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We report herein the synthesis, crystallographic analysis and a study of the

noncovalent interactions observed in the new 40-substituted terpyridine-based

derivative bis[40-(isoquinolin-2-ium-4-yl)-2,20:60,200-terpyridine-1,10 0-diium] tris-

[tetrachloridozincate(II)] monohydrate, (C24H19N4)2[ZnCl4]3�H2O or (ITPH3)2-

[ZnCl4]3�H2O, where (ITPH3)
3+ is the triply protonated cation derived from

40-(isoquinolin-4-yl)-2,20:60,200-terpyridine (ITP) [Granifo et al. (2016). Acta

Cryst. C72, 932–938]. The (ITPH3)
3+ cation presents a number of interesting

similarities and differences compared with its neutral ITP relative, mainly in the

role fulfilled in the packing arrangement by the profuse set of D—H� � �A [D

(donor) = C, N or O; A (acceptor) = O or Cl], �–� and anion� � �� noncovalent

interactions present. We discuss these interactions in two different complemen-

tary ways, viz. using a point-to-point approach in the light of Bader’s theory of

Atoms In Molecules (AIM), analyzing the individual significance of each

interaction, and in a more ‘global’ analysis, making use of the Hirshfeld surfaces

and the associated enrichment ratio (ER) approach, evaluating the surprisingly

large co-operative effect of the superabundant weaker contacts.

1. Introduction

A few structural and solid-state theoretical studies on the

noncovalent interactions in crystals containing protonated

40-pyridyl-substituted terpyridines have been carried out in

the last few years (Padhi et al., 2011; Seth et al., 2013; Manna et

al., 2013, 2014a,b). These species have been obtained from the

reaction of the free bases L [L = 40-(pyridin-4-yl)-2,20:60,200-
terpyridine, 40-(pyridin-2-yl)-2,20:60,20-terpyridine and 40-(pyri-
din-4-yl)-3,20:60,300-terpyridine] with inorganic acids (HNO3,

HBr and HClO4), giving rise, in each case, to one triply

protonated LH3
3+ cation. It was observed that only the N

atoms of the three outermost pyridyl groups are protonated

and that the lateral rings of the terpyridine portion adopt a

syn–syn conformation with respect to the central pyridine ring.

The analysis of the noncovalent interactions disclosed the

pivotal role that anion� � �� interactions play in the final

stabilization of the crystal packing, through its concerted

action with the hydrogen bonding and the �–� stacking

interactions. In this latter case, it was concluded that they are

enhanced if the �-system is charged, in spite of the repulsive

electrostatic nature between positively charged LH3
3+ cations

(Seth et al., 2013; Manna et al., 2013). Thus, a variety of

interactions between the charged aromatic rings and the

different anions were described as a series of intrincate
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networks, i.e. anion� � ��� � �anion, anion� � ��–� and anion� � ��–
�� � �anion (Manna et al., 2014a,b).

Herein, as an extension of these studies on protonated

40-functionalized terpyridine derivatives, we have selected as

the starting neutral base an N-containing fused-ring system

whose crystal and molecular structure we have reported

recently, viz. 40-(isoquinolin-4-yl)-2,20:60,200-terpyridine (ITP),

(I) (see Scheme; Granifo et al., 2016). By mixing (I) with zinc

chloride and hydrochloric acid, crystals of the new tetra-

chlorozincate salt (ITPH3)2[ZnCl4]3�H2O, (II) (see Scheme),

containing the triply protonated (ITPH3)
3+ cation, were

successfully isolated. The (ITPH3)
3+ cation in (II) presents a

number of interesting similarities and differences compared

with (I), which we shall discuss in detail, mainly with regard to

the role fulfilled in the packing arrangement by the profuse set

ofD—H� � �A [D (donor) = C, N or O; A (acceptor) = O or Cl],

�–� and anion� � �� noncovalent interactions present. We shall

discuss the latter in two different complementary ways, viz.

using a quantitave point-to-point approach in the light of

Bader’s theory of Atoms In Molecules (AIM; Bader, 1990,

2009) and in a more ‘global’ analysis, making use of the

Hirshfeld surfaces (Spackman & Byrom, 1997) and the asso-

ciated, recently developed, enrichment ratio (ER) approach

(Jelsch et al., 2014).

2. Experimental

IR spectra were recorded on a Bruker Tensor 27 FT–IR

spectrometer (using KBr plates) or an Agilent Cary 630 FT–

IR spectrometer using a Diamond ATR (attenuated total

reflectance) accessory. X-ray diffraction data were collected

with an Oxford Diffraction Xcalibur CCD Eos Gemini

diffractometer with graphite-monochromated Mo K� radi-

ation.

2.1. Synthesis and crystallization

The title tetrachloridozincate salt (ITPH3)2[ZnCl4]3�H2O

was prepared by the reaction of 40-(isoquinolin-4-yl)-2,20:60,200-
terpyridine (ITP; Granifo et al., 2016), ZnCl2 and concentrated

HCl (37%). ITP (4.3 mg, 0.012 mmol) was placed in a small

beaker and dissolved with concentrated HCl (0.5 ml). To this

solution was added an excess of ZnCl2 (42.0 mg, 0.31 mmol)

and the resulting solution was stirred for 1 min. The clear

solution was allowed to stand at room temperature for 14 h to

give colourless block-shaped crystals, which were washed with

methanol (2� 1 ml) and then dried in air (yield 7.0 mg, 86%).

Analysis calculated for C48H40Cl12N8OZn3: C 42.19, H 2.95, N

8.20%; found: C 42.22, H 2.98, N 8.19%. ATR FT–IR (cm�1):

3172 (w), 3146 (w), 3082 (w), 3059 (w), 1600 (s), 1527 (s), 1418

(m), 1388 (m), 1347 (m), 1293 (m), 1238 (s), 1157 (m), 1098

(w), 1064 (w), 1042 (m), 992 (m), 916 (w), 873 (m), 834 (s), 782

(s), 769 (m), 744 (m), 726 (m), 626 (m), 618 (s).

2.2. Refinement

The crystal data, solution and refinement parameters are

listed in Table 1. The good quality of the low-temperature data

set allowed a clear distinction to be made between the inter-

vening atomic species (C and N) originally in the difference

maps and those later confirmed by the refinement of their

displacement factors and the hydrogen-bonding interaction

scheme. H atoms were identified in an intermediate difference

map and treated differently in the refinement. Those attached

to C atoms were further idealized and finally allowed to ride,

with C—H = 0.93 Å, and with displacement parameters taken

asUiso(H) = 1.2Ueq(C). Those attached to N atoms were refined

with restrained N—H = 0.85 (1) Å and Uiso(H) = 1.2Ueq(N),

while water H atoms were restrained to have O—H =

0.90 (1) Å, H� � �H = 1.41 (2) Å and Uiso(H) = 1.5Ueq(O).

2.3. Hirshfeld surface and enrichment ratio (ER) analysis

The three-dimensional Hirshfeld surfaces (Spackman &

Byrom, 1997) were used to visualize and analyze the inter-
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Table 1
Experimental details.

Crystal data
Chemical formula (C24H19N4)2[ZnCl4]3�H2O
Mr 1366.39
Crystal system, space group Triclinic, P1
Temperature (K) 150
a, b, c (Å) 11.0485 (6), 16.0249 (8),

16.4318 (7)
�, �, � (�) 100.824 (4), 103.574 (4),

102.737 (4)
V (Å3) 2668.9 (2)
Z 2
Radiation type Mo K�
� (mm�1) 1.98
Crystal size (mm) 0.30 � 0.25 � 0.20

Data collection
Diffractometer Rigaku Xcalibur Sapphire3
Absorption correction Multi-scan (CrysAlis PRO; Rigaku

Oxford Diffraction, 2015)
Tmin, Tmax 0.54, 0.70
No. of measured, independent and

observed [I > 2�(I)] reflections
29335, 12387, 9230

Rint 0.049
(sin �/	)max (Å

�1) 0.681

Refinement
R[F 2 > 2�(F 2)], wR(F 2), S 0.043, 0.092, 0.93
No. of reflections 12387
No. of parameters 673
No. of restraints 9
H-atom treatment H atoms treated by a mixture of

independent and constrained
refinement

�
max, �
min (e Å�3) 0.66, �0.48

Computer programs: CrysAlis PRO (Rigaku Oxford Diffraction, 2015), SHELXS97
(Sheldrick, 2008), SHELXTL (Sheldrick, 2008), Mercury (Bruno et al., 2002),
SHELXL2014 (Sheldrick, 2015) and PLATON (Spek, 2009).
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molecular interactions, which were, in turn, evaluated using

the recently introduced enrichment ratio (ER) approach

(Jelsch et al., 2014). Calculations were made with the

MoProViewer software (Guillot, 2011). (General remarks on

Hirshfeld surfaces are presented in the supporting informa-

tion.)

2.4. Quantum mechanical calculations and Atoms In Mol-
ecules (AIM) analysis

Quantum mechanical calculations were performed using

the hybrid exchange-correlation functional of Perdew, Burke

and Ernzerhof (PBE) (Perdew et al., 1996, 1997) with the

Grimme’s Dispersion correction (D3) for the van der Waals

(VdW) energy (Grimme et al., 2010). The 6-311++G(d,p) basis

set was used for nonmetallic atoms. LanL2DZ (Hay & Wadt,

1985), along with its effective core potentials, was used as the

basis set for the core electrons of the Zn atoms and

6-311++G(d,p) was used for the noncore electrons (Yang et al.,

2009; Yarwood et al., 2009). All of the single-point calculations

were performed using the GAUSSIAN03 program (Frisch et

al., 2009), starting from the crystallographic atomic coordi-

nates. The basis set superposition error (BSSE) for the

calculation of interaction energies was corrected using the

counterpoise method. The AIM analysis of the electron

density was performed at the same level of theory using the

Multiwfn program (Lu & Chen, 2012). The density functional

theory (DFT) test case study was performed in a similar

manner to AIM1, but with previous optimizations of the

system.

