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Ultrasonic velocity and density measurements of 2-(5-amino-
[1.3.4]thiadiazol-2-yl)-phenol) (L)), 2-(5-mercapto-[1,3,4]
oxadiazol-2-yl)-phenol) (L.), 2-(5-mercapto-|1,3,4]thiadiazol-2-
yh-phenol)  (Li),  2-[1-(H-benzimidazol-2-yl]-5-phenyl-1H-
pyrazol-3-yl]-4-methyl phenol (L) and 3-(2-hydroxy-3-methyl-
phenyl-pyrazol- I-yl]-pyridin-4-yl-methanone  (Ls) 1n N,N-
dimethylformamide (DMF) have been carried out at 303, 308,
313, 318 and 323 K in the solute concentration of 1x107 moldm™.
The experimental data have been used to calculate various
acoustical parameters such as apparent molal volume (9,),
apparent molal compressibility (®y,), intermolecular free length
(L¢). specific acoustic impedance (Z,) and relative association
(R4). The results suggest the presence of molecular interactions.
The effect of temperature variation on the strength of molecular
interactions has been studied and the data have been quantitatively
explained in terms of solute-solute and solute-solvent interactions.

IPC Code: Int.CL.7 BO1J19/10

Ultrasonic investigation has been the subject of
exhaustive research and finds extensive application in
characterizing  physico-chemical behaviour and
solute-solvent interactions in pure liquids'?, liquid
mixtures” * and electrolytic solutions’” at various
temperatures' ™. Many workers'>"® have studied the
solute-solvent interactions in aqueous and non-
aqueous solutions'™*. Recently Agrawal et al.”' have
studied apparent molal volume and adiabatic
compressibility of substituted thiadiazoles in ethanol-
water, dioxanc-water and acetone-water mixtures. In
the present note an effort has been made to determine
the acoustic parameters of substituted azoles in N, N-
dimethylformamide in the temperature range 303-323
K in solute concentration of 1x10™ mol dm™ to study
the strength of molecular inteructions and predict the
solution properties.

Experimental
All the chemicals used were of AR grade. The
solvents were purified by standard procedures™. The

solutes used in the present investigation were
synthesized by standard methods™*. Density
measurements were made by a Dbicapillary
pyknometer, the accuracy in density measurements
was found to be + 0.001g/cc.

All the weighings were made on one pan digital
balance (Adair Dutt-180). Ultrasonic sound velocity
measurements were made by variable path single
crystal interferometer (Mittal Enterprise, Model
MX-3) at 1MHz with accuracy of +0.03%. The
temperature was maintained with an accuracy of
0.1°C.

Results and discussion
The apparent molal volume has been determined
from the relation

(¢y) = (1000(d,~d,))/m d.d, + M/d, se (1)
where d, and d, represent densities of solvent and
solution respectively, m is the molality and M is the
molecular weight of the solute. The apparent molal
compressibility was deduced from Eq. (2)

(Oky) = 1000(B,d,~Bod, ) dd, + PMId, o2}

where B, and B, are the adiabatic compressibilities of
solution and solvent respectively.

Specific  acoustic  impedance (Z,), relative
association (R,) and intermolecular free length (L)
are the functions of ultrasonic velocity and are
computedlﬁ using Eqgs (3), (4) and (5).

Z.=U.d, 003D
Ra= (d/d,)UJU,) " .(4)
l,jzkxxﬁ kD)

where k is Jacobson's constant.

Temp 303 308 313 318
kx10° 631 636 642

323K
647 6.52

In the present study ultrasonic velocity and density
have been wused o compute the differcnt
thermodynamic parameters as listed in Tuble 1.
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Table 1 —Acoustic properties of L, L, Ls, Ly and Ls in N,N-dimethylformamide at different temperatures in solute
concentration of 1x10?moldm™

Temp., K 303 308 313 318 323K
B, (bar) 10 45.8836 47.2571 48.7130 50,3019 52,6726
Z, (kg ms™) 10° 1.4696 1.4438 1.4202 1.3958 1.3604

¢y (m'mol™) 107 -1.5916 -3.0213 -3.4095 -5.5622 -5.6649
Oy (m'mol ™ bar) 10° -0.3247 -0.3214 -0.2924 -0.2810 -0.2648

A 0.3280 0.3255 0.3570 0.3290 0.3300

L¢ (A) 107 4.2742 4.3721 4.4808 4.5887 4.7319

B. (bar') 10 49.6977 50.1884 51.3079 52.8556 54.5739
Z, (kg m?s) 10° 1.4060 1.3964 1.3780 1.3542 1.3224

&, (m’mol™) 10 1.1555 3.7856 5.0573 5.7133 16.2404
Ogsy (m*mol! bar™) 10° 0.1043 0.0107 0.0156 0.0396 0.0501

Ra 0.3370 0.3320 03315 0.3318 0.3254

Li(A) 107 4.4483 4.5056 45914 4.7038 4.8165

B, (bar') 10° 48.0481 49.6182 51.0038 52.3893 54,2171
Z (kg m?s") 10° 1.4300 1.4056 1.3844 1.3621 1.3306
o, (m’mol™) 10™ 1.2353 2.0587 1.8760 2.9281 10.2942
Oy (m*mol” bar) 10°* -0.0634 -0.0561 -0.0318 -0.0231 -0.0195
Ra 0.3314 0.3311 0.3321 0.3317 0.3272
Li(A) 10° 43738 4.4799 4.5778 4.6830 4.8008

