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Abstract: We present a robust two dimensional coordination 

polymer, [Ni2(L)2(N(CN)2)2]n (1) (LH = 2-((1-(pyridin-2-

yl)ethylimino)methyl)phenol; N(CN)2
- = dicyanamide ion) 10 

using a chiral Schiff base (LH), which shows 

diastereoselectivity in structure via chiral self-discrimination 

process, ferro- and antiferromagnetic interactions among the 

metal centers and unusual CO2 uptake behavior as a porous 

framework 15 

In recent years, fabrication of porous magnets or Magnetic Metal 
Organic Frameworks (MMOFs) have attracted much attention 
since magnetism and porosity could be simultaneously achieved 
by proper choice or design of the primary and bridging ligands.1 
Most of the molecular magnets studied so far consist of extended 20 

coordination networks or discrete polynuclear aggregates, in 
which paramagnetic metal ions are linked together by short 
bridging ligands that induce ferromagnetic (FM) or 
antiferromagnetic (AFM) super-exchange interactions between 
the local spins.2,3 Moreover, the exploitation of FM interactions is 25 

a straightforward approach towards the new generation of 
molecular magnets, like single-molecule magnets (SMMs), 
single-chain magnets (SCMs), ferromagnets, and metamagnets 
with few exceptions.4 Apart from carboxylate, cyano and azide 
ions, dicyanamide (dca) ions are also known to engender 30 

ferromagnetic interaction3,5 because of their diverse bridging 
modes (Scheme S1).  
From the last few years, several phenoxo bridged transition metal 
complexes encompassing Schiff base and dca ligands showing 
diverse magnetic properties are reported.5a However most of them 35 

show antiferromagnetic behavior. In particular, reported 
dinickel(II) complexes involving a (NiO)2 core are 
antiferromagnetically coupled and a very few ferromagnetic 
phenoxo bridged polynuclear Ni(II) complexes are reported.6 In 
comparison to other Schiff base ligands, racemic Schiff bases are 40 

not explored in this context. It has been anticipated that the use of 
racemic Schiff base along with suitable bridging linkers might 
form homochiral [(···R···B···R···) and (···S···B···S···), where B = 
bridging linker] via spontaneous resolution or racemic 
[(···R···B···S···)] MOFs or coordination polymers (CPs).7 Besides 45 

structural self-assembly, it might engender significant magnetic 
interactions between the paramagnetic metal centres and show 

selective sorption behavior towards various gases and solvent 
vapours. 
In this paper, we describe the diastereoselective self-assembly of 50 

a heterochiral dimer in chiral self-discrimination process using a 
chiral tridentate Schiff base ligand (L; where LH = 2-((1-
(pyridin-2-yl)ethylimino)methyl)phenol) and Ni(II) ion which 
further extended to form a 2D CP by bridging dca ion and retain 
the racemic nature as a whole. Magnetic investigation of complex 55 

1 demonstrate an exceptional synergism of weak ferromagnetic, 
inter-dimer antiferromagnetic interactions and ZFS at low 
temperature and a hysteresis loop at 1.8 K with a coercive field of 
373 Oe. Sorption analysis of 1 shows a very rare phenomenon of 
low CO2 uptake at low temperature than at high temperature. 60 

  
Fig. 1. Illustration of phenoxo bridged heterochiral (RS) dinuclear moiety 
(left) and (b) 2D coordination polymer showing enantiomeric segregation 
to form a zig-zag arrangement found in complex 1 (right). Colour codes: 

Ni (magenta), C (gray), N (blue), O (red), H (white). Orange represents R-65 

enantiomer of ligand L whereas gray represents S-enantiomer of ligand L.  

