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Abstract:

A novel organic-inorganic hybrid material f€;0N2)(Hg.Cls)2.3H,O has been prepared under
hydrothermal conditions. It is characterized byg®ncrystal X-ray diffraction, thermal
analysis and spectroscopy measurements (IR, RamérNMR). The structural analysis
revealed that this material crystallizes in the pudimic system C 2/c space groupwith the
following unit cell parameters a = 19.6830(15) A=b8.1870(15) A, ¢ = 6.8567(6) &, =
93.224(3) ° and Z=4. According to the data colldae150(2) K, the refinement converged to
R= 0.0296. The atomic arrangement can be descridmedan alternation of cationic
[CeH10N2]**.H,O and anionic [HeCls] layers along the axis. In fact, a three-dimensional
cohesion, which leads to these peridinium complexe®lves (N-H***CI) (N-H**O) (O-
H***Q) and n—r interactions. Furthermore the FT-IR, Raman and NMIRS confirm the
presence of organic and inorganic entities. Finalhe differential scanning calorimetry

revealed several endothermic peaks.

Keywords: Organic-inorganic hybrid; X-ray diffraction; HirBld surface; FT-IR; FT-

Raman spectroscopy and NMR.
1. Introduction

The advancement of recent technology and the raedefv functions are generating a huge
demand for new materials and new applicatifltg]. For this reason, organic-inorganic
hybrid materials are receivirgjtention because they can hetpmbine the specific properties

of inorganic frameworks and futures of organic noales[8, 9]. Recently, much attention has
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been paid to organic-inorganic hybrid materialseblasn metal-halide units. Indeed, the
synthesis of low-dimensional inorganic-organic mate enables both inorganic and organic
components at the molecular level to be optimiz€de organic cations, which are
characterized by special kind oft- = interaction in aromatic ring compounds, have atéa

attention NLO materials; there are many typical nsmtic that shows interesting

photochemical propertig$0-12].

In particular, hybrid materials based on ammonamd metalivalent (Cd, Zn, Hg ...) halides
used a solvent in the synthesis of a large numibethemicals in various classes. The
structural chemistry of Cd (II), Zn (llI), Hg (Il)roCu (ll) halides in the solid state is
exceptionally diverse, which can provide electricability [13-15]. Among the systems that
are currently receiving a limited attention are Hig-based halides. Since the states around
the Fermi level in organic-inorganic halide hybmaterials (HOIMs) are dominated by metal
and the halogenated states, the Hg-based compstnd&l have band gaps compared to Cd
and Zn hybrids due to the difference in electroatiegy of Hg halide meta]16-17]. Mercury

(I is the most volatile material. The flexibilitgf mercury (II) makes it possible to form
octahedral and tetrahedral complexes. All the ptegseare related to the structural changes
of these compounds, depending on the effects &drdiit factors, such as temperature and
composition. The mercury complex showswide range of coordination numbers and
geometries (tetrahedral, trigonal, bipyramidal aothhedral), because of the relatively closed
shell of thelarge coordination distances of Hg (ll) in the cauapds. For this reason, the
crystal structure arrangement is appreciably dfigj18-20]. All the properties are related to
the structural change of this compound, dependirgeeffects of thelifferent factors, such

as temperature and compositi@i-24].

In this context, we are going to report in the preéspaper the synthesis of gtGoN>)
(HgoCls5)2.3H,O through ahydrothermal method. We have performed X-ray dificn
measurements which provided us with informationualibe complete crystal structure at
150(2) K of the new compound. The Hirshfeld surfacelysis is introduced in order to
evaluate the interactions within the crystal stuoet This structural study is accompanied by
thermal analyses and spectroscopic study (RAMANNRR-MAS) measurements.