3. Results and discussion

3.1. Structure description

The title compound, (II), crystallizes in the space group P1

and its crystal and molecular structure were determined by

single-crystal X-ray diffraction. Relevant experimental data is

presented in Table 1, while Fig. 1 shows the molecular

geometry, as well as the atom and ring labelling. There are two

independent (ITPH3)
3+ cations (A and B), protonated at

atoms N1 and N3 in the lateral pyridine rings (hereinfter py)

and at N4 of the isoquinoline group (hereinafter isq). Charge

balance is achieved by three independent [ZnCl4]
2� (tcz)

anions and the asymmetric unit is completed by one hydration

water molecule. As frequently happens in cases with multiple

moieties in the asymmetric unit, there is some kind of

frustrated symmetry linking independent molecules. In the

present case, this is of a translational type; the application of a

(0.22228, �0.31704, �0.15938) shift to cation A leads to a

nearly overlapping disposition of all the atoms in the A and B

units (see the supporting information).

The bond lengths and angles are unremarkable in both

(ITPH3)
3+ cations, the most relevant features coming from the

dihedral angles involving the internal planar groups. Even if

slightly deformed, the terpyridine nucleus (hereinafter tpy)

can be considered to be basically planar, as assessed by the

small interplanar angles between the py rings presented in

Table 2. The isq groups, in contrast, are rotated significantly

out of the tpy least-squares planes (see the <Cg2–Cg4> and

<Cg2–Cg5> angles in Table 2). This large deviation is needed

research papers

Acta Cryst. (2017). C73, 1121–1130 Granifo et al. � A network of [ZnCl4]
2� anions 1123

Figure 1
Molecular views of the molecules in (II), with displacement ellipsoids drawn at the 50% probability level, showing (a) moleculeA, (b) molecule B and (c)
the whole asymmetric unit (the #n interaction codes are as in Table 3).

Table 2
Relevant dihedral angles (�) between pyridine rings in (II).

<Cg–Cg> (IIA) (IIB)

<Cg2–Cg1> 4.6 (2) 3.1 (2)
<Cg2–Cg3> 6.6 (2) 6.6 (2)
<Cg2–Cg4> 46.7 (2) 42.2 (2)
<Cg2–Cg5> 47.7 (2) 44.7 (2)
<Cg4–Cg5> 2.5 (2) 1.6 (2)

1 AIM (an acronym for the ‘Atoms In Molecules’ theory; Bader, 1990, 2009)
interprets chemical bonding in terms of shared or closed-shell interactions,
characterized by the electron density [
(r)], its gradient vector [r
(r)] and its
Laplacian [r2
(r)] at particular points termed ‘Bond Critical Points’, where
the sign and magnitude of 
(r) and r2
(r) define the interaction type.
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Figure 2
A few ‘snapshots’ showing the tetrachloridozincate bridging modes in (II), as well as the graph-set codes of the rings formed. (a) Zn3, bridging type A
molecules, (b) Zn2, bridging type B molecules, (c) Zn1, bridging type A–type B molecules, and (d) Zn2—Zn3, bridging type A–type B molecules.

Table 3
Hydrogen-bond geometry (Å, �) in (II).

To facilitate the packing description, these interactions have been described with the acceptor at the ‘reference site’, the symmetry operations being applied to the
X—H donor (X = O, N or C).

Code D—H� � �A D—H H� � �A D� � �A D—H� � �A 100
(r) (a.u.) 10r2
(r) (a.u.)

#1 (N1A—H1NA)� � �O1W 0.85 (1) 1.95 (2) 2.769 (4) 161 (3) 2.59 0.66
#2 (N3A—H3NA)� � �O1W 0.85 (1) 1.95 (2) 2.753 (4) 158 (3) 2.64 1.08
#3 (C14A—H14A)i� � �Cl11 0.93 2.62 3.440 (4) 148 1.15 0.38
#4 (C2B—H2B)ii� � �Cl11 0.93 2.59 3.370 (4) 142 1.22 0.42
#5 (N1B—H1NB)iii� � �Cl12 0.85 (1) 2.30 (2) 3.053 (3) 148 (3) 2.09 0.72
#6 (N3B—H3NB)iii� � �Cl12 0.85 (1) 2.51 (2) 3.274 (3) 151 (3) 1.35 0.45
#7 (C1B—H1B)iii� � �Cl13 0.93 2.79 3.342 (3) 119 0.83 0.24
#8 (C2B—H2B)ii� � �Cl13 0.93 2.90 3.564 (3) 130 0.80 0.22
#9 (O1W—H1WB)ii� � �Cl13 0.89 (1) 2.18 (1) 3.071 (3) 173 (3) 2.71 0.66
#10 (C1A—H1A)ii� � �Cl14 0.93 2.80 3.467 (3) 129 0.87 0.25
#11 (C15B—H15B)iii� � �Cl14 0.93 2.94 3.518 (4) 121 0.89 0.24
#12 (C3B—H3B)� � �Cl21 0.93 2.93 3.756 (3) 150 0.90 0.25
#13 (C17B—H17B)iv� � �Cl21 0.93 2.77 3.690 (3) 173 0.84 0.25
#14 (N4A—H4NA)v� � �Cl22 0.85 (1) 2.64 (2) 3.358 (3) 143 (3) 0.98 0.35
#15 (C18A—H18A)v� � �Cl22 0.93 3.00 3.536 (4) 118 0.64 0.22
#16 (N4B—H4NB)iv� � �Cl22 0.85 (1) 2.69 (3) 3.273 (3) 127 (3) 0.96 0.34
#17 (C18A—H18A)v� � �Cl23 0.93 2.63 3.503 (3) 156 1.08 0.35
#18 (C20A—H20A)v� � �Cl23 0.93 2.95 3.737 (4) 144 0.94 0.30
#19 (C4B—H4B)� � �Cl23 0.93 2.65 3.559 (3) 167 1.05 0.40
#20 (C7B—H7B)� � �Cl23 0.93 2.69 3.620 (3) 175 0.97 0.35
#21 (C4B—H4B)� � �Cl24 0.93 2.96 3.382 (3) 110 0.82 0.27
#22 (C12B—H12B)iv� � �Cl24 0.93 2.74 3.461 (3) 135 0.94 0.30
#23 (C2A—H2A)vi� � �Cl31 0.93 2.88 3.636 (4) 140 0.83 0.24
#24 (C3A—H3A)viii� � �Cl31 0.93 2.80 3.620 (4) 147 0.84 0.25
#25 (O1W—H1WA)vii� � �Cl32 0.89 (1) 2.17 (1) 3.044 (2) 166 (3) 2.65 0.62
#26 (C4A—H4A)viii� � �Cl32 0.93 2.90 3.808 (3) 165 0.83 0.25
#27 (C7A—H7A)viii� � �Cl32 0.93 2.70 3.612 (3) 166 0.85 0.26
#28 (C18B—H18B)iv� � �Cl32 0.93 2.88 3.757 (3) 158 0.66 0.19
#29 (N4A—H4NA)v� � �Cl33 0.85 (1) 2.57 (3) 3.159 (3) 127 (3) 1.24 0.47
#30 (C17A—H17A)v� � �Cl33 0.93 2.83 3.324 (3) 114 0.93 0.33
#31 (N4B—H4NB)iv� � �Cl33 0.85 (1) 2.55 (3) 3.181 (3) 133 (3) 1.23 0.47
#32 (C18B—H18B)iv� � �Cl33 0.93 2.75 3.292 (4) 118 1.02 0.37
#33 (C12A—H12A)v� � �Cl34 0.93 2.62 3.526 (4) 165 0.59 0.17

Symmetry codes: (i) �x + 2, �y + 1, �z + 2; (ii) �x + 1, �y + 1, �z + 2; (iii) x, y + 1, z; (iv) x � 1, y, z; (v) �x + 1, �y + 1, �z + 1; (vi) x, y, z � 1; (vii) x � 1, y, z � 1; (viii) �x, �y + 1,
�z + 1.
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to avoid ‘bumping’ between atoms H7 and H23. The experi-

mental H7� � �H23 distance lies in the range 2.30–2.35 Å, while

in a perfectly planar disposition, this value would collapse

down to ’0.80 Å. This ‘antibumping’ argument appears to be

reinforced by the difference between the angles centred at

C16A and C16B (C24—C16—C8 > C17—C16—C8),

suggesting some kind of H7� � �H23 repulsion. However, an

absolutely analogous situation was found in the close relative

(I), and, in this case, a careful AIM analysis showed the H� � �H
interaction to be attractive instead.

Even if the previously reported structure of (I) and that of

the present (II) are very similar in their bond lengths and

angles, there is a striking difference in the disposition of py

groups 1 and 3, which in unprotonated (I) has the corre-

sponding py atoms N1 and N3 anti to N2 of the central ring,

while in both independent molecules in (II), they are syn and

involved in hydrogen bonding. It is relevant to mention that a

search in the Cambridge Structural Database (CSD, Version

5.38; Groom et al., 2016) for similarly protonated tpy units

revealed 45 hits which presented the lateral py rings in a

disposition similar to that in (II), with atoms N1 and N3 syn to

N2 (denoted group 1), and only one in a anti mode (group 2).

All of them presented their N—H groups strongly involved in

hydrogen bonding, most of the interactions in group 1 being

directed towards one single central acceptor, as in (II), and

that in group 2 (CSD refcode KUCRUX; Chen et al., 2015)

making hydrogen bonds to two lateral ClO4
� anions.

The most conspicuous aspect of structure (II) is its packing

scheme, derived from a pletora of different intermolecular

interactions (N—H� � �Cl, N—H� � �O, C—H� � �Cl, Zn—Cl� � ��
and �–�) presented in Tables 3 (hydrogen bonds), 4 (�–�

interactions) and 5 (anion� � �� interactions), which for

convenience of description have been assigned an individual

‘code’ or sequence number (from #1 to #44).

