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Stability of magnetic phases

The relative stability of Ni-bpz and Ni-bpb with Ni(Il) in both low spin (LS) and high spin (HS)
configuration, within diamagnetic (DIA), antiferromagnetic (AFM) and ferromagnetic (FM) unit
cells, has been studied on the experimental structures. To investigate all possible magnetic phases
(i.e. DIA-LS, AFM-HS and FM-HS) the primitive unit cell, derived from the experimentally de-
termined one in /mma, and containing two symmetry-related Ni atoms, has been modified by
lowering the symmetry to the monoclinic space group 712/m1. In this way, the unit cell contains
now two independent metal ions which can have opposite HS state (i.e. Ni;(11) and Ni,(]J)) and
the AFM-HS phase can be built. For sake of consistency, we used this crystallographic symmetry
to compute the relative stability of all the different magnetic phases, even if the original space
group can be used for the DIA-LS and FM-HS phases. Results reported in Table S1 show that
the diamagnetic phase is the most stable one with a remarkable energy difference with respect to
the other two phases. This is not unexpected because it is well known that Ni(Il) in square planar

coordination prefers a low spin state.

Table S1: Relative stability of Ni-bpz and Ni-bpb with Ni(II) in both low spin (LS) and high spin
(HS) configuration in kJ/mol per Ni atom.

DIA-LS AFM-HS FM-HS

Ni-bpz 0.0 63.9 64.8
Ni-bpb 0.0 65.0 71.0
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Activation of the samples
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Figure S1: FTIR spectra of Ni-bpz as such (red curve), outgassed at RT, 80 °C, 120 °C (gray
curves), 150 °C for 2 h (green curve) and 150 °C for one night (blu curve). The inset reports the

3750 - 2500 cm ™! range.

FTIR spectra were acquired on Ni-bpz as such and after thermal treatment at different tempera-
tures under high vacuum (Figure S1). The persistence of the band centered at 3500 cm™! in all

the acquired spectra, suggests that some solvent remains trapped even after prolonged evacuation

under high vacuum.
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Ni-bpb
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Figure S2: FTIR spectra of Ni-bpb as such (red curve), outgassed at RT, 80 °C, 120 °C (gray
curves), and at 180 °C for 2 h (blu curve). The inset reports the 3750 - 2700 cm™! range.

FTIR spectra were acquired on Ni-bpb as such and after thermal treatment at different temperatures
under high vacuum (Figure S2). In this case, upon thermal treatment, the band centered at 2900

cm~! is progressively eroded, witnessing that the clathrated solvent can be easily removed.
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Adsorption of CO; on Ni-bpb
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Figure S3: FTIR spectra of CO, adsorbed at RT on Ni-bpb. The blue curve is the spectrum of the
sample activated at 180 °C for 2 h, while the red curve represents the maximum coverage of CO;.
In the inset, the CO, asymmetric stretching region is magnified.

At low coverage a band at 2338 cm™! is clearly present and it can be ascribed to CO, adsorbed
inside the cavities, acting as electron acceptor, e.g. towards the organic linkers. At increasing
coverage, a band at 2358 cm ™! appears, suggesting that CO» is going towards the liquid-like form.
By considering these experimental evidences, the interaction between CO; and Ni(I) sites can not
be hypothesized. ' In the high frequency region (3800-3500 cm ™), two components are observed
at 3666 and 3580 cm~!. The nature of these two absorptions is well known and is interpreted on
the basis of the combination of v; and v3 modes of CO,. The reason for the presence of a doublet
shifted by about + 50 cm™! from the expected frequency for the combination mode v; and vs, is
due to the fact that the first overtone of the v, mode coincides with the v; mode, causing a strong

Fermi resonance effect that induces a band splitting in two components 100 cm ™! apart.3*
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Adsorption of CO on Ni-bpb
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Figure S4: FTIR spectra of CO adsorbed on Ni-bpb at 77 K. The blue curve is the spectrum of the
sample activated at 180 °C for 2 h, while the red curve represents the maximum coverage of CO.

In the inset, the CO asymmetric stretching region is magnified.

The v(CO) frequency is quite near that of the unperturbed molecule (2143 cm™!, gas phase); at
variance, in the presence of interactions with Ni(II) open sites, a non negligible shift was observed

(for instance, the band lies at 2178 cm™~! in the case of activated CPO-27-Ni).>
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Vibrational Frequencies: Calculated and Experimental spectra

in the C-H stretching region
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Figure S5: CH stretching region of calculated (black) and experimental (red) spectra of Ni-bpz

(left) and Ni-bpb (right). The simulated spectra have been computed by using a Lorentzian function
with a FWHM of 15 cm™!.

