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ABSTRACT

One copper(lll coordination polymer compound [CuiLHSCHIH 20)d-.3H:0 (1) where L stand for 2-pyr-
idinecarboesylic acid. was synthesized following two differsnt experimental methods, branch tube and
sonochemical irradiation nano methods. Independently of the methodology used, the same orystal-
ine_a:hase iz obtained for each compound. Single arystal X-ray analyses on compound 1 showed that
Cu** ions are &-coordinated. Additionally, H-bands incorporate the zigzag chains in 1 into 20 (along
{1,100 direction) frameworks. Topological analysis shows that the compound 1 is 301 net Hirshield
surface analysis of compound 1 was studied. Also, theoretical and experimental morphology were
studied. The thermal stability of compound 1 was studied by thermal gravimetric. FAnally, the role of
reaction time and temperature on growth and final monphology of the srucures obtained by sono-
chemical imadiation are investigated. The results indicated that particle size was reduced with inoreas-
ing sonication power, temperature, sonication time and deoeasing concentration of reactant.



Introduction

The construction and designs of coordination polymer com-
pounds (CPCs) are of current interest in the fields of supra-
molecular chemistry and arystal engineering.! ™' This interest
arises using their intriguing various architectures and topolo-
gies ™ *! Furthermore, rescarch on the synthesis and charac-
terization of metal-organic ooordination polymers is greatly
motivated by their potentid applications induding cataly-
si_,:lli—:l':'l Inragc.lwml : mlli—?.‘i'.-'l':'l molecular
scming.' *% nondinear optics, 4A7.18) inn-q::changc.'m
electric q:nnducti'.rttf.“""g' malecular sq_:l~ara1inrl."5'9| host-guest
-c]'u:-ler:.r.H*g' and medicine.”*! Themfore, rational design and
synthesis of materials with spedfic networks has become a
major research concem.™ Numemus coordination polymers
with a wide variety of structural motife have been prepared
with the wvariation of reagents and reaction conditions.**™
Copper materials are attracting an increasing number of
interests due to their wildly applications in the fidd of cata-
lyst, chemical sensors, luminescence, and so on.!**~**!

A number of different synthetic approaches have been
offered for the preparation of coordination compounds.”!
Some of them are (1) slow diffusion of the reactants into a

polymeric matrix, (2) diffusion from the gas phase, (3) evap-
oration from the solvent at ambient or reduced tempera-
tures, (4) predpitation or recrystallisation from a micture of
sobvents, (5) temperature controlled cooling, (6) hydrother-
mal synthesis, and (7) sonochemistry method 1*-!

Sonochemistry method is easy, fast, and enables highly
acourate control of synthesis parameters induding time,
energy input, and pH. Furthermore, the use of ultrasonic
irradiation induces particle deagglomeration, which increases
the surface area of the materials,™ ™ The sonochemical
method enables use of the surface charge-induced hetero
aggregation strategy, based on the dispersion of particles by
physical methods and adjustment of the pH of the medium
to a value between the points of zero charge of the materi-
als. This maximizes the cledrostatic attraction together,
favoring the effective formation of heterojunctions and con-
trol of the morphalogy.**—**!

Control of nano-sized building blodks therefore is essen-
tial for the future success of science and technology in the
nanoscale realm.** With all these facts in mind the need
for the development of synthetic methods in which the size
and morphologies of nanostructured materials could be con-
trolled becomes obvious both from the viewpoint of basic



sdences as well as applied tcdin.n]ug:,‘.lﬁ_!'g' The effects of
ultrasound radiation on chemical reactions were reported in
recent works, #4451

