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Figure S1.*H-NMR spectrum of compound 2.
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Figure S2.H- and **C-NMR spectra of compound 3.



bo6L0

8251

— 551

—7.am

Electronic Supplementary Material (ESI) for CrystEngComm
This journal is © The Royal Society of Chemistry 2013

Fardoosi Mashhad UN
244

20120316

| 1 I‘
\‘ |
)U/IWU W

T

— T T T

o — e oo
220 200 180 160 140 120 100 80 60 a0

Figure S3.H- and **C-NMR spectra of compound 4.
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Figure S4.*H-NMR spectrum of compound 5.
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Figure S5. The TG curve of compound 2.

(H9-aacr)*5[Zn(py-2,5-dc),(H20),]-4H,0 (2)

A TGA analysis for compound, 2 was performed in the temperature range of 5-1000°C (Fig. S5).
The TG curve shows that this compound exhibits three steps of weight loss. The first stages are
related to removal of crystallization water molecules and coordinated water molecules in the
range 110-160 °C (found: 11.35%, calcd: 12.09%), The second stage in the range 340-400 °C is
related to the release of 9-aacr ligands and one py-2,5-dc ligand (found: 61.32%, calcd:62.02%).
The third stage from 450 to 500 °C corresponds to the loss of second py-2,5-dc molecule (found:
18.08%, calcd: 18.46%). The final decomposition product is ZnO (found: 9.25%, calcd: 9.10%).
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Figure S6. The TG curve of compound 3.

(H9-aacr)*5[Ni(py-2,5-dc),(H20),]-4H,0 (3)

A thermogravimetric analysis for compound, 3, was performed in the temperature range of 5-
1000°C (Fig. S6). The TG curve shows that this compound exhibits three steps of weight loss.
The first stages are related to removal of two coordinated water and four non-coordinated water
molecules in the range 95-190°C (found: 11.39%, calcd: 12.20%). The second step between 300
and 400°C is related to the release of the 9-aacr ligands (found: 39.97%, calcd: 44.06%). The
third stage between 400 and 420°C corresponds to the loss of py-2,5-dc molecules (found:
39.05%, calcd: 37.26%). The final decomposition product is NiO (found: 9.5%, calcd: 8.4%).
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Figure S7. The TG curve of compound 4.

(H9-aacr)";[Cu(py-2,5-dc)»(H20)]-H,O-DMF (4)

The TG curve shows that this compound exhibits four steps of weight (Fig. S7). First step of
decomposition of 4 from 100-150°C are related to removal of coordinated and non-coordinated
water molecules (found: 4.13%, calcd: 4.03%). The second step corresponds to the loss of two 9-
aacr ligands in the range 315 °C (found: 41.00%, calcd: 43.71%). The third stage between 300
and 350°C are related to the release of DMF molecule (found: 6.08%, calcd: 8.18%). The fourth
stage between 350 and 400°C corresponds to the loss of two py-2,5dc molecules (found: 35.06%,
calcd: 35.82%). The final decomposition product is CuO and CO, (found: 13.79%, calcd:
13.83%).
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Figure S8. The Formation energy of 2_mon starting from the [Zn(py-2,5-dc),(H-0),]* metal complex (2_complex).
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Figure S9. The Formation energy of 3_mon starting from the [Ni(py-2,5-dc),(H20),]* metal complex (3_complex).
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Figure S10. The Formation energy of 4_mon starting from the [Cu(py-2,5-dc),(H.0)]* metal complex (4_complex).
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Figure S11. The Formation energy of 5_mon starting from the [Cr(CN)4(py-2,5-dc)]* metal complex (5_complex)
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Figure S12. Crystal packing diagram of compound 1 showing a columnar distribution of the anionic and cationic fragments.
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Figure S13, Crystal Packing diagram of the compound 4 and n— stacking interactions between cationic species centers of (H9-aacr)”. /[ ormatted: Font color: R
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| Figure S14. Crystal packing diagram of compound 5 (water molecules omitted) and schematic image of n—n stacking interactions ~{ Formatted: Font color: Re
between (H9-aacr)" cationic units viewed along the b axis.
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Table S1. Selected experimental and calculated bond lengths (A) and angles (°) for compounds 1-5.

