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ABSTRACT

The acoustical parameters for three binary liquidxtores namely Acrylonitrile + methanol, Acryloriiér +
cyclohexane and Acrylonitrile +1, 4—dioxane havermeneasured. From the measured data, some of thestcal
parameters such as adiabatic compressibiliy) (, free length (}), free volume (¥ internal pressure ),
relaxation time €) , acoustic impedance(Za) and Gibb’s free enet@yyalues are computed for the three systems
at 303K, from the measures values of ultrasoniociy(U),densityf) and viscosityf). The behavior of these
parameters with composition of the mixture has bémgussed in terms of molecular interaction betwése
components of liquids.

Keywords: Adiabatic compressibility, free length, frees vokyrinternal pressure, molecular interactions andryi
systems.

INTRODUCTION

The ultrasonic study of inter molecular interactioplays an important role in the development of enolar
sciences In recent years ultrasonic technique kasrbe powerful tool in providing information regeg the
behavior of liquids and solids owing to its abild§ characterizing physiochemical behavior of trediam[1]. The
study of miscibility and molecular interaction pees in polymer and solvent in a polymer solutionofsgreat
significance for engineering applications of polymeThey also provide substantial information oa firocess
involving polymer production and their uses [2].rtRer, polymer dissolution also plays a key roleniany
industrial applications in a variety of areas amd understanding of the dissolution process alloass the
optimization of design and processing conditionsvall as selection of suitable solvent [3]. Mangearchers have
undertaken these studies qualitatively throughastinic velocity, adiabatic compressibility and woisity
measurements [4-12]. However, there are very femiss on the quantitative study of the interactiiona polymer
solution system [1]3 The exhaustive literature survey shows scanty vaeorlpure liquids and liquid mixtures [14,
15]. Acrylonitrile is a versatile fluid and has Inegsed on a wide range of fields and applications

In view of extensive applications of Acrylonitrilgnethanol, cyclohexane & 1,4-dioxane in the eegimg
process, pharmaceutical industries, present stumlides qualitative information regarding the natand strength
of molecular interactions in the liquid mixtures érylonitrile + methanol, Acrylonitrile + p-dioxan and
Acrylonitrile + cyclohexane at the temperature 30@kKough the derived parameters from ultrasoniooity,
density & viscosity measurement. The present iy&son is undertaken, in order to study the delesice of the
relative strength of intermolecular interaction ahdir nature in pure liquids and liquid mixturde results are
discussed in terms of molecular interactions.

2. Theory:

i. Adiabatic compressibilityf):

The adiabatic compressibilit$g) has been calculated from the ultrasonic veldtily and the densityj of the
medium using the equation as:

pa =1 Fp) e (1)
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ii. Intermolecular free length (s
Intermolecular free length has been determined as:

L= K@)” e @)
Where K; is the temperature dependent Jacobson’s confd@nt7 but independent of the nature of liquid.

iii. Free volume (V):
The free volume [17] has been calculated in termdtrasonic velocity (U) and viscosity) of the liquid as:

Vi =[(Meg U)/ (K] *2 e (3)

Where, Meff (Effective mass) E mi xi, in which mi and xi are the molecular weiginid the mole fraction of the
individual constituents respectively. K is the teraiure independent constant, which is equal t8 4@ for all
liquids andn be the viscosity.

iv. Internal pressurer():
On the basis of statistical thermodynamics, Sumayana [18], derived an expression for the detetion of
internal pressurer() by the use of free volume concept as:

mi= (O RD(K-n)/U)]* [(p?) ] (Meg ®)]  --ermemememmmmes (4)

Where, b is the cubic packing which is assumed @o2bfor all liquids and solutions, K is the tempara
independent constafit is the absolute temperature, R is universalogastanty be the viscosity and Meff the
effective molecular weight .

v. Relaxation timet):
Relaxation time(t) is the time taken for the excitation energy toegrpas translational energy and it depends on
temperature and on impurities. The dispersion wasbnic velocity in binary mixture reveals infortioa about the

characteristic time of the relaxation process ti@aises dispersion. The relaxation tinae qan be calculated from
the relation as;

