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The interactions of the complexes CoA and CoACl with Bpy to
afford the adduct complexes are studied by UV-Visible
absorption spectrometry. The interactions of the complexes CoA
and CoACl with propylene linked bis-viologen (VZ*A2.2PF¢’) yield
the adduct complexes coordination of V2+2.2PFe to cobalt(II) ion
within cobalt(Il) complexes. Then, switching motion of VZ2.2PFs
coordinated to Co(II) ion was triggered by two electrons

reduction.
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Introduction stable complexes with most metals is a direct

consequence of the occurrence of such

B-diketone compounds, whose the simplest compounds in the enol form [2].

and the most widely known member is

pentane-2,4-dione (informally referred to as _HO
acetylacetone), have a number of very o o
interesting and specific properties due to | =

their structure (the presence of two carbonyl R Re
groups separated with one carbon atom) [1]. Ry

Their crucial feature is keto-enol

tautomerism, the presence of ketone and the FIGURE 1 General structure of B-diketone [3]
enol forms in equilibrium. The equilibrium in

the case of B-diketones is strongly shifted B-diketones and their complexes have
towards the enol form due to the formation of =~ been used both in science and in industry.
the distinct resonance structure as a six- The compounds are frequently used in

membered ring (Figure 1). Keto-enol  polymer technology e.g. as substrates for the
equilibrium is affected by a number of other manufacture of homogeneous and
factors with the most important being solvent ~ heterogeneous catalysts and as
polarity and the presence and properties of  polymerisation catalysts (metal complexes)
substituents (both terminal ones and those in ~ and substances which modifying the
the methylene group). The capacity to form  properties of resulting polymers (UV
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resistance and oxygen resistance). 3-diketone
complexes (especially with transition metals)
are often used as catalysts of reactions, such
as olefin oxidation, epoxidation, or
olygomerisation [1,2]. They have also been
widely used in healthcare, both as active
pharmaceutical ingredients (or substrates for
the manufacture of medicines) and cosmetic
additives which reduce the detrimental
effects of UV
Furthermore, they are important for chemical
analysis in which they are used for sample
concentration (owing to their complexing
activity), for air pollution monitoring
(formaldehyde) or as stationary phases in gas
chromatography (olein analysis). They are
further employed as fuel additives, antiulcer
and gastroprotective drugs [4], antiasthmatic
and lung disease drugs [5,6], carcinogenic
agents [4] and antidiabetic agents [7], fillers
which improve polymer
properties [8], substrates for the preparation
of hydrophobic polymers [9], luminescent
compounds [10], etc. Owing to their
complexing properties, they are also used in
environmental protection, e.g. for metal
chelation in sewage [11]. The acac anion can
act as a ligand towards metal ions, typically
forming a bidentate complex where the metal
is bound to the two oxygen atoms, thus
forming a 6-membered ring. Metal acac
compounds are typically isolated as
crystalline solids that are neutral [12].

radiation on the skin.

EQUATION 1 Keto-enol
acetylacetone and
acetylacetonate anion [13]

equilibrium of
formation of

In this work, we aimed to synthesize
Cobalt (II) complexes with acetylacetone and
3-chloroacetylacetone and then their adduct
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complexes  with  4,4'-bipyridine  and
propylene linked bis-viologen. After that,
these adduct complexes can be employed in
formation of molecular switches.

Experimental
Solvents and reagent

All the chemical materials and solvents are of
chemically source, and used without further
purification.

Apparatus

The FT-IR spectra are recorded using
SHIMADZU/FT-IR Affinity-1
spectrophotometer and Csl disks in the
department of Chemistry, College of Science,
University of Thi-Qar. Mass spectra are
recorded by using 5973 Network Mass
Selective Detector manufactured by Agilent
Technology (HP) with ion source of Electron
Impact (EI) 70 ev in the Department of
Chemistry, Tehran University, Iran. The
thermal analysis and XRD were recorded on
SDT Q600 V20, in Chemistry Department,
Faculty of Science, University of Basra. The
UV-visible absorption spectra are recorded
on a T90+ UV-visible spectrometer (PG
Instruments Ltd.) using conventional quartz
cells having an optical path length of 1 cm, in
the Department of Chemistry, College of
Science, University of Thi-Qar.

Syntheses of bis(acetylacetone) cobalt(1l), CoA,
and bis(3- chloroacetylacetone) cobalt (II),
CoACl