In this range the agreement between calculated and experimental spectra is less satisfactory in

comparison with the lower frequency range.
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Rietveld refinement of Ni-bpz
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Figure S6: Graphical results of the Rietveld refinement carried out on Ni-bpz at 130 °C, in terms
of experimental, calculated and difference traces (blue, red and gray, respectively). The markers
of the Bragg peaks are reported at the bottom. Horizontal axis, 20 (deg); vertical axis, intensity
(counts). The portion above 50 deg has been magnified for the sake of clarity.
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CRYSTAL input file

Ni-bpz optimized diamagnetic structure

Ni-bpz optimized diamagnetic structure
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Atomic basis sets reported above
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Calculated IR and Raman Vibrational Frequencies

Table S2: Calculated IR vibrational frequencies of Ni-bpz. The frequencies (cm™!), the symmetry
and the intensities of all the modes are reported.

MODES FREQUENCIES (cm~!) IRREP INTENS (Km/mol)

1 60.01570 B3U 1.04
4 107.8431 B1U 0.13
6 114.7454 B2U 0.46
9 194.6319 B3U 2.80
12 273.2512 B1U 1.21
13 274.2583 B2U 3.17
15 314.6574 B3U 25.43
17 337.4501 BI1U 1.35
21 409.9358 B1U 53.35
22 460.4942 B3U 86.53
23 460.5192 B2U 62.69
28 648.5929 B1U 61.29
29 651.8949 B2U 24.52
33 679.2741 B3U 16.90
36 811.4925 B3U 0.11
40 848.2963 B1U 92.53
41 849.9539 B2U 54.99
44 939.0057 B2U 69.00
45 939.1889 BI1U 66.68
50 1049.9206 B3U 0.09
52 1080.0807 B1U 171.61
53 1083.2422 B2U 183.17
57 1187.6487 B3U 170.65
60 1211.1854 B2U 153.22
61 1214.0882 B1U 65.15
64 1315.0025 BIU 167.87
65 1316.7695 B2U 178.54

Table S2: continued on the next page
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Table S2:continued from previous page

MODES FREQUENCIES (cm~!') IRREP INTENS (km/mol)

66 1354.5769 B3U 0.77
73 1428.9938 B3U 233.92
76 1549.1627 B2U 112.71
77 1552.6872 B1U 44.84
82 3245.1195 B2U 12.47
83 3245.3567 B1U 1.78
85 3246.7698 B3U 5.23

19
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Table S3: Calculated Raman vibrational frequencies of Ni-bpz. The frequencies (cm™!), the sym-
metry of all the modes are reported.

MODES FREQUENCIES (cm~') IRREP

3 71.7242 B1G
5 109.6625 B3G
7 136.729 B2G
10 222.0978 AG

11 232.1246 BIG
14 299.2818 B2G
18 385.3912 B3G
20 408.0635 AG

24 482.2313 B1G
25 489.9981 B3G
26 490.5388 B2G
27 511.8245 AG

30 661.3586 BIG
32 672.8255 B3G
34 679.3964 AG

35 685.759 B2G
38 820.4835 BIG
39 825.7421 B2G
42 863.6003 B3G
43 864.9438 AG

46 1029.0724 B1G
47 1040.6567 B3G
48 1041.3057 AG

49 1047.1837 B2G
54 1116.3995 B3G
55 1131.6351 AG

56 1181.5382 B1G
59 1198.0351 B2G

Table S3: continued on the next page
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Table S3:continued from previous page

MODES FREQUENCIES (cm~!') IRREP
62 1289.1081 B3G
63 1298.6606 AG
68 1406.6252 B1G
69 1411.8753 B3G
70 1413.1299 B2G
71 1415.5902 AG
74 1453.2998 BIG
75 1456.0565 B2G
78 1650.9154 AG
79 1651.4621 B3G
80 3242.8291 B2G
81 3243.0986 BIG
86 3249.5211 AG
87 3249.595 B3G

21
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Table S4: Calculated IR vibrational frequencies of Ni-bpb. The frequencies (cm™!), the symmetry
and the intensities of all the modes are reported.

