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Abstract  

A new Zn(II) complex with the guaninium monodentate ligand, [ZnCl3(C5H6N5O)], has 

been synthesized in aqueous solution and studied by single crystal X-ray diffraction, elemental 

analysis, CP-MAS-NMR and IR spectroscopy. The Zn(II) atom is coordinated in a distorted 

tetrahedral fashion by three chloride anions and one nitrogen atom of the guaninium cation. The 

compound crystallizes in the monoclinic space group P21/n with lattice parameters a = 

8.8411(7), b = 11.7176(5), c = 10.3765(8) Å, β = 100.069(4) °, V = 1058.41(13) Å3 and Z = 4. 

Intermolecular interactions were investigated by Hirshfeld surfaces. Besides the Zn(II) cation 

coordination, the crystal packing is stabilized by intermolecular N-H...O, N-H...Cl- and C-

H...Cl- hydrogen bonds and C…C aromatic stacking which link the molecules into a three-

dimensional network. The regions of strongest negative electrostatic on the Hirshfeld surface 

of guaninium ligand interact with electronegative atoms and vice versa. The 13C and 15N CP-

MAS NMR spectra are discussed and the vibrational absorption bands were identified by 

infrared spectroscopy. The HOMO and LUMO energies and Molecular Electrostatic Potential 

surface were derived from DFT theoretical calculations. 

Keywords: Coordination compound; X-ray diffraction; Hirshfeld surface; CP-MAS-NMR 

spectroscopy; DFT calculations. 

 

1. Introduction 

Over the past decades, there has been a sizable research effort on rational design and elaboration 

of transition-metal complexes due to their interesting structural, chemical, and physical 

properties such as storage of gas, separation of molecules, catalyzing the chemicals and delivery 

of drugs [1-5]. The interaction between divalent metal cations and nucleic acids has also been 

widely studied due to their importance for DNA replication, transcription and metabolic 

processes [6-11]. It is well known that metal atoms that interact with nucleobases in DNA and 

RNA can modify hydrogen bonds and cause DNA oxidation, thereby affecting the formation 

of the double helix and causing mutation points. [12,13]. Metal ions can bind directly to nucleic 

acid bases via the oxygen or nitrogen atoms of the bases. Guanine is one of the purine bases 

that take place into the composition of nucleic acids (DNA or RNA) and carry their genetic 
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information. In this context, the molecular architecture of transition-metal complexes 

containing nucleobases is very useful, giving various molecular geometric shapes and high-

dimensional architectures [14]. The chemistry of zinc compounds is gaining a great attention 

due to their interesting structural features, catechol oxidase, schizonticidal, antimalarial, 

antimicrobial, tumor photosensitizers and their potential use as agricultural biocides [15–18]. 

When considering biologically relevant transition metals, zinc is the second most abundant 

element found within cells, behind iron. Zinc ions (Zn2+) are known to facilitate diverse protein 

functions that are essential for life [19].  

In this context, we describe here the synthesis, growth, structure, Hirshfeld surface analysis 

and spectroscopic (FT-IR, 13C and 15N NMR) characterization of a new Zn(II) salt complex 

with the guaninium ligand. 

 

  

Figure 1      ORTEP of the title compound with thermal displacement ellipsoids 

 drawn at the 40% probability level 

  



4 
 

2. Experimental 

2.1. Chemical preparation 

The synthesis of [ZnCl3(C5H6N5O)] was carried out by addition of a solution of guanine 

hydrochloride (0.2 mmol) in methanol–water medium [60.40 v/v] (10 mL) to a solution of 

ZnCl2 (0.2 mmol) in 5 mL of methanol. The mixture was then stirred for 40 min at room 

temperature. The resulting solution was filtered and the filtrate was kept at room temperature 

for slow evaporation. After a few days, dark green crystals suitable for X-ray diffraction were 

obtained (yield 68 %). Anal. Calc.: C, 18.53 %; H, 1.85 %; N, 21.16 %. Found: C, 18.32 %; H, 

1.92 %; N, 21.46 %. 

