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ACOUSTICAL RELAXATION IN HETEROCYCLIC LIQUIDS

BOGUMIL LINDE

Department of Physies, University of Gdaiisk
(80-952 Gdansk, ul. W. Stwosza 57)

Meagurements of ultrasonie velocity and ultrasonic absorption coefficient
have been earried out for several organic liguids in the frequency range from 10
to 1300 Mz at 293 K temperature.

The ultrasonic measurements and the infrared spectra of the liquids have
been used for determination of vibrational degrees of freedom which take part
in acoustical relaxation process.

1. Introduction

Based on the Kneser acoustical relaxation times measured by the authors
[1] and using published data of optical frequencies, the active vibrational degrees
of freedom were determined for thiazole [2] and pirimidine [3]. The lack of
complete IR spectra for a-picoline, tetrahydrofuran and piperidine [11, 12]
prevented a similar analysis for these substances.

Comparing these in complete IR data and the measured acoustical results,
it has been possible to show that not all the degrees of freedom are active within
the acoustical relaxation processes observed.

2. Experiment

The ultrasonic abgorption speetra a/f2(f) were measured by the ultrasonic
pulse method from 10 to 1300 MHz [4, 5] and ultrasonic velocities were obtained
using an ultrasound pulse-phase interferometer [4]. The temperature was
stabilized with an accuracy of 0.01 K.

The measuring errors ranged from 7 to 4 per cent for attenuation in the
frequency range 10-60 MHz, and from 3.5 to 5.5 per cent in the frequency range
400-1300 MHz.

The liquids used (made by Fluka AG, Bucks IG) were of analytical purity
and were used after distillation.
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3. Theory

In the case of acoustical relaxation the a/f*(f) and u(f) absorption curves
can be deseribed as follows

a A
T T .
p=al = (1+( )fc, (2)

when the process is characterized by a single relaxation time. (Where A is the
relaxational absorption, B the residual absorption after the process has relaxed,
and 7= = 1/2xnfe.)

The determination of the internal vibrational degrees of freedom involved
in the acoustical relaxation process is possible using the Herzfeld formula [6]
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(where ¢ is the velocity of ultrasound, C; is the vibrational specific heat, ¢, and
O, are the specific heats at constant pressure and volume); and the Planck-
-Einstein formula
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using the frequencies of fundamental vibrations »; measured from the infrared
gpectra.

Comparing 7,, and z,,, one can determine the degrees of freedom active
in the process [T].

4. Results and discussion

Pirimidine

The variations of sound absorption a/f*(f) and u(f) for pirimidine are shown
in Figs. 1 and 2 and can be described by equations (1) and (2). In these figures
the solid lines represent curves of a single relaxation.

The relaxation time 7,, determined from the acoustical measurements is
1.2-107'% whereas the value of 7., calculated according to formula (3) is smaller
and is equal to 0.3:107'%. Hence it is possible to conclude that in the given
range of frequencies of ultrasound and hypersound waves not all of the inter-
nal degrees of freedom take part in the energy transfer between vibrational and
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Table 1. Fundamental frequencies of vibration for pirimidine with the corresponding con-
tributions of the specific heats

Vibration | Symmetry 1 " g-' no, | Symmetry 1 % ;ji

no. class [— . 1013] [ ] ' class —_ 1013] [

8 mol-K 8 mol-K
1 A, 9.249 0.00 13 B, 4.710 0.22
$ 4, 9.141 0.00 14 B, 4.206 0.41
3 4, 9.003 0.00 15 B, 3.912 0.57
4 A, 4.710 0.22 16 B, 3.681 0.73
5 4, 4.401 0.32 17 B, 3.483 0.91
6 A, 3.429 0.96 18 B, 3.213 1.21
7 A4, 3.165 1.27 19 By 2.001 3.65
8 A, 2.973 1.54 20 B, 2.940 1.59
9 x 1.872 4.01 21 B, 2.418 2.59
10 A, 2.610 2.18 22 B, 2.106 3.20
11 A, 1.182 6.14 23 By 2.037 3.55
12 B, 9.285 0.00 24 B, 1.032 6.59

translational degrees of freedom, or in other words, the relaxation times of diffe-
rent degrees of freedom are different.
The complete spectroscopic data of IR for pirimidine listed in Table 1 [3]

gives the possibility of determining, with a high probability, which of the vibra-
tional degrees of freedom take part in the observed acoustical relaxation process.