MODES FREQUENCIES (cm~!') IRREP INTENS (Km/mol)

3 44.77048 AU 0.01
4 47.3618 BU 0.05
5 59.1408 AU 0.14
6 61.5050 BU 0.78
10 141.3970 AU 0.87
12 148.1274 BU 3.53
16 199.8342 AU 1.67
17 213.9573 BU 0.42
18 250.5356 BU 0.73
21 275.3000 BU 6.07
22 280.4401 AU 1.21
23 316.0732 AU 0.49
25 329.3557 BU 5.87
26 337.4902 AU 3.63
28 377.8037 BU 21.66
30 388.2055 AU 4.62
31 414.2712 BU 1.61
32 414.6686 AU 0.61
33 416.5465 BU 44.28
36 461.6743 AU 1.31
37 474.3071 BU 44.15
40 530.2420 BU 54.16
41 546.2136 AU 49.42
42 552.0761 BU 63.24
43 554.7470 AU 55.45
47 666.2480 BU 45.25
48 669.3019 AU 16.33
49 673.0671 AU 7.99

Table §4: continued on the next page
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Table §4:continued from previous page

MODES FREQUENCIES (cm~!') IRREP INTENS (Km/mol)

53 685.7302 BU 16.35
59 830.2833 BU 7.96
61 833.6930 AU 1.91
62 841.2412 BU 160.08
63 843.6989 AU 66.63
68 874.5516 AU 8.25
69 875.0986 BU 25.15
72 970.2781 BU 12.45
73 971.5593 AU 17.49
75 976.6130 AU 81.07
76 976.7713 BU 76.08
79 1034.5324 AU 0.43
80 1034.7296 BU 0.96
81 1044.2836 BU 0.10
82 1044.5178 AU 0.14
86 1081.8894 BU 148.97
87 1083.7018 AU 166.88
88 1134.7017 BU 1.21
89 1135.4830 AU 1.50
92 1164.9498 AU 212.34
93 1165.7795 BU 95.37
95 1192.9393 BU 181.93
97 1197.0754 AU 0.00
102 1292.0562 BU 0.37
103 1292.3193 AU 1.51
104 1296.6566 AU 49.51
105 1297.6317 BU 74.39
108 1382.1942 AU 226.01
109 1382.7273 BU 150.11
110 1387.7142 BU 27.55

Table §4: continued on the next page
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Table §4:continued from previous page

MODES FREQUENCIES (cm~!') IRREP INTENS (Km/mol)

111 1388.2597 AU 0.00
117 1421.2704 AU 0.16
119 1425.9179 BU 195.67
120 1464.4413 BU 0.72
121 1464.8733 AU 0.23
122 1533.0684 AU 0.02
123 1533.8057 BU 1.55
128 1605.7580 AU 358.26
129 1607.7845 BU 157.15
132 3164.6780 BU 46.65
133 3164.7769 AU 44.78
136 3182.5843 BU 52.02
137 3182.6648 AU 16.23
140 3248.1748 AU 2.08
142 3248.3639 BU 0.99
144 3268.8752 AU 3.87
145 3269.0876 BU 0.73
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Table S5: Calculated Raman vibrational frequencies of Ni-bpb. The frequencies (cm™') and the
symmetry of all the modes are reported.

MODES FREQUENCIES (cm~') IRREP

1 32.2789 BG
2 41.9432 AG
7 61.6959 BG
8 88.8125 BG
9 120.1260 AG
11 144.0327 AG
13 162.1580 BG
14 181.1884 AG
15 192.3691 BG
19 263.7947 AG
20 267.4030 BG
24 323.1037 AG
27 361.0053 BG
29 382.4543 AG
34 419.1165 BG
35 434.0219 AG
38 490.6327 BG
39 495.2785 AG
44 646.8404 BG
45 649.3593 AG
46 660.0054 BG
50 673.3221 BG
51 678.7893 AG
52 684.1637 AG
54 739.1414 BG
55 740.9025 AG
56 750.5837 BG
57 751.0720 AG

Table S5: continued on the next page
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Table S5:continued from previous page

MODES FREQUENCIES (cm~!') IRREP

58 828.7679 BG
60 832.8917 AG
64 846.0695 BG
65 848.0289 AG
66 865.7949 BG
67 869.0150 AG
70 963.3136 BG
71 964.7188 AG
74 976.3002 BG
77 977.5560 AG
78 1031.8622 BG
83 1049.7471 AG
84 1073.6992 BG
85 1080.7324 AG
90 1145.1431 BG
91 1155.6678 AG
94 1182.5447 BG
96 1197.0643 AG
98 1213.1051 BG
99 1213.8966 AG
100 1282.2984 BG
101 1291.8637 AG
106 1323.1005 BG
107 1323.8127 AG
112 1391.2444 BG
113 1394.6373 AG
114 1404.0614 BG
115 1407.1090 AG
116 1415.7530 BG
118 1422.4206 AG

Table S5: continued on the next page
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Table S5:continued from previous page

MODES FREQUENCIES (cm~!') IRREP
124 1588.5592 AG
125 1588.9497 BG
126 1594.4426 BG
127 1594.6942 AG
130 1657.1169 BG
131 1658.3186 AG
134 3165.2250 BG
135 3165.2965 AG
138 3185.5320 BG
139 3185.6216 AG
141 3248.3199 AG
143 3248.4341 BG
146 3269.0897 AG
147 3269.1590 BG
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