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Experimental Section

All chemicals employed in this study were analytical reagent. Elemental analyses of C, H and N were carried out with a

Vario EL III elemental analyzer. ICP analyses of Ni and W were conducted on an Ultima2 spectrometer. IR spectra (KBr

pellets) were recorded on an ABB Bomen MB 102 spectrometer. Thermal analyses were performed in a dynamic air

atmosphere with a heating rate of 10 ºC/min, using a METTLER TGA/SDTA851e thermal analyzer. Powder XRD patterns was

obtained using a Philips X’Pert-MPD diffractometer with CuKα radiation (λ= 1.54056 Å). Conductivity was determined by

the AC impedance method on Agilent 4284A apparatus in the frequency range of 20 Hz to 1 MHz with an applied voltage of 1

V in the temperature range 173-303 K. The samples were pressed into pellets with 5 mm in diameter and 0.90 mm in thickness.

Silver paste was coated onto the opposite sides of the pellets and dried at room temperature to form the electrodes. Variable

temperature susceptibility measurements were carried out in the temperature range 2-300 K at a magnetic field of 0.5T on

polycrystalline samples with a Quantum Design QD PPMS-9T magnetometer. The experimental susceptibilities were corrected

for the Pascal’s constants.

Elemental Anal. Calcd (Found %) for C23H69N10Ni7O47PW9 1: C, 8.28 (8.12); H, 2.09 (2.40); N, 4.20 (4.11); P, 0.93

(0.88); Ni, 12.32 (12.01); W, 49.62 (49.11); for C14H51N8Ni6O47PSW9 2: C, 5.33 (5.21); H, 1.63 (1.77); N, 3.55 (3.47); P, 0.98

(0.92); Ni, 11.20 (11.09); W, 52.47 (52.32); for C26H89N14Ni13O90P2W18 3: C, 5.06 (5.05); H, 1.45 (1.52); N, 3.18 (3.21); P,

1.00 (0.90); Ni, 12.37 (12.08); W, 53.62 (53.01); for C17H49N8Ni7O48PW9 4: C, 6.32 (6.24); H, 1.53 (1.62); N, 3.47 (3.44); P,

0.96 (0.98); Ni, 12.73, (12.58); W, 51.22 (50.98); for C12H39N2Ni6O53PW9 5: C, 4.65 (4.59); H, 1.27 (1.35); N, 0.90 (0.96); P,

1.00 (0.96); Ni, 11.38 (11.22); W, 53.42 (53.23).

IR (KBr, cm-1) for 1: 3436(s), 1600(s), 1363(s), 1035(s), 945(s), 847(s), 789(s), 699(s); for 2: 3412(s), 1625(s), 1380(s),

1035(s), 930(s), 847(s), 797(s), 716(s); for 3: 3436(s), 1633(s), 1371(s), 1035(s), 945(s), 847(s), 789(s), 707(m); for 4: 3453(s),

1617(s), 1560(s), 1429(s), 1363(s), 1035(s), 945(s), 847(s), 789(s), 716(s); for 5 : 3444(s), 1633(s), 1559(s), 1380(s), 1051(s),

937(s), 847(s), 798(s), 691(s).



Experimental Section

Figure S1. (a)/(b) View of the asymmetric unit of 1/2.

Figure S2. (a)/(b) View of the asymmetric unit of 3 and 4.

Figure S3. View of packing diagram of 3 along the a-axis.

Figure S4. (a) The polyhedral and (b) the space-filling representations of stacking diagrams of 3 viewed along the [100]

direction, showing one-dimensional channels.

Figure S5. Schematic representation of the growth process chains → layer for 3.

Figure S6. The polyhedral representation of stacking diagram of 4 viewed along the [100] direction, showing one-dimensional

channels where the [Ni(en)(H2O)3]2+ complexes reside in.

Figure S7. Schematic representation of the growth process chains → layer for 4.

Figure S8. (a) View of the asymmetric unit of 5. (b) View of coordination mode between {Ni6PW9(H2O)5} unit and

carboxylates. (c) The polyhedral representation of stacking diagram of 5 viewed along the c-axis, showing

one-dimensional channels.

Figure S9. Temperature dependence of the conductivities for solid 5.

Figure S10. (a)-(d) The polyhedral representations of 1D {Ni6}/aromatic-carboxylate chains in 1-4, respectively. (e) The

polyhedral representation of 3D {Ni6}/aromatic-carboxylate framework in 5.

Figure S11. (a), (b) and (c) Temperature dependence of χmT, χm and χm
-1 (Ο) values for 1 and 3-5. The solid lines in (c) are the

best-fit according to the Curve-Weiss law. (d) Magnetization measurement of 1 and 3-5, in the reduced form of
M/NμB, in the field range 0 - 7 T at 2 K.

Figure S12. IR spectra of solids 1-5.

Figure S13. TG curves of solids 1-5.

Figure S14. Powder XRD patterns of solids 1-5.



Figure S1. (a)/(b) View of the asymmetric unit of 1/2. WO6, red; NiO6 or NiO4N2, green; PO4, yellow.

Figure S2. (a)/(b) View of the asymmetric unit of 3 and 4. WO6 , red; NiO6 or NiO4N2 , green; PO4, yellow.

Figure S3. View of packing diagram of 3 along the a-axis. Different colours represent different layers.



Figure S4. (a) The polyhedral and (b) the space-filling representations of stacking diagrams of 3 viewed along the [100]
direction, showing one-dimensional channels. The isolated [Ni(en)(H2O)4]2+ guests and all en ligands are omitted for clarity.