T=(4/3)pan. e (5)
Wherefa andn are adiabatic compressibility and viscosity ofligaid and liquid mixtures.

vi. Acoustic impedance (Za):
The specific acoustic impedance is given by,

Za=Up. e (6)

Where U ang are the ultrasonic velocity and density of thaiiligrespectively.

vii. Gibb’s free energyAG):

The relaxation time for a given transition is rethto the activation energy. The variation of ratéon time ) with
temperature (T) can be expressed in the form ahBygelf process theory.

1/t =[(KgT) /hl-exp (AG/KgT). oo (7)

The above equation can be rearranged as,

AG = (-KgT) log [0/ (KgTT)]. e £8)

or, AG = (KgT) log [(KgT)/h].  —memmeemmmeees (9)

Where K is the Boltzmann’s constant (1.3806%41k"), h is the plank’s constant (6.63 x ¥@S), T is the
absolute temperature amds the relaxation time.

3. Experimental Details:
The component fluid namely AcrylonitriN) (solute) and the methanol, p— dioxane andatyekane (solvents)
were obtained of Anal R grade, again they werdipdrand redistilled in accordance with the ugualcedure [19]
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before use. The binary mixture of various mole tficats of two component in the systems, namely Aamrigtile +
methanol, Acrylonitrile +cyclohexane and Acryloildr+ p — dioxane (hereafter p—dioxane referred asagiox
only), were prepared immediately before use.

The ultrasonic velocity (U) of frequency 10MHz adénsity ) in these binary mixtures were measured by
employing ultrasonic time inter- velometer(UTI -10hnovative instrument, Hyderabad) and hydrostatiker
method in the temperature range 10 °GiOwith an overall accuracy of +0.1m/s , Ultra ther state U-10
maintained temperature of the sample constant @13C. A specially designed and fabricated deukélled
metallic ultrasonic cell and glass cell along w8tk digit monopan balance permitted to achieve raogu of 1 in 10
*m/s in velocity and 1 in 16 gm in density measurement. The viscosity (vas measured using Ostwald’s
viscometer with an accuracy of + 0.0001RBn All the precautions were taken to minimize thesgible
experimental error. The setup is checked for stahliguids. The values obtained are compared witérature[20,

21] values and found that, they match very welhveiach other.

Table — 1: Comparison of experimental values of desity (p), viscosity §) and ultrasonic Velocity (U) of pure liquids at 3BK with
literature values:

A Densit Viscosit Velocity (U
Pure liquids (Kg %3(,'))) (10° NS):T?Z')) m%)( )
Expt. | Literature | Expt. | Literature | Expt. |Literatur e
1. | Acrylonitrile | 0.8066|  --------- 0.306Q  ------- P50 | -
2. | Methanol 776.1 777.7 0.5150 0.502Q 108p.0 10870
3. | P-Dioxane 1027 .4 1028.1 0.81%4 1.010 1324.0 3.032
4. | Cyclohexanel 772.3 763.7 0.6887 0.689H 1240.0 3.324
Table — 2: The experimental values of densityp], viscosity §) and Ultrasonic Velocity (U) at 303K for the systems - |, Il & Il

Mole Density (p) | Viscosity ) | Velocity (U)

(Kgm?® | (10°Nsm?) (ms?)
X1 [ X2
System- 1 : Acrylonitrile + Methanol
01| 0.9 778.15 0.4918 1119.90
02| 0.8 783.20 0.4787 1153.80
03] 0.7 786.35 0.4556 1187.70
04| 0.6 789.15 0.4324 1221.50
05| 05 793.10 0.4192 1253.50
06| 04 797.15 0.3962 1289.40
0.7] 0.3 801.25 0.3730 1323.30
08| 0.2 803.20 0.3598 1357.10
09| 0.1 806.00 0.3287 1391.10
System- 2 : Acrylonitrile + P-Dioxane