2. Methodology
2.1. Experimental details
2.1.1. Synthesis

The single crystal of the title compound ¢fGoN2)(HQCls)2.3H,O was prepared by
hydrothermal methods as follows: 1, 2-benzen diamom GHgN, (0.0905 g; 0.836
mmoles;67.5%) and mercury chloride Hg(©.9094 ¢;3.349 mmoles;32.5%) were dissolved
in aqueous solution of HCI ( 2M; 37%) for a few mii@s with agitation successive to ensure
complete dissolution of the compound. Second, swthtions were slowly combined in an
autoclave and kept at 85 °C under auto-genousymeefs 24 h. After cooling thesmlutions

for five days at room temperature, colourless singystafs suitable for an X-ray structure

determination were obtained. Schematically thetr@acs shown in the following equation:
HCI

GHaN2 +4 HgCh diluted (CeH10N2)(H:Cls)2.3H,0

2.2.2. Crystal structure determination

The X- ray diffraction data collection was perfomngsing a single crystal (0.150 x 0.120 x
0.090 mm) selected througin optical examination. Intensity data were obihioa a D8
VENTURE Bruker AXS diffractometer equipped with @\MOS) PHOTON 100 detector
using Mo Ko radiation = 0.71073 A, multilayer monochromator). The dataeeollected at
150(2) K. The compound crystallizes in the monaclsystem withC 2/c space group. The
basic crystallographic data and the details of theasurements and refinement are
summarized in table 1. The structure was solvednbgns of adual-space algorithm using
the SHELXT program[25], and then refined with full-matrix least-square hoets based
onF? (SHELXL) [26]. All the non-hydrogen atoms were refined with atisgic atomic
displacement parameters. H atoms were finally oduin their calculated positions and
treated as riding on their parent atom with comsé@ thermal parameters. A final refinement
with 2805 unique intensities and 117 parametersemed tooR (F?) = 0.0710 and R (F) =
0.0296) for 2667 observed reflections with 1 &(I2. The fractional atomic coordinates and

equivalent isotropic displacement parameterd &ke presentein table 2.



2.3. Hishfeld surfaces

The inter contacts observed in the crystal strecaue quantified and graphically visualized
using Hishfeld surface computational method. Henee estimate the intermolecular

interactions through inter contacts and then, wewtighe results.
2.4. Spectroscopy measurements (IR, Raman and NMRAS)

The infrared spectrum was recorded in the 400—40906 range with aNicolet IR 200 FT
1000 spectrometer using a sample pressed in specfnaally pure KBr pellets.

Back scattering Raman spectra were obtained undenosoope with a HR 800 Raman
spectrometer (Horiba Jobin-Yvon) with nitrogen @bICCD detector. The spectra were
registered in two acquisitions from 50 to 3500tm

The NMR-MAS experiments were performed at room terafure on a Bruker WB 300.
Then, the powdered sample was packed in a 4 mmetisinotor and set to rotate at a speed
of 8 kHz in a Doty MAS probehead. THEC spectrum was collected through cross-

polarization of proton with 5 ms contact time.
2.5. Thermal behavior

A thermogravimetric analysis (TGA) was carried asing an ATG PYRIS 6 instrument at
the temperature range from 303 to 773 K with aihgatate of 10°C/min under a nitrogen
atmosphere. The Differential Scanning CalorimdBSC 400) was used to examine the phase
behavior of the (€H10N2)(Hg.Cls),.3H,O salt. The spectrum was obtained from temperature
sweep experiments by heating the mixed system 333Kl at the rate of 10°C/ min. The
sample was weighed into aluminum pans, ancctvers were crimped into place. Prior to the
sample analysis, the baseline was obtained witmgsty, hermetically-sealed aluminum pan.

3. Results and discussion
3.1. Structural analysis and Geometry optimization

The asymmetric unit of the title compound (Fig.4)nhade up of one inorganic (kgs)
anion, a half (@H1oN,)** cation and two water moleculesxB). In fact the projection along

the ¢ axis of the atomic arrangement can be describethbyalternation of cationic and
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anionic layers. The cohesion of compound entitesnsured by hydrogen bonding (N-
H***Cl), (N-H***O), (O-H***Q) and n—n interactions (Fig .2).

