reflections 
collected/unique=29219/8223, Rint=0.0457, for all data: R1=0.1348, 
Rw2=0.2046, GOF=0.912. The disordered solvent molecules could 
be excatly determined by single crystal X-ray diffraction, thus they 
are treated by Platon Squeeze program.15 The CCDC number is 
1441332. 
 
1 (a) R. Haldar, N. Sikdar, T. K. Maji, Mater. Today, 2015, 18, 

97; (b) J. Li, R. J. Kuppler, H. Zhou, Chem. Soc. Rev., 2009, 
38, 1477; (c) J. J. Cheng, Y. T. Chang, C. J. Wu, Y. F. Hsu, C. 
H. Lin, D. M. Proserpio, J. D. Chen, CrystEngComm, 2012, 
14, 537; (d) X. Q. Wu, M. L. Han, G. W. Xu, B. Liu, D. S. Li, 
J. Zhang, Inorg. Chem. Commun., 2015, 58, 60; (e) F. Luo, C. 
B. Fan, M. B. Luo, X. L. Wu, Y. Zhu, S. Z. Pu, W. Y. Xu, G. 
C. Guo, Angew. Chem. Int. Ed. 2014, 53, 9298; (f) L. L. 
Wang, F. Luo, L. L. Dang, J. Q. Li, X. L. Wu, S. J. Liu, M. B. 
Luo, J. Mater. Chem. A, 2015, 3,13724; (g) F. Luo, J. L. 
Chen, L. L. Dang, W. N. Zhou, H. L. Lin, J. Q. Li, S. J. Liu, 

M. B. Luo, J. Mater. Chem. A, 2015, 3, 9616; (h) L. L. Gong, 
X. F. Feng, F. Luo, X. F. Yi, A. M. Zheng, Green Chem. 
2016, DOI: 10.1039/c5gc02182. 

2 (a) F. Luo, P. P. Meng, X. F. Feng, L. L. Dang, X. J. Zhang, 
Eur. J. Inorg. Chem., 2015, 4633; (b) K. T. Holman, Angew. 
Chem. Int. Ed., 2011, 50, 1228; (c) S. Q. Chen, Q. G. Zhai, S. 
N. Li, Y. C. Jiang, M. C. Hu, Inorg. Chem., 2015, 54, 10. 

3 (a) X. Z. Song, C. Qin, W. Guan, S. Y. Song, H. J. Zhang, 
New J. Chem., 2012, 36, 877; (b) P. Zhang, B. Li, Y. Zhao, X. 
G. Meng, T. L. Zhang, Chem. Commun., 2011, 47, 7722.  

4 (a) C. A. Zentne, H. W. Lai, J. T. Greenfield, R. A. Wiscons, 
M. Zeller, C. F. Campana, O. Talu, S. A. FitzGerald, J. L. 
Rowsell, Chem. Commun., 2015, 51, 11642; (b) T. T. Wu, W.  
Hsu, X. K. Yang, H. Y. He, J. D. Chen, CrystEngComm, 
2015, 17, 916. 

5 (a) J. Wu, J. Q. Liu, Y. Y. Wang, Z. P. Gou, D. H. Xu, H. 
Sakiyama, Inorg. Chem. Commun., 2012, 25, 10; (b) Y. Ma, 
A. L. Cheng, E. Q. Gao, Cryst. Growth Des., 2010, 10, 2832; 
(c) J. Wu, J. Q. Liu, J. T. Lin, T. Wu, X. R.Wu, C. H. Zhou, 
X. Y. Qin, Inorg. Chim. Acta, 2013, 405, 65. 

6 (a) M. E. Robinson, J. E. Mizzi, R. J. Staples, R. L. LaDuca, 
Cryst. Growth Des., 2015, 15, 10; (b) D. C. Zhong, L. Q. Liao, 
J. H. Deng, Q. Chen, P. Lian, X. Z. Luo., Chem. Commun., 
2014, 50, 15807; (c) M. E. Robinson, J. E. Mizzi, R. J. 
Staples, R. L. LaDuca, Cryst. Growth Des., 2015, 15, 2260. 

7 (a) Q. B. Liu, J. J. Niu, Inorg. Chem. Commun., 2013, 37, 162; 
(b) H. Shantanu, S. Biswarup, N. Subrata, D. Michael G. B., 
R. Joan, D. Carmen, G. Ashutosh, Inorg. Chem. Commun., 
2011, 14, 1860. 

8 (a) X. Zhang, Z. J. Li, Y. Y. Qin, Y. G. Yao, Inorg. Chem. 
Commun., 2012, 15, 1; (b) J. Q. Liu, J. Wu, Y. Y. Wang, J. T. 
Lin, H. Sakiyama, CrystEngComm., 2014, 16, 3103; (c) Q. P. 
Li, J. J. Qian, RSC Adv., 2014, 4, 32391. 

