Asian Journal of Chemistry; Vol. 31, No. 7 (2019), 1476-1480 @

ASIAN JOURNAL OF CHEMISTRY

/21 Journa) of Chems

https://doi.org/10.14233/ajchem.2019.21927

Solvation Behaviour of Some Copper(I) Complexes in Binary Mixtures of
Dimethylsulfoxide with Dimethylacetamide and Dimethylformamide at 298 K

BaL KrisHAN VERMANI', VIVEK PATHANIA!, SHASHI KIRAN VERMANI? and SHRUTILA SHARMA'

'Department of Chemistry, D.A.V. College, Chandigarh-160011, India

*Joint Director (Retd.) Higher Education, Haryana, Panchkula-134109, India

*Corresponding author: E-mail: viveksinghpathania@yahoo.com

Received: 8 January 2019;

strongly than DMFE.

INTRODUCTION

Physico-chemical measurements of electrolytic solutions
of various electrolytes in aqueous, non-aqueous and mixed
solvents have attracted attention in recent years [1-4]. The
solvation studies particularly the preferential solvation [5-10]
behaviour of ions has been of significant importance in electro-
refining and hydrometallurgy. Some other areas where these
electrolytes have extensively been used include electro-chromic
displays, smart window, etching and electro synthesis etc. [11].
Now-a-days, various strategies have been developed for assem-
bling copper(I) complexes for use as dyes in dye sensitized solar
cells [12]. Highly ionic copper(I) complexes like copper(I)
perchlorate tetraacetonitrile (CuClO4-4AN) and copper(I)
perchlorate tetrabenzonitrile (CuClO4-4BN) are unstable in
water and a large number of organic solvents. These copper(I)
complexes, however, have a marked stability in acetonitrile.
Therefore, studies of such salts in pure and mixed solvents are
still lacking. These copper(I) complexes, however, have a marked
stability in acetonitrile [13] (AN), benzonitrile [14] (BN) and
some other nitriles [15]. Some investigations [16] of the
behaviour of these white coloured complexes have been made
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Molar conductance values of a large number of copper(I) perchlorate complexes behaving as strong 1:1 electrolytes, have been measured |
in binary mixtures of dimethylsulfoxide with dimethylacetamide and dimethylformamide at 298 K. The measured conductance data have |
been analyzed to obtain the limiting molar conductance (A,) of these electrolytes. The limiting ion conductances (A.°) for various ions in
the binary mixtures of DMSO with DMA and DMF have been calculated by an indirect method using [BusN]BPh, as a reference |
electrolyte. The actual ionic radii (r;) values for these copper(I) complex ions increase significantly with increase in DMA composition |
whereas the corresponding r; values for these ions do not show a significant increase with increase in DMF composition that indicates no |
preferential solvation of copper(I) complex ions for DMF over DMSO, thus showing that DMA solvates the copper(I) complex ions more |
|
|

in pure acetonitrile and binary mixtures of acetonitrile with
several other organic solvents. Some coloured (orange, violet
and brown) copper(I) perchlorate complexes like CuClO4.n
(Ligand) (n = 2 or 4) with some other ligands have also been
now prepared but their behaviour in solution has not yet been
investigated. These complexes are highly stable in the solid form
and in solution and their ligands cannot be replaced easily by
the solvent molecules. A complex of this type, bis(2,9-dimethyl-
1,10-phenanthroline) copper(I) perchlorate (CuClO,-2DMPhen)
is a deep orange complex having high solubility and marked
stability in a number of organic solvents. This complex owing
to its large copper(I) cation, [Cu(DMPhen),|* and high stability,
has been used for carrying out some conductance and viscosity
measurements in some pure and mixed solvents [17]. In conti-
nuation with our studies of the copper(I) complexes in solution,
in the present paper, we report the molar conductances of some
copper(I) perchlorate complexes in binary mixtures of DMSO
with DMA and DMF so that their solution behaviour can be
investigated thoroughly. DMSO, DMA and DMF were selected
as solvents because copper(I) complexes had marked stability
in these solvents.
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EXPERIMENTAL

Acetonitrile (AN) (99.8 %), benzonitrile (BN) (99.8 %),
dimethylformamide (DMF) (99.5 %), dimethylacetamide
(DMA) (99.5 %) and dimethylsulfoxide (DMSO) (99.5 %),
all from E. Merck, were purified by the methods as reported
[18]. The dielectric constant (€), viscosity (1) and density (d) of
DMSO with DMA and DMF, which were used for the analysis
of the present conductance data are reported in Tables 1 and
2, respectively. These values are in good agreement with the
values reported in the literature.