The cationic layer (Fig .3) is formed by ¢&oN2)>" groups observed atb = 1/3. Between
organic entities, two water molecules are inteteala Each two cations are antiparallel,
managed by inversion center while orientitigeir groups (NH) towards the inside and
outside layers to establish weak hydrogen bonds*N&H with adjacent anionic layers and
N-H**O with water molecules. The value of the cemtl-to-centroid distances between the
two (CsH1oN2)?* rings averaging 4.3 A, Thisalue indicates a rather weakn interaction
[27]. The atoms of all the organic cations will be diffietiated by their position in the plan as
well as their directions of the ammonium groupse ThC bond lengths vary from 1.378 (10)
A to 1.402(13) A and the C-N bond length valuedsi@ to 1.467(9A. On the other hand,
the coordination around §8:0N,)** cation is characterized by two different sets ofik*O
cohesion with two short N-H bonds ().910/&). However,the C-C-C, C-C-N angles are in
the range 0f.19.80(4) ° to 120.50(7) ° and 119.20(6) ° to 129 °, respectively (table. 3).
The Bond length and angle values are in good agreemith thebond lengths of thether
aromatic salt§28-31].

As far as the geometry of the dimeric of gB&) anions (Fig .4) is concerned, (¥ ) is

an assembly of two in-equivalent triangles deteadinby the association of two
monomercury chloride Hg€lunits which carry a chlorine atom- commongfCHg atoms are
three coordinated as to built two triangles linkea Cls) chlorines atoms. The linkage (L)
(Hg-Cl.) bonds Hg-Gh), 2.7985(17) A to 2.856(2) A are greater than éleernal (E) (Hg-
Clg) ones. The last distances are around 2.335(2af\g#4). In both triangles, EHg-Clz are
greater than theleal values (120°), as they are 163.22 (7) ° ip-€lg1)-Cl1y and 161.93 (7)

¢ for Clis-Hg)-Cl4). The Cl-Hg-Cle angles aremaller than theédeal values (120°) as they
vary between 90.07 (6) ° and 99.85 (6) °.

The Hg1Cls triangle is planar and <CI-Hg-CI> is close to 126fowever,the HgxCls
triangle is pseudo-planar and <CIl-Hg-CI> equal 1@°1and Hg atom is looked out chlorine
atoms plane. Booth Hgg&triangles are not coplanar but they show a decapresentation.
The Hgo)-Clizs-Hgwy, which is equal to 132.44 (6) °, is significantly charaizted by the
presence of two types ¢Hg.Cls). The great value bond length big —Hg found for the
distance between the two mercury atoms is conditiefarger than the expected Van Der
Waals contacts. This result is comparable tordported compoursd The (HgCls) anionic
species has been frequently observed in mercuigehahemistry29, 32-39].The (HgCls) -
(CsH10N2)?*-H,0 —(Hg:Cls)” molecular unit is built through the formation of@)-H***O
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and N(O)-H***CI| hydrogen bonds from nitrogen or @gn atoms on the chlorine atoms in
the anions.

In fact, there are several types of hydrogen bonding intiewz present in the crystal
structure. These interactions provide a linkagaveeh the cationic (§E10N2)" entities and
(Hg,Cls)*~ anions. The bonding between inorganic and orgaentities in the compounds is
realized by two types of hydrogen bonding N-H***&hd N-H***O reported in (table.5) and
showed in (fig.5). The N-CI distances vary betwé&eh34(4) A and 3.691(4) A. In this
compound, the H-Cl and H-O distances are in thgaari1.91 A to 2.87 A and 2.76(1) A to
3.390(8) A, respectively. Howevethe N-H***C| and N-H***Q angle values vary from
117.5°-177.6° td40.5°-160.7°, respectively.

The type and the number of hydrogen bonds aroumth €dgCls)” anion are strongly
influenced by the position of the aromatic ring faet, two different types of hydrogen bond
are found. The aromatic cation inherently possefseability to approach the anion without
steric hindrance and can therefore share its N-btoprwith the chlorine atom commun
acceptors. The chlorine atom is involved in hydrogend interactions with cation. The N-H
distances are approximately equal to 0.910 A, sstgugthat the (§H10N2)** cations have
established two nearly symmetric hydrogen bonde milaterial cohesion is assured by two
different interactionswhich may indicate a reasonably low interac{iéd-41].