o
N NP AN )
(6] T O
OH,

R =H: CoA, Cl: CoACl
Acetylacetone (3.2 mL, 31.3 mmol) or 3-
chloroacetylacetone (3 mL, 25 mmol) is
added slowly with stirring to a solution of
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1.19 g, 29.7 mmol or 0.84 g 21 mmol of
sodium hydroxide in 10 mL of distilled water.
The temperature during mixing should be
kept below 40 °C. Any white solid formed at
this step should be dissolved by extensive
stirring or by addition of a few milliliters of
distilled water. The resulted yellow solutions
are added dropwise with vigorous stirring
over a period of 2 hours to solutions of 3.8 g,
1597 mmol or 3.2 g 1345 mmol of
CoCl,.6H20 dissolved in 20 mL or 10 mL
respectively of distilled water. The resulting
orange precipitates are collected by filtration
and washed with 50 mL of distilled water.
The moist solids are dissolved separately in a
hot mixture of 39 mL ethanol (98 %) and 26
mL chloroform. The resulted red or gray
solutions, respectively, are allowed to cool to
lab temperature, and then cooled in ice bath.
The orange needles are collected by filtration
washed with 10 mL of cold ethanol (98%)
and then air dried to afford respectively CoA
in yield of 3.877 g, 83% (M.p.= 183 °C) or
CoACl in yield of 3.1 g, 64% (M.p. =219 °C).
FT-IR. cm for CoA: 3549, 3394 vO-H of H,0
3100 vC-H of both aromatic and C=C-H, 2825
aliphatic vC-H, 1558 vC — 0 +vC = C, 1419
aliphatic C-H bending, 1310 vC-O acac, 659,
567 vCo-0. EI-MS (m/z) = 293[M]+, 257[M-
2H,0]*, 158[M-acac-2H.0]*. FT-IR, cm! for
CoACl: 3417 vO-H of H:0, 3074 vC-H of both
aromatic and C=C-H, 2989, 2924 aliphatic vC-
H, 1519 vC =0 + vC=—=_C, 1400 aliphatic C-H
bending, 1261 vC-0 acac, 659 vCo-0, 767 vC-
Cl. EI-MS (m/z) = 362 [M]*, 326[M-2H:0]*
and 192 [M-2H;0-Clacac]*.

Synthesis of CoA-Bpy

7 N\_/ N
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4,4'-bipyridine (1.63 g, 10 mmol) dissolved in
2 mL of acetone was added with stirring to
CoA (0.5 g1.7 mmol) dissolved in 3 mL of
acetone. The mixture solution was stirred at
lab temperature for 24 hours. The resulted
precipitate was filtered and washed with
acetone to afford CoA-Bpy as a yellow
precipitate in yield of 0.622 g, 64% (M.p.=
206°C). FT-IR, cm-1: 3055, 3001 vC-H of both
aromatic and C=C-H, 2912 vuC-H aliphatic,
1581 vC=N, 1516 vC — 0 + vC — C, 1404
aliphatic C-H bending, 1257 vC-0 acac, 1080
vC-N, 671, 624 vCo-0, 509 vCo-N. EI-MS
(m/z): 569[M]+, 414 [M-Bpy]*+, 257[M-2Bpy]*
and 156[Co+acac]*.

Results and discussion
Mass spectrometry

The electron impact mass spectra of
complexes: CoA, CoACl, and the adduct: CoA-
Bpy was showed peaks
occurred at m/z= 293, 362, and 569,
respectively which were due to their
molecular ions. These complexes structures
were more confirmed by the appearance of
other important peaks at m/z = 158, 192 and
257 which were attributed to loss of one acac
and 2H;0, one acac-Cl and 2H:0,
bipyridine, respectively.

recorded and

two

FT-IR Spectrometry

FT-IR Spectra of Cobalt(Il) complexes: CoA,
CoACl and the adduct complex CoA-Bpy are
recorded and depicted in Figures 2, 3 and 4.
The important bands with their assignments
are listed in Experimental.
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FIGURE 4 FT-IR spectrum of CoA-Bpy

The spectra were recorded using Csl
pellets in the range of 300- 4500 cm-1. FT-IR
spectra of CoA, and CoACl show bands at
3394 cm! and 3251 cm! respectively which
could be attributed to the stretching of H,0
molecules. This implies that a water molecule
are present in the prepared
complexes[3,14]. The aromatic C-H stretching
and olifinic C-H stretching (C=C-H) occurred
at 3100 cm1, 3074 cm-! and both of 3055 cm-!
and 3001 cm for CoA, CoACl and CoA-Bpy
respectively. The metal complexes appeared
bands at both of 2924 cm-! and 2989 cm-,
and 2912 cm! that can be attributed to -CH3
asymmetric stretching of CoACIl and CoA-Bpy
respectively. The band at 1581 cm-! of CoA-
Bpy is assigned to C=N. The bands at 1558
cml, 1519 cm-, and 1516 cm-! of CoA, CoAC],
and CoA-Bpy are assigned to v C — C coupled
with v C = 0 and v C = O coupled with v C
— C [15]. Methyl group appears showed
bending vibrations at 1419 cm! of CoA and
1400 cm! of CoACl and 1404 cm! of CoA-

Bpy[16]. The bands of complexes at 1261 cm-
Tand 1257 cm? of CoACl and CoA-Bpy are
attributed to coupled bending and stretching
vibrations in the C-CO-C group. The bands at
1029 cm, 1018 cm?® and 1014 cm! are
assigned to CHs rocking vibrations of CoA,
CoACl and CoA-Bpy, respectively[12].

The FT-IR spectral data appeared at 837
cml, 929 cm-L, and 921 cm-! are attributed to
C = C coupled with C = O out-of-plane bend
of CoA, CoACl and CoA-Bpy respectively. CoA
shows bands at 659 cm1, 567 cm ! and CoACl
at 659 cm ! and CoA-Bpy at 671 cm'!, 624 cm-
1 which can be assigned as v Co-0[16]. The
band at 767 cm-! for CoACl is assigned to the
stretching of C-Cl group. The stretching of Co-
N group of the adduct CoA-Bpy is noted at
509 cmL.

