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ABSTRACT

Twin crystal structure coordination compound [Cu (Ji@,0)] was synthesized using soft synthetic method by
reaction of Cu (Il) salt with tartaric acid after cplete dissolution of the two reactants. The compound wascieaized
by Elemental Analysis, Infrared, UV and Visible speatogsy and Single crystal x-ray diffraction. Elemental Kmis,
Infrared, UV and Visible spectroscopy vividly showed ttoordination of the deprotonated group of the tartariczeiitg
coordinated to the copper metal. The 3 dimensional model afoiig@ound revealed twin compound to be found in every
single crystal of the compound.The crystals display ticlispace group witta = 6.7007 (8) A,b = 7.3002 (9)
A, ¢ =8.9439 (14) Ap = 68.499 (4, p = 79.764 (8} andy = 65.703 (4) by exhibiting octahedral geometry. Each copper
(1) ion is thus coordinated to six oxygen atoms; 2 carboxyaigen, two hydroxyl oxygen and two oxygen from water

molecule.
KEYWORDS: Synthesis, characterization, x-ray christallography
INTRODUCTION

Nano scale compounds as an important aspect of nanotechimalegyengrossed much attention in the past few
years due to their vagiotential applications in sensory, magnetic, adsorpdioigy delivery, catalysedgas storage [1].
In contrast toinorganic materials like zeolite whose p@e restricted by inflexible tetrahedral oxideframewtbek are
difficult to alter [2,3], the compositions and structurésano-scale compounds arenumerousdue to the choice of a vast
range of metal ions andorganic bridging ligands throughvita¢ process of self-assembly at the molecular estg.
The resulting nano-scale materials incorporate openefrark of three dimensionalstructures with vast chehaeal
structuraldiversity making them useful for numerous aptitioa in different fields. This novel characteristitisplay by
nano-materials is due to higher porosity and diversitytroicgiral and functionality of various organic linker and metal
ions [5].

Nano scale compounds embody a distinctive class of orderedsporaterials that have huge potential in guest

and host exchange that require pore sizes that sutpzsesfound in zeolites[5]. This can be achieved by seleptioger

building blocks during synthesis; framework with voids of presaf shapes can be formed for an anticipated application
(3]

The synthesis of nano scale compounds are usually cauiest temperature higher than room temperature after

complete dissolution of both the ligands and metal salt afiich the two solutions are mixed and thermally treated via
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refluxing or autoclave in an oven for crystallizatiainpreferred synthetic conditions. The main factorgHersynthesis of
nano scale compounds are concentration, pH, temperaturénaadf reaction. Common polar solvents usually used
during synthesis includes water, dimethyl sulfoxide dimégflyyl formamides, acetone ethanol, methanolor

acetonitrile[1,4].

Thousands of different nano-compounds have been synthesized andhbavstructure deposited in the
Cambridge Structural Database (CSD) up till date. This nummbeano-compounds represents only a small portion of
comprehendiblenano-compounds that can still be synthedizetb the large diversity of potentialorganic linker aretal
ions combinations. In lieu of this, our work focuses on symghaasd characterization of nano-scale twin crystatagfper

tartarate.

EXPERIMENTAL

Materials and Physical Measurements

Materials and solvents were obtained from Sigma Aldrich @om and used without distillation. Melting points
were determined using a WRS-1B digital melting poirpaaptus. The elemental analyses were measuredon a-Perki
Elmer CHN Analyzer 2400 series Il. The IR data were arparted using the SHIMADZU scientific model FTIR 8400s
Spectrophometer. X-rays were spawned by an accelgnatitage of 30 kV and a current flow of 40 mA.A receivifig s
of 0.6mm and a primary secondary slits of 2.5 mm were Buples were placed on a zero background sample holder
and scanned over a range 8td 40 with a step size of 0.0°%™. X-ray Crystallographic analysis of the MOFs was carried
out using a Nonious Kappa CCD diffractometer and graphite mooimetbed MK radiation. Direct method was used in
solving the structureand® Wvas refined against all reflections. Structural solutiod eefinement were adept using SIR97
and SHELXL97.