3.2. Study of intermolecular interactions through Hrshfeld surface analysis

The identification and the visualization of the eimholecular short/long contacts are
determined in the reported structure by meanshef powerful Hirshfeld surface analysis
technique. This method is constructed based oeldwtron distribution calculated as the sum
of spherical atom electron densitip¥2-43]. Hirshfeld surfaces and their associated two-
dimensional fingerprint plots (2D) arealculated using CRYSTAL EXPLORER 3.1
software [44]. The breakdown of the two-dimensional fingerprpibts was used for
identification of the regions of particular imparte to intermolecular interactions by color-
coding having short or long conta¢&b]. In this study, the Hirshfeld surfaces treat molacu
interactions in cells and it's defined by pointsesd the contribution to the electron density
from the molecule of interest is equal to the dbation from all the other molecules. For a
given crystal structure and set of spherical atoehéctron densities, the combination @f d
(the nearest nucleus outside the surface) afiithel nearest nucleus inside the surface) in the
form of a 2D fingerprint plot provides a summaryinfermolecular contacts in the crystal.
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The dom (normalized contact distance) is a symmetric fumctof distances from the
Hirshfeld surfacedj) and () were the first functions of distance exploredr@apping on the
surfaces, relative to their respectivan Der Waals radii of the atoms internal or external to
the surface " /r?®) which identifies the regions of particular importanto the
intermolecular interactions. Complementary regians also visible in the fingerprint plots
where one molecule acts as a don@r<(d) and the other as a recipient €d) (table 6). The
2D fingerprint plots presented in this paper wegaagated using the reported equation (1) in
[46-47).

de-rPaw

vdw
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di—‘l’-vdw
. — i
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The 2D fingerprint maps of ¢E10N2) (Hg:Cls)2.3H,O provide some quantitative information
about the individual contribution of the intermaléar interaction in the asymmetric unit
Fig6, and some distinct spikes appearing in the fidaDerprint plot which estimate the

different interaction motifs in the crystal lattieey. 7

The major contribution is from CI-H (11.8%), H-@.7%) (e). This is evidence that van der
Waals forces exert an important influence on tlabdibzation of the packing in the crystal

structure, while other intercontacts contributes las the Hirshfeld surfaces: C-C (5.4%) (b),
H-C/C-H 1.4%/2.4% (f); H-O (4.5%) (j) H-H — 3.3 % &nd O-O 3.5%(k). However, the CI-

Cl (d) and Hg-Cl (g) contacts have significant ctmitions, 11.3 %, and 11.7% %

respectively. Again, very low percentages of Hg-ldgd CI-C/C-Cl (0.4%) (a) and

(0.9%)/(0.7%) (h) respectively interactions areorded in the molecule.
3.3. Infrared and Raman spectroscopy

In order to identify the results obtained by meahshe crystal structure description of the
cationic-anionic layers of the functional groupsrevetudied the vibrational spectroscopy.
Therefore, we have investigated the vibrationapprbes of the organic and inorganic groups
using the Raman scattering and infrared absor@tiaiwom temperature. Fig.8. (a), presents
the IR and Raman spectra of the reported compouraben temperature. The assignments of
the observed bangahich are based on a comparison of itth@des and frequencies observed

in similar compound§gl4, 31, 48-51]are listed in table 7.



It should be notethat the region high-frequencies 3400 tand 3350 cil in IR are related
to the symmetric and asymmetric stretching of (OF)rthermore, the bands observed at
3235 cni and 3280 ci in IR areascribed to symmetric and asymmetric stretchintylief
Those observed at 3157 ¢rand 2360 cilin IR are assigned to the symmetric and
asymmetric stretching of CH. The band located adoL670 crit in IR is attributed to the
stretching of C=C. The bands observed at 1369 and 1473 cil in infrared correspond to
scissoring of CH + NH as well as to the stretctoh@N. However, the bands located at 1257
and 1290 cnlin FT-IR and at 1070 cthin Raman are assigned to the stretching vibraifon
C=N. Nevertheless, the (C-C) bending out-of-plarmvemumbers are assigned at 1112'cm
in infrared, while the NH wagging mode observed&® cni’ in IR and at 601 cth in
Raman. In fact, the C-C-N in the plane-bendingation is observed at 591 €nin infrared
and in Raman at 567 ¢mFinally, the C=C bands showsaissoring vibration at 429 ¢hand

at 432 crit. The wavenumbers observed with precision of the#&ulines areletermined by
using the LabSpec5 program with a combined Lorantgaussian band (fig.8.b). The error
range for the determination of the peak positiof0i$ cm' after the accumulation of the data

and fitting procedure.

