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ABSTRACT

Densities, speed of sound and viscosity were measured for substituted dihydroformazan in
different solvents like 88% DMF-water and 88% DMSO-water medium at 288.15K. A
guantitative relationship has been established among the thermodynamic properties like
acoustical impedance, sound velocity, internal pressure, adiabatic compressibility,
intermolecular free length, apparent molar compressibility, apparent molar volume etc. The
results obtained are very much comparable and in good agreement. A molecular interaction
study has also been made successfully in the light of these acoustical properties.

Keywords: dihydroformazans, ultrasonic velocity, apparent lanovolume, acoustical
impedance.

INTRODUCTION

Dihydroformazan and 1,2,4,5-tetrazins are the ctdssompounds which are found to contain
antimicrobial, antimicrobacterial activity, antigiractivities against various virus, bacteria and
fungi strains. So, it was found important to stuldgir ultrasonic and thermodynamic behavior
which may lead to some new findings in future. &snic can be viable technology because it is
readily available and can be used for wide rangapepfication in fields like consumer industries,
pharmaceutical, medical field process industriéggnucal industries and physics etc [1-3]. In
chemistry, ultrasound velocity along with relatdgermo acoustic parameters have been
extensively used in the recent years to study nutdednteraction in binary and ternary liquid
mixtures by number of researchers [4-6]. over mgegrs, studies of thermodynamic and
transport properties of model compounds such aalidilide, tetra-alkyl ammonium halides,
hydrocarbons, alcohols and amines have witnessethortance of solute-solvent interactions
[7-13].

Literature survey on ultrasound velocity measuremahowed that very little work has been
carried out for dihydroformazan. Thus, in the pregmmper we have used this technique for the
better understanding of molecular interactionshese compounds. Therefore, it was thought
worthwhile to undertake thermodynamic and acoustwedies of the compounds via, N’
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(benzilidene) — 3 — (pyrid — 4 — yl) dihydroformazéSl) in different solvents 88% DMF —
Water and 88% DMSO - Water. We report here, dassitielative viscosities of (S1 + 88%
DMF - Water ), (S1 + 88% DMSO - Water) at 288Kyepthe concentration range, (0.01 —
0.002) mol.kg-1. From density measurements, apparedar compressibility ®k), limiting
apparent molar compressibilitgp{k),the apparent molar voluméy), limiting apparent molar
volume of solute @°), molar compressibility (W), relaxation strendif), salvation number
(Sn), specific volume (V) and internal pressutg l{ave been computed and using density and
viscosity data, the Jones-Dole equation viscosityBAcoefficients have been obtained. The
results of all these presented and discussed below.

MATERIALS AND METHODS

The solutes used in the present investigation wyménesized by standard method as reported by
the earlier researchers [14]. Solvent DMF and DM®&@d were of analytical grade. They were
obtained from E. Merck chemical company. All soligemwere used after purification by
distillation. Densities, Viscosities were measuae@88 K. The temperature was maintained by a
thermostatically controlled water bath LTB-10.

The densities of the solutions were measured at ditferent temperatures by the hydrostatic
plunger method. A monopan digital balance of leasint 0.0001 g was used to record change in
plunger weight dipped in solutions. The viscositieere calibrated with doubly distilled water
with DMF and DMSO. Care was taken to reduce evdmoraduring the measurements. A
thoroughly cleaned and dried Ostwald viscometdedilwith experimental liquid was placed
vertically in a glass-fronted, well-stirred wateath. After thermal stability was attained, the flow
times of the liquid were recorded with an accusttgwatch correct to (0.01s).The present value
for the liquids agree with the literature value hwit a deviation of the order of (0.01
poise).Ultrasonic velocity measurements were made Mariable path single crystal
interferometer (Mittal Enterprises, Model F-81SpaWiHz with accuracy of 6.03 %.

3. Theory and calculation
The relative viscosities have been analysed bysibade equation [15].

=1 /Nc=A+B¥c ... 1)
where, ¢ is molar concentration of the ligand Boly A is the Falkenhagen coefficient which is
the measure of solute — solute interactions and Bhé Jones-Dole coefficient which is the
measure of solute - solvent interaction.
The apparent molal volumeg\() and apparent molal adiabatic compressibiliti¢&f) in
solutions are determined respectively, from dengig) and adiabatic compressibilit§s] of
solution using the equation,

dv=(M/ds) + [[do—ds)1J/mdsdo ... .. .. (2)
and ¢k =[1000 s do o ds)/ mdsdo] 6 M/ds)  ...... 3)