9 (a) G. M. Sun, Y. M. Song, Y. Liu, X. Z. Tian, H. X. Huang, 
Y. Zhu, Z. J. Yuan, X. F. Feng, M. B. Luo, S. J. Liu, W. Y. 
Xu, F. Luo, CrystEngComm, 2012, 14, 5714; (b) G. M. Sun, 
F. Luo, Y. M. Song, X. Z. Tian, H. X. Huang, Y. Zhu, Z. J. 
Yuan, X. F. Feng, M. B. Luo, S. J. Liu, W. Y. Xu, 
CrystEngComm, 2012, 14, 11559; (c) H. X. Huang, F. Luo, G. 
M. Sun, Y. M. Song, X. Z. Tian, Y. Zhu, Z. J. Yuan, X. F. 
Feng, M. B. Luo, CrystEngComm,  2012, 14, 7861; (d) F. 
Luo, M. S. Wang, M. B. Luo, G. M. Sun, Y. M. Song, P. X. 
Li, G. C. Guo, Chem. Commun., 2012, 48, 5989; (e) X. L. Wu, 
F. Luo, G. M. Sun, A. M. Zheng, J. Zhang, M. B. Luo, W. Y. 
Xu, Y. Zhu, X. M. Zhang, S. Y. Huang, ChemPhysChem, 
2013, 14, 3594; (f) Y. C. Qin, X. F. Feng, F. Luo, G. M. Sun, 
Y. M. Song, X. Z. Tian, H. X. Huang, Y. Zhu, Z. Z. Yuan, M. 
B. Luo, S. J. Liu,  W. Y. Xu, Dalton Trans., 2013, 42, 50; g) 
L. L. Gong, X. F. Feng, F. Luo, Inorg. Chem. 2015, 54, 
11587. 

10 (a) F. Luo, M. B. Luo, Y. H. Liu, CrystEngComm, 2010, 12, 
1750; (b) F. Luo, S. R. Batten, Dalton Trans., 2010, 39, 4485;  
(c) F. Fu, D. S. Li, X. G.Yang, C. Q. Zhang, Y. P. Wu, J. 
Zhao, E. B. Wang, Inorg. Chem. Commun., 2009, 12, 657. 

11 (a) Y. Ma, A. L. Cheng, E. Q. Gao, Cryst. Growth Des., 2010, 
10, 2832; (b) X. Y. Cao, Y. G. Yao, S. R. Batten, E. Ma, Y. Y. 
Qin, J. Zhang, R. B. Zhang, J. K. Cheng, CrystEngComm, 
2009, 11, 1030. 

12 (a) Blatov V A, Proserpio D M. TOPOS. Program package 
for multipurpose crystallochemical analysis, Samara State 
University, the Russua, 2008; (b) V. A. Blatov, A. P. 
Shevchenko, D. M. Proserpio, Cryst. Growth Des., 2014, 14, 
3576. 

13 (a) S. A. Bourne, J. Lu, B. Moulton, M. J. Zaworotko, Chem. 
Commun., 2001, 46, 861; (b) K. M. Blake, M. A. Braverman, 
J. H. Nettleman, L. K. Sposato, R. L. LaDuca, Inorg. Chim. 
Acta, 2010, 363, 3966; (c) M. Du, Z. Zhang, X. Zhao, H. Cai, 
Cryst. Growth Des., 2006, 6, 114 

Page 5 of 6 CrystEngComm

C
ry

st
E

ng
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



COMMUNICATION Journal Name 

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

14 (a) L. Carlucci, G. Ciani, D. M. Proserpio, Coord. Chem. Rev., 
2003, 246, 247; (b) L. Carlucci, G. Ciani, D. M. Proserpio, 
CrystEngComm, 2003, 5, 269; (c) S. R. Batten, R. Robson, 
Angew. Chem., Int. Ed., 1998, 37, 1460; (d) S. R. Batten, 
CrystEngComm, 2001, 3, 67. (e) L. Carlucci, G. Ciani, M. 
Moret, D. M. Proserpio, S. Rizzato, Angew. Chem., Int. Ed., 
2000, 39, 1506;  (f) B. L. Li, Y. F. Peng, B. Z. Li, Y. Zhang, 
Chem. Commun., 2005, 2333;  (g) L. Carlucci, G. Ciani, M. 
Maggini, D. M. Proserpio, Cryst. Growth Des., 2008, 8, 162; 
(h) P. Vishweshwar, D. A. Beauchamp, M. J. Zaworotko, 
Cryst. Growth Des., 2006, 6, 2429; (i) L. Carlucci, G. Ciani, 
D. M. Proserpio, Chem. Commun., 2004, 380; (f) J. Y. Lu, A. 
M. Babb, Chem. Commun., 2001, 821;  (j) Y. C. Jiang, Y. C. 
Lai, S. L. Wang, K. H. Lii, Inorg. Chem., 2001, 40, 5320;  (k) 
D. M. Shin, I. S. Lee, Y. K. Chung, M. S. Lah, Chem. 
Commun., 2003, 1036; (l) D. M. Shin, I. S. Lee, D. Cho, Y. K. 
Chung, Inorg. Chem., 2003, 42, 7722; (m) G. M. Sun, F. Luo, 
Y. M. Song, X. Z. Tian, H. X. Huang, Y. Zhu, Z. J. Yuan, X. 
F. Feng, M. B. Luo, S. J. Liu, W. Y. Xu, Dalton Trans., 2012, 
41, 11559. 

15 A. L. Spek,  Acta Cryst. 2015, C71, 9. 
 

Page 6 of 6CrystEngComm

C
ry

st
E

ng
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t