TABLE-1
DIELECTRIC CONSTANT (&), VISCOSITY (1) AND DENSITY (d)
OF BINARY MIXTURES OF DMSO + DMA AT 298 K

Mol % DMA € 1 (cP) d(gem™)
0 46.73 1.990 1.0960
20 4451 1.780 10580
40 4247 1527 1.0217
60 4032 1317 0.9918
80 39.10 1.120 0.9617
100 37.78 0.919 0.9365

Standard uncertainties are: d =2 x 10 g cm™, 1 = 0.02 cP

TABLE-2
DIELECTRIC CONSTANT (g), VISCOSITY (1) AND DENSITY (d)
OF BINARY MIXTURES OF DMSO + DMF AT 298 K

Mol % DMF £ N (cP) d(gem?)
0 46.73 1.990 1.0960
20 44.02 1.718 1.0612
40 41.58 1.490 1.0310
60 40.19 1.221 0.9980
80 38.10 0.989 0.9714
100 36.70 0.796 0.9443

Standard uncertainties are: d =2 x 10° g cm, 1 = 0.02 cP

Tetrabutylammonium tetraphenylborate (BusNBPhy) and
tetrabutylammonium perchlorate (Bu,NCIO,), which were used
as reference electrolytes in the present work were prepared by
the methods already reported [19]. Sodium tetraphenylborate
(NaBPhy), 99.5 % (CDH Chemicals) was used as received.
Copper(I) perchlorate tetraacetonitrile (CuClO4-4AN) was pre-
pared by the reduction of copper(Il) perchlorate hexahydrate
Cu(Cl0O4),-6H,O by copper powder in warm acetonitrile (AN)
99.8 % (E.Merck) following the method reported by Gill and
Cheema [20]. The complex was recrystallized twice from pure
dry acetonitrile under nitrogen atmosphere and dried at 60-70
°C by applying vacuum. For checking its purity, the salt was
analyzed by its elemental analysis and by titrating it in
acetonitrile against aqueous KMnOj, solution. Copper(I) per-
chlorate tetrabenzonitrile [21] (CuClO4.4BN) was prepared
from Cu(ClO,),-6H,O by reduction with copper powder in benzo-
nitrile (BN). Cu(ClO4),:6H,O was dissolved in anhydrous
benzonitrile and the solution was heated at 70-80 °C. Copper
powder (99.8 % NICE Chemicals) was added slowly with
constant stirring until the solution became colourless. The hot
solution was filtered and on cooling, white crystals separated
out. These crystals were repeatedly washed with pure, dry
cyclohexane to remove free benzonitrile and dried under vacuum
at room temperature to obtain CuClO4-4BN. The analysis of

CuClO,4-4BN dissolved in acetonitrile by KMnO, titration and
by elemental analysis established its compositions. CuClO,-BN
was found to be more stable than CuClO4-4AN. All other copper(I)
perchlorate complexes used in this study were prepared from
CuClO4-AN by mixing warm solutions of respective ligands
with CuClO44AN in acetonitrile in required proportions. The
reaction mixture was heated to 60 °C for 20-30 min in each
case and the solutions were allowed to cool at room tempe-
rature. The complexes were precipitated out by adding an inert
solvent or by removing acetonitrile completely from the
solution under vacuum. Toluene was added to precipitate out
CuClO4-DMPhen from acetonitrile solution and cyclohexane
was added to precipitate out bis(1,10-phenanthroline) copper(I)
perchlorate (CuClO42Phen). The complexes were then filtered
and dried at 70 °C under vacuum for several hours. Bis(2,2'-
bipyridyl) copper(I) perchlorate (CuClO4-2Bipy) and copper(I)
perchlorate tetrathiourea (CuClO44TU) being extremely
soluble in acetonitrile, could not be easily separated out from
the solution either by cooling or by adding an inert solvent.
They were, however, separated out by removing acetonitrile
completely under vacuum.