The large number of donors (six N—H, two O—H and

many weaker C—H groups), as well as acceptors (12 Cl + 1 O),

make hydrogen bonding the most abundant noncovalent

interaction in the structure. The result is an extremely complex

interaction scheme, where all the aforementioned agents are

actively involved, in the form of an intricate interlinkage of

two ‘donor’ groups (cation A, plus the strongly attached water

solvent, and cation B) and three ‘acceptor’ nodes, i.e. the tcz

groups, which for simplicity we will denote by their central Zn

atom, Zn1, Zn2 and Zn3. Each of these acceptors acts as a

connector linking a large number of donors (viz. Zn1 and Zn3

connect five molecules each, while Zn2 connects four mol-

ecules). Table 3 gives a full quantitative account of the 33

hydrogen-bonding interactions involved, but a clearer insight

can be grasped from the ‘snapshots’ of the denser interactive

regions given in Fig. 2, where a selection of relevant hydrogen

bonds is given, as well as the graph-set codes for the rings to

which these chelating interactions give rise. Figs. 2(a) and 2(b)

disclose the way in which atoms Zn3 and Zn2 link molecules

of a similar type (A and B, respectively). Similarly, Figs. 2(c)

and 2(d) clarify the linkage of different molecular types via

Zn1 (Fig. 2c) and Zn2–Zn3 (Fig. 2d). Complementing these

partial views, Fig. 3 presents a combined version of Figs. 2(c)

and 2(d), showing the collective bridging action of all three tcz

moieties in the [111] direction.

One further point which confirms the exceptional character

of (II) with regard to noncovalent interactions is the concur-

rent existence of a complex ring system (including neutral [�]
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Table 4
�–� contacts in (II).

The ring codes are as in Fig. 1. ccd is the centre-to-centre distance, da is the dihedral angle between rings, sa is the slippage angle and ipd is the interplanar distance,
or (mean) distance from one plane to the neighbouring centroid. For details, see Janiak (2000).

Interaction code Cg� � �Cg ccd (Å) da (�) sa (�) ipd (Å) 100
(r) (a.u.) 10r2
(r) (a.u.)

#34 Cg1A� � �Cg2Aii 3.6718 (18) 4.28 (15) 24 (2) 3.35 (5) 0.58 0.17
#35 Cg4A� � �Cg5Ai 3.8686 (19) 2.74 (15) 24.8 (15) 3.50 (4) 0.52 0.16
#36 Cg3A� � �Cg1B 3.7397 (19) 3.96 (15) 28 (1) 3.30 (3) 0.55 0.16

Symmetry codes: (i) �x + 1, �y + 1, �z + 1; (ii) �x + 1, �y + 1, �z + 2.

Table 5
Anion� � �� (to Cg2 and Cg5) and anion� � ��+ (to Cg1 and Cg3) interactions in (II).

d is the Cl� � �X distance (Å), whereX is the atom in the ring which lies nearest the Cl� anion; � is the angle subtended by the Cl–Cg vector to the ring normal (�); �
is the angle subtended by the X–Cg and X–Cl vectors (�) (� < 90� = the anion projects within the ring; 90� < � = anion projects outside the ring); n (in �n) is the
number of interacting atoms. N.b. according to standard requirements for anion� � �� interactions (Gamez, 2014; Giese et al., 2015; Bauza et al., 2016), � should be <
100�. However, see interaction #42, ranked by AIM as the strongest among the anion� � �� interactions.

Code Zn—Cl� � �Cg Cl� � �Cg (Å) d (Å) � (�) � (�) �n 100
(r) (a.u.) 10r2
(r) (a.u.)

#37 Zn1—Cl11� � �Cg3Bv 3.449 3.358 15.10 82.3 �4 0.93 0.29
#38 Zn1—Cl11� � �Cg1Aii 3.746 3.324 28.65 97.1 �3 0.95 0.31
#39 Zn2—Cl22� � �Cg3Bix 3.741 3.739 11.01 79.8 �2 0.43 0.12
#40 Zn2—Cl23� � �Cg2A 3.764 3.292 33.82 98.9 �2 0.94 0.29
#41 Zn2—Cl23� � �Cg5B 3.843 3.461 27.01 95.3 �3 0.67 0.20
#42 Zn2—Cl24� � �Cg2Bix 3.838 3.275 37.42 104.5 �2 0.97 0.28
#43 Zn3—Cl31� � �Cg3Ai 3.776 3.427 32.24 94.4 �2 0.86 0.23
#44 Zn3—Cl32� � �Cg5Aiv 3.650 3.410 21.52 88.7 �3 0.83 0.22

Symmetry codes: (i) �x + 1, �y + 1, �z + 1; (ii) �x + 1, �y + 1, �z + 2; (iv) �x, �y + 1, �z + 1; (v) �x + 2, �y + 1, �z + 2; (ix) �x + 1, �y, �z + 1.
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or charged [�+] ones) and a diversity of Cl� anions giving rise

to a number of so-called anion� � �� interactions. Even after

having been detected and described for years, it is only

recently that these anion� � �� contacts have been given full

credit as relevant noncovalent interactions, and have accord-

ingly received due theoretical attention (Giese et al., 2015;

Gamez, 2014; Bauza et al., 2016). Their systematic study led to

the development of a number of ‘working rules’ which enabled

the analysis of any particular geometrical anion� � �� disposi-

tion, permitting its acceptance (or rejection) as a feasible
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Figure 3
A combined version of Figs. 2(c) and 2(d), showing the collective bridging action of all three tcz cations in the [111] direction.

Figure 4
(a)/(b) Anion� � �� interactions in (II), with no �-stacking. (c)/(d) Anion� � ��–� interactions.
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interaction worthy of analysis. In Table 5 and the supporting

information (xSI4), we present these rules, as well as the

interactions in (II) which have passed this ‘geometrical

screening’. In particular, a confirmation of the relevance of

these anion� � �� interactions can be grasped from a search in

the CSD, which afforded about 80000 similar Cl� � �� inter-

actions (as defined by the CSD default values), showing a

population maximum (or mode) of the X—Cl� � �C distance at

�3.62 Å, while the mean value in the present structure is

3.41 (14) Å. Figs. 4 and 5 present a detailed description of the

way in which the tcz anions are connected with the (ITPH3)
3+

cations through these interactions, either on their own (as

simple anion� � �� interactions; Figs. 4a and 4b) or in

conjunction with �-stacking in what could be called ‘combined

anion� � ��–� interactions’ (Figs. 4c and 4d) or more complex

still, ‘anion� � ��–�� � �anion’ interactions (Fig. 5). All three �-
stacking interactions presented in Table 4 appear in these

combined forms. At first glance, the different types of [XCl4]
2�

anions (X = Fe, Co, Ni, Cu, Zn, Ga, etc.) appear to be well

suited for this type of interaction. The CSD was searched and

the results are summarized in Fig. 6, sorted according to the

increasing complexity of the interactions, in the same way as

those appearing in Figs. 4 and 5. It is apparent that the

frequency with which each type is found (Fig. 6 caption)

decreases with increasing complexity, and, in particular, pair-

wise interactions involving covalently bonded rings are

significantly rarer (Fig. 6, bottom). For the case where there is

one single anion on each side of the centrosymmetric array

(d1), there are three cases reported in the CSD (see Fig. 6 for

details); for the remaining one, instead, with two independent

anions at each side, i.e. (d2), there are no examples in the CSD,

the present structure (II) being the first to be reported.

Up to this stage, we had fully characterized and analyzed in

detail each interaction in the complete #1 to #43 set, with due

assessment of their absolute and relative importance on

individual terms. But even so, there are no clear clues as to

which type of interaction (if any at all) is mainly responsible

for the crystal stability, much in the same way as individual

trees may eventually hide the forest. An alternative, global
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Figure 5
Anion� � ��–�� � �anion interactions in (II).

Figure 6
The frequency with which different types of anion� � �� patterns appear in the literature. (a) 904 cases, (b) 199 cases, (c) 24 cases, (d1) 3 cases [CSD
refcodes AWEJUH and PINNUV01 (Zhang et al., 2003) and GEPYIJ10 (Constable et al., 1991)] and (d2) 1 case [structure (II), this work]. Orange circles
represent inversion centres.
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analysis was thus needed and we found in ER (presented in

x2.3) an adequate approach which produced some unexpected

results.

3.2. Hirshfeld surface and enrichment ratio (ER) analysis

3.2.1. The global contacts. The computed Hirshfeld

surfaces and the corresponding enrichment ratios of the con-

tacts in the global structure are shown in Table 6, where the H

atoms bound to carbon (HC), nitrogen (HN) and oxygen

(HOH) are differentiated. As expected, the most important

contributions to the global surface (taking into account the

inner and outer surfaces) are provided by the C (26.15%), Cl

(33.48%) and HC (27.00%) species. In addition, there are

some further favoured enrichment ratios which appear

reasonable, viz. those involving the chloride anions [HOH� � �Cl
(1.99), HC� � �Cl (1.92) and HN� � �Cl (1.73)] and the O atom of

the water molecule (HN� � �O 18.19). For the special case of the

enriched HC� � �Zn interaction (2.48), it has been suggested

that this results from the closeness of the relevant HC� � �Cl
interactions (El Glaoui et al., 2017). A surprising fact,

however, was to find an increase in the enrichment ratio of

contacts between atoms of the (ITPH3)
3+ cations [C� � �C (1.47)

and C� � �N (2.25); Table 6], compared with those of neutral

free (I) [C� � �C (1.17) and C� � �N (0.92); Table 7], despite the

former having an ab initio drawback, viz. the electrostatic

repulsion between charges of same the sign.

3.2.2. The cationic contacts. In an attempt to highlight the

reasons for this unexpected enrichment of the C� � �C and

C� � �N contacts involving the (ITPH3)
3+ cations, we separately

evaluated the Hirshfeld surfaces of the two organic cations

(Figs. 7 and 8). Tables SI5a and SI5b (see supporting infor-

mation) show the surface composition of (ITPH3)
3+ cations A

and B, respectively. Both structures present a very similar

distribution of the Hirshfeld surface (adding the inner and

outer surfaces), where the C, Cl and HC species are the most

relevant (A: 35.34, 23.58 and 27.90%; B: 32.64, 25.76 and

30.54%, respectively). The similarities are also present when

the values of the enrichment ratios (due only to inter-

molecular interactions between the organic fragments) are

compared (Tables SI5a and SI5b in the supporting informa-

tion). Thus, in both cations, the magnitude of the most strongly

enriched contacts, i.e. C� � �C (A 1.54 and B 1.35) and C� � �N (A

2.19 and B 1.88), are comparable, those in cation A being only

slightly larger than those in cation B and with C� � �N inter-

actions being the most favoured. With these precedents, a

puzzling situation appears when �–� interactions are consid-

ered (Table 4), in which all five rings in cation A participate,

while this is true of only a single ring of cation B (Cg1B). This

should, in principle, be reflected in a pronounced difference in

the ER values for the C� � �C and C� � �N contacts (A > B),

something which is far from what is observed. On the other

hand, an even more different situation exists when the number

of anion� � �� interactions are compared; there are four on the

surface of cation A and four on the surface of cation B

(Table 5). This is consistent with the driving force for the

crystal packing of (II) being strongly influenced by anion� � ��
interactions, where the Cl� anions are attracted by the cationic

aromatic rings reducing the strong cationic charge–charge

repulsion and in some way favouring the C� � �C and mainly the

C� � � N contacts, which denotes a reorientation of the �–�
interactions with respect to the situation in the unprotonated

moieties.

