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iety of coordination compounds, carboxylate 
t a ‘classical’ area which continues attracting 
hers.1–6 From the viewpoint of structural 
 is very attractive because of its enormous 

iscrete mono- and polynuclear7–10 complexes, 
ng dozens of metal atoms,11–16 as  well as 
ers (including MOFs5,6,17–19); heterometallic 
wn as well.2,20–22 Non-covalent interactions 
ing and stacking) play very important role in 

 these compounds: apart of crystal packing, 
embly of certain coordination units. On the 
lecular contacts are responsible for numerous 
erties (such as sensing, especially for MOFs). 
 is not wondering that ability of metal 
 involved in ‘non-classical non-covalent 
en (XB), chalcogen and pnictogen bonding 
resting research task which is on focus of 
ecent works demonstrate23–27 that even 

ogen-substituted arenecarboxylates (such as, 
benzoates) can readily form XB in solid 

we showed28 that 2-iodobenzoate complexes 
he same feature. Continuing this work, we 
te behaviour of Znii 2-iodobenzoate (2-IBA) 
 our best knowledge, were unknown yet (our 
ic was published last year29). 

ent four new Znii complexes – binuclear 
 = Py (1), 3-MePy (2) and 3,5-Me2Py (3)] 

)2[Zn3(2-IBA)6(OH)2] (4) [see Online 
erials (SI) for synthetic details]. Synthetic 
 2 are given in SI. According to XRD,† 1–3 
ewheel structural type (Figure 1), which is 

one of the most common30–32 in chemistry of carboxylate 
complexes (according to CSD data, there are over 1600 structures 
for M = Cuii and about 200 for M = Znii). The Zn···Zn, Zn–O and 
Zn–N distances are listed in Table 1; overall, these data agree 
well with those found in other binuclear Znii carboxylates. 
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itrate with 2-iodobenzoic acid (2-IBA) and 
s result in binuclear Znii carboxylate 
-IBA)4L2], where L = Py, 3-MePy and 
in the case of 2,4,6-Me3Py, trinuclear 
n3(2-IBA)6(OH)2] is formed.

. C38H26I4N2O8Zn2 (M = 1276.95), monoclinic, 
4), b = 15.3117(5) and c = 23.6517(8) Å, 
76.3(2) Å3, Z = 4, m(MoKa) = 4.48 mm–1. Total 
ere collected, and 7353 independent reflections 

(Rint = 0.026) were used in the further refinement. Final R indexes 
[I > 2s(I )]: R1 = 0.028, wR2 = 0.059, GoF = 1.02.
	 Crystal data for 2. C40H30I4N2O8Zn2 (M = 1305.00), monoclinic, 
P21/c, a = 10.4789(5), b = 21.4721(10) and c = 9.5766(4) Å, 
b = 97.893(4)°, V = 2134.36(17) Å3, Z = 2, m(MoKa) = 4.07 mm–1. 
Total of 9830 reflections were collected, and 4052 independent reflections 
(Rint = 0.024) were used in the further refinement. Final R indexes 
[I > 2s(I )]: R1 = 0.030, wR2 = 0.068, GoF = 1.03.
	 Crystal data for 3. C42H34I4N2O8Zn2 (M = 1333.05), monoclinic, space 
group P21/n, a = 3.9466(7), b = 11.0012(6) and c = 14.7094(8) Å, 
b = 105.402(6)°, V = 2175.8(2) Å3, Z = 2, m(MoKa) = 3.99 mm–1. Total 
of 10647 reflections were collected, and 4129 independent reflections 
(Rint = 0.027) were used in the further refinement. Final R indexes 
[I > 2s(I )]: R1 = 0.027, wR2 = 0.062, GoF = 1.08.
	 Crystal data for 4. C58H50I6N2O14Zn3 (M = 1956.51), triclinic, space 
group P1

–
, a = 11.0413(2), b = 12.4026(2) and c = 12.7793(3) Å, 

a = 111.367(2)°, b = 91.582(2)°, g = 100.367(2)°, V = 1594.80(6) Å3, 
Z = 1, m(MoKa) = 4.09 mm–1. Total of 12896 reflections were collected, 
and 6066 independent reflections (Rint = 0.025) were used in the further 
refinement. Final R indexes [I > 2s(I )]: R1 = 0.032, wR2 = 0.068, 
GoF = 1.04.
	 The data were collected at 150 (1, 3, 4) or 140 K (2) on an Agilent 
Xcalibur diffractometer with an area AtlasS2 detector [graphite 
monochromator, m(MoKa) = 0.71073 Å, w-scans]. Absorption correction 
was applied by CrysAlisPro program package (CrysAlisPro 1.171.38.41, 
Rigaku Oxford Diffraction: The Woodlands, TX, USA, 2015). The crystal 
structures were solved using the SHELXT54 and refined using SHELXL55 
programs. Positions of hydrogen atoms of organic ligands were calculated 
geometrically and refined in the riding model. 
	 CCDC 2155379–2155382 contain the supplementary 
crystallographic  data for this paper. These data can be obtained free 
of  charge from The  Cambridge Crystallographic Data Centre via  
http://www.ccdc.cam.ac.uk.



