of Chemistry; Vol. 26, No. 13 (2014), 3953-3957

OURNAL OF CHEMISTRY

http://dx.doi.org/10.14233/ajchem.2014.16061

&\ ASIAN JOURNAL
& OF CHEMISTRY

RIRAG AL

{1502 Journ) of Chem=%

Synthesis, Characterization and X-Ray Crystal Structure of Copper Complex with 18-Crown-6

Impap HussaIN', RUBINA GILLANI, VickiE McKEE, HaBIB HussaIN and ZULFIQAR ALI
Department of Chemistry, University of Engineering and Technology, Lahore, Pakistan
*Corresponding author: Tel: +92 321 4522884; E-mail: imdadsahi @ gmail.com

Received: 18 July 2013; Accepted: 28 October 2013; Published online: 23 June 2014, AJC-15381

| A I:1 crystal of 18-crown-6 with copper has been obtained by stirring and refluxing equimolar quantities of methanolic solution of

| 18-crown-6 and Cu(NOs), overnight. Cu-18-crown-6 complex i§ acrystalline solidc of blue colour. Theocomplex crystallizes in the monoclinic |
space group P 2 1/n, with unit cell parameters a = 10.0228(7) A, b= 12.9341(9) A, ¢ = 16.7351(12)A, a. = 90.00, B = 92.089(1), Y= 90.00,

| Z =4,V =2168.0 (3) A3. Copper metal does not it into the cavity of 18-crown-6, because the cavity size of the 18-crown-6 is bigger than |

| the size of the copper atom. So copper metal is coordinated by water molecule and that water molecules are further connected with |

| 18-crown-6 through hydrogenbonding between water coordinated with copper metal and oxygen atoms of the crown ether. The |

| complex was characterized by using single crystal X-ray spectroscopy, TGA, UV-spectroscopy, IR-spectroscopy and atomic absorption |
spectroscopy.

| |

| |
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INTRODUCTION

EXPERIMENTAL

Association of heteroatom containing macrocyclic comp-
ounds such as crown ethers with metal complexes provides a
new approach for generation of supramolecular architecture.
Intermolecular interactions between metal complexes and
crown ethers leading to the formation of associates offer the
possibility for design of different metal-containing supra-
molecular materials and selective extraction of coordination
compounds into hydrophobic media'.

A large amount of crown ether associations have been
produced and studied by different methods*”’. Most of these
species exhibit 1D array structure with the equimolar complex
to crown ether stoichiometry. Supramolecular organization
determined hydrogen bonding between an oxygen atom of
the crown ether and acidic hydrogen(s) of a ligand. Our interest
in the oxime chemistry®'" and, in particular, in supramolecular
aggregations involving metal-bound oximes'?, motivated us
to synthesize the complexes of 18-crown-6 with different
metals.

The selectivity of the complexation is dependent on many
parameters and one of them is size of the cavity. We have been
interested in determining the effects of changing the size of
the metal atom by making complexes of 18-crown-6 with
nickel, copper and zinc. In this paper we report the synthesis,
characterization of copper metal complex with 18-crown-6
and trying to show the effect of size of central metal in complex
formation.

Synthesis of 18-crown-6: 22.5 g, (20.1 mL) of triethylene
glycol and 120 mL of tetrahydrofuran were reflexed in three-
necked flask. 60 % Potassium hydroxide solution, prepared
by dissolving 21.8 g. (0.389 mol) of potassium hydroxide in
14 mL. of water, was added. After about 15 min of vigorous
stirring, a solution of 28 g of 1,2-bis(2-chloroethoxy) ethane
in 20 mL of tetrahydrofuran was added in a stream. After the
addition is complete, the solution was heated at reflux and
stirred vigorously for 18-24 h. After cooling the solution, THF
was evaporated and the resulting thick, brown slurry was
diluted with 100 mL of dichloromethane and filtered through
a glass frit. The salts removed by filtration were washed with
more dichloromethane to remove absorbed crown ether and
the combined organic solution was dried over anhydrous
magnesium sulfate, filtered, evaporated to minimum volume
and distilled under high vacuum using a simple vacuum disti-
Ilation pump. A typical fraction contains 14-17 g. (38-44 %)
of crude 18-crown-6.