Compound 1 Experimental Calculated Experimental Calculated
Zn-0(1) 2.0733(16) 2.0526 N(1)-Zn-N(1) 180.000(1) 178.12
Zn—N(1) 2.1086(19) 2.0882 0O(1)-Zn—OW(1) 90.99(7) 87.32
Zn—-0W(1) 2.1671(17) 2.1453 N(1)-Zn—-OW(1) 91.51(7) 90.37
0O(1)-zn-0(1) 180.000(1) 175.26 O(1)-Zn—OW(1) 89.01(7) 88.30
O(1)-Zn-N(1") 100.55(7) 98.36 N(1)-Zn-OW(1") 88.49(7) 90.28
0(1)-Zn-N(1) 79.45(7) 74.67 OW(1)-Zn—-OW(1" 180.0 179.04
Compound 2

Zn—-OW(1) 2.095(2) 2.107 0(3')-Zn-0(3) 88.45(11) 89.70
Zn-0(3) 2.1140(19) 2.095 OW(1)-Zn-N(1) 91.90(8) 90.43
Zn-N(1) 2.136(2) 2.127 0O(3")-Zn—N(1) 92.74(8) 93.72
OW(1)-Zn-OW(1) 90.37(14) 88.56 0(3)~Zn-N(1) 78.45(8) 75.08
OW(1')-Zn—0(3) 91.40(9) 95.06 OW(1)-Zn—N(1") 96.71(8) 92.33
OW(1)-Zn—0(3) 170.33(7) 167.39 OW(1)-Zn—-N(1) 91.90(8) 91.03
Compound 3

Ni-O(1) 2.0679(18) 2.0582 0O(1) -Ni—-OW(1) 172.67(7) 173.22
Ni-N(1) 2.080(2) 2.0588 N(1) -Ni~OW(1) 92.41(8) 89.03
Ni-OW(1) 2.081(2) 2.0590 O(1) -Ni-OW(1) 90.96(8) 91.36
O(1)-Ni-0(1) 88.47(10) 87.60 N(1) -Ni-OW(1') 94.64(8) 95.58
O(1)-Ni-N(1) 92.47(8) 91.90 OW(1) -Ni-Ow(1") 90.53(12) 88.46
O(1)-Ni-N(1) 80.31(8) 79.55 0O(1) -Ni-Ow(1) 172.67(7) 173.87
Compound 4

Cu-0(4) 1.959(3) 1.977 N(1)-Cu-N(4) 168.58(11) 172.45
Cu-0(7) 1.960(3) 1.982 O(4)-Cu-OW(1) 98.90(10) 99.37
Cu-N(1) 1.972(3) 1.985 O(7)-Cu-OW(1) 94.02(10) 97.52
Cu-N(4) 1.975(3) 1.982 N(1)-Cu-OW(1) 99.12(10) 97.20
Cu-OW(1) 2.204(2) 2.216 N(4)-Cu-OW(1) 92.30(10) 95.16
O(4)-Cu-0(7) 166.96(10) 165.30

O(4)-Cu—N(1) 83.69(11) 85.49

O(7)-Cu-N(1) 96.10(11) 92.82

O(4)-Cu—-N(4) 94.51(11) 93.87

O(7)-Cu-N(4) 83.10(11) 84.91

Compound 5

Cr(01)-C(9) 1.683(5) 1.667 C(9)-Cr(01)-N(1) 174.6(2) 177.18
Cr(01)-0(2) 1.959(4) 1.940 0O(2)-Cr(01)-N(1) 79.06(16) 82.90
Cr(01)-C(8) 2.048(7) 2.028 C(8)-Cr(01)-N(1) 87.8(2) 86.22
Cr(01)-C(10) 2.065(7) 2.047 C(10)-Cr(01)-N(1) 92.3(2) 92.06
Cr(01)-C(11) 2.076(6) 2.057 C(11)-Cr(01)-N(1) 84.25(19) 86.57
Cr(01)-N(1) 2.100(4) 2.083 C(9)-Cr(01)-0(2) 96.6(2) 93.35
C(9)-Cr(01)-C(8) 95.3(2) 97.13

0O(2)-Cr(01)-C(8) 88.4(2) 85.10

C(9)-Cr(01)-C(10) 91.9(2) 92.82

0O(2)-Cr(01)-C(10) 171.15(19) 173.49

C(9)-Cr(01)-C(11) 93.2(2) 96.64

0O(2)-Cr(01)-C(11) 87.2(2) 90.38

C(8)-Cr(01)-C(11) 171.5(2) 175.50

C(10)-Cr(01)-C(11) 90.1(2) 92.24

ISymmetry code: (i) —x+1, —y+1, —z+1. 2Symmetry code: (i) —x+1, y, —z+3/2. 3Symmetry code: (i) —x, y, —z—1/2.
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Table S2. The Non-Covalent Interactions Distances (A), Angles (°), and Binding Energies (kcal mol™) of 1_mon to 5_mon calculated
with B3LYP-D/ triple—{ 6-311+G(d, p).