Complex 1 crystallized in space group P-1 and its asymmetric 
unit [Ni(L)(dca)]2 contains two Ni(II) centers bridged by two 
ligands L and two µ-1,5-dca bridging ligands (Fig. S1). The 
distance between two Ni(II) centers bridged by nitrogen atoms of 70 

dca ligands is 8.315(6) Å and the two Ni(II) centers have 
stereochemistry of cis,cis,cis-(OP)2(ND)2(NYNI) (where OP = 
phenoxo-O, NY = Pyridine-N, NI = Imine-N and ND = 
dicyanamide-N). However, its molecular structure reveals two 
dinuclear Ni(II) centers bridged by dca ligands. As illustrated in 75 

Fig. 1a, each dinuclear unit contains two ligands L bridged to 
each Ni(II) center in meridional manner resulting in a phenoxo 
bridged (NiOP)2 core. The coordination geometry around each 
Ni(II) center is distorted octahedral which is satisfied by N2O 
donor set of L and two ND of dca bridging ligands and one OP 80 
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bridging of another ligand L. It was found that ligand L and one 
dca ligands are sited in square plane whereas the other dca and OP 
of another ligand L are in axial sites. The overall shape of 
dinuclear units resembles a butterfly shape. Deep insight into 
each dinuclear unit reveals that both the (NiOP)2 cores are similar 5 

and have a center of symmetry which leads to the formation of 
heterochiral dimers (RS) by chiral self-discrimination process.8 
However, earlier with same ligands we observed a homochiral di-
nuclear self-assembly (RS or SS) in presence of dca and acetate 
ion by chiral self-recognition process.8e 

10 

In each dinuclear unit, the ligand L is bound to the Ni(II) centers 
by a five-membered and a six-membered ring and both the 
chelate rings are puckered. The OP atom of L is slightly 
asymmetrically bridged to Ni(II) centers having Ni-OP distances 
of 2.037(4); 2.147(3) Å around Ni1 center and 2.029(4); 2.140(3) 15 

Å around Ni2 center. The angle between adjacent planes 
containing the cores (Ni2O2)2 and (Ni1O1)2 is 55.8°. The bond 
parameters around each Ni(II) center are listed in Table 2.  
The packing diagram shows that each dinuclear unit is bridged to 
four nearby dinuclear units by four bridging dca ligands (Fig. S2) 20 

and further extended to form 2D CPs (Fig. S3). Hence each 
heterochiral dimer can be termed as four connected node. The 
Ni(II)-Ni(II) separations across the dca ion bridged 2D CPs are 
8.315(1) and 8.281(1) Å and are lying within the range (7.56 – 
8.37 Å) of reported end-to-end dca bridged 2D CPs.5a Careful 25 

investigation of 2D CP confirms that each nearby heterochiral 
dinuclear units discriminate each other, i. e. a dimer having (RS) 
combination preferred to link with dimer of (RS) combination to 
form (···RS···RS···RS···) chain which reflects that there is also a 
center of symmetry lying between two nearby dimers. Also it has 30 

been investigated that each enantiomer (R or S) of ligand L is 
segregated in zig-zag fashion (Fig. 1b). PLATON analysis reveals 
negligible pore accessible void volume of 68.6 Å3 (4.4%) per unit 
cell volume of 1563.3 Å3. The above perceived arrangement of 
heterochiral dimers in a CPs or MOFs is never known before and 35 

it adds a new example to the Yan’s concept of chiral induction 
and transfer in coordination complexes.9 

Thermo gravimetric (TG) analysis of complex 1 shows its 
robustness up to 280 °C followed by a weight loss of ∼ 17.5% 
(calculated ∼19%) in the temperature range of 280 – 500 °C, 40 

which is due to the loss of two dca ligands from complex 1 (Fig. 
S4). The bulk phase powder X-ray diffraction patterns of 1 is in 
good agreement with the simulated one based on the single 
crystal structure data (Fig. 3b), indicating the purity of the as-
synthesized product. 45 

Variable temperature DC magnetic studies has been performed on 
polycrystalline sample of complex 1 and the χM values (χM = 
molar magnetic susceptibility) have been corrected for 
diamagnetism.10a Measurement showed that upon cooling from 
room temperature, χMT increases from a value of 2.05 cm3 K mol-