Thermal analysis

The complexes CoA, CoACl, and CoA-Bpy
were analyzed through TGA with a heating
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rate of 15 °C/min in nitrogen atmosphere to
predict the nature of volatile compounds
produced while heating in the temperature
range of 0 to 600 °C [17]. The TG analysis
curves of CoA, CoACl and CoA-Bpy are
depicted in Figures 5, 6 and 7 respectively.
The TG curves are presented in from of
weight loss percentage versus temperature in
Celsius. The decomposition patterns of the
cobalt complexes CoA, CoACl and CoA-Bpy
in three, steps
respectively. Both CoA and CoAClI suffer three
weight losses but with different weight loss
behaviors (Table 2), during the two weight
losses, CoA (70.63°C- 365.13°C) losses 74.005
from its structure while CoACl (75.11 °C-
356.10°C) losses 31.844 from its structure.
During third weight loss of both complexes
that ends at same temperature: - 599 °C, the

occur three and one
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weight losses are 80.852% and 40.885%
from their structures respectively. Thus,
CoACl is clearly more stable than CoA. The
single weight losses of CoA-Bpy starts at
257.70°C  which is higher than
temperature of first weight losses for CoA ( at
70.63 °C) and CoACI (75.11 °C) respectively.
This weight loss ends at 384.58°C which is
lower than end temperature of second weight
loss for both CoA ( at 365.13 °C) and CoACl
(at 356.10 °C), respectively. The CoA-Bpy
losses 92.742 % from its structures lies
decomposition of all the structure during its
single weight loss compared with 74.005%
and 31.849% for CoA and CoACl respectively.
Therefore CoA-Bpy is loss much less stable
than CoA and CoACl. The order of thermal
stability of Cobalt complexes decreases in
following sequence: CoACl > CoA > CoA-Bpy.

start

FIGURE 5 TGA of CoA

FIGURE 6 TGA of CoACl

“““““““

s N, \_/
O340

z

CoA-Bpy M

257 g. mol”!

FIGURE 7 TGA of CoA-Bpy
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TABLE 1 Thermogravimetric analysis data of the cobalt(Il) complexes CoA, CoACl and CoA-Bpy

Compound Temperature M.wt loss (g.mol 1) Missing

M.wt (g.mol1) range (°C) part Residual part

Found Calculated

OH, o
O 70.63-134.32 38.030 39.179 2Hz0 + 2H i\iqjc(o;\é
o)
N\ TN
H
CoA

oy 168.53-365.13  76.040 77.040 C10H1103 CoOH
366.71-599.49 58933 56.111 OH Co
293 g. mol™”
OH,
OH, */o A\
{ o 75.11-160.92 83.830 83.250 2Cl + CHs S
Cl < \ Cl o
\ oK% OH,
. 216.53-356.1 32.619 31.714 H20 +CH3 CsH10C00s
2
CoACI o
326.04 g. mor” 35821-599.32 32050  32.617  H:0+CHs to\){o}
o —
Bpy
(o]
\ C\i( )
S
° T ° 238.53-365.74  566.49 530.48 C29H283C°N40 CH:z0
Bpy
CoA-Bpy
569.53 g. mol’!

TABLE 2 Kinetic and thermodynamic parameters of each phase during the thermogravimetric
analysis of Cobalt(II) complexes.

Pha e L AS AG
Compl Temp. k t1/2 (J mol (J mol ) )
o . . A (J moll? (Jmol?)
ex range (°c) (min1) (min) 1) 1) )
No. K1) (*103)
(*103) (*103)
70.63- 0.0475 14564 60198. 56814. .
1 134,32 8 9 28 207.26 36 203(;.14 139496
CoA 168.53- 0.2008 34522. 29218.
2 36513 9 3.4496 97 22.59 45 -225.32 172972.6
366.71- 0.2471 19830. 13328.
3 599 49 5 2.8039 10 403.96 32 -203.94 191160.8
75.11- 0.0871 39663. 37318.
1 160.92 1 7.9555 3 79.99 39 -211.58 110971.5
216.53- 0.0634 10.918 7907.1 2677.4
CoACl 2 356.10 7 5 5 1.377 6 -248.46 158958.8
358.21- 0.2230 21610. 14360.
3 599 32 - 3.1066 11 4.477 04 -241.37 224834.7
CoA- 238.53- 119073 113769
Bpy 1 365.74 0.4345 1.5949 3 240.21 g -205.66 144980.4

It is clear from Table 2 that all weight loss The XRD pattern of the complexes: CoA,
phases are non-spontaneous endothermic CoACl, and CoA-Bpy are recorded and
reactions with losses in entopies [18]. depicted in Figure 8.

X-ray diffraction
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FIGURE 8 The XRD patterns of CoA, CoACl, and CoA-Bpy

The X-ray diffraction technique for
powdered materials is an important method
in the diagnosis of embedding complexes.
Studies indicate that the reactants lose their
characteristic peaks when the reaction occurs
and the formation of new substances with
different peaks. Therefore, this technique is
one of the important techniques that indicate
and confirm the formation of the complexes
as well as inferring whether the resulting
substance is crystalline or non-crystalline
[19,20]. Plotted graph between [3cos8 versus
4sinb gives straight line with slope of strain
(¢) and D equal to KA/ intercept, as depicted
in Figure 9. The sizes of crystallite can be
calculated using Sherrer-Debye Equation
[21,22], which depends on the peaks of high
intensity in calculating the sizes of crystals
[23,24].

KA
- B cos6 (1)
Where, Dthe average crystal size, K:

Scheerer’s constant: 0.9, 1 is the wavelength

of the X-R ray source used: 1.5406 A°, (8 is the
full width at the half maximum of the peak
and 6 is the diffracted angle of the peak.