These observations indicated a preferred orientation of the

cationic �–� contacts that could be explained by visualizing

the distribution of the positive charge on protonation. In this

regard, the atomic and ring NBO (natural bond order) charges

for a series of aromatic N-heterocyclic compounds, both

neutral and protonated, have been calculated recently by

Maclagan and co-workers (Maclagan et al., 2015). Remark-

ably, it was concluded that in all protonated ions both the
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Table 6
Hirshfeld contact surfaces and enrichment ratios (ERs) for
(ITPH3)2[ZnCl4]3�H2O, computed around the two (ITPH3)

3+ cations (A
and B), the three [ZnCl4]

2� anions and the water molecule.

The first column corresponds to ‘interior’ atoms; the remaining columns to
‘exterior’ ones. The reported values correspond to the (merged) reciprocal
contacts.

C N O Cl Zn HC HN HOH

Actual contacts (merged) (%)
C 10.01
N 2.94 0.00
O 0.16 0.02 0.00
Cl 18.62 1.44 0.00 2.02
Zn 1.54 0.00 0.00 0.31 0.00
HC 7.74 0.62 0.25 34.66 4.49 2.40
HN 0.92 0.00 1.62 5.03 0.15 0.76 0.00
HOH 0.35 0.00 0.00 2.86 0.20 0.67 0.21 0.00

Surface interior (%) 27.32 2.71 0.99 32.20 3.19 27.18 4.30 2.10
Surface exterior (%) 24.98 2.30 1.05 34.76 3.51 26.81 4.38 2.20

Enrichment ratios (merged)
C 1.47
N 2.25 0.00
O 0.30 0.45 0.00
Cl 1.06 0.85 0.00 0.18
Zn 0.88 0.00 0.00 0.14 0.00
HC 0.55 0.46 0.45 1.92 2.48 0.33
HN 0.41 0.00 18.19 1.73 0.50 0.32 0.00
HOH 0.31 0.00 0.00 1.99 1.42 0.58 1.14 0.00

Table 7
Hirshfeld contact surfaces and enrichment ratios for ITP.

The first column corresponds to ‘interior’ atoms; the remaining columns to
‘exterior’ ones. The reported values correspond to the (merged) reciprocal
contacts.

C N HC

Actual contacts (merged) (%)
C 21.45
N 7.05 0.25
HC 35.69 10.40 25.16

Surface interior (%) 44.42 9.11 46.47
Surface exterior (%) 41.22 8.84 49.94

Enrichment ratios (merged)
C 1.17
N 0.92 0.31
HC 0.86 1.20 1.08
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N—H hydrogen and the N—H nitrogen carry almost a

constant charge ‘q’, with an average of q(H) = 0.43 � 0.01 and

q(N) = �0.46 � 0.1. Furthermore, the remaining positive

charge, i.e. 0.57 � 0.01 unit charge from the full proton, is

dispersed over the rest of the aromatic rings, i.e. over the C

and H atoms. Another surprising result is that the N atom

maintains almost without change its preponderance as the

higher negative charge when passing from the neutral species

to the ionic one. In fact, the q(N) values of the neutral base are

not significantly different from those when it is protonated,

e.g. in the pyridine(�0.45)/pyridineH+(�0.44) and quinoline/

(�0.45)/quinolineH+(�0.44) pairs. These results permit us to

attribute the great enrichment of the cationic C� � �N interac-

tions to the increase in the positive charge on the C atoms and

to the almost unchanged negative charge on the N atoms. On

the other hand, the fact that the positive charge (0.57 � 0.01

unit charge) is dispersed towards the C and H atoms of the

aromatic hydrocarbon rings explains the abundance, firstly, of

the anion� � �� interactions and, secondly, of those around the

periphery of the planes of the aromatic rings, namely the

HC� � �Cl interactions.
3.2.3. The anionic contacts (Hirshfeld surfaces and AIM

analysis). The percent contributions to the Hirshfeld surface of

the [ZnCl4]
2�� � �X contacts involving the three anions (taken

individually) are shown in Table 8. The two most important

contributions that are observed in the exterior surfaces come

from weak [ZnCl4]
2�� � �HC interactions, with an average of

52.81%, and the other most frequent contacts are the impor-
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Figure 8
Hirshfeld surface of (ITPH3)

3+ cation B and the most relevant species on the surface, showing (a) the surface coloured according to the interior atoms,
(b) the surface coloured according to the exterior atoms and (c) the orientation of the structure inside the surface. Colour key: HC grey, HN/O light blue,
C dark brown, N blue, Cl� green, O red and Zn purple.

Figure 7
Hirshfeld surface of (ITPH3)

3+ cation A and the most relevant species on the surface, showing (a) the surface coloured according to the interior atoms,
(b) the surface coloured according to the exterior atoms and (c) the orientation of the structure inside the surface. Colour key: HC grey, HN/O light blue,
C dark brown, N blue, Cl� green, O red and Zn purple.
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tant [ZnCl4]
2�� � �C interactions, with an average of 26.87%.

Furthermore, Tables 3–5 show that Cl� � �X interactions (as

evaluated by AIM) are relevant when compared to the

remaining interactions in the system. With typical values of

�1.00 a.u., even if they are ranked second to N—H� � �O (�2.5

a.u.), they appear to be of similar strength to many C—H� � �Cl
interactions and significantly stronger than �–� interactions

(�0.5 a.u.). Thus, the Cl� � �X interactions show an individual

relevance, which, in addition to the large number of these

contacts, enhance their importance in crystal structure stabi-

lization.

4. Conclusions

The structural study of the new protonated terpyridine-based

compound, (ITPH3)2[ZnCl4]3�H2O, (II), presenting five inde-

pendent ionic entities, i.e. two (ITPH3)
3+ cations and three

[ZnCl4]
2� anions, demonstrates the concerted way in which a

variety of noncovalent interactions, viz. hydrogen bonding,

anion� � �� and �–� stacking, participate in the crystal packing.

The repulsive nature of the �–� stacking between the triply

protonated (ITPH3)
3+ cations is counteracted by the [ZnCl4]

2�

anions through abundant peripheral hydrogen bonding and

anion� � �� interactions involving the ring planes. These latter

interactions are involved in several types of arrangements,

either without �-stacking (as simple anion� � ��) or more

complex ones with �–� stacking in the acceptors (as

anion� � ��–� and the rare case of anion� � ��–�� � �anion).
From a theoretical point of view, the unexpectedly large

enrichment ratios (ER) of the cationic C� � �N contacts

observed in (II) can be understood in the light of their

correlation with the atomic and ring NBO charges. On the

other hand, with regard to the significance of the not-so-

frequent Cl� � �� interactions in the structure stabilization,

AIM results tell us that even if they rank second with respect

to N—H� � �O interactions, they are comparable to many C—

H� � �Cl interactions in the structure and significantly stronger

than �–� interactions.
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Table 8
Hirshfeld contact surfaces (%) for the [ZnCl4]

2�� � �X contacts.

Surface C N O Cl Zn HC HN HOH

Zn1 interior 0.00 0.00 0.00 90.99 9.01 0.00 0.00 0.00
Zn1 exterior 20.61 3.11 0.00 8.13 1.37 51.37 9.80 5.61
Zn2 interior 0.00 0.00 0.00 91.34 8.66 0.00 0.00 0.00
Zn2 exterior 37.11 0.79 0.00 4.81 0.00 51.61 5.68 0.00
Zn3 interior 0.00 0.00 0.00 89.97 10.03 0.00 0.00 0.00
Zn3 exterior 22.90 1.14 0.00 6.93 0.00 55.46 6.32 7.26
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Crystallographic and computational study of a network composed of [ZnCl4]
2−

anions and triply protonated 4′-functionalized terpyridine cations
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Computing details 

Data collection: CrysAlis PRO (Rigaku Oxford Diffraction, 2015); cell refinement: CrysAlis PRO (Rigaku Oxford 

Diffraction, 2015); data reduction: CrysAlis PRO (Rigaku Oxford Diffraction, 2015); program(s) used to solve structure: 

SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015); molecular graphics: 

SHELXTL (Sheldrick, 2008) and Mercury (Bruno et al., 2002); software used to prepare material for publication: 

SHELXL2014 (Sheldrick, 2015) and PLATON (Spek, 2009).

