Available online awww.scholarsresearchlibrary.com

v-‘?p\‘ed S%’o

/ \‘)o“’

Scholars Research Archives of Applied Science Research, 2014, 6 (1):39-44 (\./
(http://scholarsresearchlibrary.com/archive.html) C\"\-Q

r

Scholars Research Library

P‘(c\’\iVes o
90199533

Library
I SSN 0975-508X
CODEN (USA) AASRC9

A compar ative acoustics studies of some chargetransfer complexesin
predicting the acoustical and itsallied propertiesat 303K

Shubhajit Halder?, Shivani Tomar?, Pratibha S. Agrawal® and L alitmohan J. Paliwal®

®Dr. (Mrs.) Ira Nimdeokar P. G. and Research CerfitneChemistry, Hislop College, Nagpur, India
Department of Chemistry, Laxminaryan Institute eéfAhology, Nagpur(M.S), India
‘Department of Chemistry, R T M Nagpur Universityahatma Joytiba Phule Educational Campus, Nagpus{ji.
India

ABSTRACT

The density, speed of the sound and viscosity measured for solutions containing equimolar conaians of
the ternary mixtures consists of Pyridine as dowith Cyclohexanone, Acetone, Acetophenone and Eibtyl
ketone as an acceptors separately in n-hexaneesolvincluding pure liquids at 303K. Acoustical and
thermodynamic parameters like acoustical impedd@gesound velocity (U), internal pressurg)( Intermolecular
free length (Lf) and adiabatic compressibility (Bprmation Constant (K) have been evaluated. Thestamt values

of free energy of formationtG*) and relaxation timet{) indicates that the formation of similar type ohtplexes

in these systems. The variation in free energpmfidtion ¢G% values suggests that their thermodynamic stability
depends on the structure of donor and acceptor.

Keywords. Speed of sound, Adiabatic Compressibility, Foioratconstant, Relaxation time, Thermodynamic
Stability.

INTRODUCTION

Ultrasonic velocity measurement has been succégssmiployed to detect and assess weak and stromgcotar
interaction, present in binary [1] and ternary [Rjuid mixtures. These studies can also be usedd¢atify
complexation and calculation of the stability camés of complexes, in particular the charge transtenplexes
formed between organic compounds containing eladtich centers and electron deficient compoundsn@ibal
industry finds these properties are very significam design calculations, heat transfer and maassfer etc.
Ultrasonic is a non- destructive and quick method the investigation of charge transfer complex&ls The
carbonyl group has electron—deficient carbons wihih function as electrophiles. Basic groups liken® groups
can interact with this group to form a complex amftlence the properties of such compounds [4].sEh&tudies are
made mainly to investigate the effect of structfrdonor molecules and polarity of medium on trebgity of this
type of complexes and the factors, which playsifigant role in the complexation. In this backgraymn attempt
has been made to determine densitigs ltrasonic speeds (U) and viscositig¥ ¢f the ternary mixtures consists
of Isopropyl amine as donor with Cyclohexanone,tdne, Acetophenone and Ethyl methyl ketone asceepors
separately in n-hexane solvent including pureitlg at 303K.
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MATERIALSAND METHODS

Cyclohexanone, Acetone, Acetophenone and Pyridieee vAnal R grade. Densities, Viscosities and Udnés
Velocities were measured at 303K over a wide rasfgeoncentrations. The densities of pure compowamdstheir
solutions were measured accurately using 10 mlifspggavity bottle in an electronic balance pretisand the
accuracy in weighing is + 0.1 mg. Viscosities ofrg@icompounds and their mixtures were determinedgusi
Ostwald’s Viscometer calibrated with double distillwater.

The ultrasonic velocity as measured by using végiglath single crystal interferometer (Model F-8M\ital
Enterprise, India) at fixed frequency 2 MHZ withcacacy of 0.03%. The temperature was maintaineti wait
accuracy of 0.9C. Electronically digital operated constant tempex bath (Plasto Craft Industries) for low
temperature bath Odel LTB-10 was used to circulater through the double walled measuring cell maglef
steel containing the experimental solution at theirdd temperature with accuracy in temperaturesarement -
10°C to -90C. Acoustical parameters such as adiabatic comipiktys(R), free length (Lf), internal pressurei)
relaxation time €), stability constant (K) and the free energy clearf§G’:) were calculated using standard
equations.