Table 1 lists the fundamental frequencies of vibrations related to the cor-
responding classes of symmetry, together with the corresponding contributions
of the specific heats.

The best relative agreement between the caleulated 7,,, and experimentally
determined 7., value is obtained when we assume that, in the processes mentioned
above, the vibrations belonging to the B, symmetric clags take part. The rela-
xation time which takes into account only those vibrations is 1.1-107'%s. Similar
calculations for other classes give values of the relaxation time of:

74, =0.9:107", 7, =09:10""s, 75 =0.4:107"s.

It is clear from the data presented that, in the relaxation process which was
observed, caused by the delay of deactivation of the vibrational degrees of
freedom, vibrations from »,, to », take part.

Thiazole

The results obtained for thiazole are presented in Figs. 3 and 4. The acous-
tical relaxation process observed in this liquid can be also described by equa-
tions (1) and (2). The experimental results are in good agreement with the
theoretical ones.

The relaxation time 7,, estimated on the basis of the experimental results
is equal to 2.7-10-1%s, Using the fundamental vibrational degrees of freedcm
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data (Table 2) one can determine 7,,, to be equal to 2.3-10-'%s, so that it is
smaller than the experimental one. We can conclude that not all degrees of
freedom are involved in the acoustical relaxation process in this compound.

The relaxation times are in the best agreement if we assume that only
vibrations from », to », take part in this phenomenon within the frequency
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Table 2. Fundamental frequencies of vibration for thiazole with
the corresponding contributions of the specific heats

= ¥; C",; i 0,:
5| [ o] ]| |1 ] e
" 8 mol-K 8 mol - K
1 1.810 4.17 10 3.717 0.71
2 2.178 3.17 11 3.954 0.54
3 2.406 2.62 12 4.110 0.44
4 2.592 2.22 13 4.437 0.31
5 2.643 2,12 14 4.848 (.19
6 2.799 1.83 15 5.316 0.11
7 3.120 1.33 16 8.235 0.00
8 3.216 1.21 17 8.511 0.00
9 3.363 1.04 18 0.249 0.00

range measured. In this case 7, is equal to 2.8-107""s and its value agrees with
T4, Within experimental error.

The relaxation time related to the excitation of vibration of frequency
v, is considerably shorter. This seems reasonable because the maximum proba-
bility of excitation occurs for the lowest encrgy vibration, it is therefore the
casiest to excite, and when an ultrasonic frequency of 1.3 GHz is used
the energy can be transferred to the other vibrational degrees of freedom and
equilibrium will be established.
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Fig. 5. Frequency dependence of the ultrasound absorption «/f? at 293K in a-picoline,
piperidine and tetrahydrofuran
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In these liquids the inflection points of the curves a/f*(f) occur outside the
measurement frequency range experimentally available, but they can be calcu-
lated from equation (1) [8].

It seems from the comparison of the values of 7,, obtained from the acousti-
cal measurements with the calculated 7., (Table 3) that the observed region
of dispersion results from a Kneser process, and the relaxations are caused by
the translational-vibrational transfer of the molecular energy.

Table 3
0 Topt T dexp
Com d J op ne —
il [ [s-10719] [s-10-10 Qclass
mol - K
tetrahydro-
furan - — 0.82 18.3
piperidine 170.7 0.13 0.86 5.0
a-picoline 52.7 0.15 0.61 7.5
thiazole 22.01 2.3 2.9 65.0
piperidine 41.9 0.3 1.2 14.7

5. Conclusions

1. From the above considerations it appears that in the compounds exam-
ined not all the vibrational degrees of freedom take part in the acoustical
relaxation process as observed.

The relaxation times resulting from the excitation of other degrees of free-
dom are much smaller, so that the relaxation may exist in a higher frequency
range and one may then observe a second region of dispersion. The values of
of @gyp/dgass Obtained for the examined liquids (Table 3) confirm the above
explanation.

On the other hand, the results of Kneser relaxation published by other
authors [7, 9] suggest that the single relaxation process in liguids does not in-
volve all the vibrational degrees of freedom.

2. The acoustical relaxation process ean be determined by equation (1) (for
a single relaxation process).

3. The experimental data obtained are in quite good agreement with the
suggestion of SHAKIHPARONOV and TuNIN [10] that in stiff molecules which have
mobile electrons the Kneser relaxation time is equal to or greater than 107" s
(s 2> 10" 5).
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