Purification of crude 18-crown-6: To 10 g of the crude
18-crown-6, 20 mL of acetonitrile was added. The resulting
slurry was heated on a hot plate to effect solution. The solution
was stirred vigorously as it was allowed to cool to ambient
temperature. Fine white crystals of crown-acetonitrile complex
were deposited. The flask was allowed to stand in a freezer
for 24-48 h to precipitate as much of the complex as possible.
The solid was collected by rapid filtration and washed once
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with a small amount of cold acetonitrile. The hygroscopic
crystals were transferred to a 200 mL, round-bottomed flask
equipped with a magnetic stirring bar and a vacuum takeoff.
Acetonitrile was removed from the complex under high
vacuum (using vacuum distillation pump), with gentle heating
(35 °C), over 2-3 h. The pure colourless 18-crown-6 (5-7 g,

56-66 %) crystallizes on standing, m.p. 38° C.
[sz

OH m
[ HO + Cl Oj
ﬁ/o\) Cl
Synthesis of Cu-18-crown-6 complex: The reaction
was carried out in 1:1 molar ratio. A methanolic solution of

copper(Il) nitrate was added to a solution of 18-crown-6 in
methanol while stirring. The contents were stirred continuously
and refluxed overnight and left for a week. The resultant solid
product was filtered off and washed with methanol and dried
in vacuum.
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RESULTS AND DISCUSSION

Copper complex of 18-crown-6 has been synthesized by
stirring equimolar quantity of methanolic solution of copper
nitrate and 18-crown-6 under reflux overnight. Blue crystals
of 1:1 copper complex were obtained by slow evaporation of
the solvent. The crystals of copper complex with 18-crown-6
grows in monoclinic space group P 2 1/n, with unit cell
parameters a = 10.0228(7) A ,b=12.9341(9) A , ¢ = 16.7351
(12) A, a=90.00, 3 =92.089 (1), y=90.00,Z =4,V =2168.0
(3) A3. Fig. 1 shows that unit cell has Z value equal to 4. It
means unit cell contains four molecules of the complex. Single
crystal of copper complex of 18-crown-6 make a network in
three dimensions as shown in Fig. 2. In this complex, copper
has coordination number 5 and it is bounded by coordination
bond with three molecules of water and two molecules of
nitrate. In one dimension, these three water molecules are
further attached through hydrogen bonding with oxygen atoms
of 18-crown-6 while oxygen atoms of nitrate makes hydrogen
bonding with hydrogen atoms attached with carbon atoms of
the crown ether in other two dimensions. As we already know
that sodium and potassium occupy the centre of the 18-crown-
6 but in case of copper metal, copper metal does not occupy
the centre of the 18-crown-6 because the size of the sodium or
potassium is bigger than copper and copper does not exactly
fit into the cavity of the 18-crown-6. The geometry around
copper atom is trigonal bipyramidal. In fact copper does not
make any direct contact with 18-crown-6 but oxygen atom of

three molecules of water and two molecule of nitrate
coordinated with copper, further make hydrogen bonding with
oxygen and carbon atoms of 18-crown-6. Each coordination
sphere is sandwiched between two molecules of 18-crown-6.
O7 of water molecule coordinated with copper, makes
hydrogen bonding with O6 of one molecule of 18-crown-6
and O3 of other molecule of 18-crown-6. Similarly, O8 and
09 are coordinated with copper at 180° with each other. O8
makes hydrogen bonding with O2 and O4 of one molecule of
18-crown-6 and O9 of the other coordination sphere. Similarly,
09 makes hydrogen bonding with O1, O5 and O6 of the other
molecule of 18-crown-6. There are also hydrogen bonds
between oxygen atoms of the nitrate and carbon atoms of the
18-crown-6 but these interactions are in other two dimensions
e.i. C3 makes hydrogen bond with O10 and O11 of nitrate,
C6 makes hydrogenbond with O12, C9 makes hydrogen bond
with 010" and O11", C10 makes hydrogen bond with O11" and

-
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C12 makes hydrogenbond with O12% and O12",. Symmetry
transformations used to generate equivalent atoms are (i) -x +
372,y + 172, -z + 3/2; (ii) -x + 3/2, y-1/2, -z + 3/2; (iii) X +
172, -y + 172, z-1/2; (iv) x-1/2, -y + 1/2, z-1/2.

Atomic absorption was taken on a Hitachi Z-8000 Polarized
Zeeman atomic absorption spectrophotometer. Atomic
absorption was done on lamp current 7.5 mA, wavelength
324.8 nm, Slit 1.3 nm, standard burner atomizer. Air was used
as an oxidant with oxidant pressure 1.60 Kg/cm?” and Acetylene
as a fuel with fuel pressure 0.30 Kg/cm?®. Burner height was
7.5 mm and flame was used for atomization. The amount of
copper estimated by atomic absorption spectroscopy is 8.9 ppm
while the calculated one is 10 ppm.

From UV studies, it was concluded that the complex was
pure and stable in solid as well as in solution form because the
same Am, Was achieved even after five weeks. From Fig. 3-5,
it is clear that there is no any change in A, even after five
weeks.
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Fig. 3. Graph between Ay, versus time (h)
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Fig. 4. Graph between A versus Time (h)
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Fig. 5. Graph between Amu versus Days

In TGA, we observed the weight loss with respect to
increase in temperature for the synthesized copper complexes
of 18-crown-6. Graph in Fig. 6 shows that the 1* loss in weight
occurs at 101.9 to 170 °C and this loss is 29.16 % and second
loss in weight occurs at 170 to 280 °C and this loss is 28.12 %.
Total loss in weight from 101.9 to 496 °C is 57.29 %.