0.1] 0.9 1004.24 0.8039 1333.00
02| 0.8 982.22 0.7540 1347.00
03] 07 960.20 0.7045 1359.00
04| 0.6 938.18 0.6549 1365.00
05| 05 916.12 0.6049 1376.00
06| 04 894.14 0.5549 1387.00
0.7 03 872.15 0.5059 1397.00
08| 0.2 850.12 0.4459 1408.00
09| 0.1 828.12 0.3855 1416.00

System- 3 : Acrylonitrile + Cyclohexane

01] 09 776.00 0.6037 1258.00
02] 08 779.70 0.5612 1278.00
03] 0.7 783.30 0.5187 1297.00
04| 06 787.00 0.5100 1310.00
05| 05 790.70 0.4762 1334.00
06| 04 794.00 0.4337 1353.00
07] 03 797.70 0.3912 1373.00
08| 0.2 801.40 0.3487 1391.00
09] 01 804.00 0.3400 1410.10
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Table — 3: The values of adiabatic compressibilit{a), free length (). Free Volume (\), internal pressure ), Acoustic impedance
(Z2), Relaxation time ) and Gibb’s Free energy AG) at 303K for the systems: |, Il & Il respectively.

Mole Frac Ba x 10%° L¢x10% Vi x 107 Jix 10° Tx 10% Za x10° AGx10*
' (m>NY) (m) (m*.mole™) (Pa.S) (s) (kgmS?) ( KJ mole®)
X1 X2 System -1 : Acrylonitrile + Methanol
0 1 10.925 0.6594 0.6272 1062.658 0.7502 0.8428 820.2
0.1 0.9 10.247 0.6386 0.9397 818.182 0.6719 0.871§ 0.2629
0.2 0.8 09.591 0.6178 1.3037 661.555| 0.6122 0.9037 0.2459
0.3 0.7 09.015 0.5990 1.8064 542.345| 0.5476 0.9339 0.2256
0.4 0.6 08.491 0.5813 2.4498 452.277| 0.4892 0.964(Q 0.2052
0.5 0.5 07.990 0.5640 3.1444 388.897| 0.4468 0.9965 0.1886
0.6 0.4 07.545 0.5480 4.1260 333.776 0.3986 1.0274 0.1679
0.7 0.3 07.127 0.5326 6.6631 286.971 0.3069 1.0603 0.1203
0.8 0.2 06.760 0.5187 6.6561 255.169 0.3243 1.0900 0.1303
0.9 0.1 06.419 0.5055 8.8631 220.836 0.2814 1.1199§ 0.1045
1 0 06.109 0.4931 11.3700 194.088 0.2492 1.1486) 826.0
System -2 : Acrylonitrile + P-Dioxane
0 1 5.5524 0.4701 1.9341 448.435 0.6034 1.3606 38.24
0.1 0.9 5.6041 0.4723 2.0353 430.317| 0.6007 1.3387 0.2425
0.2 0.8 5.6112 0.4758 2.3221 402.177| 0.5641 1.3231 0.2311
0.3 0.7 5.6390 0.4737 2.6576 375.407| 0.5297 1.3049 0.2196
0.4 0.6 5.7207 0.4772 3.0471 350.119 0.4992 1.2804 0.2088
0.5 0.5 5.7652 0.4790 3.5378 325.085 0.4698 1.2606 0.1959
0.6 0.4 5.8136 0.4810 4.1532 300.661 0.4301] 1.2402 0.1817
0.7 0.3 5.8751 0.4836 4.9141 277.260| 0.3963 1.2184 0.1668
0.8 0.2 5.9335 0.4859 5.9211 254.047 0.3607 1.1969 0.1497
0.9 0.1 6.0225 0.4886 7.8220 225.673| 0.3067 1.1724 0.1219
1 0 6.1099 0.4931 1.1370 194.409 0.2493 1.1485 26.08
System -2 : Acrylonitrile + Cyclohexane

