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Abstract : Inthis paper, thesynthesis, crystal struc-
ture, BV Scdculationand hirshfeld surfacesand finger-
print plots analyses of a new complex
[Zn(phen),(H,O)CI] CI (phen= 1,10-phenanthroline)
arereported. The X-ray structureanalysis of the com-
plex revealed thezincion waslocated in the six-coor-
dinated octahedral geometry, consisted of four N at-
oms, onewater moleculesand aCl atom. BV Scalcu-
|ation associated with crystal structure confirmed the

INTRODUCTION

Noncovalent weak intermolecular interactions,
which areimportant contributionsbes des coordination
bonds, have gained much atention dueto their unques-
tionableroleinvariouschemicd, physicd, and biologi-
ca processes . Their influence on molecular aggre-
gationisstill asubject of discussionsbasing on experi-
mental and theoretical techniques®®. Our group has

+2 oxidation state of themetal cations. Hirshfeld sur-
facesand fingerprint plotsanaysesindicated that be-
sidesO-H---Cl there were also C-H---Cl, C-H---O and
7+~ weak interactionsin the complex, which linked
moleculesforming 1D wavy chains, then 2D layer and
3D netstructure.  © Global Scientificlnc.

K eywor ds: 1,10-phenanthroline; Zinc complex;
Hirshfeld surface.

been devoting ourselvesto weak interactionspersis-
tently*2, Nowadays, though someweak interactions
such as the hydrogen bonds formed by C-H donors
havebeenwd l-establishedinthecrystalographerscom-
munity™®>19 itisdtill difficult todefinitely distinguishthe
effect of eachinteractioninthearchitecture. Recently,
inorder to decomposetheintermol ecular interactions,
thequantitativeanaysisof molecular crysta structures
using tools based on Hirshfeld surfaces has rapidly
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gained in popularity*”:18,

Phenanthrolineand itsderivatives are among the
most frequently used N-heterocyclic chelating agents
ininorganic chemistry®2!, because of their useinmo-
lecular scaffolding in supramol ecular assemblies, DNA
cleaving, structural studies, building blocksfor synthe-
ssof metallo-dendrimers, thin filmswith luminescent
properties, control of redox properties, anaytical chem-
istry, and catalysig§%%8,

In the process of expanding researches on weak
interactions, we synthetized a new complex [Zn
(C,HN,).(H,O)CIICI (1) with zinc(ll) and 1,10-
phenanthroline. Inthis paper, wereport the synthesis
and crystal structure of the complex, and using the
Crysta Explorer software analysethe hydrogen bonds
inthecomplex.

EXPERIMENTAL

All chemica swereof anaytica reagent gradeand
used without further purification.

X-ray crystallography and structuresolution

Single-crystd X-ray diffraction datacollections of
complex 1 was performed on a CCD area detector
diffractometer at 298(2) K with graphite-
monochromated Mo Ka radiation (4 = 0.71073 A)
using the w-scan technique.

Thestructureswere solved by direct methodswith
the program package®. All non-H atomswerereined
anisotropically. Hydrogen atoms attached were added
theoreticaly. Thetinal cycle of full-matrix least-squares
reinement was based on observed retiections and vari-
able parameters. Crystall ographic dataof the complex
1 wereshownin TABLE 1. Selected bond lengthsand
bond anglesweregivenin TABLE 2.

Large void spaces were examined using the
SQUEEZE procedurein PLATON!?, accounting in
total for 1290.6 A2 per unit cell, i.e. some 20.6% of the
total volume. We have not included any solvent mol-
eculesinthismodd.

Hirshfed surface

Hirshfeld surfaces®*°Y and related graphical
tool §%231 have been shown to enhance expl oration of
thenatureof theinteractionsbetween moleculesincrys-

tals. TheHirshfeld surface partitions crystal spaceinto
smooth non-overlapping volumesassociated with each
molecule, and isdefined implicitly wheretheratio of
promoleculeto procrysta electron densitiesequals0.5.
Sincethelocal nature of the surfaceisdictated by the
electron density and position of neighbouringatomsin-
sdeand outsidethe surface, it reflectsin considerable
detall theimmediateenvironment of amoleculeinacrys-
tal, and summarizesdl intermolecular interactionsina
remarkablegraphical fashion.