Bis[4′-(isoquinolin-2-ium-4-yl)-2,2′:6′,2′-terpyridine-1,1′′-diium] tris[tetrachloridozincate(II)] monohydrate 

Crystal data 

(C24H19N4)2[ZnCl4]3·H2O
Mr = 1366.39
Triclinic, P1
a = 11.0485 (6) Å
b = 16.0249 (8) Å
c = 16.4318 (7) Å
α = 100.824 (4)°
β = 103.574 (4)°
γ = 102.737 (4)°
V = 2668.9 (2) Å3

Z = 2
F(000) = 1372
Dx = 1.700 Mg m−3

Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 4044 reflections
θ = 3.5–28.4°
µ = 1.98 mm−1

T = 150 K
Prism, colourless
0.30 × 0.25 × 0.20 mm

Data collection 

Rigaku Xcalibur Sapphire3 
diffractometer

Radiation source: fine-focus sealed X-ray tube, 
Enhance (Mo) X-ray Source

Graphite monochromator
ω scans
Absorption correction: multi-scan 

CrysAlisPro 1.171.38.41r (Rigaku Oxford 
Diffraction, 2015)

Tmin = 0.54, Tmax = 0.70
29335 measured reflections
12387 independent reflections
9230 reflections with I > 2σ(I)
Rint = 0.049
θmax = 28.9°, θmin = 3.3°
h = −14→13
k = −21→20
l = −22→22

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.043
wR(F2) = 0.092
S = 0.93
12387 reflections

673 parameters
9 restraints
Hydrogen site location: mixed
H atoms treated by a mixture of independent 

and constrained refinement
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w = 1/[σ2(Fo
2) + (0.0298P)2 + 4.101P] 

where P = (Fo
2 + 2Fc

2)/3
(Δ/σ)max = 0.001

Δρmax = 0.66 e Å−3

Δρmin = −0.48 e Å−3

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 

x y z Uiso*/Ueq

Zn1 0.74573 (4) 0.87831 (3) 0.94630 (2) 0.01807 (10)
Cl11 0.79844 (8) 0.84870 (5) 1.07678 (5) 0.01833 (17)
Cl12 0.85218 (8) 1.01854 (5) 0.94663 (5) 0.01772 (17)
Cl13 0.52863 (8) 0.87294 (6) 0.90934 (5) 0.02331 (19)
Cl14 0.78516 (10) 0.78122 (6) 0.84490 (6) 0.0287 (2)
Zn2 0.28439 (4) 0.19736 (2) 0.56472 (2) 0.01446 (9)
Cl21 0.19816 (8) 0.24136 (5) 0.67270 (5) 0.01877 (18)
Cl22 0.17120 (8) 0.20948 (6) 0.43425 (5) 0.01898 (18)
Cl23 0.49308 (8) 0.28265 (5) 0.59620 (5) 0.01552 (17)
Cl24 0.28899 (8) 0.05541 (5) 0.55881 (5) 0.01903 (18)
Zn3 −0.04607 (4) 0.44630 (3) 0.25013 (2) 0.01746 (10)
Cl31 −0.00734 (9) 0.44474 (6) 0.12015 (5) 0.02125 (18)
Cl32 −0.26513 (8) 0.40361 (6) 0.23286 (5) 0.01881 (18)
Cl33 0.02092 (9) 0.33585 (6) 0.30103 (6) 0.0259 (2)
Cl34 0.05301 (9) 0.58200 (6) 0.33859 (5) 0.0258 (2)
N1A 0.4258 (3) 0.36566 (18) 0.98779 (17) 0.0160 (6)
H1NA 0.492 (2) 0.346 (2) 0.996 (2) 0.019*
N2A 0.5850 (3) 0.37384 (17) 0.88918 (17) 0.0147 (6)
N3A 0.7740 (3) 0.30000 (18) 0.93739 (18) 0.0169 (6)
H3NA 0.719 (3) 0.306 (2) 0.965 (2) 0.020*
N4A 0.6751 (3) 0.63017 (18) 0.64108 (18) 0.0173 (6)
H4NA 0.743 (2) 0.6668 (18) 0.641 (2) 0.021*
C1A 0.3542 (3) 0.3561 (2) 1.0424 (2) 0.0176 (7)
H1A 0.3761 0.3270 1.0852 0.021*
C2A 0.2488 (3) 0.3889 (2) 1.0359 (2) 0.0192 (7)
H2A 0.1982 0.3822 1.0734 0.023*
C3A 0.2198 (3) 0.4327 (2) 0.9712 (2) 0.0200 (7)
H3A 0.1499 0.4568 0.9659 0.024*
C4A 0.2948 (3) 0.4405 (2) 0.9148 (2) 0.0173 (7)
H4A 0.2743 0.4688 0.8711 0.021*
C5A 0.3999 (3) 0.4064 (2) 0.9234 (2) 0.0135 (7)
C6A 0.4916 (3) 0.4129 (2) 0.8702 (2) 0.0141 (7)
C7A 0.4803 (3) 0.4589 (2) 0.8062 (2) 0.0145 (7)
H7A 0.4131 0.4850 0.7945 0.017*
C8A 0.5708 (3) 0.4653 (2) 0.76012 (19) 0.0137 (7)
C9A 0.6699 (3) 0.4252 (2) 0.78013 (19) 0.0144 (7)
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H9A 0.7325 0.4284 0.7508 0.017*
C10A 0.6733 (3) 0.3801 (2) 0.8450 (2) 0.0152 (7)
C11A 0.7741 (3) 0.3348 (2) 0.8686 (2) 0.0150 (7)
C12A 0.8665 (3) 0.3246 (2) 0.8263 (2) 0.0185 (7)
H12A 0.8705 0.3486 0.7793 0.022*
C13A 0.9534 (3) 0.2780 (2) 0.8550 (2) 0.0231 (8)
H13A 1.0149 0.2699 0.8264 0.028*
C14A 0.9491 (3) 0.2439 (2) 0.9252 (2) 0.0243 (8)
H14A 1.0068 0.2125 0.9442 0.029*
C15A 0.8587 (3) 0.2568 (2) 0.9667 (2) 0.0218 (8)
H15A 0.8560 0.2355 1.0153 0.026*
C16A 0.5655 (3) 0.5178 (2) 0.6940 (2) 0.0142 (7)
C17A 0.6759 (3) 0.5770 (2) 0.6971 (2) 0.0162 (7)
H17A 0.7530 0.5815 0.7378 0.019*
C18A 0.5681 (3) 0.6284 (2) 0.5834 (2) 0.0188 (7)
H18A 0.5712 0.6671 0.5478 0.023*
C19A 0.4502 (3) 0.5686 (2) 0.5757 (2) 0.0159 (7)
C20A 0.3357 (3) 0.5666 (2) 0.5144 (2) 0.0206 (8)
H20A 0.3377 0.6059 0.4794 0.025*
C21A 0.2218 (4) 0.5067 (2) 0.5066 (2) 0.0226 (8)
H21A 0.1457 0.5060 0.4671 0.027*
C22A 0.2196 (3) 0.4459 (2) 0.5583 (2) 0.0191 (7)
H22A 0.1420 0.4045 0.5517 0.023*
C23A 0.3293 (3) 0.4465 (2) 0.6180 (2) 0.0160 (7)
H23A 0.3261 0.4050 0.6506 0.019*
C24A 0.4473 (3) 0.5097 (2) 0.63051 (19) 0.0134 (7)
N1B 0.6444 (3) 0.07957 (18) 0.83412 (17) 0.0150 (6)
H1NB 0.706 (2) 0.056 (2) 0.845 (2) 0.018*
N2B 0.8062 (3) 0.06720 (17) 0.73738 (16) 0.0141 (6)
N3B 0.9733 (3) −0.02531 (19) 0.78502 (18) 0.0177 (6)
H3NB 0.919 (3) −0.015 (2) 0.811 (2) 0.021*
N4B 0.8957 (3) 0.25376 (19) 0.43406 (18) 0.0169 (6)
H4NB 0.9668 (19) 0.276 (2) 0.425 (2) 0.020*
C1B 0.5685 (3) 0.0794 (2) 0.8869 (2) 0.0171 (7)
H1B 0.5861 0.0558 0.9345 0.021*
C2B 0.4653 (3) 0.1139 (2) 0.8707 (2) 0.0195 (7)
H2B 0.4110 0.1127 0.9062 0.023*
C3B 0.4431 (3) 0.1505 (2) 0.8011 (2) 0.0183 (7)
H3B 0.3736 0.1746 0.7895 0.022*
C4B 0.5245 (3) 0.1513 (2) 0.7480 (2) 0.0164 (7)
H4B 0.5101 0.1765 0.7013 0.020*
C5B 0.6268 (3) 0.1145 (2) 0.76484 (19) 0.0141 (7)
C6B 0.7188 (3) 0.1097 (2) 0.71316 (19) 0.0132 (7)
C7B 0.7108 (3) 0.1476 (2) 0.6429 (2) 0.0139 (7)
H7B 0.6504 0.1789 0.6297 0.017*
C8B 0.7948 (3) 0.1378 (2) 0.5929 (2) 0.0138 (7)
C9B 0.8877 (3) 0.0947 (2) 0.6187 (2) 0.0154 (7)
H9B 0.9468 0.0881 0.5876 0.018*
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C10B 0.8919 (3) 0.0613 (2) 0.6918 (2) 0.0135 (7)
C11B 0.9874 (3) 0.0131 (2) 0.7199 (2) 0.0140 (7)
C12B 1.0883 (3) 0.0055 (2) 0.6864 (2) 0.0174 (7)
H12B 1.1017 0.0325 0.6426 0.021*
C13B 1.1702 (3) −0.0425 (2) 0.7182 (2) 0.0203 (8)
H13B 1.2380 −0.0484 0.6951 0.024*
C14B 1.1517 (4) −0.0818 (2) 0.7839 (2) 0.0244 (8)
H14B 1.2062 −0.1143 0.8053 0.029*
C15B 1.0514 (3) −0.0720 (2) 0.8171 (2) 0.0229 (8)
H15B 1.0375 −0.0976 0.8616 0.028*
C16B 0.7860 (3) 0.1736 (2) 0.5153 (2) 0.0133 (7)
C17B 0.8985 (3) 0.2176 (2) 0.5026 (2) 0.0163 (7)
H17B 0.9776 0.2227 0.5414 0.020*
C18B 0.7858 (3) 0.2519 (2) 0.3786 (2) 0.0182 (7)
H18B 0.7882 0.2809 0.3348 0.022*
C19B 0.6669 (3) 0.2071 (2) 0.3855 (2) 0.0147 (7)
C20B 0.5502 (3) 0.2018 (2) 0.3239 (2) 0.0190 (7)
H20B 0.5523 0.2306 0.2799 0.023*
C21B 0.4348 (3) 0.1546 (2) 0.3291 (2) 0.0201 (8)
H21B 0.3579 0.1520 0.2893 0.024*
C22B 0.4322 (3) 0.1101 (2) 0.3946 (2) 0.0189 (7)
H22B 0.3530 0.0775 0.3973 0.023*
C23B 0.5437 (3) 0.1133 (2) 0.4549 (2) 0.0152 (7)
H23B 0.5393 0.0820 0.4969 0.018*
C24B 0.6651 (3) 0.1637 (2) 0.45367 (19) 0.0123 (6)
O1W 0.6211 (2) 0.29045 (16) 1.04752 (15) 0.0204 (5)
H1WA 0.668 (3) 0.3251 (18) 1.0996 (11) 0.031*
H1WB 0.579 (3) 0.2402 (13) 1.057 (2) 0.031*