B, (bar'y 10°® 50.1455 51.4581 52.4965 54.1599 56.6016
Z, (kg ms'y 10° 1.4000 13784 13645 1.3408 1.3083

¢, (m’mol™) 10™ 2.5122 6.4348 3.5873 2.7293 2.4037
[ (m’mol ™ bar'"y 10 0.1568 0.1544 0.1301 0.1583 0.1846
Ra 0.3387 0.3358 0.3369 0.3382 0.3389
Li(A) 10° 4.4683 4.5622 4.6443 47614 49052
B (bar™) 10° 53.6026 55.2680 57.2195 58.8301 60.4549
Z (kg m?s") 108 1.2850 1.2637 1.2380 1.2182 1.1984
o, (m’mal™) 107 1.1515 1.1691 1.2099 1.2148 1.2225
By (m’mol ™ bar') 10°° 1.1136 1.1560 1.2868 1.3382 1.3084
Ra 0.2993 0.2985 0.2989 0.2992 0.2972
L(A) 10° 4.6197 4.7281 4.8475 4.9625 5.0694

Experimental results reveal that ultrasonic velocity
decreases linearly with the temperature. Decrease in
ultrasonic velocity may be attributed to solute-solvent
interactions. Values of apparent molal volume and
apparent molal compressibility are presented in the
Table 1.

It is observed that the value of [ increases linearly
with the temperature. This increase may be due to
presence of solvent molecules around the ions. The ¢y
values are positive for L, L3, and Ls and negative for
L; and Ls. The positive ¢, values are due to the
compressibility of the solvent due to weak
electrostatic forces in the vicinity of ions.

It could be seen from Table 1 that the
intermolecular free length (L) increases linearly with

the temperature, which reveals that there is a weak
solute solvent interaction. This may also imply that
the increase in number of free ions, showing the
occurrence of ionic dissociation due to weak ion-ion
interactions.

The relative association (R,) is influenced by two
factors i) the breaking up of the solvent molecules on
addition of electrolyte to it and ii) the solvation of
ions that are simultaneously present. The former
results in decrease and the latter in increase of R,.

The specific acoustic impedance Zg decreases with
increase in temperature. The apparent molal volume
¢, increases with the temperature and is found to be
positive showing that the interactions are insensitive
to the solvent.



NOTES

Acknowledgement

The authors are very much thankful to the Director,

Govt. Vidarbha Institute of Science and Humanities,
Amravati, for providing necessary facilities. One of
the authors (DPG) is thankful to CSIR for the award
of JRF.

References

2

3

s

10

Varma R P & Surendrakumar, Indian J Pure Appl Phys, 38
(2000) 96.

Yadav S 8, Singh Y P & Rajkumar, J Ind Coun Chem, 16
(1990) 20.

Ali A, Tiwari K, Nain A K & Chakravorty V, Indtan J Phys.
74B (2000) 351.

Upadhyay S K, Indian J Chem, 39 (2000) 537.

Aswar A G, Kulkarni & Rohankar P G, Indian J Chem, 39A
(2000) 1214.

Aswar A G, Rohankar P G & Choudhari V R, Indian J
Chem, 40A (2001) 860.

Gnananba S & Rao B R, Indian J Pure Appl Phys, 7 (1969)
468,

McDowali I M & Vincent C A, J Chem Soc Faraday Trans
1,70 (1974) 1862.

Dack M R J. Bird K J & Parker A J, Awst J Chem, 28 (1975)
95s5.

Rohankar P G & Aswar A S, Indian J Chem, 40A (2001)
1086.

[185

Rohankar P G & Aswar A S, Indian J Chem, 41A (2002)
312.

Wadi R K, Vinita & Kakkar R, Indian J Chem. 39 (2000))
298.

Patil K J, Monwatkar S M & Dondge S S, Indian 1 Chem, 33
(1994) 4.

Pandey J D, Haroon S, Dubey K K, Upadhyaya M, Dey R &
Mishra K. Can J Chem. 78 (2000) 1561,

Pandey J D. Al Hasson, Shukla 1 N & Dey R. Acowsricy
Letters, (UK), 23 (1999) 123.

Pandey ] D & Akhtar Y, Indian J Chem., 16A (1997) 614
Pandey J D, Akhtar Y, Wadhwani R & Vishau. Proc Indian
Acad Sci (Chem Sei), 109 (1997) 353.

Vishnu, Wadhwani R & Akhtar Y, Indian J Chem, 34A
(1995) 954,

Mouwiik S P & Bisal S R. J Indian Chem Soc, 70 (1993) 279,
Sharma V K, Singh P P, Manek S & laibir Singh, fudien ./
Chem, 33A (1994) 727.

Agrawal P B, Mohd Idrees Mohd Siddique & Narwade M L.
Indian J Chem. 42A (5) (2003) 1050.

Vogel A 1, Quantitative Organic Chemistry (ELBS, London,
1959).

Dhiman A M. Wadodkar K N & Patil S D, Indian J Chem,
40B (2001) 636.

Dhiman A M & Wadodkar K N, Indian J Chem, 40B (2001)
640.

Rajendran V, J Pure Appl Ultrason, 17 (1995) 65.