The crystal size and lattice strain are also
calculated by the Williamson Hall(W-H)
method, Equation (2):

B cosf = %A +4esinf (2)

The XRD patterns are shown at angles 20 =
5°-75°. The largest peaks are observed at 8.77
and 16.83, 33.198, 16.837, and 23.95 for CoA,
CoACl and CoA-Bpy. The crystal size D and
the strain € are calculated from both Scherrer
and Williamson-Hall methods and presented
in Table 3.

From Table 3, the crystal size of CoA
calculated from Williamson was 3.6 nm that
was decreased to less than half value after
substitution Cl atom instead of H atom in
position 3 of ligand in CoACl compared with
the complex CoA, while the addition of the
axial ligand, Bpy to afford CoA-Bpy leads to
increase of D value compared with its value in
the precursor complex CoA.
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FIGURE 9 Williamson-Hall plot of the complexes: CoA, CoACl, and CoA-Bpy

TABLE 3 Values of crystallite sizes and strain according to Williamson-Hall model

Crystal size (D)
complexes Scherrer equation Williamson-Hall £ (Strain)
equation
CoA 11.6093 3.6 8.5*103
CoACl 5.2363 1.5 2.1*%103
CoA-Bpy 4.8523 4.08 2.1*103

UV-Visible absorption spectrometry in different
solvents

The UV-Visible absorption spectra of
cobalt(II) complexes: CoA, CoAC], and adduct:
CoA-Bpy are recorded in three solvents
(acetone, ethanol, and DMF) at
concentrations: low at 0.1 mM and high at 5

[27,28].

two

mM. The absorption spectra of low and high
concentrations are performed to note clearly
the UV and Visible absorption bands
respectively of Cobalt(Il) complexes [25]. The
absorption spectra are depicted in Figure 10.
The electronic absorption data are listed in
Table 4 [26],
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FIGURE 10 UV-Visible absorption spectra of CoA, CoACl, and CoA-Bpy complexes in DMF at r.t
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TABLE 4 The electronic absorption data of cobalt(II) complexes in different solvents

Complexes A max in nm (g, M-1.cm-1) Solvent
0.1 mM CoA 328 (1605)
5 mM CoA 401(293), 469(224.2), 502 (233), 535(217) Acetone
0.1 mM CoACl  260(310), 294(102), 319 (702), 359 (399), 671 (136)
5 mM CoACl 359 (309), 406 (218), 586(191), 673 (220)
0.1 mM CoA 255 (15470), 333(24680), 386 (9170), 456(2430)
404 (294.4), 468(263), 492 (271.4), 519(258),
> mM CoA 562(204) Ethanol
0.1 mM CoACl 268 (3540), 359(1010), 387(490)
5 mM CoACl 253(201), 268 (211), 338(76), 572(6), 625(7), 655 (8)
0.1 mM CoA 285(18100), 393 (9960), 496(3090), 570(2270)
5 mM CoA 442 (423), 597 (210)
270 (2270), 316(1160), 353(890) 359(780),
0.1 mM CoAcl 378(420), 474(60), 609 (260), 666 (390) DME
5 M CoACl 271(148), 608 (41), 313(106), 274 (153),
675 (60)
0.1 mM CoA-Bpy 260 (9300), 359 (1080)
2 mM CoA-Bpy 336 (1114), 390(190), 649 (61)

H. Hussain Ali and W. Sattar Abdul-Hassan

The complex CoA showed a shoulder at
255 nm in ethanol and a peak at 328 nm in
acetone which is red-shifted to 285 nm in
DMF and 333 nm in ethanol, respectively. It
showed also a peak occurred at 386 nm in
ethanol that is red-shifted to 393 nm in DMF.
It is noted a peak at 260 nm in acetone for
CoACl that has been red-shifted to 268 nm
and 270 nm in ethanol and DMF, respectively.
Also, the peak at 319 nm of CoACl in acetone
is blue-shifted and noted at 316 nm in DMF.
Shoulders at 359 nm are noted in acetone,
ethanol, and DMF (with the emergence of a
shoulder at 353 nm). The shoulder at 387 nm
in ethanol is noted at 378 nm (blue-shift) in

DMF. The UV absorption bands of CoA are
blue-shifted compared with those of CoACl
that could be mostly correlated to a
substitution of the electron-withdrawing
chlorine atom in CoACl. The m-m* absorption
transitions show bathochromic (red) shift in
a more polar solvent, while there will be
hypsochromic (blue) shift in n-m* transitions
polar Both these
transitions get closer from each other’s at

in a more solvent.
increasing of solvent polarity. In addition, the
m-1* transition of the higher intensity is
expected to be merged with n-m* transition of
the lowest intensity. The complexation with
lot the chance of