where, do is the density of pure solvent, m is titg|aM is the molecular weight of solutfo is
adiabatic compressibility of pure solvent gizdis adiabatic compressibility of solution.
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Bs is calculated from ultrasonic velocity using dguation —
Bs =100/ (Uds) ...(3a) and po=100/Ubdo ... (3b)

where, Us is the ultrasonic velocity in the solatio m/s. Bs is in bai anddks is in cn? mol™
bar'. The values obhk) andgv were plotted versusmolality of solutes. The curves represent
the least square ardv can be given as—

dv=¢%+Svim ... .. .. (4) andb k)= b k) + S keyVm ... ... L (5)

where,d v = V" and¢ %) = K are the infinite dilution apparent molal volumeslapparent
molal adiabatic compressibilities respectively. 8ud Sk are the experimental slopes
representing ion-ion interactions.

The intermolecular free length (Lf), specific acbusmpedance (z) and relative association
(RA) [16] are calculated by using the following equation

Lf= Kxv¥ps (6)

Z = Usxds L. (7)

Ra = gz Uor’ ......... (8)
Us

From the graph ofb k(s) versusym, ¢ °%k(s) (thermodynamic parameter i.e., limiting molal
adiabatic compressibility) at zero mole fractiowd&een evaluated, as given in table 2.
Viscous relaxation time was calculated using the equation;

t=4n/3dsxUs (9)

Molar compressibility W was calculated using theaopn;

W=MX@s)Y7ds (10)

The relaxation strength (r) was calculated usimgdtuation;

r=1-(Us/\&)> (11)

where, W = 1600 mg

The solvation number (Sn) [16js calculated using the equation;

Sn=- ks /po XMsolute Xdo) ..l (12)

Values of specific volume (V = 1/ ds) was also migad in the table and the internal pressiirg (
was calculated by the equation given by Pandey, [17]

=442 X TRXUS?Xds ... .. (13)
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Table | :- Variation of ultrasonic velocity (Us), relative viscosity {s), adiabatic compressibilitys),
intermolecular free length (Lf), relative associatbn (RA), viscous relaxation time €) and specific acoustic
impedance (Zs) with different concentration and diferent solvents - 88% DMF — Water and 88% DMSO —
Water on 15°C (288.15K)

Conc. Us Hs Bs Lf RA T Zs
(kg mol?) cms® cp Cnfdyn* A° s g/s.cnf
S1 - 88% DMF — Water
0.01 1602.4 | 0.85124p 7.952E-07 53.67239 1.00484626&-07| 785.70677
0.008 1595.86| 0.832935 7.992E-07 53.80574 1.00%0&875E-07| 783.55045
0.006 1594.4 0.791618 8.018E-Q7 53.89304 1.005408638-07| 782.21901
0.004 1586.4 0.777326 8.104E-Q7 54.18088 1.006498998-07| 777.83254
0.002 1582.93| 0.754136 8.140E-07 54.30216 1.00[714.858-07| 776.05960
S1 - 88% DMSO — Water
0.01 1633.86| 1.607659 7.3263E-p7 51.51557 1.01786570E-06] 835.409
0.008 1619.33 1.56143 7.5063E-07 52.14467 1.01437862E-06| 822.6893
0.006 1614 1.508639 7.5652E-07 52.34887 1.01425321E-06| 818.9791
0.004 1610.93| 1.491985 7.5997E-p7 52.46823 1.01413811E-06| 816.8108
0.002 1600 1.437383 7.7224E-07 52.8898 1.014016 8EX06 | 809.3328

Table Il :- Apparent molar compressibility (®k), apparent molar volume @v), molar compressibility (W),
relaxation strength (r), salvation number (Sn), speific volume (V) and internal pressure f) at 88% DMF —
Water and 88% DMSO — Water on 16C (288K).

Conc. dk(s) dv W R sn Vv II

Molal | Cndyn'mol® | cnmol™® atm
S1 - 88% DMF — Water
0.01 0.000271 381.774
0.008 0.000373 371.497
0.006 0.000476 339.379
0.004 0.001062 301.172
0.002 0.002179 126.477

S1 - 88% DMSO —Water

3604.961 -0.0005 -39606.0936392| 9.5089E+1
3604.33 0.003921 -54463.203798 | 9.4409E+1
3603.283 0.006988 -6956824R38304| 9.3959E+1
3599.889 0.016928 -155073.039514| 9.2497E+1
3597.9p2 0.021224 -318148.039702| 9.1883E+1