Prepar ation of the complex

A mixtureof zinc chloride (0.14g, 1.0mmol), ben-
zoic acid (0.12g, 1.0mmol), imidazole (0.07g,
1.0mmal), 1,10-phenanthroline (0.34g, 1.0mmoal), va-
nadium pentoxide (0.18g, 1.0mmol) and water (17ml)
wassedledin 25ml Teflon-lined stainlessstedl reactor
and heated to 453K for 48h. Colorlessblock crystals
of thetitle compound suitablefor X-ray analysiswere
obtained.

RESULTSAND DISCUSSION

Single-crystal X-ray diffractionrevea ed that com-
plex 1 crystalizedinthetriclinic with number 2 space
group P-1. Themolecular structurewasdescribedin
Figure 1. Thecentral Znion exhibited octahedron ge-
ometry, in which three N atoms (N1, N2, N3) from
two phenanthroline mol ecul estogether with the coor-
dinated water located at the equatoria plane, whilethe
N4 and CI 1 occupied apical positions. Compared to
thesimilar sructurewith disordered solvent molecul €™,
thelength of coordination bondsweremoreuniformin
1,suchasZn-0 2.119 and average Zn-N 2.193in 1,
while2.090 and 2.205 inref.35, whichresulted inthe
perfect octahedra coordination around Zn.

Here we have taken recourse to the calculation
based on the bond valence sums (BV S) model* to
assign the oxidation state of the metal center and the
surroundingsof coordinated O atomsinthe complex.
Inthis method, the valence s of abond between two
atomsi and | isrelated by an empirical expression (1)
where I isthelength of thebond (expressedin A), and
r, isaparameter characteristic of thebond.

S”:exp[(r0 - rij)/0.37] (@)
Thisr, known as a bond valence parameter, is
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however geometry and coordination number specific.
The oxidation number N, of the atomi issimply the
algebraic sum (2) of these svaluesof dl thebonds(n)
around theatom, i.

Ni = 25 2

Breseet al.* had refined r valuesfor Zn(11)-O
bonds as 1.704A, Zn(I1I)-N bonds as 1.77A, and
Zn(I1)-Cl as2.01A. Taking these r , valuesand equa-
tionsabove, thevalues (TABLE 4) for the zinc cation
cameout to be 2.01, assigned the +2 oxidation state.

TABLE 1: Crystal dataand structurerefinement for 1

Complex 1

Empirical formula C,H15CIN,OZN

Color/shape colorless/ block

Formulaweight 514.69

Temperature (K) 298(2)

Wavdength (A) 0.71073

Crystal system Triclinic

Crystal size (mm) 0.44 x 0.27 x 0.26

Space group P-1

Unit cell dimensions

a(A) 9.6988 (9)

b(A) 11.5101 (11)

c(A) 13.1057 (13)

a(®) 64.073 (1)

B(°) 84.148(2)

v(°) 78.830 (2)

Volume (A% 1290.6 (2)

z 2

Calculated density (mg m®) 1.324

Absorption coefficient (mm?) 1.18

Fooo 524

0 range for data collection 3.2~24.5

Index ranges -11<h<11, -12<k<13,
O<I<15

Reflections coll ected 4624

Independent reflections
Completeness (%)
Absorption correction
Refinement method

Data/restraints/parameters

Goodness-of-fit on F?
Final R indices[1>20(1)]
R indices (all data)

4624 [R = 0.0000]

98.8

multi-scan

Full-matrix least-squares
on F?

4624 /0/289

1.073

R,=0.0376, wR,=0.0945
R,=0.0488, wR,=0.1026

Largest diff. peak and hole (eA™®) 0.388 and -0.257

TABLE 2: Selected bond Iengths(A) and angles (°) for 1

Complx 1

Znl1-01 2.119(2) Znl1-N3 2.192 (2
Znl-N1 2149(2) Znl-N2 2.266 (2)
Znl-N4 2.167(2) Znl-Cl1 2.3489 (9)
01-Zn1-N1 94.65(9) N4-Znl1-N2 89.94 (9)
01-Zn1-N4 94.00(9) N3-Znl-N2 89.76 (9)
N1-Zn1l-N4 16254 (9) 01-Znl-Cl1 91.85 (6)
01-Zn1-N3  169.08 (9) N1-zZni-Cl1 97.26 (7)
N1-Zn1-N3 9298 (9) N4-zZni-Cll1 97.59 (7)
N4-Zn1-N3 76.65(9) N3-Znl-Cl1 94.93 (7)
01-Zn1-N2 8455(8) N2-zZnl-Cl1  171.87(7)
N1-Zn1-N2 75.83(9)

TABLE 3: Hydrogen-bond geometry (A, °) in 1
D-H.A  d(D-H) d(H~A) d(D~A) <(DHA)
Complex 1
O1-H1B-CI2'  0.82 2.28

O1-H1A--CI2 0.84 2.36
Symmetry codes: (i) —x+1, —y+1, —z+1.