metals decrease a
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occurrence of n-m* transitions in complexes
compared with their ligands. From the noted
shifts in the UV absorption bands and their
intensities of CoA and CoACl complexes, these
transition bands could be attributed to the
coincidence between n-m* and m-mt* electronic
transitions. In the visible region, three d-d
transitions are normally expected for
octahedral Cobalt(II) complexes which could
be attributed to*T1g—%T2g (F), 4T1g—*A2 (F),
and 4T1g(F)— 4T14 (P). Four (401 nm, 469 nm,
502 nm, and 535 nm), five (404 nm, 468 nm,
492 nm, 519 nm, and 562 nm), and two (442
nm and 597 nm) d-d transition bands are
noted for CoA in acetone, ethanol, and DMF,
respectively. For CoAC], the d-d transitions
are three (406 nm, 586 nm, and 673 nm),
three (572 nm, 625 nm, and 655 nm), and
two (608 nm and 675 nm) bands in acetone,
ethanol, and DMF, respectively. The addition
of ten equivalents of bipyridine to the CoA
complex in DMF at lab temperature afforded
immediately a yellow solid of CoA-Bpy. Unlike
its precursor complex CoA, the resulted
adduct CoA-Bpy is of different solubility; it is
not soluble in organic solvents that dissolve
CoA except DMF. Dramatic differences are
noted in the UV-Visible spectrum of CoA-Bpy
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compared with those of CoA. The UV
absorption spectrum of CoA-Bpy in DMF
showed a peak at 260 nm (at 0.1 mM) that
interestingly blue-shifted to 336 nm at
increasing the solution concentration (at 2
mM). The second weak peak is noted around
390 nm. One broad d-d transition occurred at
649 nm that is red-shifted compared with
that band at 597 nm of CoA. These differences
noted in the electronic absorption spectrum
of the adduct CoA-Bpy besides its different
color and solubility compared with those of
CoA support undoubtedly the formation of
this adduct complex, i.e. the coordination of
Bpy moiety to the cobalt(II) ion.

Interaction of cobalt(1l) complexes with axial
ligands (formation of adducts)

Interaction of CoA and CoACl as acceptors and
4'4-Bipyridine, Bpy as donor in DMF

The interaction of two concentrations (low
and high) of complexes CoA and CoACl as
acceptors with bipyrdine as donor in DMF are
followed by UV-Visible
spectroscopy  [29],[30] The
spectra are depicted in Figures 11 and 12,
and Equation 2. The electronic absorption
data are listed in Table 5.

absorption
absorption
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FIGURE 11 UV-Visible absorption spectra for different concentrations of CoA and Bpy and their mixture
at mixing time after 24 hours from mixing in DMF at r.t. using quartz cell with a path length of 1 cm
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FIGURE 12 UV-Visible absorption spectra of 0.1mM CoA-Bpy (dotted line) and 2 mM CoA-Bpy
(solid line) in DMF at r.t. using quartz cell with a path length of 1 cm

The UV-Visible spectrum of 0.1 mM CoA
showed three absorption bands occurred at
269 nm, 418 nm, and 559 nm. After mixing
with 1 eq of Bpy, red shifts are noted for the
peaks at 269 nm and 418 nm of the complex
to be at 315 nm and 422 nm in the mixture
spectrum besides of appearance of new peak
at 699 nm. The peaks of mixture occurred at
315 nm, 422 nm, and 699 nm are respectively
shifted to 316 nm with
intensity, shifted to 394 nm and disappeared
after 24 hour from mixing with appearance of
new peak at 526 nm. Also, important changes
are noted between the absorption spectrum
of 0.1 mM CoA with 2 eq Bpy and that after 24
hour from mixing. The UV-Visible spectrum of
the concentrated 2 mM CoA showed
absorptions at 321 nm, 359 nm, 390 nm, and
595 nm. After addition of leq Bpy, those
absorptions happened at 287 nm (new), 310
nm (blue shifted), 359 nm, 387 nm (blue
shifted), and 777 nm (new), respectively, and

increasing its

disappearance of the peak occurred at 595
nm of free CoA. At comparison of the
absorption spectrum of the mixture with that
after 24 hours, it is noted absorptions at 321
nm (red shifted), 369 nm (red shifted), and
592 nm (new), respectively. The mixture of 2
mM CoA with 2 eq of Bpy absorbed
(compared with CoA) at 271 nm (new), 318
nm (blue shifted), 359 nm, disappearance of
595 nm and 837 nm (new). After 24 hours
from mixing, these absorptions occurred at
disappearance of 271 nm, 324 nm (red
shifted), 336 nm (new), 359 nm, 390 nm
(new), 588 nm (new), and disappearance of
837 nm. All noted absorption shifts in the UV-
Visible spectra of mixtures of CoA (at low and
high concentrations) with 1 or 2 equivalents
of bpy support the formation of new
absorbed species the adduct
complex, i.e. coordination of Bpy moiety to
Co(II) metal ion in CoA complex (Figure 13).
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FIGURE 13 UV-Visible absorption spectra for different concentrations of CoACl and Bpy and
their mixture at mixing time after 24 hours from mixing in DMF at r.t. using quartz cell with a

path length of 1 cm

The 0.1 mM CoACl absorbed in DMF at 274
nm, 359 nm, 433 nm, and 541 nm after
addition of 1leq Bpy, These absorptions
Occurred at 330 nm (red shift), 359 nm, 367
nm (new), 454 nm (red shift), 563 nm (red
shift) and 856 nm (new), respectively. After
24 hours from mixing (comparisons with last
absorptions), the mixture showed
absorptions at 327 nm (blue shift), 358 nm
(blue shift), 437 nm (blue shift), 558 nm (blue
shift), and 839 nm (red shift), respectively.
Another important change is noted after
addition 2eq of Bpy into CoA, the absorptions
happened at 288 nm (red shift), 359 nm 382
nm (new), 454 nm (red shift), and 629 nm
(new) compared with the spectrum of free
CoA. To increase the interaction of Bpy with
CoA, the spectrum is recorded after 24 hours
from mixing and showed the absorptions 322
nm (blue shift), 339 nm (blue shift), 385 nm
(red shift), 458 nm (red shift), and
disappearance of 629 nm compared with the
spectrum at mixing. At experiments with high