Figure S5. Schematic representation of the growth process chains → layer for 3. All the en ligands are omitted for clarity.



Figure S6. The polyhedral representation of stacking diagram of 4 viewed along the [100] direction, showing one-dimensional
channels where the [Ni(en)(H2O)3]2+ complexes reside in. All the en ligands are omitted for clarity.

Figure S7. Schematic representation of the growth process chains → layer for 4. All the en ligands are omitted for clarity.

Figure S8. (a) View of the asymmetric unit of 5. (b) View of coordination mode between {Ni6PW9(H2O)5} unit and
carboxylates. (c) The polyhedral representation of stacking diagram of 5 viewed along the c-axis, showing one-dimensional
channels. The isolated enMe and H2O guests are omitted for clarity. WO6, red; NiO6 , green.



Figure S9. Temperature dependence of the conductivities for solid 5.

The electric conductivities for powder samples of 1-5 at room temperature show that solids 1-4 are insulators with the

electric conductivities in the range of 2.2×10-10 –5.0×10- 11 S cm-1 , while solid 5 is interesting semi-conductor with the electric

conductivity of 4.4×10-6 S cm-1. The remarkably different conductivities between solid 5 and solids 1-4 may be due to that the

structure of 5 has 3D {Ni6}/aromatic-carboxylate framework (Figure S10), whereas all the other structures only have 1D

{Ni6}/aromatic-carboxylate chains along a certain direction. As shown in Figure S9, the conductivity of sample highly depends

on the temperature. As the temperature decreases, the conductivity greatly decreases and reaches 1.5×10-12 S cm at 173 K,

which suggests that it becomes an insulator.

Figure S10. (a)-(d) The polyhedral representations of 1D {Ni6}/aromatic-carboxylate chains in 1-4, respectively. (e) The
polyhedral representation of 3D {Ni6}/aromatic-carboxylate framework in 5.



Figure S11. (a), (b) and (c) Temperature dependence of χmT, χm and χm
- 1 (Ο) values for 1 and 3-5. It is worth mentioning that

the solid lines of χm values for 1 and 4 in (b) are nearly overlapping. The solid lines in (c) are the best-fit according to the
Curve-Weiss law. (d) Magnetization measurement of 1 and 3-5, in the reduced form of M/NμB, in the field range 0 - 7 T at 2 K.

The magnetic susceptibilities of 1, 3, 4 and 5 were measured in 2-300 K. The experimental χmT values of 1, 3, 4 and 5 at

room temperature are 8.42, 17.03, 9.20 and 7.95 cm3·mol–1·K per formula, respectively, which are expected for seven, thirteen,

seven and six uncoupled high-spin Ni2+ ion with g in the range of 2.19 –2.30. Upon cooling, the χmT values of 1, 3, 4 and 5

increase to a maximum of 23.0 cm3·mol–1·K at 10 K, 49.1 cm3·mol–1·K at 7.8 K, 34.6 cm3·mol–1·K at 9.3 K and 16.9

cm3·mol–1·K at 21.5 K, respectively, then decreasing sharply, where the sudden decrease might be mainly attributed to the

presence of zero-field splitting. The behavior suggests that there exist overall ferromagnetic interactions with the presence of

ZFS for Ni2+ ions in all cases. The temperature dependence of the reciprocal susceptibilities (1/χm) obeys the Curie-Weiss law

above 50 K for 1, 3, 4 and 5 with θ = 26.5, 25.2, 26.7 and 27.3 K, respectively, which support the presence of overall

ferromagnetic coupling between the Ni2+ ions of all cases. Ac magnetic susceptibilities of 1, 3, 4 and 5 with frequency of 111,

511, 911, 1111, 1511, 2511 and 3511 Hz were measured under Hac=3 Oe, and no frequency dependence was observed. The

magnetization curves M(H) of 1, 3, 4 and 5 at T = 2 K exhibit a rapid increase at low filed and tend to reach the saturation state

at 7 T with the values of 12.8, 26.6, 14.7 and 12.1 Nβ, respectively, as expected for the saturation value MS = 14, 26, 14 and 12

Nβfor 1 (S = 6+1), 3 (S = 2×6+1), 4 (S = 6+1) and 5 (S = 6), respectively. The M(H) behaviors also indicate the ferromagnetic

coupling between Ni ions of all cases. Notably, solids 1 and 5 exhibit rare MOFs that are both chiral and strongly magnetic

interactions they may provide an opportunity to see if any interactions exist between polarized light and an internal or external

magnetic field.



Figure S12. IR spectra of solids 1-5.

Figure S13. TG curves of solids 1-5.

All the TG curves of 1-5 show three major weight loss stages, which are fallen in the regions about 40-250, 245-530 and

550-780 ºC, respectively. The whole weight loss processes of 1-5 are attributed to the loss of water molecules and organic

lignads. Assuming that the residue corresponds to WO3 and NiO, the obseved weight losses (1, 19.8 %; 2, 20.2 %; 3, 17.7 %; 4,

21.2 %; 5, 20.5 %) are in agreement with the calculated values (1, 21.8 %; 2, 19.8 %; 3, 16.8 %; 4, 19.4 %; 5, 18.3 %).



Figure S14. Powder XRD patterns of solids 1-5, showing the bulk product are in good agreement with the calculated patterns
based on the results from single-crystal X-ray diffraction.