IR scan of copper complex with 18-crown-6 (Fig. 7) shows
the peaks at 3786, 3697.8, 3658.2, 3377.9, 2922.3, 2853.7
(C-H stretching), 1725.0, 1586.7, 1460.3 (C-H bending),
1375.8 (C-0-C), 1101.6, 957.4, 835.6, 794.7, 723.3 cm’.

Symmetry transformations used to generate equivalent
atoms: (i) -x+3/2,y+ 1/2,-z + 3/2; (ii) -x + 3/2, y-1/2, -z + 3/
2; (i) x + 1/2, -y + 1/2, z-1/2; (iv) x-1/2, -y + 1/2, z-1/2.

Stability determination of copper complex of 18-crown-
6: (a) Auax of Cu complex of 18-crown-6 solution in H,O was
determined while it was synthesized. (A = 306 nm).

(b) The above solution was kept for five weeks and its
Amax Was periodically noted as following and a graph of Ay
was plotted against time.

1. After every 3 h for first 24 h (Fig. 3).

2. After 24 h for first week (Fig. 4).

3. After 48 h (2 days) for rest of the 5 weeks (Fig. 5).

No change was noted through out the experiment. Every
time a fresh solution was also run for Am., to check its stability
in solid crystalline form and there was also no change in Aumax
in the fresh solution.

TGA of synthesized complex of copper with 18-crown-6:
In TGA we observed the weight loss with respect to increase
in temperature for the synthesized copper complexes of 18-
crown-6.

Graph in Fig. 6 shows that the 1st loss in weight occurs at
101.9 to 170 °C and this loss is 29.16 % and second loss in
weight occurs at 170 to 280 °C and this loss is 28.12 %. Total
loss in weight from 101.9 to 496 °C is 57.29 %.

There is no peak in melting point region. Hence it is
concluded that the metal complex is stable, which is also
supported by UV studies.

I I I I I I I
100 200 300 400 500
Temperature (9

Fig. 6. TGA graph of Cu-18-crown-6 complex
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IR-Spectroscopic studies of copper complex of 18-
crown-6
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Fig. 7. IR-Scan of copper complex of 18-crown-6
Conclusion

Copper complex of 18-crown-6 shows that coordination
number of copper is 5 and copper is bounded by coordination
bond with three molecules of water and two molecules of
nitrate. These three water molecules and oxygen atoms of
nitrate further makes hydrogen bonding with oxygen atoms
of 18-crown-6 and hydrogen atoms attached with carbon
atoms of 18-crown-6 crown. As the size of copper metal is
smaller than the cavity of the 18-crown-6, so copper metal
does not occupy the centre of the 18-crown-6. This complex
shows trigonal bipyramidal geometry around copper atom.
The copper amount measured by atomic absorption spectro-
scopy is 8.9 ppm while the calculated one is 10 ppm. UV and
TGA studies show that complex was pure and stable in solid
as well as in solution form as the A, was same even after five
weeks and no peak was obtained in melting point region in
TGA.

Single-crystal X-ray analysis: Structure Determination
and Refinement was carried out on a Bruker Smart Apex II
diffractometer using MoK, radiation (k = 0.71073 A ° ). The
APEX2'*" program package was used for cell refinements
and data reductions. The structure was solved by direct methods
using SHELXL-2012" with the WinGX'® graphical user
interface. An empirical absorption correction (SADABS)"” was
applied to the data. Structural refinements were carried out
using SHELXL-97'*'°. All the non-hydrogen atoms were
refined using anisotropic atomic displacement parameters and
hydrogen atoms bonded to carbon were inserted at calculated
positions and hydrogen atoms bonded to carbon were inserted
at calculated positions using a riding model. Crystallographic
data is shown in Tables 1-5.

TABLE-1
CRYSTAL DATA
C,H,N,0,:Cu Z=4
M, = 502.89 F(000) = 1048

Monoclinic, P2,/n
a=10.0228 (7) A
b=12.9341 (9) A
c=16.7351 (12) A
B =92.089 (1)°
V=2168.0(3) A’

D, = 1.541 Mg m”®

MoKa radiation, A = 0.71073 A
p=1.08 mm’

T=150K

0.35 x 0.14 x 0.10 mm

TABLE-2
DATA COLLECTION

Absorption correction: multi-scan R, =0.040
Tpin =0.703, T, = 0.904 0,0 = 28.4°, 0, = 2.0°
22015 measured reflections h=-130 - 13
5422 independent reflections k=-17->17
3811 reflections with I > 26(I) 1=-21-522