concentration of CoACl, the uv-visible

absorption spectrum of 2 mM CoACI showed
the absorptions: 207 nm, 260 nm, 319 nm,
359 nm, 609 nm, and 671 nm. This
absorption occurred at disappearance of 207
nm, 269 nm, 314 nm (blue shift), 359 nm, 387
nm (new), 609 nm, and 673 nm (red shift)
after addition of 1eq of Bpy. After 24 hours of
mixing, the spectrum included absorptions at
315 nm (red shift), 359 nm, disappearance of
387 nm, 604 nm, and 669 nm (blue shift)
compared with the spectrum at mixing.
Compared with the spectrum of 2 mM CoA,
the spectrum of 2 mM CoA with 2eq of Bpy
and that after 24 hours from mixing showed
also big important changes in positions and
intensities of absorptions. Compared the
absorption spectra of mixtures of CoA or
CoACl with Bpy, more dramatic changes in
positions and intensities of the absorptions
are noted for the mixtures of CoACl with Bpy.
These higher changes could be related with
big interaction among CoACl (Co(II) metal
ion) with Bpy moieties.
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EQUATIONE 2 Formation of the adduct complexes: CoA-Bpy and CoACI-Bpy

TABLE 5 The electronic absorption data of 0.1 mM and 2 mM of both CoA and CoACI and their

mixtures with 1 and 2 equivalents of Bpy in DMF
Compounds

0.1mM Bpy

0.1 mM CoA
0.1 mM CoA + 1 eq Bpy
0.1 mM CoA + 1 eq Bpy after 24 hr

0.2mM Bpy

0.1 mM CoA + 2 eq Bpy
0.1 mM CoA + 2 eq Bpy after 24 hr
2mM Bpy
2 mM CoA
2 mM CoA + 1 eq Bpy
2 mM CoA + 1 eq Bpy after 24 hr
4mM Bpy
2 mM CoA + 2 eq Bpy
2 mM CoA + 2 eq Bpy after 24 hr
0.1 mM CoACl
0.1 mM CoACI + 1 eq Bpy
0.1 mM CoACl + 1 eq Bpy after 24 hr
0.1 mM CoACl + 2 eq Bpy
0.1 mM CoACl + 2 eq Bpy after 24 hr

2 mM CoACl

2 mM CoACl + 1 eq Bpy

2 mM CoACl + 1 eq Bpy after 24 hr
2 mM CoACl + 2 eq Bpy

2 mM CoACl + 2 eq Bpy after 24 hr

Interaction of CoA and CoACl as acceptors and
bisviologen, V,2*.2PFs as donor in DMF

Low and high concentrations (0.1 mM and 2
mM) of each of CoA and CoAClI are mixed with
1 or 2 equivalents of propylene-spacered bis-
viologen, V2+A,.2PF¢ to assess the formation

A max in nm (€ in M-L.cm1)
312(1870), 342(1220), 409(420),
600(200), 639(190)
269(2120), 418(80), 559(50)

315, 359,422, 699
316,394,526
619(80), 706(75), 728(70), 769(65),
889(105)

269,425,568
273,569,696
287(767),481(29)
321(1033.5),359(198), 390(102), 595(54)
287,310, 359,387,777, 849
321, 336, 369, 592
298(420.75)

271, 318, 359,837
324,336, 359, 390, 588
274(3460), 359(420), 433(140), 541(120)
330, 359, 367,454, 563, 856
327,358,437,558, 839
288, 359, 382, 454, 629
322,339, 385, 458
207(52.5),260(73), 319(351), 359(199.5),
609(53), 671(68)

314, 359, 387,673, 609
315, 359, 609, 669
320, 336, 359,392, 602, 668
321, 336, 359, 378, 602, 668

of adduct complexes, coordination of
V2+A,.2PF¢ to Co(Il) metal ion within CoA and
CoACl structures. These interactions are
followed by UV-Visible absorption
spectrometry as presented in Figures 14 and
15 and Table 6.
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FIGURE 14 UV-Visible absorption spectra for

different concentrations of CoA and V;2+ and their

mixture at mixing time after 24 hours from mixing in DMF at r.t. using quartz cell with a path

length of 1 cm

The UV-Visible absorption spectrum of 0.1
mM CoA showed absorptions at 269 nm, 359
nm, 418 nm, and 559 nm that are noted at
316 nm (red shift), 359 nm, 390 nm (blue
shift), and 637 nm (red shift), respectively,
after mixing with 1 eq of V;2+.2PFs. To
increase the formation of the adduct
CoA.V,2+.2PFs, the mixture was kept for 24
hours from mixing, and then the spectrum is
recorded. These spectrum  contained
absorptions at 319 nm (red shift), 336 nm
(new), 359 nm, 389 nm (blue shift), and
disappearance of peak at 637 nm compared
with the spectrum at mixing. Compared with
the mixture of 1 eq V,2*, the mixture of 2 eq
showed absorptions at 269 nm (blue shift),
344 nm, 359 nm, 425 nm (red shift), 471 nm,
and 610 nm (blue shift), respectively. After 24
hours from mixing the absorptions become
273 nm (red shift), 292 nm, 359 nm,