2.2. Investigation techniques 

2.2.1. X-ray single crystal structural analysis 

A dark green prism measuring 0.25 x 0.15 x 0.12 mm3 was mounted on a loop with oil.  

Data were collected at 294 K on a Nonius Kappa CCD FR590 single crystal X-ray 

diffractometer using the Mo-radiation. The crystal-to-detector distance was 30 mm and the 

exposure time was 90 seconds per degree for all sets. The scan width was 2o. Data collection 

was 99.9% complete to 25o in . A total of 4573 merged partial and complete reflections were 

collected covering the indices, -11<=h<=11, -13<=k<=15, -13<=l<=13. 2610 reflections were 

symmetry independent and the value of Rint = 0.0351 indicated that the data set was excellent. 

Indexing and unit cell refinement indicated a primitive monoclinic lattice. The space group was 

found to be P21/n (N°. 14). The data were integrated and scaled using hkl-SCALEPACK [20]. 

This program applies a multiplicative correction factor (S) to the observed intensities (I) and 

has the following form: 

2 22 (sin ) /S = ( ) / scaleBe    
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S is calculated from the scale and the B factor is determined for each frame and is then applied 

to I to give the corrected intensity (Icorr). 

Solution by direct methods (SHELXS, SIR97 [21]) produced a complete heavy atom phasing 

model consistent with the proposed structure. The structure was completed by difference 

Fourier synthesis with SHELXL [22, 23]. Scattering factors were from Waasmair and Kirfel 

[24]. Hydrogen atoms were placed in geometrically idealized positions and constrained to ride 

on their parent atoms with C---H distances in the range 0.95-1.00 Å. Isotropic thermal 

parameters Uiso were fixed in such a way that they were 1.2.Ueq of their parent atom for CH 

groups and 1.5.Ueq of their parent atom for methyl groups. All non-hydrogen atoms were refined 

anisotropically by full-matrix least-squares. 

Supplementary data 

Crystallographic data for the structural analysis have been deposited at the Cambridge 

Crystallographic Data Centre, CCDC No 1993138. These data can be obtained free of charge 

via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the CCDC, 12 Union Road, 

Cambridge, CB2 1EZ, UK: fax: (+44) 01223-336-033; e-mail: deposit@ccdc.cam.ac. 

 

2.2.2. NMR and IR measurements  

The NMR spectra were recorded on a solid-state high-resolution Avance-300 

spectrometer operating at 75.49 MHz for 13C and 30.30 MHz for 15N with a classical 4 mm 

probe head allowing spinning rates up to 10 kHz. 13C and 15N NMR chemical shifts are given 

relative to tetramethylsilane and liquid ammoniac, respectively (precision 0.5 ppm). The spectra 

were recorded by use of cross-polarization (CP) from protons (contact time 2 ms) and magic 

angle spinning (MAS). Before recording the spectra, it was checked that there was a sufficient 



6 
 

delay between the scans allowing a full relaxation of protons. The IR spectrum was recorded in 

the 4000-400 cm-1 range using a NICOLET IR 200 FT-IR infrared spectrometer. 

 

Table 1. Crystal data and structure refinement of [ZnCl3(C5H6N5O)]. 

Crystal data 

Chemical formula C5H6Cl3N5OZn 

Mr 323.87 

Crystal system, space group Monoclinic, P21/n 

Temperature (K) 294 

a, b, c (Å) 8.8411 (7), 11.7176 (5), 10.3765 (8) 

β (°) 100.069 (4) 

V (Å3) 1058.41 (13) 

Z 4 

Radiation type Mo Kα 

µ (mm−1) 3.06 

Crystal size (mm) 0.25 × 0.15 x 0.12 

Data collection 

Diffractometer Kappa CCD 

No. of measured, independent and 4573, 2610, 2028 

Rint 0.035 

(sinθ/λ)max (Å−1) 0.667 

Refinement 

R[F2 > 2σ(F2)], wR(F2), S 0.033, 0.078, 1.06 

No. of reflections 2610 

No. of parameters 151 

Δρmax, Δρmin (e Å−3) 0.64, −0.48 

CCDC number 1993138 
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Table 2. Selected bond distances and angles (Å, º) in [ZnCl3(C5H6N5O)]. 