50 

1 at 300 K, to a maximum of 7.33 cm3 K mol-1 at 14 K and then 
falls sharply to reach a value of 3.3 K at 1.8 K (Fig. 2a). The χMT 
value at 300 K is consistent with the expected value (1.92 cm3 K 
mol-1) for two uncoupled Ni(II) ions with g = 2.02. The overall 
behaviour of χMT with temperature reveals the presence of FM 55 

exchange interactions between two Ni(II) ions. The abrupt 
decrease in χMT below 14 K is due to zero field splitting (ZFS) 
and inter-dimer antiferromagnetic (AFM) interactions within the 

2D network.5d,e 

The field dependence of reduced magnetization (M/NµB) (Fig. 60 

S5) showed a value of 3.45 NµB at 2 K and 7 T per Ni2 unit, 
which is a bit lower than the saturation value of 3.92 NµB for two 
uncoupled Ni(II) ions with g = 2.02. The unsaturated nature of 
the plot and slightly lower value of the reduced magnetization 
arises probably due to the simultaneous presence of inter-dimer 65 

AFM interactions and ZFS at lower temperature region. 
Magnetization plot also showed a nice hysteresis loop at 1.8 K 
with a coercive field of 373 Oe which clearly gave hint of the 
existence of weak FM interaction in the complex even at lower 
temperature regime (Fig. 2b). The effect of ZFS of the ground 70 

state and the exchange interaction at lower temperatures are 
dependent on each other10b and cannot be well determined from 
magnetic susceptibility data of polycrystalline material in the 
low-temperature range.10c Hence the data in the temperature range 
30 - 300 K were included in the fitting procedure (shown as red 75 

line in Fig. 2a) to obtain the isotropic exchange parameter J using 
equation 1 by means of the Hamiltonian Ĥ = - J.S1.S2 where S1 = 
S2 = 1. 

χ� � ����	�

� �
��                  (1) 

where, A = exp (J/kT) + 5 exp (3J/kT) and B = 1 + 3 exp (J/kT) + 80 

5 exp (3J/kT). 
The best fit led to J/k = 20 cm-1 and g = 2.02. The positive sign of 
the J factor verifies the ferromagnetic nature of the exchange. The 
observed intra-metallic ferromagnetic exchange interactions 
pathways can also be justified on the basis of the Ni−O−Ni bond 85 

angle (Ni1-O1-Ni1A = 99.0(1)º and Ni2-O2-Ni2A = 98.0(1)º). 
Literature scrutiny reveals Ni−O−Ni angle of ≤99°, favors 
ferromagnetic, whereas larger values correspond to 
antiferromagnetic interactions.3f, 10a 

 90 

Fig. 2. Temperature dependence of the DC susceptibility for complex 1 
(left) (inset shows hysteresis loop at 1.8 K with a coercive field of 373 

Oe). The red line represents the best fit obtained. (b) Illustration of zero-
field cooled (ZFC) and field cooled (FC) curves for complex 1 (right) 

(inset shows the zoomed-in low tempertaure zone). 95 

The zero-field cooled (ZFC) and field cooled (FC) curves for 
complex 1 are also shown in Fig. 2b which exhibited a 
bifurcation at ~15 K. At this temperature (Néel temperature) the 
χM value in the ZFC plot suddenly decreased which indicated the 
presence of weak inter-dimer antiferromagnetic interaction in 1. 100 

But below ~13 K, χM again increased sharply because of 
ferromagnetic interaction operative in the complex. This feature 
in the ZFC and FC plots in the title complex is indicative of the 
complications arising perhaps due to the concurrent presence of 
ZFS, weak FM and inter-dimer AFM interactions at low 105 

temperature. 
Adsorption analysis of complex 1 with N2 at 77 K shows 4.8 cm3 
g-1 implies surface adsorption (Fig. S6).11 Adsorption study of 1 
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with CO2 shows 11 cm3 g-1 of uptake at 298 K. This might be due 
to dipole–induced-dipole interaction between polar cyano groups 
as well as π-electron clouds of dicyanamide ion and π-electron 
clouds of CO2 molecules, where the quadrupole moment of CO2 