Synthesis of [Cu (Tary(2H,0)]

Single crystal of copper tartarate nano-compound was synttdsjzgissolving 1 mMol of Tartaric acid in water
and copper acetate dihyrate [Cu({CHD,),. 2H,O] of 0.5 mMolwas dissolved in methanol. The two solutimese mixed
together and few drops of Triethylamine were added foradeption. The mixed solution was refluxed at 2@0for 30
minutes under 1000 revolution per minutes (rpm). A cledrt Iijue solution was obtained and left standing for slow
evaporation at room temperature to take place. Blueatsystere formed after 14 days. The light green crystatadid
was separated out by filtration and washed with mixtureatémand methanol in ratio 1:1 and dried at room tenera
in a desiccator. Yield: 58 % M. wt. = 247.65 g/mol, pt.. = 204°C, Analc. Found (Calcd) % for p8l;4,0sCu]: C, 19.32
(19.38); H, 3.19 (3.23); N, <0.04 (0.00), IR (KBr, ¢n2933, 1751, 1273, 761, 624. UV-Vis (DMSO) nm: 203, 220, 433.

The equation of reaction is shown below:

[Cu (CHCO,),. 2H,0] + 2 Tar reflux / 30 mins‘ [Cu (Taf2H,0)]

rpm 1000, 206C

Tar = Tartaric acid
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RESULTS AND DISCUSSIONS

C, H and N for both tartaric acid and [Cu (L&2H,0)] were consistent with the formula units of the prosd s
shown in Table 1.

The melting points and colours of the MOFs suggest thelem@tion of tartaric acid with metal ion used during
synthesis.Comparison of the elemental analysis resultlgTHband FT-IR spectra (Table 2) showed that the MOFs

synthesized coordinated. The compounds were insoluble in soisedtor the dissolution of the reactants.

Table 1: Physical and Analytical Data of Tartaric acid and is MOFs

Ligand/Nano- | APpearance |\ nce | Yield Molecular | Melting Elemental analysis
Cgom ound of Ligand/ ofpl\sl)etal Salt | (%) Weight Point % Found (% Calculated)
P MOFs ; (g/mol) CC) CHN
L White ) ) )
Tartaric acid powder - - 150.09 172 2.67) | (3.99) 0
Light green 19.32 | 3.19 | <0.04
[Cu(Tark(2H,0)] crystals Deep green 58 247.65 204 (19.38) | (3.23)| (0.00)

FT-IR Spectra of Tartarate Acid and its Nano-Compound

The relevant IR band frequencies of the tartaratedigend its nano-compound are represented in Table 2. It can

be seen from the table that copper tartarate has spectfeneiffrom that of the ligand used.

Table 2: FT-IR Data (cm) of Tartaric Acid and its Copper Tartarate

Ligand/Nano_ \'(O'-|'1|) V(C'-cl:) v(C=_(l)) V(C'-?) V(M-O.J_H) \'(M-_?)
compound (cm) (cm) (cm) (cm) (cm) (cm)

Tartaric acid 3361m 2644m 1751s 12905

[Cu(Tar).2HO] | 2933m 2933m 1751s 1273s 748w 624w

m= medium, s= strong, w= weak

The infrared spectra of the MOFs in 4000 — 500 evare compared with those of tartaric acid as showralslel
2. Tartaric acid is a dicarboxylic acid having coordination siteanly the carboxylic acid functional groups.From téble
above, peaks characteristics of tartaric acid are @atdimthe spectra of the copper tartarate, an indicdktiat the ligand
is coordinated to the metal ion. The characteristicctmnd at 3361 cthdue to they (O-H) in the tartaric acid shifted to
2933, this indicates the existence of deprotonated formheoftartarate group in the copper tartarate and coordination
through the O-H group. Also, the absorption bands of(BeO) that appeared in tartaric acid at 1290"evas observed
to have shifted to 1273 chfor copper tartarate. This clearly indicates the coordinaif the metal to tartarate through the
carbonyl group (C-O). The coordination of water molesub the metal ion results in the appearance of vibratiamal &t
748 cm* for copper tartarate. The water molecules present e@rérmed to be coordinated rather than lattice water by

heating a known weight of copper tartarate at€r 10 minutes, no weight loss was observed.
Electronic spectra for Tartarate Acid and its Nano-Canpound