0 1 8.4211 0.5789 2.1066 371.512 0.7733 0.9576 8@.28
0.1 0.9 8.1429 0.5692 2.4361 350.652 0.7016 0.9762 0.2707
0.2 0.8 7.8526 0.5591 2.8399 330.150] 0.6321 0.9964 0.2517
0.3 0.7 7.5506 0.5482 3.3287 311.379 0.5649 1.0211 0.2313
0.4 0.6 7.4043 0.5429 3.9053 291.676| 0.5121 1.0309 0.2135
0.5 0.5 7.1068 0.5319 4.2256 281.702 0.4832 1.0548 0.2029
0.6 0.4 6.8799 0.5233 5.6476 253.532 0.3978 1.0743 0.1676
0.7 0.3 6.6500 0.5145 6.9120 235.094 0.3468 1.0952 0.1426
0.8 0.2 6.4491 0.5066 8.5867 216.954 0.2998 1.1147 0.1161
0.9 0.1 6.2561 0.4989 9.3275 209.217 0.2836 1.1334 0.1060
1 0 6.1099 0.4931 11.3700 194.409 0.2493 1.1480 826.0

RESULTS AND DISCUSSION

The experimentally measured and literature valil8s2] of density, velocity and viscosity for puiguids at 303K
are presented in Table -1. Experimental densiggasity and ultrasonic velocity values for the éhbénary systems
namely, system-I: Acrylonitrile + methanol, system-Il: Acrylonitrilerdioxane and system-—Ill: Acrylonitrile-
cyclohexane respectively at 303K are given in Thable -2. The parameters, adiabatic compressiffillt, free
length (L), free volume(Y),acoustic impedance (Za), internal pressui® felaxation time €) and Gibb's free
energy AG) at temperature 303K are listed in Table — 3. Vdation offfia, Ly and \, Vs mole fraction at 303K
for the system —I: Acrylonitriletmethanol , system- Il : Acrylonitrile + dioxane gystem Il : Acrylonitrile +
cyclohexane are shown in the fig. 1,2 and 3 eetyely. The variation ofi, Za & Gibb’s free energyAG) Vs
mole fraction(x) at 303K for the system - | : Aayitrile + methanol, system-Il: Acrylonitrile dioxane and
system —llI: Acrylonitrile + cyclohexane are shown in tfig. 4, 5 & 6 respectively .

From the Table — 2, it is noted that, the densidyirfcreases with increase in mole fraction for slystems | & I
i.e. for Acrylonitrile + methanol and Acrylonitrilé cyclohexane and the density decreases for stersy-Il i.e. for
the system Acrylonitrilet dioxane with increase in mole fraction. Ultraisomelocity increases and viscosity
decreases with increase in mole fraction of th&teoin case of the systems — I, I, &lll. . Theriease in the
ultrasonic velocity, in all the systems is due gzmase in adiabatic compressibility and free lengthe systems |
& Il (fig-1 & fig-2). In the system —II (Acrylonitile +dioxane), velocity increases, but free length dases in
smaller amount (fig 1& fig 2).

It has been observed that for a given concentratisrthe number of CH-group or Chain length chanpessound
velocity changes. This may lead to the presencepetific molecular interaction between the moleswé the
liquid mixture. The adiabatic compressibility amde length are the deciding factors of the ultraseelocity in the
liquid systems. The internal pressure decreaset{fand free volume increase (fig.3) with incregsimole fraction
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of the salute in all the three systems. The intepn@ssure may gives information regarding the reatind strength
of forces existing between the molecules. It regmées the presence of weak interaction between dhaesand
solvent molecules.

Acoustic impedance (Za) increases with increasthénmole fraction of the solute in the systems- ll&and
decrease in the system- Il (fig. 4). The relaxatiome ) decreases with increasing the mole concentraifche
solute in all the systems. The dispersion of tiasonic velocity in the system may contain infation about the
characteristic timetj of the relaxation process that causes disper3iba.relaxation time which is in the order of
10" sec., is due to structural relaxation prode€g§ and in such a situation, it is suggested ttra,molecules get
rearranged due to co-operative prodess.