(-1.4 × 10-39 Cm2) interacts with the electric field gradient as 5 

suggested by Kitagawa et al.12 Surprisingly the adsorption 
amount was decreased in the low temperature region and attained 
a value of 4 cm3 g-1 at 195 K (Fig. 3a). In order to verify the 
veracity, the experiments were repeated two times at same 
condition. The observed behaviour of complex 1 towards CO2 10 

uptake at the mentioned two temperatures is very rare and 
unprecedented.13 Generally, the gas adsorption amount decreases 
with increasing temperature due to the weak adsorbate–adsorbent 
interactions and high kinetic energy of adsorbates at elevated 
temperatures. We anticipate that, the observed unusual adsorption 15 

behaviour of CO2 might be due to the flexibility of crystalline 
framework (expansion-shrinkage) owing to the flexible dca ion 
bridges. In addition we expect that, at low temperatures, the 
dipole-induced-dipole interaction are quite strong which blocks 
other molecules from passing into the adsorption sites and in turn 20 

results lesser adsorption amount.12 To get more insight, we 
recorded the variable PXRD in the range of 298 K-195 K (Fig. 
3b). At 195 K, the peak at 2ϴ = 8.8˚ in the as-synthesized 
compound which corresponds to [110] plane slightly shifted to 
high angles (2ϴ = 9.3˚) which confirms the shrinkage of 25 

framework in the low temperature region.14 The structural 
analysis reveals that [110] plane just passes in between the dca 
linkage which further supports our assumption (Fig. S7). 
Interactions between the framework and CO2 was further 
confirmed by the isosteric heat of adsorption value (Qst = -10 kJ 30 

mol-1 at zero coverage) as calculated from the adsorption data 
collected at 298 and 273 K (Fig. S8). Sorption profile with CH4 
did not reveal significant uptake (Fig. S9). The observed selective 
adsorption of CO2 over CH4 at around room temperature might be 
due to its less kinetic diameter (3.3 Å) (Fig. S10).  35 

 

  
Fig. 3. CO2 adsorption isotherms at 298 K (red), 273 K (green) and 195 K 
(black), (left) and (b) variable temperature PXRD patterns of complex 1 

(right); (A) simulated, (B) as-synthesized, (C) at 273 K and (D) at 195 K. 40 

In order to correlate the effect of CO2 adsorption on the magnetic 
properties15 of complex 1, variable temperature DC magnetic 
study of CO2 loaded complex 1 (complex 1@CO2) has been 
performed. The magnetic susceptibility plot of complex 1@CO2 
looks similar to the as-synthesized one (Fig. S11), which 45 

confirms that upon CO2 adsorption, the magnetic properties of 1 
do not alter. To further rationalize it, PXRD analysis of complex 
1@CO2 has been performed and result demonstrates that the 
patterns are matching well with the as-synthesized one, signifying 
no structural transformation or phase transition upon CO2 50 

adsorption (Fig. S12). As we have already noticed a surface 
adsorption of CO2 molecule in complex 1, we anticipate that, it is 

not altering the coordination environment around the Ni(II) 
centres which results in no change in magnetic properties. 
In conclusion, the present example is a new demonstration of the 55 

versatility of dicyanamide ion for building molecular-based 
materials using racemic Schiff base ligands. The magnetic 
investigation shows exceptional concomitant presence of ZFS, 
weak ferromagnetic and inter-dimer antiferromagnetic 
interactions at low temperature and a hysteresis loop at 1.8 K 60 

with a coercive field of 373 Oe. Sorption analysis reveals a very 
rare phenomenon of low CO2 uptake at low temperature than at 
high temperature. 
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A robust 2D heterochiral Ni(II) coordination polymer has been reported which shows exceptional synergism of weak ferromagnetic, 
inter-dimer antiferromagnetic interactions, ZFS at low temperature, a hysteresis loop at 1.8 K with a coercive field of 373 Oe and unusual 
CO2 uptake behaviour. 5 
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