This study is limitecto the low-frequency range (50 to 450 ¢nbecause it includes some
lattice and internal modes which are vegnsitive to crystal changes and phase transitions
[14]. The Raman lines observed at 55 tiare associated with thnionic (HgCls) layers.

The shoulder at 100 chand the band at 110 ¢htorrespond to the Hgglibration of the
layers. A well resolved band at 237 and 250 ctorresponds to Hg—CI[52].

3.4. CP/MAS-NMR spectroscopy

The NMR spectrunt®C CP—MAS of the title compound rotating at magiglanand set to
rotate at a speed of up to 8 kHz is shown in Fig.9.

The simulation of these NMR-MAS spectrum isotropands is carried out using the Dmfit
solid-state NMR spectroscopy progrdB8]. The spectrum is composed of three isotropic
bands b, b, and B with different ppm.

The simulation of the isotropic band permits toniify six peaks using Gaussian and
Lorentzian functions (table 8). The deconvolutidnsmgnal 3 shows the presence of two
resonances observed at 121, 123 ppm corresperahdCG carbon atoms. Signab Ishows
the existence of twoesonance at around 128, 129 ppm which can béwted to G and G
[54]. The most shielded signal whichis located at 131, 133 ppm, corresponds to theocarb
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atoms G and G linked to the nitrogen atom$5, 56] The remainder chemical shift, the
values of which arecommonly observed in similar compounff/], corresponds to the
aromatic carbon atoms of the phenyl ring. InXamy single crystal study, the cation present
C, poncutel symmetry and carbon atoms occupy thresquivalent sites. Inverselyhe
NMR-MAS measurements permit to localize six in-egleént carbon sites. However, the
NMR technique is more sensible to electronic dgnséceilies which is influenced by H
bonding in this case.

3.5.Thermal analysis

The resultats of the calorimetric (DSC) and theriagravimetric (TGA) measurement for
(CsH10N2)(Hg2Cls)2.3H,0 are illustrated in Fig.10. The endothermic peatbserved on the
DSC curve at 336 K, is accompanied by weight lagsakto 2.835% (weight loss calculated
2.725%) on the TGA curve. This corresponds to tepadure of two molecules of water.
After that, the monohydrate compoundsKizoN2)(HgCls)..1HO appears to be stable up to
about 355K. Above this temperature several endotitepeaks found by DSC accompanied
with a major loss weight indicating the decompositof the material.

4-Conclusion

This manuscript reports rew mercury (Il) hybrid which is aew compound that has been
synthesized under hydrothermal conditions and cdtanaed by asingle-crystal X-ray
diffraction, Hirshfeld surface analysis, spectrggcostudy and thermal behavior. Their
structure contains a half §810N;]>* cation and inorganic [H€ls| anion. The crystal
crystallizes in the monoclinic system with2/c space group at 150 K, besides,stsuctural
arrangement can be described as an alternationrgdni@-inorganic layers, whichs
performed via (O-H.....Cl), (N-H...O),( O-H...O) betweanions and cations ang-nr
stacking interactions established between parefigtbns. The vibrational proprieties of this
compound arestudied by means of Infrared and Raman Spectrosaedpgh confirms the
presence of organic and inorganic groups. Moredher>C NMR spectra revealed thite
presence of six resonances corresponds to theadbort atoms of the organic cation. The
thermal investigation of thétle crystal structuréndicates conformity between the results
presented by TGA and DSC.



