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The present communication reports the relaxation times and mutual
viseosity of dimethyl aniline; N-ethyl aniline; N-N-dimethyl aniline;
O-cthyl aniline; benzyl aniline and N-ethyl-O-toluidine in dilute
solutions of bhenzene at 3-13 em wavelongth (9585 MHZ) in microwave
region, and at threo temperatures 20°, 30° and 40°C. Correlation
of mutual viscosity with relaxation time leads to the conclusion that
the mutual viscosity in a better representation of the resgistance to
tho rotation of the individual solute molecule. The molar free energies,
the entropies and the enthalpies of activation have also been evaluated
and compared.

1. INTRODUOTION

The discripancy between the observed values and the calculated values (using
Debye equation) of relaxation time can be explained by using instead of solvent
viscosity u,; a mutual viscosity parametor 7, as derived by Hill (1954) and dis-
cugsed in an earlier paper (Mehrotra 1971) by one of the authors. The average
intermolecular distances i.e., 0’s have been determined using the expressions
as given in the paper (Mehrotra ef al 1969).

It ix interesting to noto that an expresgion involving mutual viscosity para-
meter 7, was also proposed by Vaughan et al (1961). The regults obtained using
this expression are in good agreement with those obtained using Hill’s equation
(1954), also discussed in the earlier papor (Mchrotra 1971).

Kalnan & Smyth (1961) found that the equation

7=g"’71¢

T

where a = AHT|AHn which could be dorived by using rate equations, gives
satisfactory results over a small temperature range. However, they did not
examine it for large number of compounds.

In the present investigation we have employed the above relations and
undertaken a comparative study wsing the macroscopic viscosity term 7,, the
average mutual viscosity term 7,; and Kalman’s viscosity parameter 7,®. The
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»sults obtad indicate i i i i
re tained indicate that Kalmau’s equation gives a closer relation botwoen

visoosity and rolaxation time. HMowever, the average mutual viscosity gy, gives

a still better correlation betweon the phenomena of relaxatiion and viscosity.
The free encrgies of activation for the process of dipule orientation and
viscous flow have also been calculatod using Eyring's equations (1941).

2. EXPERIMENTALS

The dielectric relaxation times have been dotermined using the fixed fro-
quency mothod of Gopala Krishna (1957} for dilute solutions. The standing)
wave tochnique of Roberts & Von Hipple {1946) has beon wsed for the measure-
ment of dioloctric constant ¢’ and the loss factor €” required for the caleulation
of 1. ‘

The viscosities were determined with tho help of Hoppler's procision visco-
metor to an accuracy of +2%,.

All the compounds vsed are of pure quality, obtained from Mosars. British

Drug House, Purest quality analar benzene obtained from Moessre, B. D. H. was
distilled before use.

3. RESULTS AND DISOUSSIONS

(i) Relaxation Time

Tho dielectric constant ¢’ and loss ¢” for tho compounds at varjous con-
contrations and temperatures are given in table 1. The vales of the relaxation
timo 7, the mutual viscosity 7,, and the ratios T7/y,, Trln, and T1/p* wre
reported in table 2. The vahues of relaxation times and molar activation energy
parameters at different temperatures are givon in table 3.

Tho relaxation time of f-othyl aniline is found to bo greater than that of
N-ethyl aniline, although tho size of both the molocules are approximately
the same. This may be cxplained due to groater steric hinderance experienced
by the rotating ~NH,; group by tho neighbouring othyl group at the ortho-position
in the former moleculo.

Tho relaxation times of dimethyl aniline and N-N-dimethy! aniline aro of
similar magnitude and aro consistent with the sizes of the molecules.

Further the relaxation time of N-othyl-0-toluidine is much larger than that
of N-ethyl aniline which. is not only drie to the bigger size of the former molecule
but also due to the greater hinderance produced by the methyl group attached
at the ortho position to the rotation of -NH, group in the former molecule.

Benzyl aniline has largest value of the relaxation time as compared to all
other compounda invostigated which may bo partly due to the biggest size of
the molecule and partly duc to maximum hinderance offered by phenyl group
to intramolecular rotations of tho amino group. .
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(ii) Correlation of Dielectric Relaxation Times and Viscosity Parameters

The intoerdependence of the dielectric relaxation time and the viscosity
factors has boon studied by applying various equations. The valuos of different
vidcosity paramotors are listed in table 2 togethor with the values of relaxation

time.