Untl now, examples of [CogLa){p-13-SCN14 50N
(L=4"-{4-pyridyl)-2.2": & 2" -terpyridine), ! trans
[CulNCS)APy),] (Py=CHN)H [Cu(NCS)(4-MeAPY),],, (4-
MeAPy =  4-methylaminopyrdine),'®!  K,[Cuy(sal-aa),
U-NCShInH,0  (sal-aa=N-salicflideneamino  add),**
copper(ll] coordination polymer complex with different ligand
are reported However, the synthesis of lead-based 1D coondin-
ation polymers sill represents a challenge. In this work, we
would like to describe the rapid synthesis of nanocrystaks of a
copper(ll) 1D CPC, [CufL)(SCN)H.0):1,2H,0 (1), (L=2-pyr-
idinecarhoocylic acid). The power of uhrasound iradiation, soni-
cating time, temperature of reaction, and concentration of
initial reactants were the parameters evaluated for reaching the
optimized condition. Scanning electron microscopy (SEM) and
powder X-my diffraction (PXRD) were used for the character-
ization of the pmducs. Additionally, we havwe nvestigated the
influcnce of different propertics (sonication power, reaction
time, temperature, and concentration of reactant) on the par-
tide morphology and size. This was achieved by using a sono-
chemical method

Experimental
Materials and physical technigues

Starting reagents for the synthesis were purchased and nsed
without any purification from industrial suppliers (Sigma-
Aldrich, Merde and others). Elemental analyses (carbon,
hydrogen, and nitrogen) were performed employing a
Heraeus Analytical Jena, Multi EA 3100 CHNO rapid ana-
Iyzer (Analytik Jena AG, Boblingen, Germany). Fourier
transform infrared spectra were recorded on a FT-1R JASCO
G680-PLUS spearometer as EBr pellets in the 4000-400
cm " spectral range and Bruker Tensor 27 FT-IR with a sin-
gle window reflection of diamond attermated total reflect-
ance (mode MEI Golden Gate, Specac) and the OPUS data
cllection program sofiware. The instrument is equipped
with a room temperature detector, and a mid-IR source
(4000400 cm "), Since it is a single beam instrument, it
was needed to run a background spectrum in air before the
measurement. Single oystal X-ray diffraction experiments
were carried out for compound 1 with BMokzx radiation
[A=071073 A) at ambhient temperature. A micro focused
Rigaku mm003 source with integrated confocal caxFhoe dow-
ble bounce optic and HPAD PFilatms 200 B detector was
used for 1 while for two data were measured on a Bruker-
Monius Eappa CCD diffradometer. The strucures were
solved by direct methods and refined by full matrix least
squares on F. All non-hydrogen atoms were refined aniso-
tropically. The hydrogen atoms were included with fixed iso-
tropic contributions at their aloulated positions determined
by molecular geometry, oooept for the oxygen bonded
hydrogen atoms, which were located on a difference Fourier
map and refined riding on the corresponding atoms.
Computing details: data collection, cell refinement and data
reduction: CrystalClear-5M expert 21b43'™L program(s)

used to solve strocture: SHELXT!, program(s) used to
refine structure: SHELXL-2014/7"'% molecular graphics:
PLATON . reduction of data and semiempirical absorp-
tion correction:  SADAERS ngramm": direct  methods
[SIR97 pmgramml]: full-matrix least-squares method on P
SHELXL97 program'™' with the aid of the programs
WinGX'™ and Olex2 ¥ X-ray powder diffraction (XRD)
measurements were performed using an X'pert diffractom-
eter manufactured by Philips with monochromatized Cuka
radiation and simulated XKD powder patterns based on sin-
gle crystal data were prepared using the Mercury soft-
ware*"! The samples were characterized with a scanning
electron microscope (SEM; FEI (uanta 650 FEG) in mode
operation of secondary electrons (5E) with a beam voltage
between 15 and 20 EV. The samples were prepared by
deposzition of a drop of the material previously dispersed in
properly solvents on aluminum stubs followed by evapor-
ation of the solvent under ambient conditions. Before per-
forming the analysis, the samples were metalized by
deposziting on the surface a thin platinum layer (5 nm) using
a sputter coater (Leica EM ACEGDD). A multi wave ultra-
sonic generator (ultrasonic homogenizer-UP 400-A, [RAN
and Elmasonic [Elma] 540 H), cquipped with a converter/
transducer and titanium osdllator (horn), 12.5 mm in diam-
cter, operating at 20 kHz with a maximum power output of
400 W, were used for the ultrasonic irradiation. Melting
points were measured on an eledrothermal 9100 apparatus
and are uncorrected