disappearance of 471 nm, and 589 nm (blue
shift), respectively. Comparisons spectra of 2
mM Co4, its mixture with 1eq Bpy and with
that at 24 hours afforded absorptions 321 nm
—324 nm (red shift) 321 nm (blue shift), no
absorbance —no absorbance =336 nm (new),
359 nm —-359 nm —359 nm, 389 nm —389
nm —386 nm, and 595 nm —636 nm, and
(red shift) 797 nm (red shift), respectively.
Likewise, important changes are noted in the
spectrum after addition 2eq V.2+ and the
spectrum recorded after 24 hours compared
with the spectrum of free CoA. These shifts
and intensities noted for uv- and visible (d-d
transition) absorptions after addition 1 or 2
equivalents of V,2+.2PF6- to CoA support
undoubtedly the coordination of V,2+ with
Co(II) metal ion and formation of the adduct
CoA.V2+.2PF¢ [31].
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FIGURE 15 UV-Visible absorption spectra for different concentrations of CoACI and V;2+ and
their mixture at mixing time after 24 hours from mixing in DMF at r.t. using quartz cell with a

path length of 1 cm

The absorptions of 0.1 mM CoACI occurred
at 274 nm, 397 nm, 433 nm, and 541 nm are
noted at 299 nm (new), 304 nm (red shift)
disappeared, 446 nm (red shift) and 663 nm,
respectively, after addition 1 eq of V,2* and
formation of the adduct CoACl V,2+.2PFs.
After 24 hours from mixing, the Ilast
absorptions are seen at disappeared, 316 nm
(red shift), 394 nm (new) disappeared, and
526 nm (blue shift) [12]. These changes could
be related with the increase of adduct
formation after 24 hours from mixing. The
absorptions of 0.1 mM CoACl become after
addition of 2 eq V22+.2PFs: 304 nm (red shift),
325 nm (new), 332 nm (blue shift)
and 537 nm (blue shift),
respectively. After 24 hours from mixing,
these absorptions occurred at 304 nm, 312
nm, 396 nm, 421 nm, and 575 nm. The
concentrated solution of CoACl (2 mM)
absorbed at 207 nm, 260 nm, 319 nm, 611

disappeared,

nm, and 671 nm. The visible spectrum of 2
mM CoACl with eq V;2* showed new peak at
416 nm besides two peaks at 613 nm and 671
nm which are red shifted and same position,
respectively  (with  higher intensities)
compared with the peaks at 611 nm and 671
nm of the free CoACl. The spectrum after 24
hours from mixing contained the absorptions
at 400 nm (red shift), 611 nm (red shift), 635
nm (new), and 675 nm (red shift) with
increase of intensities compared with those
of the spectrum at mixing. These changes
could be attributed to the increase of the
adduct formation. Noticeable changes in both
absorptions positions and intensities after
addition of 2 eq of V;2+ compared with the
spectrum of the free CoACl. This is clearly
consistent with the formation of the adduct
complex with higher amount compared with
the case of free CoACI and that after addition
of 1 eq V,2+.2PF¢, respectively [29].
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EQUATION 3 Formation of the adduct complexes CoA V;2+.2PF¢ and CoACl V,2+.2PF¢

TABLE 6 The electronic absorption data of 0.1 mM and 2 mM of both CoA and CoACI and their

mixtures with 1 and 2 equivalents of V,2+.2PFs in DMF

Compounds
0.1 mM V;
0.1 mM CoA
0.1mMCoA+1eqV:
0.1 mM CoA + 1 eq V; after 24 hr
0.2mM V,
0.1 mMCoA+2eqV;
0.1 mM CoA + 2 eq V; after 24 hr
2mMYV;
2 mM CoA
2mMCoA+1eqV:

2 mM CoA + 1 eq V; after 24 hr
4 mM V,
2mMCoA+2eqV:

2 mM CoA + 2 eq V; after 24 hr

0.1 mM CoACl

0.1 mM CoACl +1eqV:

0.1 mM CoACl + 1 eq V; after 24 hr
0.1 mM CoACl +2 eqV:

0.1 mM CoACl + 2 eq V; after 24 hr

2 mM CoACl

2mM CoACl +1eqV:

2 mM CoACl + 1 eq V; after 24 hr
2 mM CoACl + 2 eq V

2 mM CoACl + 2 eq V; after 24 hr

A max in nm (€ in M-1.cm-1)

306(12680), 359(1630), 382(1280), 566(780)

269(2120), 359(470), 418(80), 559(50)
316, 359, 390, 637
319, 336, 359, 389
311(885), 352(40), 518(95)
269, 425, 610
273,292, 359, 589
311(65), 389(34.5), 507(25), 668(18.5)
321(1033.5), 595(54)
324,391,636
321,336,792
306(317),590(16.5)
323,359, 386, 396, 607, 637, 737
329, 336,359,366, 613,697
274(3460) , 359(410), 397(220), 433(140),
541(120)
299, 304, 359, 446, 663
316, 359, 394, 526
304, 325, 332, 359, 376, 537
304, 312, 358, 396, 421, 575
207(52.5), 260(73), 319(351), 359(199.5),
611(52), 671(68)
415,613,671
400, 611, 635, 675
377,359,377, 433, 520, 604, 669
406, 609, 635, 670

Reduction of mixtures of each of CoA and CoACI =~ The mixture solutions of the adducts

with V»2*.2PFs (formation of molecular CoAV,2*2PFs and CoACLV,2*2PFs are

switches) reduced by activated zinc powder under
argon atmosphere as presented in Figures 16
to 19.
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FIGURE 16 UV-Visible absorption spectra of
mixtures of 2 mM CoA with leq V; after 24
hours from mixing (red line) and the same
mixture reduced (blue line) in DMF at r.t
using quartz cell with a path length of 1 cm