Interactions d(H---A) < (DHA) Binding Energy Interactions d(H---A) < (DHA) Binding Energy
1 mon

Ng—H4---O, 1.891 170.63 37.73 N3—Hg---Oy4 1.773 175.43 40.24
N4—Hs---O3 1.767 177.11 40.38

2_mon

No—Hj---Oq 2.094 155.67 33.57 OW4—Hi7---OWj3 1.865 177.28 39.04
N3—Hy4:--O, 1.794 173.20 40.56 TC15-C20° * *TLC9-Cla 3.495 180.00 20.83
No—Hy---Oy4 2.005 149.51 36.31 TC8-N3" " TTCY-Cl4 3.337 180.00 21.82
OW3*H 15" '01 1.747 161.34 41.07 TIN3-C15" * *TTN3-C15 3.323 180.00 20.66
OW,—H6---OW,  1.926 176.70 37.81

3_mon

N3—H3---Oy4 1.903 173.26 38.26 O7—Hg---0O4 2.045 176.31 35.61
No—Hj---O3 2.027 154.30 35.92 O7—Hg---Og 1.906 169.14 38.20
No—Hj- -0 1.960 151.32 37.15 TC15-C20° * *C9-Cl4 3.474 180.00 20.96
O5*H4' ' '07 1.883 155.29 38.67 TIN3-C15" **TTC9-C14 3.341 180.00 21.79
OgH7---03 1.864 168.75 39.06 TIN3-C15°** TIN3-C15 3.314 180.00 21.97
Og—Haip:--O2 1.921 154.94 37.90

4 mon

Ne—Hs- -0, 1.824 173.80 39.92 Ci7—Hi7a"TtNe-C34 3.285 100.25 22.16
No—Hs---O4 1.756 160.35 41.46 Cas—Hassa 1520 3.231 88.37 22.53
Ns—Hs---Osg 1.853 164.62 39.29 Ci6—Hiea" - mc29-c24 3.128 87.12 23.26
Ns—H;---Og 1.842 173.74 39.53 Car—Hasoa -+ mnzc15 3.380 101.44 21.54
Ns—Hg---O3 2.056 146.03 35.40 Csg—Hasga" -+ mc1s-c20 3.364 77.20 21.75
No—Hy---Og 2.002 146.22 36.37 Ciu—Huia - mc293c3s 3.310 85.17 22.83

Og—Hll' . 'Olo 1.951 166.39 37.32 TC35-C40" " "TTC15-C20 3.701 180.00 19.67
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Og—H7---On1
TIN6-C34" " *TICO-C14
TC29-C34" **TCY-Cl4

5 mon
Ng—Hgg N4
Ne—Hea:--O4
Ni1o0—Hzioa'--O3
N1:—Hi1---Ns
Ne—Heg---O1
OW;3;-H---0O3
OW,—H:--N,
OW,—H---04
OWs—H---0,
OW3-H:--N3
OWs—H---OWj3

1.733
3.431
3.629

2.142
2.025
2.048
1.903
2.107
1.821
1.906
1.877
1.859
2.094
2.063

150.43
180.00
180.00

153.22
140.74
154.29
167.62
163.92
159.03
172.13
166.78
164.90
157.45
168.53

42.01
21.22
20.06

33.85
35.94
35.55
38.24
34.56
39.98
38.21
38.79
39.16
34.77
35.29

TC35-C40" " *TIN3-C15
TING-C34" " *TIN3-C15

TC32-C37° " *TC13-C18
TC32-C37° " TIN7-C19
TINg-C31" " *TIC19-C24
TC26-C31" " *TC19-C24
TC45-C50° * *TIN7-C19
TIN9-C31° * *TIN7-C19
N11—Hi1**Tci3-c1s
N7—H7---mcss-c50
Ci4Hus - mc3o-cas
Cyo—Hag - mc19-co4
Ne—Heg" - "Ttc39-ca4