5. Supplementary material

Crystal data for a new complex containinggHicoN2) (Hg.Cls), 3H,O, has been deposited at
the Cambridge Crystallographic Data Center as supghtary publications (CCDC -
1836685). The data can be obtained free of chargehtgp://www.ccdc.cam.ac.
uk/conts/retrieving.html or from the Cambridge Gajl®graphic Data Center, 12 Union
Road, Cambridge CB2 1EZ, UK; fax: 44 1223 336 B3nail: deposit@ccda.cam.ac.uk.
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Figures caption:

Fig.1.The asymmetric unit of the compound showing thenatambering scheme. Thermal ellipsoids
are represented for non-hydrogen atoms (70%).

Fig.2. Projection of crystal of (§H10N2) (Hg.Cls),.3H,O onab plane.

Fig.3. The cationic layer ohc plane.

Fig.4. The anionic layer ohc plane.

Fig.5. Intermolecular hydrogen bonds ofgf@oN)(Hg.Cls),.3H,O compound.

Fig .6 Hirshfeld surface mapped with d..m andd; of the title compound : g mapped on Hirshfeld
surface for visualizing the intercontacts.

Fig.7. full fingerprint ((a) -- (1)) of the title compounddi is the closest internal distance from a given

point on the Hirshfeld surface and de is the closeternal contacts

Fig.8. a Infrared and Raman spectrum ofzoN2)(Hg.Cls),.3H.0

Fig. 8.b.Deconvulution of the Raman spectrum by using tladS3pec5 program of title
compound (@H1oN2)(Hg2Cls)2.3H,0

Fig.9. Experimental and fitted curves of; o, and 3 bands.

Fig.10.DSC and TGA curves for tH€sH1oN2)(Hg.Cls),.3H.0

Tables caption:

Table. 1: Summary of crystal data, X-rays diffraction imt¢y measurements and refinement
parameters (§H10N2) (Hg:Cls)2. 3H0.

Table 2:Fractional atomic coordinates, site occupancy (%j aquivalent isotropic
displacement parameters3A

Table 3 : Main distancesX) and bond angles (°) for the organic entities ©§HioN.)
(HgCls) 2 .3H,0 ; (e.s.d. are given in parentheses).

Table 4: Main distances A) and bond angles (°) for the inorganic entities (@&H10N>)
(Hg2Cls)2.3H,0 ; (e.s.d. are given in parentheses).

Table 5: Main inter —atomic distances (A) and bond angRsir(volved in the hydrogen
bonds of (GH10N2)(Hg.Cls)2.3H:0.

Table 6: The combinaisonghnd ¢ obtained by the 2-D fingerprint plots.

Table 7: Assignments of the observed infrared and Ramantrspet (GH10N2) 2(Hg.Cls)
3H,O (. in this work) .

Table 8 °C cross-polarization NMR MAS of ¢l10N») (Hg:Cls),. 3H,0O  at 8kHz.
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Table. 1. Summary of crystal data, X-rays diffraction mséy measurements and refinement
parameters (§H10N2) (HgCls),. 3H:0.

Structural data

Empirical formula

Extended formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Crystal color

Theta range for data collection
h_min, h_max

k_min, k_max

|_min, |_max

Reflections collected / unique
Reflections [I>3]

Absorption correction type
Max. and min. transmission
Refinement method

Data / restraints / parameters
®S (Goodness-of-fit)

Final Rindices [I>25]

Rindices (all data)

Largest diff. peak and hole

Cs Hi6 Clio Hgs N2 Os

2(Cls Hg), G Hig N, 3(H0)
1321.07 g/mol

150 2) K

0.71073 A

monoclinic,C 2/c

a =19.6830(15) A,

b =18.1870(15) A, ¢ = 6.8567(6) A
B =93.224(3) °

2450.6(3) R

4, 3.581 g.cii

26.082 mit

2320

0.150 x 0.120 x 0.090 mm
colourless

3.052t027.481 °

-25,25

-23,21

-8, 8

12564 - 2805 [R(inf)= 0.0532]
2667

multi-scan

0.096, 0.034

Full-matrix least-squares d#f
2805/0/117

1.145

R1° = 0.0296 WwR2" = 0.0710
R1° = 0.0318wR2" = 0.0733

1.469 and -1.860 &7

R =X IR -<R>[/3[FA! *S={X [WF" - B/ (n-p)}*I°RL=Y | Fol - Fol | /% IFol



WR2 = {3 [W(Fo? - FA? 1Y [WFAF} 2 1w = 1/[o(F.2) + aP? + bP] whereP = [2F2 + MAX(F/2, 0)] /3