TABLE-3

REFINEMENT

Refinement on F> 0 restraints

Least-squares matrix: full ~ Hydrogen site location: inferred from

neighbouring sites

R[F* > 26(F*)] = 0.036 H-atom parameters constrained

wR(F?) = 0.098 w = 1/[6*(F.,2) + (0.0452P)* + 0.8353P]
where P = (F,> + 2F.%)/3

S=1.04 (A/O),0x = 0.009

5422 reflections A =073 ¢ A’

274 parameters

A>, . =-035eA°

Cul-08
Cul-09
Cul-O13
Cul-010
Cul-O7
N1-011
N1-012
N1-010
N2-014
N2-015
N2-0O13
01-C2
01-C3
02-C5
02-C4
08-Cul-09
08-Cul-O13
09-Cul-O13
08-Cul-010
09-Cul-010
013-Cul-010
08-Cul-O7
09-Cul-O7
013-Cul-O7
010-Cul-O7
0O11-N1-012
0O11-N1-010
012-N1-010
014-N2-015

TABLE4 )

GEOMETRIC PARAMETERS (A, ©)
1.9602 (15) 03-C7 1.425 (3)
1.9616 (15)  03-C6 1.426 (3)
1.9672 (15) 04-C8 1.429 (3)
1.9905 (15)  04-C9 1.435 (3)
22480 (15) 05-Cl1 1.426 (3)
1226(2)  05-C10 1.431 (3)
1241 (3)  06-C12 1.426 (3)
1300(2)  06-Cl 1.429 (3)
12273)  Cl-C2 1.493 (4)
1232(3)  C3-C4 1.492 (4)
1297(2)  C5-C6 1.493 (4)
14243)  C7-C8 1.496 (3)
1430(3)  C9-C10 1.496 (4)
14253)  ClI-CI2 1.499 (4)
1.436 (3)
17445(6)  C7-03-C6 113.05 (18)
92.52(6)  C8-04-C9 111.67 (18)
9147(7)  Cl11-05-C10 110.98 (19)
87.13(6)  CI12-06-Cl 112.6 (2)
88.92(6)  NI1-010-Cul 106.98 (12)
17928 (6)  N2-O13-Cul 114.79 (13)
94.00 (6)  06-C1-C2 108.9 (2)
90.05(6)  01-C2-Cl 108.6 (2)
87.04(6)  01-C3-C4 110.2 (2)
9235(6)  02-C4-C3 110.0 (2)
1240(2)  02-C5-C6 109.75 (9)
1188(2)  03-C6-CS 109.0 (2)
11725(7)  03-C7-C8 108.97 (19)
1235(2)  04-C8-C7 108.52 (9)
11890 (8)  04-C9-C10 109.79 (9)

014-N2-013
015-N2-013

117.6 (2) 05-C10-C9 110.6 (2)
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C2-01-C3 1121(2)  05-Cl11-C12 109.5 (2)
C5-02-C4 11046 (9)  06-C12-Cl1 109.1 (2)
O11-N1-010-Cul  179.98 (7)  C7-03-C6-C5 176.11 (9)
O12-N1-010-Cul  -0.2(2) 02-C5-C6-03 -68.9 (2)
014-N2-013-Cul 1.3 (3) C6-03-C7-C8 -164.89(9)
O15-N2-013-Cul  -178.97(7)  C9-04-C8-C7 178.15 (9)
C12-06-C1-C2 1652(2)  03-C7-C8-04 729 (2)
C3-01-C2-C1 1784(2)  (C8-04-C9-C10 173.28 (9)
06-C1-C2-01 715 (3) C11-05-C10-C9  -169.0 (2)
C2-01-C3-C4 -1704(2)  04-C9-C10-05  -69.3 (3)
C5-02-C4-C3 1674 (2)  Cl0-05-C11-C12  -174.6(2)
01-C3-C4-02 70.6 (3) Cl1-06-C12-C11  -179.2(2)
C4-02-C5-C6 1747(2)  05-C11-C12-06  67.0 (3)
TABLE-5 )
HYDROGEN-BOND GEOMETRY (A)
07-H7--06 0.84 199  2.803(2) 162
08-H8--02 0.84 210 2.925(2) 169
09-H9--05' 0.84 202 2.849(2) 168
09-H9---06' 0.84 262 3.028(2) 111
C3-H3B--010 0.99 255 3360(3) 139
C3-H3B--0l11 0.99 262 3453(3) 141
C6-H6A-012 0.99 254 3452(3) 152
C9-H9A--010" 0.99 247 3300 (3) 141
CI12-HI2B--012" 0.99 250  3387(3) 150
C9-H9B---O117 0.99 250  3.191(3) 126
C10-H10B--O11" 0.99 253 3.133(3) 119
CI12-HI24--012" 0.99 230 3212(3) 154
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