Synthesis of [CulL)(SCN){H20)2/2.2H20 (1) as
single aystals

Initially, compound 1 was synthesized by the branch tube
method. Branched tbe equipment included on two different
parts: (a) il bath and (b) Tube. The temperature of ol
hath has been adjusted at &0 “C. It should be noted which
temperature is the most important parameters in this equip-
ment, because the difference temperature between oil hath
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Figuee 2. Schematc of the expefmentsl setup used for the sonochemical mac-
tion< ja) miture of Ggand and courter Gon, (bl metal sal sohtion, i) therm-
ameter, jd] macton o, {&] ulmsound bath

and lateral part (at room temperature) led to make convec-
tion flow. Reactants moved up to bottom in glss, spontan-
eously. In fact convection flow has role of the stirrer.
Cuality crystals were synthesized by this method after one
week An important advantage of this method in compari-
son with other crystallzation methods which is reactant
materials are placed in the bottom of the solvent without
dissolving and they react slowly and finally good crystals
were obtained (Figure 1).

Cu(MN0y):. 25H,0 (1 mmol, 0.232 g), 2-pyridinecarbos-
ylic acid (L) (1 mmol, 0.246 g) and ESCN (2 mmol, 0.18 g)
were loaded into one arm of a branch tube and hoth of the
arms were filled slowly with water. The chemical bearing
arm was immersed in an oil bath kept at &0 “C. Crystals
were formed on the inside surface of the arm kept at ambi-
ent temperature. After 5 days, colorless crystals were depos-
ited in the cooler arm. The crystals obtained were filtered
off, washed with water and air dried. (0,124 g, 39.36% yicld
based on final product), product 1 (single crystal): mp =
300 “C. Anal. Cale for C,CuH,N,08: C 2659%, H:
3.79%, N: B.E79%, O 30.39%; Found C: 26.51%, H: 3.28%, N:
B.686%. IR (selected bands for compound 1; in em '
3441(b), 3075(w), 1647(s), 1605(s), 1349(s), 776(s) am .

Synthesis of [Cu(L){SCN){H:0);],-2H;0 (1) under
ultrasonic irradiation

The study of sonochemistry is concerned with understand-
ing the effect of wtrasound in forming acoustic cavitation in
liquids, resulting in the initiation or enhancement of the
chemical activity in the solution. Therefore, the chemical
effects of wtrasound do not come from a direat interaction
of the ultrasonic sound wave with the molecules in the solu-
tion. The simplest explanation for this is that sound waves
propagating through a liquid at ultrasonic frequencies do so
with a wavdength that is significantly longer than that of
the bond length between atoms in the molecule. Therefore,
the sound wave cannot affect that vibrational energy of the
bond, and can therefore not directly increase the internal
energy of a molecule. Instead, sonochemistry arises from
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acoustic cavitation: the formation, growth, and implosive
collapse of bubbles in a liquid The collapse of these bubbles
is an almost adiabatic process, thereby resulting in the mas-
sive build-up of energy inside the bubble, resulting in
extremely high temperatures and pressures in a micoscopic
region of the sonicated liquid. The high temperatures and
pressures result in the chemical excitation of any matter that
was inside of, or in the immediate surroundings of the



bubhle as it rapidly imploded. A broad variety of outcomes
can result from acoustic cavitation, including sonolumines-
cence, increased chemical activity in the solution due to the
formation of primary and secondary radical reactions, and
increase chemical activity through the formation of new,
relatively stable chemical spedes that can diffuse further
into the solution to create chemical effects (eg. the forma-
tion of hydrogen peroxide from the combination of two
hydroxyl radicals formed following the dissodation of water
vapor inside the collapsing bubbles what water is exposed to
ultrasound (Figure 2). In generally, sonochemistry method is
fast method in compared to solvothermal, hydrothermal,
branched tube, solvent diffusion, etc methods.***!