N1—Zn1 2.052 (2) N1—Zn1—Cl1 102.93 (6) 

Cl1—Zn1 2.2304 (8) N1—Zn1—Cl3 108.23 (6) 

Cl2—Zn1 2.2614 (7) Cl1—Zn1—Cl3 118.57 (3) 

Cl3—Zn1 2.2408 (7) N1—Zn1—Cl2 103.01 (6) 

C1—N1 1.339 (3) Cl1—Zn1—Cl2 108.22 (3) 

C1—N2 1.330 (3) Cl3—Zn1—Cl2 114.14 (3) 

C2—N1 1.359 (3) N2—C1—N1 111.8 (2) 

C2—C3 1.368 (3) N1—C2—C3 110.6 (2) 

C2—N3 1.369 (3) N1—C2—N3 127.1 (2) 

C3—N2 1.369 (3) C3—C2—N3 122.3 (2) 

C3—C4 1.409 (4) C2—C3—N2 105.4 (2) 

C4—O1 1.213 (3) C2—C3—C4 122.6 (2) 

C4—N4 1.417 (3) N2—C3—C4 132.0 (2) 

C5—N5 1.294 (3) O1—C4—C3 128.3 (3) 

C5—N4 1.349 (3) C3—C4—N4 110.7 (2) 

C5—N3 1.351 (3) N5—C5—N4 120.7 (2) 

C1—N1—C2 104.6 (2) N5—C5—N3 120.5 (2) 

C1—N2—C3 107.6 (2) N4—C5—N3 118.7 (2) 

C5—N3—C2 118.4 (2) C5—N4—C4 127.3 (2) 

 

3. Results and discussion  

3.1. X-ray diffraction study 

The main geometrical features of the different chemical entities of [ZnCl3(C5H6N5O)] 

are given in Tables 2 and 3. X-ray crystal structure analysis reveals that this coordination 

compound crystallizes in the monoclinic space group P21/n. The asymmetric unit of the 

compound comprises one Zn(II) cation, three chloride anions Cl- and one monodentate 

guaninium ligand (Fig. 1). The Zn(II) atom is coordinated in a distorted tetrahedral fashion by 

three chloride anions Cl- and one nitrogen atom of the guaninium ligand. The detailed geometry 

of the ZnCl3N tetrahedron (Table 2) shows that the bond distances, Zn–Cl1 = 2.2304(8) Å, Zn–

Cl2 = 2.2614(7) Å, Zn–Cl3 = 2.2408(7) Å and Zn–N1 = 2.052(2) Å are comparable to those 

observed in other similar Zn(II) complexes [25-27]. The bond angles around the Zn atom range 
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from 102.93 (6) to 118.57 (3) indicating that the ZnCl3N species has a slightly distorted 

tetrahedral geometry. The average values of the distortion parameters of the ZnCl3N tetrahedron 

were quantified using equations (1) and (2) [28]. 

ID(Zn–X) = ∑
|ୢ୧ିୢ୫|

୬ଵ.ୢ୫

୬ଵ
୧ୀଵ    (1) 

ID(X-Zn-X) = ∑
|ఈ௜ିఈ |

௡ଵ.ఈ௠

௡ଶ
௜ୀଵ    (2) 

(X = Cl1, Cl2, Cl3 or N1) 

Where d is the Zn-X bond distance, α the X–Zn–X bond angle, m the average value, n1 =4 and 

n2 = 6. The values of the distortion indices were ID(Zn–X) = 0.033 and ID (X–Zn–X) = 0.043. 