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

Zn1 0.0231 (2) 0.0182 (2) 0.0170 (2) 0.00700 (17) 0.00999 (17) 0.00704 (16)
Cl11 0.0191 (4) 0.0225 (4) 0.0185 (4) 0.0096 (3) 0.0083 (3) 0.0091 (3)
Cl12 0.0170 (4) 0.0205 (4) 0.0189 (4) 0.0065 (3) 0.0055 (3) 0.0107 (3)
Cl13 0.0203 (5) 0.0270 (5) 0.0210 (4) 0.0024 (4) 0.0039 (3) 0.0097 (4)
Cl14 0.0468 (6) 0.0231 (5) 0.0232 (5) 0.0114 (4) 0.0210 (4) 0.0065 (4)
Zn2 0.0143 (2) 0.01442 (19) 0.01503 (19) 0.00396 (16) 0.00357 (15) 0.00529 (15)
Cl21 0.0193 (4) 0.0208 (4) 0.0195 (4) 0.0071 (3) 0.0087 (3) 0.0071 (3)
Cl22 0.0155 (4) 0.0244 (4) 0.0178 (4) 0.0057 (3) 0.0031 (3) 0.0090 (3)
Cl23 0.0146 (4) 0.0148 (4) 0.0168 (4) 0.0034 (3) 0.0032 (3) 0.0059 (3)
Cl24 0.0249 (5) 0.0134 (4) 0.0207 (4) 0.0052 (3) 0.0096 (3) 0.0053 (3)
Zn3 0.0154 (2) 0.0216 (2) 0.0173 (2) 0.00586 (17) 0.00472 (16) 0.00865 (17)
Cl31 0.0248 (5) 0.0227 (4) 0.0178 (4) 0.0059 (4) 0.0090 (3) 0.0060 (3)
Cl32 0.0161 (4) 0.0232 (4) 0.0187 (4) 0.0084 (3) 0.0049 (3) 0.0055 (3)
Cl33 0.0179 (5) 0.0341 (5) 0.0375 (5) 0.0120 (4) 0.0125 (4) 0.0256 (4)
Cl34 0.0297 (5) 0.0252 (5) 0.0189 (4) 0.0021 (4) 0.0060 (4) 0.0048 (4)
N1A 0.0152 (15) 0.0159 (14) 0.0166 (14) 0.0028 (12) 0.0056 (12) 0.0036 (12)
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N2A 0.0129 (14) 0.0135 (14) 0.0176 (14) 0.0017 (11) 0.0055 (11) 0.0043 (11)
N3A 0.0154 (16) 0.0149 (14) 0.0200 (15) 0.0059 (12) 0.0039 (12) 0.0028 (12)
N4A 0.0167 (16) 0.0170 (15) 0.0213 (15) 0.0013 (12) 0.0110 (13) 0.0090 (12)
C1A 0.0207 (19) 0.0145 (17) 0.0153 (16) −0.0010 (14) 0.0062 (14) 0.0039 (14)
C2A 0.0178 (18) 0.0184 (18) 0.0181 (17) −0.0013 (14) 0.0078 (14) 0.0009 (14)
C3A 0.0165 (18) 0.0183 (18) 0.0246 (18) 0.0046 (15) 0.0074 (15) 0.0024 (15)
C4A 0.0148 (17) 0.0179 (17) 0.0200 (17) 0.0020 (14) 0.0072 (14) 0.0066 (14)
C5A 0.0131 (17) 0.0116 (16) 0.0138 (15) 0.0004 (13) 0.0027 (13) 0.0034 (13)
C6A 0.0133 (17) 0.0128 (16) 0.0143 (16) 0.0018 (13) 0.0044 (13) 0.0010 (13)
C7A 0.0128 (17) 0.0139 (16) 0.0157 (16) 0.0034 (13) 0.0022 (13) 0.0039 (13)
C8A 0.0165 (17) 0.0117 (15) 0.0108 (15) 0.0026 (13) 0.0029 (13) 0.0006 (13)
C9A 0.0125 (17) 0.0159 (16) 0.0117 (15) 0.0013 (13) 0.0023 (13) 0.0006 (13)
C10A 0.0140 (17) 0.0125 (16) 0.0144 (16) 0.0013 (13) −0.0007 (13) 0.0010 (13)
C11A 0.0147 (17) 0.0101 (15) 0.0166 (16) 0.0002 (13) 0.0021 (13) 0.0017 (13)
C12A 0.0142 (17) 0.0164 (17) 0.0222 (18) 0.0017 (14) 0.0042 (14) 0.0032 (14)
C13A 0.0161 (18) 0.0146 (17) 0.034 (2) 0.0026 (14) 0.0048 (16) −0.0006 (16)
C14A 0.0153 (18) 0.0150 (17) 0.040 (2) 0.0062 (15) 0.0020 (16) 0.0058 (16)
C15A 0.0208 (19) 0.0152 (17) 0.0275 (19) 0.0054 (15) 0.0019 (15) 0.0074 (15)
C16A 0.0183 (18) 0.0145 (16) 0.0124 (15) 0.0067 (14) 0.0080 (13) 0.0025 (13)
C17A 0.0163 (18) 0.0210 (18) 0.0139 (16) 0.0072 (14) 0.0060 (13) 0.0060 (14)
C18A 0.024 (2) 0.0209 (18) 0.0162 (17) 0.0097 (15) 0.0093 (15) 0.0077 (14)
C19A 0.0199 (18) 0.0161 (17) 0.0150 (16) 0.0079 (14) 0.0079 (14) 0.0046 (13)
C20A 0.024 (2) 0.0208 (18) 0.0193 (17) 0.0085 (16) 0.0065 (15) 0.0079 (15)
C21A 0.022 (2) 0.030 (2) 0.0147 (17) 0.0101 (16) 0.0020 (14) 0.0034 (15)
C22A 0.0174 (18) 0.0178 (17) 0.0172 (17) 0.0001 (14) 0.0031 (14) 0.0013 (14)
C23A 0.0193 (18) 0.0127 (16) 0.0148 (16) 0.0049 (14) 0.0044 (14) 0.0011 (13)
C24A 0.0162 (17) 0.0149 (16) 0.0074 (14) 0.0039 (13) 0.0046 (12) −0.0018 (13)
N1B 0.0165 (15) 0.0167 (15) 0.0160 (14) 0.0083 (12) 0.0067 (12) 0.0066 (12)
N2B 0.0151 (15) 0.0131 (14) 0.0135 (13) 0.0037 (11) 0.0043 (11) 0.0018 (11)
N3B 0.0180 (16) 0.0228 (16) 0.0167 (15) 0.0078 (13) 0.0079 (12) 0.0091 (13)
N4B 0.0130 (15) 0.0207 (15) 0.0184 (14) 0.0022 (12) 0.0074 (12) 0.0076 (12)
C1B 0.0191 (18) 0.0204 (18) 0.0164 (16) 0.0061 (15) 0.0097 (14) 0.0090 (14)
C2B 0.0175 (18) 0.0237 (19) 0.0187 (17) 0.0054 (15) 0.0093 (14) 0.0041 (15)
C3B 0.0155 (18) 0.0223 (18) 0.0186 (17) 0.0080 (15) 0.0044 (14) 0.0061 (15)
C4B 0.0171 (18) 0.0192 (17) 0.0125 (16) 0.0044 (14) 0.0030 (13) 0.0053 (14)
C5B 0.0162 (17) 0.0149 (16) 0.0093 (15) 0.0017 (14) 0.0036 (13) 0.0016 (13)
C6B 0.0136 (17) 0.0131 (16) 0.0113 (15) 0.0017 (13) 0.0044 (13) 0.0007 (13)
C7B 0.0132 (17) 0.0138 (16) 0.0167 (16) 0.0048 (13) 0.0079 (13) 0.0029 (13)
C8B 0.0141 (17) 0.0129 (16) 0.0119 (15) 0.0013 (13) 0.0007 (13) 0.0041 (13)
C9B 0.0144 (17) 0.0164 (17) 0.0149 (16) 0.0013 (14) 0.0076 (13) 0.0019 (13)
C10B 0.0104 (16) 0.0134 (16) 0.0157 (16) 0.0031 (13) 0.0044 (13) 0.0012 (13)
C11B 0.0138 (17) 0.0128 (16) 0.0117 (15) 0.0005 (13) 0.0013 (13) 0.0011 (13)
C12B 0.0214 (19) 0.0167 (17) 0.0191 (17) 0.0071 (15) 0.0106 (14) 0.0084 (14)
C13B 0.0181 (19) 0.0216 (18) 0.0225 (18) 0.0086 (15) 0.0071 (15) 0.0037 (15)
C14B 0.025 (2) 0.026 (2) 0.027 (2) 0.0140 (17) 0.0067 (16) 0.0111 (16)
C15B 0.024 (2) 0.027 (2) 0.0242 (19) 0.0124 (16) 0.0076 (15) 0.0147 (16)
C16B 0.0170 (17) 0.0113 (15) 0.0128 (15) 0.0065 (13) 0.0055 (13) 0.0014 (13)
C17B 0.0151 (17) 0.0174 (17) 0.0157 (16) 0.0037 (14) 0.0031 (13) 0.0056 (14)
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C18B 0.025 (2) 0.0153 (17) 0.0164 (17) 0.0064 (15) 0.0086 (15) 0.0063 (14)
C19B 0.0164 (18) 0.0140 (16) 0.0137 (16) 0.0040 (14) 0.0050 (13) 0.0028 (13)
C20B 0.024 (2) 0.0238 (19) 0.0136 (16) 0.0110 (16) 0.0061 (14) 0.0089 (14)
C21B 0.0171 (18) 0.0253 (19) 0.0145 (16) 0.0075 (15) −0.0005 (14) 0.0013 (15)
C22B 0.0168 (18) 0.0196 (18) 0.0183 (17) 0.0024 (14) 0.0065 (14) 0.0015 (14)
C23B 0.0188 (18) 0.0146 (16) 0.0141 (16) 0.0075 (14) 0.0065 (14) 0.0025 (13)
C24B 0.0149 (17) 0.0105 (15) 0.0119 (15) 0.0049 (13) 0.0048 (13) 0.0005 (12)
O1W 0.0223 (14) 0.0228 (13) 0.0170 (12) 0.0058 (11) 0.0055 (10) 0.0080 (10)