Three nanostrucures of [Cu(L)SCH N H00,],2H0 (1)
were prepared by sonochemical process. Firstly, a high-dens-
ity ultrasonic probe was immersed directly into the solution
of Cu(NO,),25H,0 (10 ml, 005 M) in water. Then into
this solution, a proper volume of ESCN (10 ml, 0.05 M)
and Z-pyridinecarboxylic acid (L) (10 ml, 0.05 M) ligand in
water solvent was added in a drop wise manner. The
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Figure 5. Selected distances for compaound FCu{l) BONEH00 1 204:0 (11

solution was irradiated by ultrasound at 60 W and tempera-
ture 30 “C. After 30 min, a white powder was obtained
(temperature: 30 “C reaction time 30 min, sonication
power: 60 W, concentration: 005 M). Following the above
process, the role of temperature and time reaction was
studied. Firstly, for the study of the effect related with the
temperature, the reaction described was carried out at 60 °C
(reaction time: 30 min, sonication power: &0 W, concentra-
tion: 0.05 M). The reaction time was increased up to 60 min
[temperature: 30 “(, sonication power: 60 W, concentration:
0.05 M). Finally, the concentration of reactants was investi-
gated to 0.1 M (temperature: 30 “C, sonication power: 60
W, reaction time: 30 min). In all the cases, the obtained pre-
dpitates were filtered, subsequently washed with water and
then dried.

Compound 1: (0,162 g, 51.42% yicld hased on final prod-
uct), product 1: mp = 300 *C. Ana Calk. for
CCuH, N 08: O 26.59%, H: 3.79%, N: 887%, O: 3039%:
Found : 2654%, H: 354%, N: B73%, O: 3032%. IR
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Figure 9. Prsdicted coystal marphologies of ICUiL)SCNIHS0)L 2H:0 1 {ug)
and thesr pasiing abong the 1010] farfCul LSCNEH0EL 210 1 jdown].

(selected bands for compound I; in cm™": 3440(b), 3079(w),
1647(5), 1605(s), 1348(s), 778(s) an

Results and discussion

Initially, compound 1 was synthesized by the branch tube
method. For the synthesis of compound 1, CulMN(k):
25H,0, 2-pyridinecarboylic add (L) and KSCN were
loaded into one arm of a branch tube while filling both
arms slowly with water. The chemical bearing arm was
afterwards immersed in an oil bath kept at 60 “C while the
seoond remains at room temperature. After 5 days, colorless
aystak were deposited in the oooler arm. The orystals
obtained were filtered off, washed with water, air dried and
finally characterized as compound 1 (vide mnfra).

X-ray characterization

Selected crystals of compound 1 was isolated and analyzed
by X-ray diffraction, aystalizing both in an orthorhombic
Fba space group. For more crystallographic details see
Tahles 1 and 2.

Compound 1. The Fb atoms of 1 are coordinated by two
M atoms, three (0 atoms and one 5 atom composing octahe-
dral coordination (38,5 (Figure 3). The asymmetric unit of
compound 1 contain one Cu®™" cation, which is coordinated
to one 2-pyridinecarboxylic add ligand (L=C:H:NOy), one
SCMT anions and two Hy(» molecules which are in aystal

lattice (Figure 4). Each 2-pyridinecarbooxylic add ligand
(L=C;HM,) in compound 1 is coordinated to one Cu
atom by one W atom of pyridine ring (Co-N distance 2.343
A) and one (b atoms of carboxylic acid group (Cu-0b dis-
tance 196 A). Additionally, one bridge SCN atoms are
ooordinated to two Co atoms  through Cuf(1)-M1 and
Cul(1)-51 bounds (Cu-M and Cuo-5 distances are 1948 and
2,882 A, respectively; Table 2 and Figure 5). The length of
Cu-M and Cu-5 bonds are shown for some of coordination
supramolecular compounds based on copper metal in
Table 3. It should be noted that the coordination interac-
tions can be separated in two groups: strong (more valence,
in short range 0.845-2.520 A) and weak (more electrostatic,
in long range 2.664-3.570 A). Strong bonds form mono-
nudear compounds [Cu(L)(SCN)NH),], which expanded
by  relativedy weak interactions in polymeric  layer
[ColLHSCH N HA0),].2H0, Also structures of compound 1
are two-periodic ([1,1,0] orientation) and one-periodic (in
[0,1,0] diretion) coordination  polymer  architectures
(Figures & and 7). Each isothiocyanate groups is linking two
similar copper atoms. These 1D zig-zag chains are bridged
by the isothincyanate groups through forming and ecpanded
by hydrogen bound, m—n stacking and van der Waals inter-
actions a layer on the ab crystal plane (Figures &, & and 9).
It should be noted that additional weak n-m interaction
reinforces CPC. The m-x interactions in 1, are due to the
presence of the rings of pyridine (distance of two pyridine
rings: 5.348 A) allowing the interactions between the paralld
chains (Figures & and 9).