Mendeleev Commun., 2022, 32, 585–587

–  586  –

As follows from XRD data, the I···I and I···O distances in 1 
and 3 exceed the sum of Bondi’s van der Waals radii (3.98 and 
3.50 Å, respectively33). In 2, there are I···I contacts [3.7867(4) Å] 
involving all four 2-IBA ligands (Figure 2), but their geometries 
(C–I–I is 141.09–154.06°) correspond to so-called Type I 
halogen···halogen interactions (packing-induced, not ‘true 
halogen bonding’). 

The use of more sterically hindered pyridine (2,4,6-collidine) 
results in formation of 4 belonging to different, less common 
structural type. In its structure, there are [Zn3(2-IBA)6(OH)2]2– 
anions (Figure 3). Coordination environment of the central 
Zn  is  octahedral; it consists of two μ2-hydroxo ligands  
(Zn–O = 2.038 Å) and four μ2-carboxylates [Zn–O =  
= 2.078(2)–2.174(3) Å]. The neighboring Zn are tetrahedral 
[Zn–OOH = 1.954(3) Å, Zn–OCOO = 1.963(2)–1.976(3) Å]; two 
2-IBA are coordinated in monodentate mode [the longer Zn···O 
distances are 2.712 Å; as it was previously shown by us,34 DFT 
calculations demonstrate the absence of bond critical points 
(3, –1) in such cases. The 2,4,6-Me3PyH+ cations form relatively 
short [1.778(2) Å] hydrogen bond with μ2-OH. Although the 
{Zn3(RCOO)n} pattern is not uncommon, there are few 
compounds revealing close structural similarity: there is only 
one example with μ2-hydroxo ligands;35 the number of 
{Zn3(RCOO)6} complexes is only slightly higher.36–43 

To investigate the nature and quantify the strengths of 
hypothetic noncovalent interactions I···I and I···O in solid state in 
1–4, we performed DFT calculations and topological analysis of 
the electron density distribution within the QTAIM approach44 
(see SI for details; this approach was extensively used by us 

earlier45–48). Results of QTAIM analysis summarized in Table S2 
and graphically presented in Figures S1–S4 (SI; including 
visualization of electron localization functions). Most surprising 
fact is that QTAIM analysis reveals the presence of bond critical 
points (3, –1) for noncovalent interactions I···I and I···O in all 
structures – even in the cases where corresponding distances 
exceed not only Bondi’s, but also Alvarez49 van der Waals radii. 
The energies50 of such interactions are not high (1.7 kcal mol–1 
for 1, 0.9 kcal mol–1 for 3 and 4, see Table 3), but calculations 
confirm their presence unambiguously. Also, as follows from the 
sign of l2 (it is < 0 in all cases), these interactions are  
attractive.51,52 Hirshfeld surface analysis performed for 1–4 
indicates (see SI, Figure S5) that H···H and C···H interatomic 
contacts give the major contributions to crystal packings. 

As follows from PXRD data (see SI), 1–4 were isolated as 
single phases. The solid state photoluminescent spectra of 1–4 
measured at room temperature are shown in SI (Figure S6). The 
main emission peaks of complex 1–3 were observed at 420, 440 
and 460 nm (lex = 380 nm). The fluorescence bands in 1–3 are 
due to intra-ligand p–p* transition. The emission of 4 shows a 
small red shift as compared to 1–3, which can be explained by 
the difference in p-stacking between the aromatic rings of 
different [Zn(L)] units. It is reasonable to assume that ligand-
centered (LC) and/or ligand-to-ligand charge transfer (LLCT) 
processes are responsible for the luminescence properties.53 This 
is also in line with the measured lifetimes of the excited states, 
which are in nanosecond range (Table 2). The quantum yields 
(QY) are in 2.2–4.2% range. The resultant emission colors at 
lex = 380 nm, as displayed on CIE 1931 chromaticity diagrams 
(Figure S6, SI), are blue for 1–3 and blue-green for 4.

This work was supported by Russian Foundation for Basic 
Research (Grant No. 19-43-540005) and, in part, by the Ministry 
of Science and Higher Education of the Russian Federation 
(structural characterization of the samples, 121031700313-8). 
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Figure  3  Structure of [Zn3(2-IBA)6(OH)2]2– anions in 4.
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