Molar conductances of [BusN]BPhy, [BusN]CIO; as well as
of Cu(I) perchlorate complexes prepared above were measured
with a calibrated digital conductivity meter (Model ZM2376
LCR METER) from NF Corporation, Japan. Measurements
were carried out in the concentration range (1-60) x 10™* mol
dm™ in pure DMSO, DMA and DMF and in the binary mixtures
of DMSO + DMA and DMSO + DMF containing 0, 20, 40,
60, 80 and 100 mol % DMA and DMF, respectively at 298 K.
The details of the experimental procedure of conductance measu-
rements were the same as given previously [19,22]. The overall
accuracy of the conductance measurements was found to be +
0.2 %. The cell constant of conductivity cell (Shedlovsky model)
was determined by using several concentrations of KCl solu-
tions in conductivity water. All solutions were prepared by
mass (weighed by ACZET-602 CY). Working solutions for
measurement of conductance were obtained by adding stock
solutions of appropriate concentration to a known quantity of
solvent or the binary mixture of solvents under study. The measu-
rements were made in a thermostated water bath maintained
at temperature 298 K.

The viscosities of various binary mixtures were measured
using model SV-10 Vibroviscometer from A&D Company, Ltd.
Japan The accuracy of viscosity measurements was found to
be + 1 %. The instrument was calibrated with the standard
viscosity samples supplied with the instrument. The dielectric
constants of the above binary mixtures were determined using
Dielectric Constant Meter (Model DCM1 [Freq. 1 MHz]) with
accuracy + 1 %.

RESULTS AND DISCUSSION

Molar conductances of [BusN|BPh,, [Bu,N]ClO, and
copper(l) perchlorate complexes have been measured in the
concentration range (1-60) x 10~ mol/dm® in binary mixtures
of DMSO with DMA and DMF at 298K. The limiting molar
conductances (A,) reported in Tables 3 and 4 have been itera-
tively calculated by a least square treatment carried out compu-
tationally. As the precision of our conductance data is not better
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TABLE-3
LIMITING MOLAR CONDUCTANCE (A,) (S cm” mol™") FOR SOME SALTS IN DMSO + DMA MIXTURES AT 298 K
Mol % DMA
Salt
0 20 40 60 80 100
Bu,NBPh, 22.24 24.48 27.95 31.81 36.72 43.80
Bu,NCIO, 36.12 38.89 43.68 47.47 52.60 62.50
[Cu(AN),]CIO, 39.84 42.06 45.49 48.94 53.12 62.70
[Cu(BN),]CIO, 39.87 41.50 45.00 47.92 52.19 61.50
[Cu(Phen),]ClO, 35.93 37.89 41.61 44.82 48.90 68.40
[Cu(DMPhen),]ClO, 35.33 37.31 41.04 4421 48.27 57.05
[Cu(Bipy),]ClO, 37.77 39.27 42.92 46.22 50.35 70.20
[Cu(TU),]CIO, 39.77 42.04 46.57 50.06 55.52 64.50
TABLE-4
LIMITING MOLAR CONDUCTANCE (A,) (S cm” mol™") FOR SOME SALTS IN DMSO + DMF MIXTURES AT 298 K
Mol % DMF
Salt
0 20 40 60 80 100
Bu,NBPh, 22.24 25.37 28.59 34.29 41.49 50.71
Bu,NCIO, 36.12 40.24 46.28 52.89 63.08 76.32
[Cu(AN),]CIO, 39.84 44.06 50.46 57.06 67.14 81.19
[Cu(BN),]CIO, 39.87 44.08 49.81 56.35 67.16 81.20
[Cu(Phen),]ClO, 35.93 39.85 45.48 51.97 61.48 74.41
[Cu(DMPhen),]|CIO, 35.33 38.87 44.81 51.14 60.54 73.28
[Cu(Bipy),]ClO, 37.77 41.43 47.60 53.92 63.87 77.03
[Cu(TU),]CIO, 39.77 44.04 50.44 57.04 67.98 81.18

than + 0.2 %, the use of any other conductance equation, which
demands a precision in a conductance data much better than +
0.1 % was not thought worthwhile to analyze the present
conductance data.