N[W[N[R[W
OO O O

0.01 -0.00087 -66.2843 3502.172 -0.04277 135062.955I61| 1.0537E+20
0.008 -0.00046 -59.9156 3512.491 -0.02431 70904.9968337| 1.0193E+20
0.006 -0.00042 -71.572f 3512.865 -0.01458 65206.8970r46| 1.0080E+20
0.004 -0.00063 -392.55 3513.204 -0.01371 98114.91972P19| 1.0015E+20
0.002 0.000215 -863.006 3513.565 0 -33525  1.976987900E+19

Table |1l :- Values of A, B, ®°, Sv,®%(s), Sk(s) for N’ (benzilidene) — 3 — (pyrid — 4 ¥l) dihydroformazan
(S1) with different solvents 88% DMF — Water 88% anl DMSO — Water at 15C(288K)

ey Sv o%(s) Sk(s)
Compound (S1) A B cm’mol? | (cnmmol®?dm*?) | Cnfdyn’mol? | cmdyn’mol®?dm"?
88% DMF — Water | 0.66724[L 0.790093 -28.925%4 4441.358 0.003444 -0.03431
88% DMSO — Waterr 1.300095 1.9520p4 -1422.329 1%3550. 0.000695 -0.015027

RESULTS AND DISCUSSION

Density (d) is a measure of solvent — solvent amd— solvent interactions. Increase in density
with concentration indicates the increase in sdlvesolvent and solute — solvent interactions,
whereas decrease in density indicates lesser nuaignif solvent — solvent and solute — solvent
interactions.

Viscosity ) in association with density provides useful imfation in regard to different types
of interactions involved in the ionic solutions [18everal groups [17] have utilized density and
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viscosity data to deduce the thermodynamic progemif electrolytic solutions. Viscosity of a
solvent or solution is a measure of cohesivenesgidlity present in between either ions or ion
— solvent or solvent — solvent molecules preseatsolution or solution.

Ultrasonic velocity (U) depends on the wavelerigtif the sound wave. Since the frequency F is
a constantA increased with the increase in concentration.|Sm & increase with the increase in
concentration of S1 with 88% - DMF — Water and 88BMSO — Water.

Adiabatic compressibility ) when an ion is added to a solvent, It attractaversolvent
molecules towards itself by wrenching the mole@gecies from the bulk of the solvent. Hence
less number of solvent molecules will be made abéel for the next incoming species. This is
known as compression. Every solvent has a limitdommpression and is known as limiting
compressibility. Generally the value @fq decrease with increase in concentration while Z
increases [18].

Acoustic impedance (Z) is the product of ultrasovétocity and density. Intermolecular free
length (Lf) depends on the intermolecular attractand repulsive forces. The attractive force
depends on the distance between the centers a¢tadtr of the molecules, whereas the repulsive
force depends on the distance between the surfdtiee molecule.

Relative association (fis decrease in relative associationrRay be due to the breaking up of
the solvent molecules on adding the solute, whetlkasincrease in Rmay be due to the
salvation of solute [19]. Solvation Number (Snthe number of solvent molecules attached to
the central ion by surrounding their translatiotedree of freedom.

It has been observed from table | — that, in DMS®@/ater solvent; viscosity is increase and

adiabatic compressibity decreases. This showsntimé¢cules are closer in DMSO than DMF.

This also reflects in decrease in the value ofrintdecular free length. As a result of which

relative association increases, solute practicehggociated more in DMSO , This can be due to
inter atom of lone pair of both S and O with thatl lone pair of N present in solute.

The large and small values of ‘A’ show the strongad weaker solute — solute interactions
respectively. When the solute is introduced intwesat of organic-water mixture, it will interfere
with the ordered structure of water in the solutdssphere. As only one solute is present, so
such variation in the values of A can be explainkds evident from Table 2 that the B-
coefficient is an adjustable parameter, which mayeliher positive or negative and it is a
measure of the effective hydrodynamic volume otisoWwhich accounts for the solute-solvent
interactions. It is known as a measure of ordedisorder introduced by the solute into the
solvent. Solutes with negative viscosity B-coe#it is characterized as “Structure breakers”
indicating weak solute-solvent interactions. Sygies of results are also shown by Eyring [20].
The same also results in less valueb&f ®v, RA and V in DMSO — Water solvent. Solute —
solute (A) as well as solute — solvent (B) intei@tis more in DMSO solvent.

Water is also present in solvent. The H — bondamgléncy of water binds lone pair of N in DMF
and lone pair of sulfur/oxygen in DMSO. But stii DMSO, more number of lone pairs are
available for interaction with solute, while in ea®f DMF, solute — solvent interaction
decreases, as only lone pair of N are availablsudch interaction.
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