RESULTSAND DISCUSSION

Optical and ultrasonic methods are essential ttwotietect such Charge Transfer Complexes [5]. imdhticle, we
employed an ultrasonic method to detect these cmmpl Amines behave as Lewis bases since theyigonta
nitrogen as the basic center with a lone pair ettebns. A carbonyl compound contains electroncaeit carbon
which can function as electron acceptor. Thus, desmreptor complexes can be formed between amide an
carbonyl compounds. The stability constants (K)adetermined from ultrasonic velocities and the dremK values

is explained on the basis of the structure of thdanyl compounds. Isopropyl amine is used as amdionthe
formation of these types of Charge Transfer Congsex

The measured values of ultrasonic velocity, dereitg viscosity at equimolar concentrations of vasi€arbonyl
compounds (Acceptors) and Isopropyl amine (dororj-hexane at 303 K are given in Tables 1-3

Table 1. Ultrasonic velocity (m s-1) values of ketoneswith I sopropyl Aminein n-hexane at 303 K

quggglar Cyclohexanone Acetongé Acetophenone Ethyl MethybiKet
0.02 1045.2 964.8 1050.8 1056.4
0.04 1046.0 964.4 1051.6 1055.6
0.06 1046.4 964.0 1053.2 1055.2
0.08 1047.2 963.9 1054.0 1054.4
0.10 1048.6 963.6 1054.4 1054.0
0.12 1049.0 962.8 1055.6 1052.8
0.14 1049.6 962.6 1056.0 1054.4
0.16 1050.0 961.4 1056.4 1055.2
0.18 1052.0 960.0 1057.2 1054.4
0.20 1053.1 958.8 1057.6 1053.6

Table 2. Density (Kg m-3) values of ketoneswith | sopropyl aminein n-hexane at 300 K

quggglar Cyclohexanonel Acetongé Acetophenone Ethyl MethybiKet
0.02 636.1 634.1 665.5 661.7
0.04 635.8 634.7 666.9 662.8
0.06 636.4 634.9 669.4 664.4
0.08 637.0 634.8 670.1 669.9
0.10 635.9 634.1 671.8 670.8
0.12 635.6 635.0 673.2 672.1
0.14 636.3 634.9 675.2 673.5
0.16 635.9 635.7 679.0 674.2
0.18 636.7 635.4 679.9 681.8
0.20 636.8 635.1 681.4 682.7
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Table 3. Viscosity (10-4Ns m-2) values of ketones with I sopropyl Aminein n-hexane at 303 K

chucljr:gllar Cyclohexanone| Acetong¢ Acetophenohe Ethyl MethybKet
0.02 3.201 3.106 3.243 3.678
0.04 3.451 3.11¢ 3.28¢ 3.701
0.0¢€ 3.56¢ 3.12¢ 3.45¢ 3.73¢
0.08 3.764 3.133 3.498 3.759
0.10 3.769 3.141 3.562 3.801
0.12 3.801 3.152 3.569 3.808
0.14 3.805 3.161 3.599 3.901
0.1¢€ 3.91( 3.16¢ 3.76:¢ 3.94¢
0.1¢€ 3.92: 3.177 3.87] 3.987
0.20 3.987 3.189 3.900 4.203

The trend in the ultrasonic velocity with concetitia in the case of systems containing ketone<atds that there
are strong interactions between molecules of katame isopropyl amine .The ultrasonic velocity @ages with an
increase in the concentration of carbonyl compoand amine in the case of aromatic ketones,. Batréverse
trend is observed in the case of the aliphatic hetamine system. Generally, aromatic ketones hayleeh
ultrasonic velocity values than aliphatic keton@sth an increase in the concentration of carbowwyhpounds, the
concentration of free carbonyl compounds also emes, and this may be the reason for the revershakitrend. A
similar observation was made by Mahendran in thelystof donor—acceptor complexes between carbonyl
compounds and chloroform [6]. Cyclic ketones forrarenstable charge transfer complexes with Isopré&ptbne
than aromatic and acyclic ketones. This is inditdg the steeper curves obtained in the plot eésdinic velocity
against concentration for these systems. Thusjdher—acceptor complex formation between carboagigounds
and isopropyl ketone is both concentration- andcstire-dependent [7]. The viscosities are deterchiioe these
systems at various concentrations of the donorpgocemixtures (Table 3).The increase in viscositith
concentration in all these systems suggests thatetttent of complexation increases with the inereas
concentration.
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Figure 1. Plots of Ultrasonic velocity vs. Concentration of pyridine-ketones
(CHX= Cyclohexanone; ACT= Acetone; APH=AcetophendiK= Ethyl methyl ketone)

Adiabatic compressibilityf{) values were calculated for all correspondingesyst and listed in Table 4. Adiabatic
compressibility exhibits a reverse trend to thatiltfasonic velocity. It is the indication of thact that complexation
between the donor-acceptor is concentration depgndihis is also supported by the gradual decrgafee length
(Table 5) of the corresponding systems.
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Table4. Adiabatic Compressibility (10°K g ms?) values of ketoneswith Isopropyl Amine in n-hexane at 303 K

chl"g:glar Cyclohexanone| Acetong¢ Acetophenone  Ethyl MethybKet

0.02 1.346 1.356 1.306 1.356

0.04 1.34¢ 1.34% 1.30% 1.34]