3.402
3.583

3.683
3.636
3.713
3.671
3.675
3.698
3.227
3.383
3.519
3.430
3.624

180.00
180.00

180.00
180.00
180.00
180.00
180.00
180.00
165.20
159.83
168.38
169.47
175.39

21.40
20.32

19.77
19.70
19.61
19.75
19.81
19.42
22.49
21.52
20.69
21.23
20.08
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Table S3. The Non-Covalent Interactions Distances (A), Angles (°), and Binding Energies (kcal mol™) of 1_CN to 3_CN, and
2_WCN to 5 _WCN calculated with B3LYP-D/ triple—{ 6-311+G(d, p).

Interactions d(H---A) <(DHA) Binding Interactions d(H:---A) < (DHA) Binding Energy
Energy

1 CN

NgHy--O2 1.910 162.24 37.70 N3—Hg:--O4 1.791 176.20 40.27

N4—H5' ' '03 1.749 176.81 40.89 TIN1-C6" " "TT N1-C6 3.493 180.00 20.22

Os5—Hip---O4 1.826 173.47 40.52 CsHy - mNi-co 3.348 77.39 21.32

Os—Hg-:-O, 1.928 17756  38.53

2 CN

OWy—Hjiy:--O; 1.954 167.22  37.26 TC15-C20" * *TCY-Cl4 3.487 180.00 21.14

No—H;---Oq 2.124 155.67 34.28 TC8-N3* * *TCY-Cl4 3.328 180.00 22.05

N37H14' ' '02 1.830 171.24 39.79 TIN3-C15" * *TTN3-C15 3.315 180.00 21.91

No—Hj:--O4 2.035 150.51  35.78

2_WCN

OWs3—Hjs:--0; 1.726 166.87  40.48 OW3—Hig:--O4 1.937 159.30 37.59

OWy—Hjg:--OW, 1.903 163.47  36.70 OWy—Hjy:--O; 1.968,1.947 156.28 36.97,38.04

OWy4—Hy7---OW3 1.837 177.12 37.90 TIN1-C6° * T N1-C6 3.498 180.00 20.81

OWs—Hig-+-O3 2.104 17150  34.61
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3_CN

N3—H3- ' '04 1.922 174.64 37.88 TIN1-C6" " "TU N1-C6 3.561 180.00 20.45
No—Hj:--O3 2.050 153.27 35.51 TC15-C20" * *TCY-Cl4 3.439 180.00 21.17
No—Hj- -0, 1.981 148.15 36.75 TIN3-C15° **TLCY-C14 3.308 180.00 22.01
O5*H5"'O4 1876,1952 171.39 3881,3730 TIN3-C15" * * TIN3-C15 3.281 180.00 22.19
3 WCN

Os5—Hs:--O4 1.953 174.27 37.28 O7—Hg---0O4 2.024 177.32 35.28
Os—Hy---O7 1.869 157.12 38.03 O;—Hg-+-Og 1.882 169.03 37.84
Og—Hy7+-O3 1.859 167.29 38.73 TIN1-C6" " *TIN1-C6 3.316 180.00 21.72
Os—Hio---O2 1.920 155.75 37.53 CsHan - -mn1cs 3.856 65.92 16.38
4 WCN

Og—H7-+-011 1.708 150.94 43.64 O11—Hi2---01 1.856 159.23 40.83
5 WCN

OW;—H---Ny 2.038 161.44 35.70 OW5s—H---0, 1.980 161.43 36.48
OWs5—H---OW; 1.983 169.97 36.81 Ng—Hsga:--OWs5 2.209 162.75 32.46
OW;—H---OWs5  2.048 160.68 33.85 OW3—H---N3 2.133 173.83 33.83
OW;-H---03 1.839 159.89 39.59 OWo—H---N; 2.011 176.30 35.90
Nio—Hios:--OW, 2.040 151.61 34.78 Ng—Hsgg---Ng 2.078 154.32 34.74
OWy—H---OW; 1.969 171.16 36.27 N7—Hz7---OW, 1.827 168.50 39.35
OW3—H---OW, 1.966 170.25 36.82 OW4H---0, 1.945 170.78 36.98

OWs—H---OW3;  2.108 169.29 33.32 OWsH---04 1.812 177.42 39.67
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