These low values of the distortion indices indicate that the coordination geometry of the Zn 

atom is a slightly distorted tetrahedron.  

The projection along the direction of the a-axis of the structure of [ZnCl3(C5H6N5O)] 

shows that it contains a network of three-dimensional hydrogen bonds due to the large 

abundance of donors and acceptors of hydrogen bonds (Fig. 2). This projection also shows that 

the ZnCl3N polyhedra are arranged in chains parallel to c-axis which cross the unit cell at y = 

¼ and y = ¾, the organic residues being located between them. Each molecule of the complex 

is linked to the four neighboring nearest molecules that surround him by hydrogen bonds of C-

H... Cl, N-H...Cl and N-H...O type to form corrugated layers parallel to the (b, c) plane (Figs. 

2 and S1, Table 3). These layers are located at z = n+ ½ and interconnect through C1–H1...Cl1 

and N5–H5A…Cl1 hydrogen bonds. The amine -NH2 and the -C1H groups participate as H-

bonding donors and the Cl1 chlorine atoms participate as H-bonding acceptor to form a three-

dimensional network (Fig. 3). Figure 3 shows the overall packaging pattern in which the 

different components of the material studied are arranged so as to create two types of channels, 

the largest one of lozenge form of center (0, 0, 0) and (½, ½, 0) and the other smallest square 



9 
 

shaped and centered at (0, ½,0) and (½, 0, 0). All these channels extend along the c-axis and 

are arranged alternately in the direction of the a and b axes. The planar guaninium cycles form 

stacking chains along the a-axis, two interacting cycles being related via an inversion centre 

(Fig. 3 and S2). 

 

 

Fig. 2 A projection of the structure of [ZnCl3(C5H6N5O)] along the a-axis. Dotted lines indicate 

hydrogen bonds. 
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Fig. 3 Projection of the structure of [ZnCl3(C5H6N5O)] along the c-axis. Dotted lines indicate 

hydrogen bonds. 

 

 

It is worth noting that, due to the tautomerism phenomenon, the guanine can be found 

in its two following forms: 
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In the present case, the starting reagent is present as the form (2) since the nitrogen atom bonded 

to the Zn2+ ion is not protonated (Fig. 1). The protonation and coordination of the base are 

similar to that found in a trichloroguaniniumizinc (II) and trichloroguaniniumicopper (II) [25, 

29]. The distances and angles of the bonds describing the organic cation are grouped together 

in Table 2. They all correspond to values usually found in the literature [25, 29-31]. 

 

Table 3. Hydrogen-bond geometry (Å, º) of [ZnCl3(C5H6N5O)]. 

Symmetry code : (i) x+ ½ , −y+½, z+½; (ii) −x+½, y−½, −z+½; (iii) −x+½, y+½, −z−½; (iv) 

−x+½, y−½, −z−½; (v) x+½, −y+½, z−½. 

  

D—H···A D—H H···A D···A D—H···A 

C1—H1···Cl1i 0.93 2.87 3.510 127 

C1—H1···Cl2ii 0.93 2.72 3.422 133 

N2—H2···Cl3ii 0.811 2.453 3.260 173.63 

N3—H3···Cl1 0.839 2.659 3.347 140.17 

N3—H3···O1iii 0.839 2.343 3.000 135.55 

N4—H4···Cl2iv 0.873 2.574 3.327 145.09 

N5—H5A···Cl1v 0.832 2.841 3.356 121.85 

N5—H5A···Cl2iv 0.832 2.582 3.277 141.87 

N5—H5B···O1iii 0.922 2.052 2.833 121.65 
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Table 4.   Analysis of contacts on the Hirshfeld surface. Reciprocal contacts X…Y and Y…X 

are merged. The second line shows the chemical content on the surface. The % of contact types 

between chemical species is given followed by their enrichment ratio. The major contacts as 

well as the major enriched ones are highlighted in bold characters. The hydrophobic hydrogen 

atoms bound to carbon (Hc) were distinguished from the more polar one bound to nitrogen 