Geometric parameters (Å, º) 

Zn1—Cl14 2.2478 (9) C21A—H21A 0.9300
Zn1—Cl11 2.2537 (9) C22A—C23A 1.365 (5)
Zn1—Cl12 2.2935 (9) C22A—H22A 0.9300
Zn1—Cl13 2.3098 (10) C23A—C24A 1.408 (5)
Zn2—Cl24 2.2709 (9) C23A—H23A 0.9300
Zn2—Cl21 2.2743 (9) N1B—C1B 1.339 (4)
Zn2—Cl22 2.2809 (9) N1B—C5B 1.353 (4)
Zn2—Cl23 2.2885 (9) N1B—H1NB 0.848 (10)
Zn3—Cl34 2.2485 (10) N2B—C6B 1.330 (4)
Zn3—Cl31 2.2713 (9) N2B—C10B 1.347 (4)
Zn3—Cl33 2.2854 (9) N3B—C15B 1.342 (4)
Zn3—Cl32 2.2981 (9) N3B—C11B 1.353 (4)
N1A—C1A 1.337 (4) N3B—H3NB 0.845 (10)
N1A—C5A 1.352 (4) N4B—C18B 1.327 (4)
N1A—H1NA 0.851 (10) N4B—C17B 1.358 (4)
N2A—C6A 1.327 (4) N4B—H4NB 0.847 (10)
N2A—C10A 1.344 (4) C1B—C2B 1.366 (5)
N3A—C15A 1.337 (4) C1B—H1B 0.9300
N3A—C11A 1.351 (4) C2B—C3B 1.377 (5)
N3A—H3NA 0.850 (10) C2B—H2B 0.9300
N4A—C18A 1.321 (4) C3B—C4B 1.392 (5)
N4A—C17A 1.367 (4) C3B—H3B 0.9300
N4A—H4NA 0.846 (10) C4B—C5B 1.382 (4)
C1A—C2A 1.370 (5) C4B—H4B 0.9300
C1A—H1A 0.9300 C5B—C6B 1.475 (4)
C2A—C3A 1.394 (5) C6B—C7B 1.396 (4)
C2A—H2A 0.9300 C7B—C8B 1.391 (4)
C3A—C4A 1.385 (5) C7B—H7B 0.9300
C3A—H3A 0.9300 C8B—C9B 1.389 (4)
C4A—C5A 1.378 (4) C8B—C16B 1.485 (4)
C4A—H4A 0.9300 C9B—C10B 1.399 (4)
C5A—C6A 1.485 (4) C9B—H9B 0.9300
C6A—C7A 1.391 (4) C10B—C11B 1.479 (4)
C7A—C8A 1.386 (4) C11B—C12B 1.373 (4)
C7A—H7A 0.9300 C12B—C13B 1.386 (5)
C8A—C9A 1.393 (4) C12B—H12B 0.9300
C8A—C16A 1.493 (4) C13B—C14B 1.380 (5)
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C9A—C10A 1.393 (4) C13B—H13B 0.9300
C9A—H9A 0.9300 C14B—C15B 1.370 (5)
C10A—C11A 1.475 (4) C14B—H14B 0.9300
C11A—C12A 1.385 (5) C15B—H15B 0.9300
C12A—C13A 1.393 (5) C16B—C17B 1.369 (5)
C12A—H12A 0.9300 C16B—C24B 1.431 (4)
C13A—C14A 1.372 (5) C17B—H17B 0.9300
C13A—H13A 0.9300 C18B—C19B 1.393 (5)
C14A—C15A 1.364 (5) C18B—H18B 0.9300
C14A—H14A 0.9300 C19B—C20B 1.414 (4)
C15A—H15A 0.9300 C19B—C24B 1.427 (4)
C16A—C17A 1.353 (5) C20B—C21B 1.362 (5)
C16A—C24A 1.430 (4) C20B—H20B 0.9300
C17A—H17A 0.9300 C21B—C22B 1.402 (5)
C18A—C19A 1.399 (5) C21B—H21B 0.9300
C18A—H18A 0.9300 C22B—C23B 1.371 (5)
C19A—C20A 1.410 (5) C22B—H22B 0.9300
C19A—C24A 1.422 (4) C23B—C24B 1.411 (4)
C20A—C21A 1.367 (5) C23B—H23B 0.9300
C20A—H20A 0.9300 O1W—H1WA 0.891 (10)
C21A—C22A 1.408 (5) O1W—H1WB 0.893 (10)

Cl14—Zn1—Cl11 111.40 (4) C23A—C22A—H22A 119.4
Cl14—Zn1—Cl12 108.56 (4) C21A—C22A—H22A 119.4
Cl11—Zn1—Cl12 113.15 (3) C22A—C23A—C24A 120.5 (3)
Cl14—Zn1—Cl13 110.21 (4) C22A—C23A—H23A 119.8
Cl11—Zn1—Cl13 108.22 (3) C24A—C23A—H23A 119.8
Cl12—Zn1—Cl13 105.10 (3) C23A—C24A—C19A 118.1 (3)
Cl24—Zn2—Cl21 107.85 (3) C23A—C24A—C16A 124.3 (3)
Cl24—Zn2—Cl22 110.83 (3) C19A—C24A—C16A 117.6 (3)
Cl21—Zn2—Cl22 112.43 (3) C1B—N1B—C5B 123.4 (3)
Cl24—Zn2—Cl23 108.03 (3) C1B—N1B—H1NB 118 (2)
Cl21—Zn2—Cl23 109.70 (3) C5B—N1B—H1NB 119 (2)
Cl22—Zn2—Cl23 107.91 (3) C6B—N2B—C10B 117.8 (3)
Cl34—Zn3—Cl31 108.35 (4) C15B—N3B—C11B 123.2 (3)
Cl34—Zn3—Cl33 113.83 (4) C15B—N3B—H3NB 118 (2)
Cl31—Zn3—Cl33 108.80 (4) C11B—N3B—H3NB 119 (2)
Cl34—Zn3—Cl32 113.05 (4) C18B—N4B—C17B 122.5 (3)
Cl31—Zn3—Cl32 110.43 (3) C18B—N4B—H4NB 119 (2)
Cl33—Zn3—Cl32 102.23 (3) C17B—N4B—H4NB 119 (2)
C1A—N1A—C5A 123.4 (3) N1B—C1B—C2B 120.0 (3)
C1A—N1A—H1NA 116 (2) N1B—C1B—H1B 120.0
C5A—N1A—H1NA 120 (2) C2B—C1B—H1B 120.0
C6A—N2A—C10A 118.2 (3) C1B—C2B—C3B 119.0 (3)
C15A—N3A—C11A 123.4 (3) C1B—C2B—H2B 120.5
C15A—N3A—H3NA 117 (2) C3B—C2B—H2B 120.5
C11A—N3A—H3NA 119 (2) C2B—C3B—C4B 120.0 (3)
C18A—N4A—C17A 122.5 (3) C2B—C3B—H3B 120.0