FIGURE 17 UV-Visible absorption spectra of
mixtures of 2 mM CoA with 2eq VZ* after 24
hours from mixing (red line) and same mixture
reduced (blue line) in DMF at r.t. using quartz
cell with a path length of 1 cm
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FIGURE 18 UV-Visible absorption spectra of
mixtures of 2 mM CoACl with leq V; after 24
hours from mixing (red line) and the same
mixture reduced (blue line) in DMF at r.t.
using quartz cell with a path length of 1 cm

The reduced mixture of CoA + 1 eq
V,2+2PF¢ showed the absorptions 405 nm,
498 nm, 543 nm, 612 nm, and 845 nm.
Likewise, the reduced mixture of CoA + 2 eq
V,2+2PF¢ absorbed at 404 nm, 503 nm, 542
nm, 608 nm, 672 nm, 740 nm, and 848 nm.
The absorptions at 405 nm, 612 nm, 404 nm,
608 nm, 672 nm, and 740 nm for both
reduced mixtures are attributed to non-
dimerized viologen radicals of V;2+.2PFs in
the adduct complex. While the absorptions
occurred at 543 nm, 845 nm, 542 nm, and
848 nm are assigned to dimerized V2 in the
adduct complex CoA V,2+.2PF¢. The reduced
mixture of CoACl + 1 eq V»2*.2PF¢ showed the

FIGURE 19 UV-Visible absorption spectra of
mixtures of 2 mM CoACI with 2eq V; after 24
hours from mixing (red line) and the same
mixture reduced (blue line) in DMF at r.t. using
quartz cell with a path length of 1 cm

absorptions of 401 nm, 617 nm, and 674 nm.
The reduced mixture of CoACl + 2 eq
V,2+.2PFs showed the absorptions 403 nm,
622 nm, and 681 nm. All those mentioned
absorptions for both reduced mixtures are
undoubtedly assigned to non-dimerized
viologen radicals of V,2*.2PF¢ in the adduct
complex. Moreover, the reduced mixtures of
CoACl+leq V32+.2PFs and CoACl +2 eq
V,2+.2PFs showed the absorptions 542 nm,
837 nm, 542 nm, and 846 nm, respectively.
Those absorptions are related with the
dimerized viologen radicals within the
structure of the adduct CoAClV,2+.2PF-
[31,12] (Equation 4).
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EQUATION 4 Molecular switches based on the adducts of V,2+*.2PFs and CoARs; V,2+.2PF¢

complexes in DMF

TABLE 7 The electronic absorption data for 2 mM of both CoA and CoACl and their non-reduced
and reduced mixtures with 1 and 2 equivalents of V;2+.2PF¢ in DMF

Mixture

2 mM CoA + 1 eq V; after 24 hr
reduced 2 mM CoA +1eqV;
2 mM CoA + 2 eq V; after 24 hr
reduced 2 mM CoA + 2 eqV:

2 mM CoACl + 1 eq V; after 24 hr
reduced 2 mM CoACl + 1 eq V:
2 mM CoACl + 2 eq V; after 24 hr
reduced 2 mM CoACl + 2 eq V;

Conclusion

The reaction of acetylacetone or 3-Chloro
acetylacetone with Co(II) ion results in the
cobalt complexes. The reaction of the
complex CoA with ten equivalents of 4,4'-
bipyridine (Bpy) in ne afford the adduct
complex CoA-Bpy. The structures of these
cobalt(ll) complexes are characterized by
different techniques. The FT-IR spectroscopy
confirmed the coordination of H,0 molecules
in CoA, CoACl, and Bpy in CoA-Bpy. The
stretching of Co-0 and Co-N groups is noted
in FT-IR spectra. Mass spectra showed the
molecular ions of these complexes besides
other important peaks that well-confirmed
the structures. Thermal analyses showed that
the order of thermal stability of cobalt
complexes decrease in following sequence
CoACl> CoA> CoA-Bpy. All TG phases are first

)\max
792,336,321
845, 610, 540, 405
329, 336,359,366, 613,697

848, 740, 672, 608, 542, 503, 404

675,635,611, 400
837,674,617,542,401, 359, 330

670, 635, 609, 406

846, 681, 622, 542,403

order The
thermodynamic parameters are calculated for
each phase during the thermal analyses.
Values obtained for each phase proved that
all phases are non-spontaneous endothermic
reactions. Based on the XRD data, crystal
sizes D are calculated from both Scherer and
Williamson-Hall methods. Furthermore, the
strain values are calculated from the last
method. It was found that D for CoA is larger
than that of CoAC], while the substitution of
Bpy in CoA-Bpy instead of H»O in CoA
increased D value. The UV-Visible absorption

reactions. kinetic and

spectra of cobalt(ll) complexes in different
solvents showed transitions attributed to -
m* merged with n-m* absorptions. The d-d
transitions have been perfectly shown. The
formation of the adduct CoA-Bpy is confirmed
by comparison of its spectra with those of the
precursor CoA. The formation of the adduct
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complexes from interactions of CoA and
CoACl with Bpy are followed by UV-Visible
V2+A,.2PF¢
units in these adducts are reduced by two
electrons to afford dimerized V;
adduct complexes structures.

absorption spectroscopy. The

within
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