Limiting ion conductances (A.°): The use of an indirect
method [16,23] based on eqns. 1 and 2 has been used to calcu-
late A° values of all ions in the various binary mixtures of
DMSO with DMA and DMF.

A[Bu,N*] _5.35-(0.0103+1,)
A(Ph, B 5.00—(0.0103e+T,) 1)

A [Bu,N*1+Al[Ph,B"]=A_ [Bu,NBPh,] 2)
The A.° values for various ions have been reported in Tables
5 and 6.
Ionic radii (r;) of complex ions in solution: Using Gill’s
modification of Robinson-Stokes’s law [24]:

where 1; is the actual radius of an ion in solution, € is the
dielectric constant of the medium and r, is an adjustable para-
meter taken as 0.113 nm for DMSO and 0.085 nm for DMA
and DMF. All other parameters have their usual significance
[22]. Using A.° values from Tables 5 and 6 the r; values for
various ions have been calculated in binary mixtures of DMSO
with DMA and DMF and are also reported in Tables 5 and 6.
A perusal of Table-5 shows that the r; values for BusN* and
Ph,B", are almost constant and nearly equal to their crystallo-
graphic radii (0.50 nm and 0.535 nm, respectively) [22]. These
two ions because of their large size do not get solvated in many
dipolar aprotic solvents [22]. The copper(I) complex ions show
some interesting results. The r; values for all copper(I) complex
ions are quite large. Several of these copper(I) complex ions
especially [Cu(Phen),]* and [Cu(DMPhen),]* have relatively
larger ionic radii as compared to Bu,N* throughout the whole
composition of DMSO + DMA mixtures. Other copper(I) complex

|Z|F2 ions [Cu(AN),]*, [Cu(BN),]* and [Cu(Bipy).]" have relatively
L= 6TMNA° +0.0103e +1, (3 smaller ionic radii as compared to BuyN*in pure DMSO but,
TABLE-5

LIMITING IONIC CONDUCTANCES (1.°) (S cm? mol') AND SOLVATED
RADII (r;) (nm) FOR SOME IONS IN DMSO + DMA MIXTURES AT 298 K

Mol % DMA
Ion 20 40 60 80 100
A° I, A° I; A° I, A° I; A° I, A° i
Bu,N* 11.67 0.51 12.89 0.51 14.70 0.51 16.72 0.51 19.28 0.51 22.90 0.51
Ph,B™ 10.57 0.55 11.59 0.55 13.25 0.55 15.09 0.55 17.44 0.55 20.90 0.55
ClOo, 24.45 0.33 26.00 0.33 28.98 0.33 30.75 0.34 33.32 0.35 39.60 0.35
[Cu(AN),]* 15.39 0.43 16.06 0.44 16.51 0.47 18.19 0.48 19.80 0.50 23.10 0.51
[Cu(BN),]* 15.42 0.43 15.50 0.45 16.02 0.48 17.17 0.50 18.87 0.52 21.9 0.53
[Cu(Phen),]* 11.48 0.52 11.89 0.54 12.63 0.57 14.07 0.58 15.58 0.60 28.80 0.62
[Cu(DMPhen),]* 10.88 0.54 11.31 0.56 12.06 0.59 13.46 0.60 14.95 0.62 17.45 0.64
[Cu(Bipy),]* 12.92 0.48 13.27 0.50 13.94 0.53 15.47 0.54 17.03 0.56 30.60 0.58
[Cu(TU),]* 15.32 0.43 16.04 0.44 17.59 0.45 19.31 0.46 22.20 0.46 24.90 0.48
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TABLE-6
LIMITING IONIC CONDUCTANCES (1.°) (S cm? mol") AND SOLVATED
RADII (r)) (nm) FOR SOME IONS IN DMSO + DMF MIXTURES AT 298 K