The Gibb's free energyAG) decreases with increasing mole fraction thetsadfi all the systems. This may be due
to the intermediate compound formation betweenbihary liquids. It is observed that, generally, thecrease in
Gibb’s free energy favors the formation of prodérctm reaction. This observation confirms the forioatof
hydrogen bonding in the binary mixture.
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CONCLUSION

The dependence of ultrasonic velocity and otheivddmparameters on composition of the mixturesndgcation of

the presence of molecular interactions. The intemag@rimarily of dipole-dipole and dipole —indud@gole type and
becomes stronger with mole-fraction in Acrylondrit methanol system. The molecular interactionsegrein

Acrylonitrile with methanol, dioxane & cyclohexarss a solvent have been studied by viscosity, demsid

ultrasonic velocity study. Polymer solvent interaigs parameters for the systems have been estinhaiset on
Gibb’s free energy calculations using data on \dggand ultrasonic velocity of the solutions, 88K temperature.
The result indicates the existence of moleculagrattion between the polymer and the solvent iir gautions.

The result is also shows the presence of higheredegf molecular interaction between Acrylonitded methanol
in solution compared to Acrylonitrile with dioxaaed cyclohexane in solutions.

Acknowledgement

The author VDB ([File No.: F-47-919/09(WRO)]) isryemuch thankful to the university Grant commission
providing financial assistance in the form of mimesearch project (MRP). The authors are also rergh grateful
to Dr. S.V. Mohril, the HOD, Deptt. of Physics, RTMagpur University Nagpur for their constant erremement
and help.

REFERENCES

[1] Sravan Kumar D & D Krishna Ratmdian Journal of Pure and applied Physi2§07, 45 : 210-220.

[2] Beth AM C and Jack L KProg. Polymer S¢003,28:1223.

[3] Selvakumar M & Krishna Bhatndian Journal of Pure and applied Physi2908,46: 12-18.

[4] Sumathi T et alindian Journal of Pure and applied Physi2911, 49: 328-334.

[5] Bhandakkar V.D., Tabhane V A & Sharda Ghdaejan Journal Pure and applied Physi@)03 41: 849 -854.
[6] Bhandakkar V DAdvances in Applied Science and Research, Pelaggadch Library2011, 2(3): 198-207.
[7] Bhandakkar V D et alJournal of Chemical and Pharmaceutical ReseafH Q 2(4): 873-877.

[8] Bhandakkar V D et alndian Journal Pure Applied Physic2011, 49: 550-523.

[9] Bhandakkar V D, Bedare G R, Suryavanshidyances in applied Science Resea®t,], 2 (4):380-386.
[10]Patil S S, Mirane S S et al AdvandasApplied Science and Resear2hl2 3(4):198-207.

[11] Deshpande M SAdvances in Applied Science and Resed&0h2 3(3):1292-1308.

[12] Prahrag M et alAdvances in Applied Science and Resed&h2 3(3):1518-1530.
[13]Kalyanasundaram S, et dlPolym Mater1997, 14 285.

[14] Seetharaman V et al,Mol Lig, 2005 121: 121-156.

[15]Yang H, et alJ Mater ChenPhy, 2008,110: 38.

[16]Jacobson B. J Chem Phy$52 20: 927.

[17]Jacobson B\cta Chem Scand 957, 5:1214.

[18] Suryanarayana C \J, Acoustic soc India979,7: 131.

[19]Vogel A |, A Text book of Practical Organic chemistry, Longngaoup Limited, Londoril956

[20] Timmerman Physico- Chemical constants of Pure Organic m@ounds, Elsevier, New YodQ5Q
[21] Tiyagarajan R & Palaniappan Indian Journal of Pure & applied Physi@908,46:; 852- 856.
[22]Kinsler L E & Rray A RFundamentals of Acoustics (Wiley eastern), New iD£#89

[23]Ali A Hyder S and Nair A KIndian Journal of Pure & applied Physic200Q 63:7413.

3229
Pelagia Research Library