(Hn). Hydrophobic contacts are in italics.   

atom Cl Zn Hn O N Hc C 
% 39.6 12.6 16.7 5.2 8.8 3.7 13.5 
Cl 4.4        
Zn 22.5 0.0      
Hn 23.6 1.6 0.3     
O 2.7 0.0 5.0 0.0    
N 6.1 5.5 0.2 0.1 0.4   
Hc 6.3 0.1 0.1 0.0 0.1 0.0  
C 10.0 2.9 1.1 2.1 2.5 0.1 2.2 
Cl 0.27       
Zn 1.72 0      
Hn 1.84 0.31 0.10     
O 0.67 0 3.2 0    
N 1.00 2.13 0.07 0.19 0.67   
Hc 2.34 0.12 0.08 0 0.2 0  
C 1.08 0.74 0.29 1.84 1.44 0.14 1.71 
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Figure 4. View of Hirshfeld surface around the moieties constituting the asymmetric unit. The 

surface is colored according to the atom type: black: carbon, red: oxygen, blue: nitrogen, purple: 

zinc,gray: Hc, light blue: Hn. 
 

3.2. Hirshfeld contacts 

The different contact types and their enrichment (Table 4) in the crystal packing were 

also analyzed with MoProViewer software [32]. The enrichment ratio EXY for a pair of elements 

(X,Y) is defined as the ratio between the proportion of actual contacts Cxy in the crystal and 

the theoretical proportion Rxy of equi-distributed random contacts [33]. In order to obtain 

integral Hirshfeld surfaces around all entities, molecules not in contact with each other in the 

crystal were selected (Fig. 4). An enrichment ratio larger than unity reveals that a contact type 

is over-represented in the crystal; while pairs that tend to avoid contacts with each other should 

yield an E value lower than unity. 
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The fingerprint plots of the contacts at Hirshfeld surface around asymmetric shown in Fig. S3) 

were generated with software CrystalExplorer3.1 [34]. The inner spikes at short contact 

distance represent the O…H hydrogen bonds while the outer spikes are due to the H…Cl- H-

bonds.  

The Zn++…Cl- coordination and the Hc…Cl- weak hydrogen bonds represent the most abundant 

contacts in the crystal (Table 4). Globally the hydrogen bonds (H…Cl, H…O and H…N) 

represent 35% of the contact surface. 

The Hn…O strong hydrogen bond is the most enriched contact ( E= 3.2). The Hc…Cl- contact 

represents the second most favored, this is due to two incidental weak C-H…Cl- hydrogen 

bonds. The Zn…Cl- and Zn…N coordination contacts and over-represented as well as the strong 

Hn…O H-bonds. It is noteworthy that the stacking interaction of the flat guaninium results in 

enriched C…C, C…N and C…O contacts.  
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Figure 5. Scatter plot of the inner and external electrostatic potential around the guanidinium 
ligand, derived from multipolar atom model. The ext potential is generated by the first neighboring 
molecules in contact with the ligand. The main contacts are highlighted in color. 

 

The electrostatic potential (ESP) was computed on the Hirshfeld surface of the guaninium using 

MoProSuite software [35]. The charge density of the title compound was modelled using the 

multipolar atom of Hansen & Coppens. The electron density parameters were transferred from 

the experimental ELMAM2 database of multipolar atoms [36]. After transfer on all other atoms, 

the number of valence electrons of the Zn cation was set 1.4 e to ensure electroneutrality. Fig. 