Table 2:Fractional atomic coordinates, site occupancy (%y aquivalent isotropic

displacement parameters3A

Atom X Y Z U(eq)
Hgl 0.30045(2) 0.55231(2) 0.32962(4) 0.01309(11)
Hg2
cl1 0.27697(2) 0.83275(2) 0.21764(5) 0.01720(11)
Cl2
0.20975(9) 0.50255(11) 0.4897(3) 0.0138(3)
0.40494(9) 0.56962(10) 0.1997(3) 0.0151(4)
CI3 0.23528(8) 0.68232(9) 0.2061(3) 0.0125(3)
Cl4 0.16611(8) 0.86841(10) 0.2779(3) 0.0142(4)
CI5 0.39414(9) 0.81733(11) 0.2488(3) 0.0185(4)
N1 0.0728(3) 0.7161(3) 0.2229(9) 0.0107(12)
Cc2 0.0351(3) 0.6469(4) 0.2374(10) 0.0096(13)
C4 0.0348(4) 0.5148(4) 0.2373(12) 0.0159(15)
C3 0.0693(4) 0.5812(4) 0.2233(11) 0.0129(14)
o1w 0.4816(3) 0.6934(3) 0.4978(8) 0.0194(12)
o2w 0.500000 0.5758(5) 0.750000 0.026(2)

Table 3 : Main distancesX) and bond angles (°) for the organic entities@H;0N.)

(HgCls) 2 .3H,O ; (e.s.d. are given in parentheses).

Distances (A) Angles (°)

N1 -C2 1.467(9) C3-C2-C2 119.80(4)
Cc2 -C3 1.378(10) C3 -C2-N1 119.20(6)
c2 -C2 1.402(13) C2-C2-N1 120.90(4)
C4 -C3 1.391(11) C3-C4-C4 119.70(4)
C4 -C4 1.392(16) C2-C3-C4 120.50(7)

Symmetry transformations used to generate equitvatems: -x, y, -z+1/2

Table 4: Main distancesX) and bond angles (°) for the inorganic entitie$@yH10N>)

(H92C|5)23H20

; (e.s.d. are given in parentheses).



Distances (A)

Angles (°)

Band distances of inorganic entities

Hgl - Cl1
Hgl - CI2

Hgl - CI3
Hg2 - CI5
Hg2 - Cl4

Hg2 - CI3

2.3305(17)
2.3084(18)

2.7985(17)
2.3212(18)
2.3353(17)

2.8561(17)

Band anglesmarganic entities

Cl2 - Hgl - Cl1
Cl2-Hgl -CI3

Cl1-Hgl -CI3

CI5- Hg2 - Cl4

CI5 - Hg2 - CI3

Cl4 - Hg2- CI3

163.22(7)
99.85(6)

96.92(6)
161.93(7)
99.75(6)

90.07(6)

Table 5: Main inter —atomic distances (A) and bond anglggolved in the hydrogen
bonds of (GHloNz)(ngc|5)2.3H20

D-H***A DH A H.A A D..A (A <(DHA) (°)
N1-H1A***CI3 0.91 2.36 3.265(6) 175.6
N1-H1B***O1W' 0.91 1.94 2.784(9) 154.3
N1-H1C***CI5' 0.91 2.94 3.390(7) 112.1
N1-H1C**O1Ww"  0.91 2.02 2.829(8) 147.1
Symmetry transformations used to generate equivatems:

Lx +1/2, -y+1/2, -z T=10, 0, 0]

% +1/2, -y+1/2, z-1/2 T=[-1, 0, O]

Table 6: The combinaisonghnd ¢ obtained by the 2-D fingerprint plots.

min | max | mean MeanMean-| Pi | Sigmat+| Sigma-|SigmaT| nu
D(horm [F1.17911.0493/0.3060(0.3832| -0.295[0.2194/0.0397030.0845450.1242490.21
Di 0.69732.7738(1.8176{1.8176| nan 0.262(0.110417Znan nan nan
De 0.69812.7692(1.8539(1.8539| nan O.261B).11304]1nan nan nan

74



Table 7: Assignments of the observed infrared and Ramartrspeit(GH10N2) 2(Hg.Cls)
3H,O (J. in this work .