3.003(2) 172
3158(2) 161

e 5
S e
) 2 C15 C
Sk \, Y C14 cio \ - )
S Ly — \ \ c13 | N2 ~~ /
cie 23 \g—~o0 / ce
c1s \ 4 — ~ S~
C19 g — c12 ‘
X cza\ s ci ‘ cs
czo \ —

\ 4 *l C11 Ja
c21 -c \-/ZFN / ~ {

2 - N1 4
/\\O‘ c1 ‘ | c3

e N / ~o

‘ l cz2
ci2

Figure 1l : A view of the structure of 1 with displacement
dlipsoidsdrawn at the 30% probability level.

At the sametime, ca culations 0.326 for O1 also con-
firmed the presence of water moleculerather than hy-
droxyl coordinated to the metal cation.

TABLE 4: Bond valencevaluesfor themetal cationin 1.
Bond Bond distance Bond

Bond valance

type (A) valence sum
Complex 1
Zn1-01 2.119 (2) 0.326
Zn1-N1 2.149 (2) 0.358
Zn1-N4 2.167 (2) 0.342
Zn1N3  2192(2) 030  20tforzn
Zn1-N2 2.266 (2) 0.262
Znl-Cl1  2.3489(9) 0.400
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Figure3: Hirshfeld surfacesof thecomplex 1 mapped withd__ property, themoleculesin tube/licoricerepresentation within
thetranspar ent surfacemaps. O-H--Cl (1), C-H-+Cl(2) and C-H--O(3)

Figure4: a) C-H--Cl and C-H--O hydrogen bonds diagrams; b) r--x inter actionsin thecomplex 1
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Figure5: Fingerprint plotsof thecomplex 1: A) O-H--Cl plus C-H-+Cl; B) 7= and C) C-H--O weak interactions, listing the
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Although thesmplestructure, thereareinteresting
hydrogen bondsinthe complex. Firstly, inter-molecu-
lar hydrogen bonds originating from the coordinated
water moleculeO and chloridion, named O1-H1B-+-CI12
and O1-H1A--CI12' (Symmetry codes: (i) —x+1, —y+1,
—z+1), linked each unit forming 1D wavy chains, shown
inFigure 2. Thehydrogen bondsgeometry aregivenin
TABLE3.

Using the Crysta Expl orer software, wefound that
therearealso C-H--Cl and C-H---O hydrogen bonds
besides primary O-H:--Cl hydrogen bonds in the com-
plex, and the strength of different kinds of hydrogen
bondscan easily bedistinguished accordingtothearea
and degreeof red regionsfrom figuresof hirshfeld sur-
faces (Figure 3). Corresponding C-H---Cland C-H--O
diagramswere shown in Figure 4a, furthermore, -n
interactionsaso hel p consolidating the crystal packing
with distances between 3.5~3.7 A (Figure 4b), and
these weak interactions connected each chainto 2D
layer, then 3D net structure.

The percentages of contacts contributed to theto-
tal Hirshfeld surfaceareaof moleculesareshowninthe
Figure5, andtheproportionsof O-H-+-Cl plus C-H---Cl,
7w and C-H---O interactions are 15.5%, 7.2% and
1.9% respectively of thetota Hirshfed surfacesfor the
complex 1.

CONCLUDING REMARKS

Thuswe have synthesized and structurally charac-
terized anovel complex based on zinc(l1) and 1,10-
phenanthrolineligand. BV Scd culaion confirmed the
+2 oxidation state of themetal cations. Hirshfeld sur-
face and fingerprint plots analysesindicated that the
existing of weak interactions hel ped consolidating the
crysta structure, whichlinked theunit forming 1D wavy
chains, then 2D layer and 3D net structure.
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