5 highlights the good complementarity of the ESP generated by the guaninium and its 

immediate surrounding. The internal and external ESPs are anticorrelated with r = -0.73. The 

regions with most positive interior ESP values correspond to the Hn atoms forming Hn…O and 
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Hn…Cl hydrogen bonds with the most negative external ESP. On the other side of the 

scatterplot, the surface near N atom has the most electronegative ESP and is involved in the 

N…Zn(II) coordination with most positive external ESP.   

 

 

Figure 6.   13C CP-MAS NMR spectrum of [ZnCl2(C6H9N3O2)].  

 

Figure 7.   15N CP -MAS NMR spectrum of [ZnCl2(C6H9N3O2)]. 
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3.3. NMR results 

The 13C CP-MAS NMR spectrum obtained for the title compound is displayed on Fig. 6. 

It shows three well-resolved resonance peaks corresponding to the five aromatic carbon atoms 

of the organic entity. In the resonance region of the C2-C5 aromatic carbons of the 6-membered 

ring in the guaninium (between 140 and 160 ppm), only two peaks are resolved corresponding 

to the four aromatic carbon atoms. This is probably due to the fact that the signals overlap in 

pairs. The peak at 108 ppm is attributed to the C1 carbon atom. 

The 15N CP-MAS NMR spectrum of [ZnCl3(C5H6N5O)], presented in Fig. 7, is in good 

agreement with the structure determined by X-ray diffraction. It exhibits five well-resolved 

peaks corresponding to the five crystallographic independent nitrogen sites, which proves the 

presence of a single organic moiety in the asymmetric unit of the compound. The small peak 

appearing at -184 ppm corresponds to the N1 nitrogen atom. Its intensity is lower as there is no 

proton around it. The three peaks at -220 and -237 and -271 ppm correspond to the N2, N3 and 

N4 atoms. The peak at -285 ppm corresponds to the N5 aliphatic nitrogen atom. 

Theoretical calculations were undertaken in order to assign the NMR resonances to the 

different crystallographic non-equivalent carbon and nitrogen atoms of the unit cell and confirm 

the above assignments. These calculations were made at the B3LYP/6-311+G* level after 

optimization of the positions of protons, the other atoms being at the X-ray positions. The 

different atoms are labeled as in Fig. 1.  

The results are listed on Table 5. Clearly, there is a very good agreement between the 

experimental and the theoretical values calculated after optimization of the position of the 

protons, allowing unambiguously the attribution of the different NMR signals, even though 
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some calculated values for the isotropic chemical shifts are far away from the experimental 

ones.  

Table 5. Comparison of calculated and experimental chemical shifts of carbon and nitrogen 

atoms in [ZnCl3(C5H6N5O)]. 

Atoms δ  Calculated (ppm) δ  Experimental (ppm) 

C1 150.5 144.4 
C2 151.0 151.7 

C3 110.3 107.9 

C4 151.2 151.7 

C5 148.9 144.4 

N1 -127 -183.8 

N2 -224 -220.0 

N3 -248 -270.8 

N4 -226 -237.0 

N5 -304 -284.7 
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3.4. Quantum mechanical study  

Quantum chemical calculation was performed from the crystal structure with DFT 

method at the 6-311+G* basis set, by using the Gaussian 09 program [37]. The HOMO and 

LUMO of the complex are shown in Fig. 8. It is clear that the HOMO is located mainly on the 

chlorine atom, while the LUMO is located on the organic ligand. The energies of HOMO and 

LUMO are −5.93 eV and −3.23 eV, respectively. The energy gap is 2.72 eV, a value which is 

relatively small indicating that the title material has a semiconductor behavior. The energy 

distribution of the different orbitals is shown in Fig. S4. 

 

Figure 8     Frontier orbitals in [ZnCl2(C6H9N3O2)]. 