electronic reprint



supporting information

sup-8Acta Cryst. (2017). C73, 1121-1130    

C18A—N4A—H4NA 115 (2) C4B—C3B—H3B 120.0
C17A—N4A—H4NA 123 (2) C5B—C4B—C3B 119.9 (3)
N1A—C1A—C2A 120.6 (3) C5B—C4B—H4B 120.1
N1A—C1A—H1A 119.7 C3B—C4B—H4B 120.1
C2A—C1A—H1A 119.7 N1B—C5B—C4B 117.7 (3)
C1A—C2A—C3A 117.9 (3) N1B—C5B—C6B 116.9 (3)
C1A—C2A—H2A 121.0 C4B—C5B—C6B 125.3 (3)
C3A—C2A—H2A 121.0 N2B—C6B—C7B 123.5 (3)
C4A—C3A—C2A 120.1 (3) N2B—C6B—C5B 116.0 (3)
C4A—C3A—H3A 119.9 C7B—C6B—C5B 120.5 (3)
C2A—C3A—H3A 119.9 C8B—C7B—C6B 118.9 (3)
C5A—C4A—C3A 120.1 (3) C8B—C7B—H7B 120.6
C5A—C4A—H4A 119.9 C6B—C7B—H7B 120.6
C3A—C4A—H4A 119.9 C9B—C8B—C7B 117.9 (3)
N1A—C5A—C4A 117.8 (3) C9B—C8B—C16B 121.4 (3)
N1A—C5A—C6A 116.1 (3) C7B—C8B—C16B 120.7 (3)
C4A—C5A—C6A 126.0 (3) C8B—C9B—C10B 119.5 (3)
N2A—C6A—C7A 122.9 (3) C8B—C9B—H9B 120.2
N2A—C6A—C5A 115.7 (3) C10B—C9B—H9B 120.2
C7A—C6A—C5A 121.3 (3) N2B—C10B—C9B 122.3 (3)
C8A—C7A—C6A 119.1 (3) N2B—C10B—C11B 116.6 (3)
C8A—C7A—H7A 120.4 C9B—C10B—C11B 121.1 (3)
C6A—C7A—H7A 120.4 N3B—C11B—C12B 118.3 (3)
C7A—C8A—C9A 118.3 (3) N3B—C11B—C10B 116.2 (3)
C7A—C8A—C16A 120.5 (3) C12B—C11B—C10B 125.5 (3)
C9A—C8A—C16A 121.1 (3) C11B—C12B—C13B 119.6 (3)
C8A—C9A—C10A 118.7 (3) C11B—C12B—H12B 120.2
C8A—C9A—H9A 120.7 C13B—C12B—H12B 120.2
C10A—C9A—H9A 120.7 C14B—C13B—C12B 120.4 (3)
N2A—C10A—C9A 122.7 (3) C14B—C13B—H13B 119.8
N2A—C10A—C11A 115.6 (3) C12B—C13B—H13B 119.8
C9A—C10A—C11A 121.7 (3) C15B—C14B—C13B 118.7 (3)
N3A—C11A—C12A 118.1 (3) C15B—C14B—H14B 120.6
N3A—C11A—C10A 116.2 (3) C13B—C14B—H14B 120.6
C12A—C11A—C10A 125.8 (3) N3B—C15B—C14B 119.7 (3)
C11A—C12A—C13A 119.0 (3) N3B—C15B—H15B 120.2
C11A—C12A—H12A 120.5 C14B—C15B—H15B 120.2
C13A—C12A—H12A 120.5 C17B—C16B—C24B 119.1 (3)
C14A—C13A—C12A 120.5 (3) C17B—C16B—C8B 118.4 (3)
C14A—C13A—H13A 119.7 C24B—C16B—C8B 122.5 (3)
C12A—C13A—H13A 119.7 N4B—C17B—C16B 120.7 (3)
C15A—C14A—C13A 119.0 (3) N4B—C17B—H17B 119.6
C15A—C14A—H14A 120.5 C16B—C17B—H17B 119.6
C13A—C14A—H14A 120.5 N4B—C18B—C19B 120.6 (3)
N3A—C15A—C14A 120.0 (3) N4B—C18B—H18B 119.7
N3A—C15A—H15A 120.0 C19B—C18B—H18B 119.7
C14A—C15A—H15A 120.0 C18B—C19B—C20B 120.4 (3)
C17A—C16A—C24A 119.7 (3) C18B—C19B—C24B 118.9 (3)
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C17A—C16A—C8A 118.2 (3) C20B—C19B—C24B 120.6 (3)
C24A—C16A—C8A 122.0 (3) C21B—C20B—C19B 120.0 (3)
C16A—C17A—N4A 120.6 (3) C21B—C20B—H20B 120.0
C16A—C17A—H17A 119.7 C19B—C20B—H20B 120.0
N4A—C17A—H17A 119.7 C20B—C21B—C22B 119.8 (3)
N4A—C18A—C19A 120.3 (3) C20B—C21B—H21B 120.1
N4A—C18A—H18A 119.8 C22B—C21B—H21B 120.1
C19A—C18A—H18A 119.8 C23B—C22B—C21B 121.6 (3)
C18A—C19A—C20A 120.5 (3) C23B—C22B—H22B 119.2
C18A—C19A—C24A 119.1 (3) C21B—C22B—H22B 119.2
C20A—C19A—C24A 120.4 (3) C22B—C23B—C24B 120.5 (3)
C21A—C20A—C19A 119.8 (3) C22B—C23B—H23B 119.7
C21A—C20A—H20A 120.1 C24B—C23B—H23B 119.7
C19A—C20A—H20A 120.1 C23B—C24B—C19B 117.4 (3)
C20A—C21A—C22A 120.0 (3) C23B—C24B—C16B 124.7 (3)
C20A—C21A—H21A 120.0 C19B—C24B—C16B 117.9 (3)
C22A—C21A—H21A 120.0 H1WA—O1W—H1WB 106 (2)
C23A—C22A—C21A 121.2 (3)

C5A—N1A—C1A—C2A −0.7 (5) C5B—N1B—C1B—C2B 1.6 (5)
N1A—C1A—C2A—C3A −0.4 (5) N1B—C1B—C2B—C3B −1.6 (5)
C1A—C2A—C3A—C4A 1.3 (5) C1B—C2B—C3B—C4B 0.5 (5)
C2A—C3A—C4A—C5A −1.2 (5) C2B—C3B—C4B—C5B 0.7 (5)
C1A—N1A—C5A—C4A 0.8 (5) C1B—N1B—C5B—C4B −0.4 (5)
C1A—N1A—C5A—C6A 178.6 (3) C1B—N1B—C5B—C6B 179.9 (3)
C3A—C4A—C5A—N1A 0.1 (5) C3B—C4B—C5B—N1B −0.7 (5)
C3A—C4A—C5A—C6A −177.4 (3) C3B—C4B—C5B—C6B 179.0 (3)
C10A—N2A—C6A—C7A 0.8 (5) C10B—N2B—C6B—C7B 0.5 (5)
C10A—N2A—C6A—C5A −177.8 (3) C10B—N2B—C6B—C5B 179.9 (3)
N1A—C5A—C6A—N2A 3.3 (4) N1B—C5B—C6B—N2B 3.4 (4)
C4A—C5A—C6A—N2A −179.1 (3) C4B—C5B—C6B—N2B −176.3 (3)
N1A—C5A—C6A—C7A −175.3 (3) N1B—C5B—C6B—C7B −177.2 (3)
C4A—C5A—C6A—C7A 2.3 (5) C4B—C5B—C6B—C7B 3.1 (5)
N2A—C6A—C7A—C8A −0.5 (5) N2B—C6B—C7B—C8B 2.7 (5)
C5A—C6A—C7A—C8A 178.0 (3) C5B—C6B—C7B—C8B −176.6 (3)
C6A—C7A—C8A—C9A −0.1 (5) C6B—C7B—C8B—C9B −3.6 (5)
C6A—C7A—C8A—C16A −177.0 (3) C6B—C7B—C8B—C16B 177.4 (3)
C7A—C8A—C9A—C10A 0.4 (4) C7B—C8B—C9B—C10B 1.5 (5)
C16A—C8A—C9A—C10A 177.3 (3) C16B—C8B—C9B—C10B −179.5 (3)
C6A—N2A—C10A—C9A −0.5 (5) C6B—N2B—C10B—C9B −2.8 (5)
C6A—N2A—C10A—C11A −179.5 (3) C6B—N2B—C10B—C11B −179.6 (3)
C8A—C9A—C10A—N2A −0.1 (5) C8B—C9B—C10B—N2B 1.8 (5)
C8A—C9A—C10A—C11A 178.9 (3) C8B—C9B—C10B—C11B 178.5 (3)
C15A—N3A—C11A—C12A 0.3 (5) C15B—N3B—C11B—C12B −1.5 (5)
C15A—N3A—C11A—C10A 179.8 (3) C15B—N3B—C11B—C10B 179.3 (3)
N2A—C10A—C11A—N3A −6.5 (4) N2B—C10B—C11B—N3B 4.3 (4)
C9A—C10A—C11A—N3A 174.5 (3) C9B—C10B—C11B—N3B −172.5 (3)
N2A—C10A—C11A—C12A 173.0 (3) N2B—C10B—C11B—C12B −174.8 (3)
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C9A—C10A—C11A—C12A −6.0 (5) C9B—C10B—C11B—C12B 8.4 (5)
N3A—C11A—C12A—C13A 1.1 (5) N3B—C11B—C12B—C13B 1.6 (5)
C10A—C11A—C12A—C13A −178.3 (3) C10B—C11B—C12B—C13B −179.3 (3)
C11A—C12A—C13A—C14A −1.1 (5) C11B—C12B—C13B—C14B −0.8 (5)
C12A—C13A—C14A—C15A −0.3 (5) C12B—C13B—C14B—C15B −0.2 (5)
C11A—N3A—C15A—C14A −1.8 (5) C11B—N3B—C15B—C14B 0.5 (5)
C13A—C14A—C15A—N3A 1.8 (5) C13B—C14B—C15B—N3B 0.4 (5)
C7A—C8A—C16A—C17A 130.7 (3) C9B—C8B—C16B—C17B −42.9 (4)
C9A—C8A—C16A—C17A −46.1 (4) C7B—C8B—C16B—C17B 136.1 (3)
C7A—C8A—C16A—C24A −46.8 (4) C9B—C8B—C16B—C24B 136.9 (3)
C9A—C8A—C16A—C24A 136.4 (3) C7B—C8B—C16B—C24B −44.1 (4)
C24A—C16A—C17A—N4A 1.1 (5) C18B—N4B—C17B—C16B 2.9 (5)
C8A—C16A—C17A—N4A −176.5 (3) C24B—C16B—C17B—N4B 2.0 (5)
C18A—N4A—C17A—C16A 1.8 (5) C8B—C16B—C17B—N4B −178.2 (3)
C17A—N4A—C18A—C19A −2.2 (5) C17B—N4B—C18B—C19B −4.2 (5)
N4A—C18A—C19A—C20A 179.9 (3) N4B—C18B—C19B—C20B −177.1 (3)
N4A—C18A—C19A—C24A −0.2 (5) N4B—C18B—C19B—C24B 0.6 (5)
C18A—C19A—C20A—C21A 178.7 (3) C18B—C19B—C20B—C21B 177.2 (3)
C24A—C19A—C20A—C21A −1.1 (5) C24B—C19B—C20B—C21B −0.4 (5)
C19A—C20A—C21A—C22A −1.4 (5) C19B—C20B—C21B—C22B −1.1 (5)
C20A—C21A—C22A—C23A 1.3 (5) C20B—C21B—C22B—C23B 0.6 (5)
C21A—C22A—C23A—C24A 1.4 (5) C21B—C22B—C23B—C24B 1.4 (5)
C22A—C23A—C24A—C19A −3.8 (5) C22B—C23B—C24B—C19B −2.8 (4)
C22A—C23A—C24A—C16A 177.2 (3) C22B—C23B—C24B—C16B 177.8 (3)
C18A—C19A—C24A—C23A −176.1 (3) C18B—C19B—C24B—C23B −175.3 (3)
C20A—C19A—C24A—C23A 3.7 (5) C20B—C19B—C24B—C23B 2.3 (5)
C18A—C19A—C24A—C16A 2.9 (4) C18B—C19B—C24B—C16B 4.1 (4)
C20A—C19A—C24A—C16A −177.2 (3) C20B—C19B—C24B—C16B −178.3 (3)
C17A—C16A—C24A—C23A 175.7 (3) C17B—C16B—C24B—C23B 174.0 (3)
C8A—C16A—C24A—C23A −6.9 (5) C8B—C16B—C24B—C23B −5.8 (5)
C17A—C16A—C24A—C19A −3.3 (4) C17B—C16B—C24B—C19B −5.4 (4)
C8A—C16A—C24A—C19A 174.1 (3) C8B—C16B—C24B—C19B 174.8 (3)
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