Table 1. Diolectric constants ¢’ and losses €” of compounds

20°C 30°C 40°C

Joneentration
o o & & o o

Dimethyl Aniline

0-0187 2-2346 0-02186 22372 0-01987 2-2552 0-01833
0-0204 2-1309 0-02960 2-2082 0-02193 2-1076 0-02376
0-0267 2-2095 0-04686 2-2018 0-05050 2-1967 0-04987
0-0271 2-2096 0-04708 2-1849 0-03718 2:1847 0:03393
0-0325 2-2018 0-08552 2-1658 0-07819 2-1719 0-07261

N-N-Dimethy! Anilipe

0-0170 2-1604 0-07153 2-2133 0-06600 2-1732 0-06204
0-0213 21719 0-07877 2-1373 0-07583 2-2017 0-064556
0-0246 1-9525 0-05076 2-2133 0-05876 2-1874 0-10209
0-0289 2-2056 0-07717 2-2082 0-06428 2:1962 0-04586
0-0315 2-1797 0-08838 2:1952 0-08759 2-1901 0-06549

N-ethyl anilino

0-0295 21513 0-03771 2-1526 0-03496 2:1732 0-03008
0-0:340 2-1602 0:04561 2-1977 0-03973 2-2991 0-04172
0-0378 2-2003 0-04198 2-2030 0-03472 2-2043 0-01346
0-0412 2-2094 0-10796 2-2107 0-07125 2-2120 0-12830
0-0451 2-1913 0-11850 2-2251 0-05617 2-2450 0-06213

0-ethyl aniline

0-0164 2-14786 0-01847 2-1906 0-01575 21956 0-01603
0-0212 2-1892 0-01872 2-2022 0-01859 2-2048 0:07144
0-0276 2-1943 0-03675 2-2008 0-02478 2-2073 0-02446
0:0306 2:2112 0-03934 2-1737 0-01252 2-2048 0-02853
0-0349 2-2283 0-04294 2-1878 0-03450 2-1979 0-03387

N-othyl-6-toluidine

0-0262 2-15639 0-0184 2-1552 0-0346 2-1578 0-0301
0-0314 2-1642 0-0430 2-16556 0-0352 2-1680 0-0320
0-0363 2:1732 0-0499 2-1655 0-0477 2-1437 0-0464
0-0395 2-1809 0-0500 2-1822 0-0492 2-1861 0-0474
0-0434 2-1745 0-0523 2:1771 0-0561 2-1809 0-0501
Bengyl aniline
0-0122 2:1118 0-0178 2:1284 0-0122 2-1383 0-0325
0-0231 2-1500 0-0179 2-1639 0-0328 2-1475 0-0307
0-0286 2:1502 0-0378 2-1245 0-0343 2-1561 0-0339
0-0326 2-1691 0-0383 2-1655 0-0349 2-1433 0-0369

0-0383 21784 0-0392 21719 0-0369 2-1603 0-0773
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Tt iz apparent from table 2 that the ratio Tr/y, increases with the rise in
temperatures for nearly all the compounds investigatod which is not in conformity
with tho Debye theory which requires the ratio to be constant for tho compounds
of same size for small change in tomporature. This anomaly can be oxplained
if 9,%, tho Kalmann viscosity parameter is used in place of #,, where the varia-
tion in the values of ratio T'r/y,® becomes gmall as compared to the values of
the ratio Tr/y, at different temperatwres. Further if 45, i.0., the mutual vis-
cosity of the solute and the solvent it wsed instead of p, and #® the variation
in the vahlies of the ratios T7[y;, at difforent temperatures is negligibly small
and this leads us to conclude that 7,, gives a more convincing account of the
resistance confronted by the individual solute moleculos during the procoss of
rotation. The values of the averaged mutwal viscosity for difforent solutions
as determined from oquation of Vaughan et al (1961) are almost equal to those
of the corresponding mutual viscositics determined fiom the cquation of Hill
(1954). This is probably due to the fact that form of equation of Vaughan et al
is very mnearly the same as that of equation of Hill which haxs also boen pointed
out by Vaughan ef al (1961).

(iii) Thermodynamic Paramelers

It is ovident from table 3 that the free onergy of activation for the viscous
flow process is always groater than that for the diclectric relaxation procoss in
all the cases invostigatod. Thix is in agreemont with the fact that while the
process of dipole orientation involves only the rotation of tho molecules, the
process of viscous flow involves both rotation and translation. Similar results

were obtained earlier by one of the authors (Mohrotra 1967) in the ease of sub-

stitutod pyridines.
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