The UV-Visible spectra of tartarate acid and its naamypound as shown in Table 3 and show that the copper

tartarate coordinated with the central metal and steakpdifferent from free tartarate acid.
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Table 3: Selected UV-Visible Spectroscopy Data of TartagiAcid and Copper Tartarate

Compound /Ligand Wavelength (nm) Assignrpent
Tartaric acid 240 T
317 n-—mu
203 P
[Cu(Tark(2H,0)] (3a) 220 n—m
433 “ESP,

The UV-Visible spectra of tartaric acid and its compteae shown in Table 3 show that the spectra obtained from

the complexes are different from that of the fretatate acid.

Table 3 shows that the UV-Vis spectrum of tartaratd has bands at 240 nm and 317 nm which are assigmedrtoand

n-n* respectively representing C=C and C=0 bands. These lzaadsell represented in the copper tartarate confirming
coordination of the ligand in the complex. The excitatiérelectron in the d orbital of Gliincopper tartarate with
wavelength 433 nm show a band attributet85 T

X-ray Crystallographic Analysis of [Cu (Tar),(2H,0)]

The molecular structure of the compound [Cu (H@H,0)] is shown in Figure 1 with atomic numbering scheme
used. Table 4 to 6 present the crystal structural da&fected bond distance and angle and inter molecular and intra

molecular hydrogen bond respectively.

Table 4: Crystal Structural Data of [Cu (Tar),(2H,0)]

Identification Cypher [Cu(Tar) »(2H,0)]
Empirical formula GHsCuGs
Formula weight 247.65
CuKa radiatior A =1.5418(A
Crystal systel Triclinic
Space group P
Hall symbol -P1
Crystal shape/colour Plate/blue

a=6.7007 (8) A
b= 7.3002 (9) A
c=8.9439 (14) A

Unit cell dimensions o = 68.499 (4)
B =79.764 (6)
y = 65.703 (4

Cell volume (&) V =370.81 (6) A

Z value 2

Density (calculated ) (g cf) 2.218 Mg m°

F(000) 25C

O range for data collection 7-69

Cu Karadiation, 1.54180 A

Cell parameters

4287 reflections

Crystal size min, mid, max

0.18 x 0.11 x 0.02 mn

NAAS Rating: 3.00- Articles can be sent teditor@impactjournals.us




Synthesis and Structural Characterization of Nano-8ale Twin Crystal of Copper Tartarate 129

Table 5: Selected Bond Distances (A) and AngleY for[Cu (Tar) »(2H,0)]

Bond length (A) Bond Angles f)
Cul—07 23441 (12)| O7—Cul—03]  93.64 (4
Cul—03 | 1.9910(1C | O7—Cul—01 | 85454
Cui—O1 | 1.9300(1C | O3—Cul—01 | 826:(4)
Cu2—04 2.2802 (11) 01—Cul—O1 179.994
Cu2—08 2.0156 (11) 03—Cul—03 179.994
Cu2—06 1.9670 (11) 04—Cu2—08 89.45 (4
0ol1—C1 1.2339 (19) 04—Cu2—06 77.06
02—C1 1.2339 (19 08—Cuz—06 89.25 (5
03—C2 1.4236 (18 04—Cuz—04 179.99¢

Figure 1: 3 D Model of [Cu (Tar),(2H,0)] Showing all Atoms and Numbering

Single crystal x-ray diffraction analysis of the crystainpound revealed that the formula unit of the compound is
symmetrical with 2 fold deprotonated tartarate ions, andwater molecules directly bonded to copper metal vii the
oxygen. The crystals are triclinic, with= 6.7007 (8) Ap = 7.3002 (9) Ac = 8.9439 (14) Ap = 68.499 (4, p = 79.764
(6)° andy = 65.703 (4). The complex exhibits an octahedral geometry. Eacharofi}) ion is thus coordinated to six
oxygen atoms (2 carboxylate oxygen, two oxygen from hgdrgroup and two oxygen from water molecule). The two
tartaric acid were deprotonated prior to coordination tocdbgper (II) ion. The hydroxyl oxygen does not undergo
deprotonation but rather coordinate to the copper ion via datinding.