The morphology and size of products prepared by the
sonochemical method were examined by SEM, (Figure 10).
The SEM micrographs of compound 1 show plate morph-
ology. Bravais Friedel Donnay Harker (BFDH) analysis was
arried out in order to estimate the faces that are supposed
to appear in the crystals morphology (Figure 9). This ana-
lysis considers the effect of sy ¢ operations on the
interplanar distances of crystal faces'®*! Predicted crystal
morphologies of compound 1 are shown in Figure 11. In
almost all cases there is a good match between the predicted
and observed morphology. It should be noted that in the
cse of 1, the growth of the coordination material takes
place along the [021] diredtions (Fgure 9).

Each [Co(L)SCNIH0),], 2H chain is located between
six other same chains forming van-der-Waals hydrogen
bonded and m-= interactions hexagonal packing, which corre-
sponds to geometrically ocahedral packing (Figures @ and
12). Simplifiation of the chain to the wnderlying net by
ToposPro package reveals 2C1 topological type (Figure 13),
which is abundant for 1} coordination lgnrslzymcrs [ 56,607
examples in TTO collection of ToposePro).

Hirshfeld surface analysis

The crystal structure from the title compound as discussed
below is a good example of the interplay of different
molecular interactions. In order to analyses the various
interactions that lead to the oystal structure, an intermo-
lecular intercontacts leading to the Hirshfeld surfaces has



Fgum 10. SEM images of compound 1, {2) Campound 1-1 {temperatums 30 °C, maction time 30 min, soniation power 0 W, concentratorc 0.05 M) (bl
Compounds 1 and 2 {Empemsture: 30 °C s action time: 30 min, sonicaton power 60 W, concentration: 005 M); { Compounds 1-3 {empenture: 30 °C rextion
time= 60 min, sonicstion power: 60 W, concenrationr 005 M); (d) Compounds 1-4 (tempesstum- 60 °C macton time: 30 min, sonication power: 60 W, conaenta-
tion: 005 M) (&) i) Compounds 1-5 {temperatise 30 °C_ mation time 30 min, sonication powes 60 W, conoemastion: 0.1 ML
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pound 1 and (ble ine) nano-sid compound 1 pepared by sonochemi-
cal method.

been made. The Hirshfeld surface considered the volume of
space where molecule eectron density exceeds that all
neighboring molecules.'®! Molecular Hirshfdd surfaces
have been constructed from CIF file, so that you can dissect
crystal structures into noncovalent contacts The very high-
resolution Hirshfeld surfaces were generated by Crystal
Explorer and funcions of curvature, distance including
shape index and dnorm were mapped to the surfaces!s-7'!
The function dnorm is a normalized distance property

3

Figure 12 Number of cheing chains surmunding the consStutive unit of
[Cu{LISCN)H,0),] - 21,0 1.

defined with regards to d; (distance from a point on the
Hirshfeld surface to the nearest internal nudeus), 4. (dis-
tance from a point on the Hirshfeld surface to the nearest
external nucleus) and van der Waalks radii (r,*" and r,*V)
dnunu = [(dn - ri‘hw]"fid’w] + [[dt o r‘dvW)’,'cle]'lll-:u]
Thus, the value of d,,,,, was negative or positive when
intermolecular contacts were shorter or longer than ik

respectively. The Hirshfeld surfaces of the title compound
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(Figure 14) were mapped over a o, de d; curvedness,
and shape-index.