IR wavenumbers (cri) Raman wavenumbers (eh) Assignments

[48] [31] [49] [50] J  [48] [14] [31] [49] [50] J

56 55, 3
92 81  100,2
{ 99 110,1
115 >
125 135 138,7
158 155.9 Inorganic entities
172
208,3
223 237,3
250,8

322 3351




445

555

592

753 /761

941

1164

1220

1292

1384

1466

1653

3406

3566

428

509

592

962

1180

1231

1296

1362

1471

1659

428

498

588

1187

1224

1297

1371

1664

3401

514

595

761/779

1186

1225

1296

1368
1480

1669

{jZ9
63

501

525

591

689

750

930

1112

1211

1257

1290

1369

1473

1670

2340

2360

3157

3235

3280

3350-
3400

449

529

564

732

1166

1297

1384

2966

3204

3296

348

445 455
513

544/566

729
1188
1237

1283 1296
1374

2911 2919
3212
3233

427

446

517

570

727

1188

1232

1303

1374

2954

3210

430

565

1179

1224

1297

354
376,5

432

522
567,3
584
601,4

738,6

1031,1
1037,5

1070,3

§ (C=C)

p(C-C-C)
p(C-C)

B (C-N-C)

® (NH,)
v (CH)
v (CH)
v (C-C)

B (CH)

v (C=N)

v (C=N)

d (CH) +6 (NH) et
v (CN)

v (C=C)

vs (CH)
a5 (CH)
Vas (NH)
vNH)

Vs (OH), v,5(OH)

v: Stretchingps: sym stretchingpas asym stretchind3: in- plane- bendingy:
out-of -plane bendingp: wagging;p : rocking; t: twisting;t: torsion.



Table 8 *°C cross-polarization NMR MAS of @l1oN2) (Hg.Cls),. 3H,0  at 8kHz.

Signal No. of peaks Position (0.1ppm) Width
(0.1ppm)

b1 { C1 133 0.5
C6 131 0.6

by { C2 129 0.5
C5 128 0.7

bs { C3 123 0.6
C4 121 0.6




O2W

0

Fig.1. The asymmetric unit of the compound showing the atom numbering scheme. Thermal
ellipsoids are represented for non-hydrogen atoms (70%).




Fig.2. Projection of crystal of (C¢H10N2) (Hg2Cls), .3H,0 on ab plane.



Fig.3. The cationic layer on bc plane



ACCEPTED MANUSCRIPT

Fig.4. The anionic layer on bc plane



Fig.5. Intermolecular hydrogen bonds of (CgH10N2)(Hg-Cls)2.3H,O compound.



(a) Surface d. (b) Surface dnorm (c) Surface d;

Fig .6.Hirshfeld surface mapped with de dnorm and d; of the title compound : d.orm Mapped on Hirshfeld surface for visualizing the intercontacts
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Fig.8. a. Infrared and Raman spectrum of (CgH1oN2)(Hg2Cls),.3H,0
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Fig. 8.b.Deconvulution of the Raman spectrum by using the LabSpec5 program of title

compound (CgH10N2)(Hg2Cl5s)2.3H,0
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Fig.9. Experimental and fitted curves of b,; b, and bz bands.
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Highlights
> New hybrid complex, (CeH1oN2)(HgCls)2.3H,O was prepared by hydrothermal
methods
» The atomic arrangement shows alternation of cationic and anionic layers.
X-ray diffraction, DSC, TGA, IR, Raman and NMR studies were reported.
» The intermolecular interactions have also been analyzed by the Hirshfled surfaces

A\

analysis.