0.0¢€ 1.34¢ 1.341 1.29% 1.34(

0.08 1.342 1.339 1.293 1.334

0.10 1.342 1.329 1.287 1.325

0.12 1.343 1.320 1.282 1.256

0.14 1.342 1.312 1.275 1.213

0.1¢€ 1.342 1.30¢ 1.27( 1.19¢

0.1¢€ 1.34¢ 1.30¢ 1.26% 1.19¢

0.20 1.343 1.265 1.263 1.193
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Figure 2. Plots of Adiabatic Compressibility vs. Concentration of | sopropyl amine-ketones
(CHX= Cyclohexanone; ACT= Acetone; APH=AcetophendiK= Ethyl methyl ketone)

Table5. Intermolecular freelength (pm) values of ketoneswith Isopropyl aminein n-hexane at 303 K

chl,lcljr:glar Cyclohexanone Acetoneé Acetophenone Ethyl MethybiKet

0.02 75.236 71.717 72.807 73.238
0.04 72.876 71.629 72.756 72.478
0.06 71.479 71.480 72.732 72.895
0.08 70.237 71.365 72.722 72.345
0.10 70.145 71.205 72.710 72.120
0.12 70.14: 71.06: 72.72( 71.45¢

0.14 70.142 70.857 72.701 70.231
0.16 69.657 70.716 72.705 70.457
0.18 69.543 70.636 72.743 70.129
0.20 68.230 70.530 72.722 69.781

Molecular interaction parameter may be used tostigate the extent of deviation from ideal behavicaused by
complexation. It is a useful tool to measure thergjth of molecular interaction between the domat acceptor in
non-polar medium. Both positive and negative isidative of positive as well as negative deviatioonf ideal

behaviour [8].
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Figure 3. Plots of Intermolecular freelength vs. Concentration of pyridine-ketones
(CHX= Cyclohexanone; ACT= Acetone; APH=Acetophen&iK= Ethyl methyl ketone)
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Figure4. Plotsof Molecular interaction parameter vs. Concentration of pyridine-ketones
(CHX= Cyclohexanone; ACT= Acetone; APH=AcetophendiK= Ethyl methyl ketone)

Table5. Molecular interaction parameter (10?) values of ketoneswith I sopropyl aminein n-hexane at 303 K

chucljr:(c:)lar Cyclohexanone| Acetong¢ Acetophenohe  Ethyl MethybKet

0.02 0.692 -0.201 0.567 -0.561
0.04 0.772 -0.349 0.983 -0.598
0.06 1.009 -0.387 1.032 -0.763
0.0¢ 1.12] -1.56¢ 1.25¢ -0.79¢

0.1C 1.331 -1.56¢ 1.33¢ -0.98(

0.12 1.556 -1.589 1.459 -0.991
0.14 1.947 -1.591 1.590 -1.456
0.16 2.154 -1.765 2.721 -1.490
0.18 2.233 -1.786 2.981 -1.213
0.20 2.342 -2.498 2.999 -1.368
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Generally, the aromatic aldehydes and ketones tmmmparatively less stable complexs than aliphaimterparts.
Mesomeric effect due to presence of aromatic genipances the partial negative charge on carbomgboaand
hence reduces the extent of complexation with edaidally reach various amines. These explanasoevidenced
by smaller K Value of Acetophenone , an aromatimhke in comparision with both aliphatic carbonysetone
and Ethyl methyl ketone respectively.

Cyclic ketones generally form more stable complewés pyridine than acyclic ketone. . From the \eduof
formation constant, stability of the charge transfemplexes among ketones are as follows:

Cyclohexanone > Ethyl methyl ketone > Acetone> Apbenone

The negative free energy of formatio@’) value for all complexes indicates that the dometeptor complexes
formed between ketones and amines are thermodyabynitable.AG* andr ,two inherent parameters have
approximately constant value which indicates thatlar type of complex are formed between the csponding
ketones and amines.

Table 6. Formation constant, free ener gy of formation, mean free energy of activation and mean viscous r elaxation time values of donor
acceptor complexes of certain ketoneswith Isopropyl aminein n-hexane at 303 K

Acceptor K (MY | AG% (kJ mot') | AG" (kI mol") | 7 (10%) s
Cyclohexanon 165.9¢ -11.65 21 4.1
Acetone 5.51 -3.2 2.3 3.8
Acetophenone 3.12 -3.1 2.2 3.7
Ethyl methyl ketone 9.23 -4.5 2.4 2.1

CONCLUSION

Ketones with electron-deficient carbonyl carbonfahermodynamically stable charge transfer conggewith
electron donor amines. The complexation betweeanest and amine can be detected by ultrasonic meffe
stabilities of these complexes depend on the sireicof acceptor molecule and concentration of thaod
acceptors.
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