The Cu (ll) ion is octahedrally coordinated to two cagabe oxygen with average Cu-O bond length of 1.930 A
comparing favourably with the range 1.930-1.990 A [6] usuatiiserved for copper complexes. The Cu-OH of 1.991 A is
very uncommon because most hydroxyl group from literatupeotienate prior to coordination, therefore, the coordimati
most have resulted from the lone pair of electron on the oxgtgem. This phenomenon described the special character of
this compound.

Geometric distortion of a non-linear molecular systeenaso well observed in the octahedral coordination of
this crystal complex where the two Cu-@Hxial bond are significantly longer (2.344 A) than the Cu-O axids
thereby displaying Jahn-Teller distortion effect[7] a phenmmethat is very common in six-coordinate copper(ll)
complexes[7,8Thed® electronic configuration of the copper ion gives three mastin the two degeneratgorbitals,
leading to a doubly degenerate electronic ground state. Sugblec@® distort along one of the molecular fourfold ax,

which has the effect of removing the orbital and electrdeigeneracies and lowering the overall energy.
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The distortion normally takes the form of elongating the baiedshe ligands lying along the one of the

fourfold axis, but occasionally occurs as a shortening oéthesds instead.

The crystallographic geometrical parameters are in ggodement with those reported from in the literature for
compound containing Cu-O, Cu-OH and Cu-{idnds [6, 9, and 10]. The framework of the structure gameudral

charge.

Figure 3: 3 D Short Contactof [Cu (Tark(2H,0)]

The structure of the compound is polymeric (Figure 2 and &igurbased on the fact that the Copper central
metal is linked to two symmetry equivalent tartar@e which in turns can also be coordinated to another copper i

through its oxygens thereby exhibiting a coordination numbér(ottahedral).

The crystal packing is depicted in Figure 2. The packinge{€u(Tar)(2H,0)]in the crystal structure consist of
chain parallel to the c-axis, mutually interacting through lii@rogen bonding, hence contributing the stability of the
crystal structure. The H atoms were all positioned gadoally. Uiso(H) (in the range 1.2 timede, of the parent atom),

the positions were refined with riding constraints.
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Table 6: Intermolecular Interaction Distances (A) for [Qu (Tar),(2H,0)]

D—H--A Symm D—H | H-A D--A D—H--A
03-H1...05 x,-y+1,-z+1 0.83 1.75 2.576 (2 177 (2
O3-H1..C4 X,-y+1,-2+1 0.83 2.53 3.300 (2 154 (2
O4-H2..01 | -x+l,-y,z+2 | 0.82 1.91 2.716 (2) 167 (2)
07-H3..02 X,-y+1,-2+2 0.81 1.89 2.698 (2 176 (2
O7-H4..02 x-1,y, Z 0.81 2.0C 2.770 (2) 16C (2)
O8H5...05 | -x+1,-y+1,z+1 | 0.8C 2.12 2.91£ (2) 17C(2)
08-H6...07 x+1,y, z-1 0.82 1.89 2.701 (2) 171 (2)

Figure 4: Inter and Intra Molecular Hydrogen Bond of [Cu (Tar),(2H,0)]

The polymeric nature of the compound is achieved by intermiale@ydrogen of the type O-H...O through its
short contact. It has been demonstrated here that hydbogels play important roles in the self-assembly opthiigmeric
copper (II) complex of the tartarate. Hydrogen bondings out to be one of the dominating stabilizing contributians

the crystal packing.

CONCLUSIONS

Twin crystal compound of [Cu (TafpH,O)] was synthesized via refluxing. Physicochemical parametere
characterized using different equipment and which th#yconcurred with the crystallographic structure bkt
compound,revealing that the compound exhibits an octahedraletygorBach copper (1) ion is thus coordinated to six

oxygen atoms; 2 carboxylate oxygen, two oxygen from hydraxgltaeo oxygen from water molecule.
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