 

3.5. Molecular Electrostatic Potential analysis (MEP) 

The Molecular Electrostatic Potential (MEP) surface is depicted in Fig. S5. The MEP is 

used to determine the nuclear and electronic charge distribution of a given molecule. The maps 
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were obtained at the B3LYP/6-311+G* level of theory. As it can be seen, the electrostatic 

potential maps are color-coded and are subdivided into many regions where those various colors 

are used to identify different potentials. Blue and red colors indicate the positive and negative 

potentials, respectively. The most negative zones are on the oxygen and chlorine atoms, while 

the most positive ones are located at the NH groups. 

 

3. 6. IR spectroscopy 

IR Spectroscopy was used to verify the functional groups present in the compound and 

to investigate their vibrational behavior in the solid state. The attributions of the observed bands 

are based on comparisons with data reported previously for similar materials [38–42] and on 

DFT calculations. The very large bands in the 3500-3200 and 3190-2900 cm-1 high-frequency 

regions (Fig. S6-a) are assigned to the stretching vibrations of the N H and C-H groups 

interconnected by a system of hydrogen bonds in the crystal, respectively [39]. The intense 

band at 1733 cm-1 can be attributed to the C=O groups of the organic ligand [41, 42]. The bands 

between 1680 and 1550 cm−1 correspond to the stretching vibrations of C=C and C=N groups 

and to the N-H bending vibration modes [43, 44]. The bands of medium intensities observed 

between 1400 and 1300 cm−1 are associated to the C–H asymmetric and symmetric bending 

vibrations. The observed bands in the 1200-1000 cm-1 range can be attributed to the bending 

vibrations of the C=C, C=N and C-C groups. Bands in the 1000 -500 cm-1 region correspond to 

the CH3 rocking modes [45] and to the out of plane bending modes of the skeleton of the organic 

ring [46, 47].  

The infrared spectrum of [ZnCl3(C5H6N5O)] was also calculated by use of the B3LYP/6-

311+G* method on the geometry obtained after optimization of the protons. The resulting IR 

spectrum between 4000 and 400 cm−1 is shown on Fig. S6-b and is very similar to the 

experimental one. A close agreement between the experimental and theoretical wave umbers 
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(R2 = 0.9957) is mostly achieved in the finger-print region (Fig. S7). Thus, the precision is well-

sufficient to assign the experimental frequencies and to confirm the attributions proposed 

above. 

 

4. Conclusion  

The synthesis and characterization of the new coordination compound, [ZnCl3(C5H6N5O)], has 

been described. In this monomeric complex, Zn(II) atom is surrounded in a distorted tetrahedral 

fashion by three chloride anions and one nitrogen atom of the guaninium ligand. The 

intermolecular cohesion is essentially ensured by intermolecular N-H...O, N-H...Cl and C-

H...Cl hydrogen bonds and C…C aromatic stacking. These attractive interactions are all over-

represented in the crystal packing. The numbers of 13C and 15N lines agree with the X-ray 

structure. DFT calculations allow the attribution of the NMR peaks to the independent 

crystallographic sites and the experimental IR bands at low frequencies. 
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Fig. S1 Projection along the a-axis direction of a layer of [ZnCl3(C5H6N5O)]. Dotted lines 

indicate hydrogen bonds. 
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Fig. S2  

Autosterogram of the 

[ZnCl3(C5H6N5O)] the 

crystal structure viewed 

along the b-axis 

Fig. 

S3 Fingerprint plots of the Hirshfeld surface around the asymmetric unit (guaninium, ZnCl3).  
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Fig. S4 Energy distribution of the different orbitals for [ZnCl2(C6H9N3O2)]. 

 

 

 

 

 

 

 

 

 

 

 

Fig. S5 Molecular Electrostatic Potential of [ZnCl3(C5H6N5O)] 
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Fig. S6 (a) Experimental and (b) Calculated infrared absorption spectrum of [ZnCl3(C5H6N5O)] 

 

Fig. S7 Comparison between experimental and calculated IR frequencies of [ZnCl3(C5H6N5O)] 