The d,em valies were mapped to the Hirshfdd surface
(Figure 14{a)) by using a red-blue-white color scheme as
tollows: red regions represented closer contacts as well as a
negative dnorm value; blue regions represented longer con-
tacts and a positive dnorm value; and white regions repre-
sented the distance of contacts equal to precisey the van der
Waals separation with a d,,,,, valie of zero. These normal-
ized contact distances (d,.,,,) reveal the dose contacts of
hydrogen bond donors and acceptors, but other dose con-
tacts are evident Actually, Figure 12(a) reveals that the large
dreular depressions are the indicators of hydrogen bonding
contacts and the dominant interactions are O-H whereas
other visible spots are due to H-H contacts, based on both
d, and d;. Farticularly, adjacent red/orange and blue triangle
like patches on a shape index map (Figure 15) give us infor-
mation about hydrogen bound and C...$ interaction.**** ™!
The combination of the distances from the Hirshfeld surface
to the nearest nudeus inside the surface (d) and outside the
surface (d.) and the data conveyed by the shape index are
consistent with 2 fingerprint plots./*!

The 2} fingerprint maps of 1 provide some quantitative
information gives the possibility of obtaining additional
insight to the intermolecular interactions in the crystal state
and for describing the surface characteristics of the mole-
cules (Figure 16). Globally, H... ... H.H... ... 0, C... .. H,
and 5....H intermolecular interactions were most abundant
in the cystal packing (29.8%, 24.6%, 141%, and 11.4%,
respectively). It really is evident that van der Waals forces
exert an important influence on the stabilization of the
packing in the corystal strugure, and other intercontacts
[MN... ... HH.... ...N @0%) C.. .0 (40%), C......5
(37%), N... ... § (2.5%), and H ... ...Cu (0.1%)] contribute
less to the Hirshteld surfaces. On the other hand, the relative
contributions of the different interactions to the Hirshteld
Surtaces were also calculated for the tile compound (Figure
17 and Tahle 4).

Sonochemical synthesis

Synthesis of compound 1 was alternatively achieved by the
application of ultraspunds. For the synthesis of compound
1, a high-density ultrasonic probe was immersed directly
into a water solution Cu(M(;).25H,0 and posterior drop
wise addition a second water solution of KSCN and 2-pyri-
dinecarboxylic acid (L) The synthesis were done the reac-
tants concentration and the ulrasound power while other
factors such as temperature and the reaction ime were sys-
tematically modified (a resume of the different reactions is
shown in Tahle 5).

FXRD of compounds is similar to that obtained upon
simulation from the X-ray diffraction data obtained for 1.
As Figure 18 reveals that both (experimental and simulation)
exhibit the same crystalline phase. These results indicate the
existence of a single crystalline phase, which is maintained
independently of the synthesis method (Figure 10).
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Various conditions for preparation of compounds 1
nano-structure were summarized in Table 5. In this table,
sample 1-1, were studied without power ultrasound and the
other samples were studied under variable temperature, time
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and power ultrasound. In order to research the role of
power ultrasound irradiation on the character of product,
reactions were performed under completely different power
ultrasound irradiation. Results show a decrease in the par-
ticles size as increasing power ultrasound irradiation. In
sample 1-1, the reactions were studied without power ultra-
sound. Results show that size partides sample of 1-1 (Figure
10(a)) is larger than 1-2 (Figure 10(b)). Table 5 shows the
average diameter scanning electron micrographs (SEM) of
the prepared samples. Results show high power ultrasound
irradiation decreased agglomeration, and thus led to
decrease particles size. Comparison between samples 1-2
and 1-3 shows a decrease in nanoparticle size. Thus, size
particles of sample 1-3 are smaller than 1-2 (Figure 10(c)).
However, a reducing the reaction time led to the decrease of
size particles of sample 1-3. Partide sizes and morphology
of nanopartide are depending on temperature. Higher tem-
perature (60 “C) results in an increased solubility, and thus
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a reduced supersaturation of growth species in the solution,
and thus particles size of sample 14 is smaller than par-
ticles size of sample 1-2 (Figure 10(h.d)). Finally, was com-
pared 1-5 and 1-2 samples and shows an increase in
particle size. In the other hand, high concentration of reac-
tants increased agglomeration, and thus led to increase par-
ticles size (Figure 10(bc)). Table 5 shows the average