Mol % DMF
Ion 20 40 60 80 100
A° T A° I A° T A° I A° T A° !
Bu,N* 11.67 0.51 13.37 0.51 15.05 0.51 18.02 0.51 21.78 0.51 26.60 0.51
Ph,B~ 10.57 0.55 12.00 0.55 13.54 0.55 16.27 0.55 19.71 0.55 24.11 0.55
ClO,” 24.45 0.33 26.87 0.33 31.23 0.32 34.87 0.33 41.30 0.33 49.72 0.33
[Cu(AN),]* 15.39 0.43 17.19 0.43 19.23 0.43 22.19 0.44 25.84 0.45 31.47 0.45
[Cu(BN),]* 15.42 0.43 17.21 0.43 18.58 0.44 21.48 0.45 25.86 0.45 31.48 0.45
[Cu(Phen),]* 11.48 0.52 12.98 0.52 14.25 0.53 17.10 0.53 20.18 0.54 24.69 0.54
[Cu(DMPhen),]* 10.88 0.54 12.00 0.55 13.58 0.55 16.27 0.55 19.24 0.56 23.56 0.56
[Cu(Bipy),]* 12.92 0.48 14.56 0.48 16.37 0.48 19.05 0.49 22.57 0.50 27.31 0.50
[Cu(TU),]* 15.32 0.43 17.17 0.43 19.21 0.43 22.17 0.44 26.68 0.44 31.46 0.45

these ionic radii tend to become greater than that for BusN*as
the DMA composition increases, i.e., in the DMA rich region.
[Cu(TU).]" however, has relatively smaller ionic radii than
Bu,N* throughout the whole composition range of DMSO +
DMA mixtures. Also the r; values for these copper(I) complex
ions increase significantly with increase in DMA composition.
This is expected because DMA molecule has larger size than
that of DMSO molecule. These results show that these copper(I)
complex ions get solvated considerably as the composition of
DMA in the binary mixture increases. Cl1O,4™ has r; values, which
show a slight increase with increase in DMA composition but
are larger than its crystallographic radius (0.260 nm). This ion
thus shows some solvation effect throughout the DMSO +
DMA composition range.A perusal of Table-6 shows that the
1; values for BusN* and Ph,B~, are almost constant and nearly
equal to their crystallographic radii (0.50 nm and 0.535 nm,
respectively) [22]. These two ions because of their large size
do not get solvated in many dipolar aprotic solvents [24]. The
1; values for all copper(I) complex ions are relatively smaller
than those for DMSO + DMF mixtures. Several of these copper(I)
complex ions especially [Cu(Phen),]* and [Cu(DMPhen),]*
have relatively larger ionic radii as compared to BusN"through-
out the whole composition range of DMSO + DMF mixtures.
Other copper(I) complex ions [Cu(AN)s]*, [Cu(BN).]*,
[Cu(Bipy).]" and [Cu(TU),]* have relatively smaller ionic radii
as compared to BusN*throughout the DMSO + DMF compo-
sition range. Also the r; values for these copper(I) complex
ions increase slightly with increase in DMF composition. This
is expected because DMF molecule has a slightly large size
than that of DMSO molecule. These results show that these
copper(I) complex ions do not get solvated to a great extent as
the composition of DMF in the binary mixtures increases.
Looking at the results of r; values from Tables 5 and 6, we conclude
that DMA solvates the copper(I) complex ions more strongly
than DMF.

Conclusion

Copper(I) perchlorate complexes with ligands acetonitrile,
benzonitrile, Phen, DMPhen, Bipy and TU get solvated in
DMSO + DMA solvent mixtures and the extent of solvation
increases in the DMA-rich region. The solvated radii for Bu,N*
and Ph4B~ remain constant in both DMSO + DMA and DMSO
+ DMF solvent systems showing that these ions do not get
solvated in dipolar aprotic solvents. The ionic radii (r;) for the

complex ions [Cu(Phen),]", [Cu(DMPhen),]" and [Cu(Bipy).]*
are much larger and for complex ions [Cu(AN).]*, [Cu(BN).]*
and [Cu(TU),]" are smaller than that for the ion Bu,N* through-
out the DMSO + DMA composition range. The solvated radii
of ClO4 ion increase with increase in composition of DMA
showing preferential solvation by DMA in DMSO + DMA
mixtures. However, the solvated radii for Cu" complex ions
and ClO,” remain almost constant in DMSO + DMF solvent
systems showing no preferential solvation by DMF. We thus
conclude that the extent of solvation of Copper complex ions
and ClO4 is much more pronounced in the DMA-rich region
as compared to the DMF-rich region.
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