Temperabie|'T)
Figure 19. Thermal behavior of ampaund 1.

diameter of particles shown by SEM of the prepared sam-
ples. The best conditions for getting a small sized and less
agglomerated nanostructure materials for this CPC are tem-
perature, reaction time, the power of ultrasonic irradiation
and concentration of reactants 30 “C, &0 min, 60 W, and
0.05 M, respectively. Also, other condition (temperature =
60FC, reaction time= 30 min, power of ultrasonic irradi-
ation = 60W and concentration of reactants= 005 M) is
good for obtaining small nanoparticle size.

IR spectra of compound 1 shows the characteristic
stretching frequency of HyO' group observed at around 3474
am~', relatively weak absorption bands centered on 3000
an ! assigned to the C-H stretching frequency of the aro-
matic rings. The absorption bands with variable intensity in
the frequency range between 1700 and 1750 cm ™' corres-
pond to C=(¥ stretching frequency of the carbonyl from the
2-pyridinecarboxylic acid ligand. Also, the characteristic
band of the C-( stretching frequency carboocylic add group
appeared between 1000 and 1300 cm . For the SCN ligand,
a stretching band around 2050 cm ! was assigned to SCN
group. In addition, two bands around 1500-1700 cm™'
revealed the presence of C=C stretching frequency corre-
sponding to the amine group of the ligand (Figure 11).

The TG curve of compound 1 indicates that the com-
pound does melt and is stable up to 80 “C at that tempera-
ture it begins to decompose (Figure &), A first weight loss
over 50-100 “C corresponding to the loss of lattice water
molecules. The decomposition of coordinated water (mass



loss of 8.7%), pyridine aromatic ring, carboxylate groups of
2-pyridinecarboxylic acid ligand and isothiocyanate groups
(mass loss of them 77.4%), occur in range of 110470 “C.
Mass loss calculations show that the final decomposition
product is Cu (Figure 19).

Conclusion

One  Cuolll) CPC [CufL)(SCHN)H20) 2] 0. 2H20 (1),
L=picolinic acid ligand, has been synthesized utilizing a
thermal gradient approach and also by sonochemical irradi-
ation. Compound 1 was strucurally characterized by single
crystal X-ray diffraction. The crystal structure of compound
1 is made up of 1[I} CPC and shows that the coordination
number of Cu (11} ion in compound 1 is six. Also, topology,
Hirshfeld surface analyses and thermal behavior were
studied for 1. Influences of temperature, power ultrasound,
reaction time and concentration of reactants on the maor-
phological properties of [Cu(L)(SCN)(H,0),], 2H0 (1),
was studied. The results showed that higher temperature of
reagents led to decrease in particle size and optimum time
for the process was obtained &0 min, increazsing in the
power of ultrasonic irradiation led to decrease partides size
and high concentration of reactants increased agglomeration,
and thus led to increase particles size for 1. Also, the best
conditions for getting a small sized and less agglomerated
nanostructure material for this coordination compounds are
temperature, reaction time, the power of wltrasonic irradi-
ation and concentration of reactants are 30 “C, 60 min &0
W, and 005 M, respectively. These results demonstrated
that the use of ultrasounds and the correct selection of dif-
ferent parameters can led to the formation of expected mor-
phologies then the project can be defined more dearly.

Supplementary information

Crystallographic data for the structure reported in this paper
have been deposited with the Cambridge Crystallographic
[ata Center as supplementary  publication no. CCD(C-
1552099, Copics of the data can be obtained upon applica-
tion to CCDC, 12 Union Road, (lambridg{: CB2 1EL UK
(Fax: 44 1223/336033; e-mail: deposit@code.camacuk).
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