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where p denotes density, @ is the -expansivity and C, is the specific heat under
constant pressure. In the In(u,,fT) and 1/T coordinates, the plot of equation (3.6) is
a straigth line if the very weak temperature dependencies of 4 ¥ and C are neglected.
The slope a, of this line is equal to

AH® K—1
= iy 3.8
ET TR P R
The inercept b, is
TAV?:
b,u = ln [5 R C:' . (3.9)

In order to calculate the equilibrium constant K, equations (3.3) and (3.8) can be
combined into the following one

S

kT
*
——2nhexp(AS L/ R)

=exp[;(af+ ITIET““)} (1+K). (3.10)

From the ultrasonic measurements one can determine ay, a, and 45*, (eq.
(3.4)), and subsequently K.

Thus from the above mentioned dependencies, the values of the following
parameters can be calculated:4 S *, (Eq. (3.4)), K (Eq. (3.10)), AH" (Eq. (3.8.)), 4H,
(Eq. (3.3)), k., (Eq. (3.2)). Next, from these values one can determine:

the rate constant of the direct reaction

k[ =Kk_1, (3.11)

the free enthalpy of activation of the opposite reaction 4G ¥,
AG* = AH* —T4S8*,, (3.12)

the free enthalpy of activation of the reaction (3.3), 4G°,

AG°= —RTIK, (3.13)
the entropy of this reactions, 4.5°,
A8 = M ; (3.14)
T
the enthalpy of activation of the direct reaction, 4 H%,
AH% = AH "+ AH*,, (3.15)
the entropy of activation of this reaction, 4.51%, _
AS% =48+ A8%, (3.16)

and the free enthalpy of a activation of the direct reaction, 4G %,
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AG* = AG" + 4G*,. (3.17)

The modulus of the molar volume change which accompanies reaction (3.1) M Vsl
could be obtained by transforming Eq. (3.9)

1
| AV | = [Z—R éepr :| (3.18)

However, the error of this value is usually significant. Eq. (3.18) contains an
exponential function which exponent b, is not too reliable because of the long
extrapolation required. |V| can be determined more precisely from Eq. (3.19), which
results from the transformation of Eq. (3.6)

1+ K) ]l
le|=[2RnTﬁ( +K )#C]z (3.19)

In this case, as one can notice, it is necessary to measure the ultrasonic
absorption for different values of C to determine the ratio p./C.

For the tested solutions of «-CD and a surfactant, the kinetic and ther-
modynamic parameters of the low-frequency relaxation process, calculated from the
above formulas, are presented in Table 2 and Figs. 3-11.
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Fig. 3. Plot of pm vs. C for the aqueous solution of 2-CD and sodium octyl sulfate.

Temperature 25°C.
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Fig. 6. Plot of jtm vs. C for the aqueous solution of 2-CD and sodium dodecy! sulfate. Temperature 25°C.

The results obtained suggest that the investigated relaxation process is due to the
penetration of the hydrophobic alkyl chain of the surfactant into the cavity of a-CD,
this being connected with the rearrangement of the inclision complex into a more
tight structure. The hydrophobicity of the alkyl chain increases with the length of its
chain. This allows for a deeper penetration of the surfactant chain into the
hydrophobic cavity of CD. This fact is confirmed by the observed increases of both
the rate constant k and the equilibrium constant K when the value of n increases.
The latter being rearranged into a more tight structure with a deeper built-in
surfactant molecule. This complex makes CD + surfactant association more stable
when the alkyl chain becomes longer. No low-frequency relaxation processes are
observed for sodium hexyl sulfate and sodium octyl sulfate. This means that the
above described complex does not occur in solution containing these surfactants.
This is due to the lower hydrophobicity of the shorter alkyl chains of these
surfactants which does not allow this chain to penetrate into the CD’s cavity.
Thus, the stability of this kind of association is very low.

There are several kinds of interactions between CD and the guest molecule:
hydrophobic interaction, polar interaction, steric interaction, hydrogen bonding,
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Table 2. Kinetic and thermodynamic parameters of the low-frequency relaxation process for the
aqueous solutions of a-cyclodextrin with sodium alkyl sulfates C,H,,,,0S0;Na at 25°C.

n ay by a, U [C-108 K 4AG° AH® A8°
| K! K™ m?*/mol kl/mol |kJ/mol |J/mol-K
F 10 -1706 15:73 -1007 218 30.2 -8.5 -9.0 -1.68
12 -1134 14.02 -1195 4.58 56.9 -10.3 -1.00 4.94
14 -762.3 12.83 -1352 | 5.94 99.4 -11.4 -11.5 -0.34
| ki 107 ] a6% AH?Y 48% | kao10° | 4G | AHY, A5% V.|
s’ | kJ/mol kJ/mol | J/mol-K st kI/mol | kJ/mol |J/mol-K | cm*/mol
3.83 29.8 13.8 -53.2 12.7 38.2 22.8 -51.5 7.0
4.94 29.2 9.3 -66.7 8.7 39.2 19.6 -65.7 13.8
5.54 28.8 6.2 -75.9 5.6 40.2 17.7 -75.6 20.5

the torsional energy of the CD ring and the release of water molecules with
high energies. Among these interactions, the hydrophobic and van der Waals
(polar + steric) interactions might be mainly attributable to the thermodynamic
parameters [44, 45]. _

The relatively very low value of 4S° and its increase with increasing n can be
caused by two competitive interactions. The increase of the length of the alkyl
chain causes a decrease of the van der Waals interactions between a polar head of
the surfactant and the hydroxyl groups at the edge of the CD molecule (45 < 0).
At the same time, the hydrophobic interactions of the more hydrophobic chain
with the cavity increase (4.5 > 0).

The decrease of 4 H°, when n increases, can be attributed to the increase in the
van der Waals interaction between the inner wall of the CD molecule and the alkyl
chain of the surfactant.

Experimental data confirms the conclusions mentioned above.

The results of measurements obtained by means of different methods [10, 12,
16, 31, 46] indicate an increase in the stability constants of association of CD and
the surfactants when the length of the carbon chain increases. The values of the
stability constants are significantly greater than those of K. This indicates that
K referes to one of the many steps that occurr in the complexation process [2].



In(meT}

=41 = 0

4.2 -

Fig. 7. Plot of g, vs. C for the aqeous solution of «-CD and sodium dodecyl sulfate.

[

ro

A3

Fig.8.

k=

(=]

' . . . R | R ; ; L ! ; . . |

H L 1 1 L l,b
3 b T H 5 110°K™)

Temperature 25°C.

A

: 1

- ‘_..‘-"—

i '_,.,—J’

C o /

o a

F

—! PO TR T CHO (IDOR TN N I WA N ST (T ot vt LI VRN CORY SN P LR SN (NP R (O (SRR S (N (O »>
0018 0015 002 0025 303 003 8040 C [M]

PlotofIn(f,1/T)vs. (1/T)for the ageous solution of z-CD and sodium dodecyl sulfate. C = 0.04 M.

[443]



i
18,5 —
C O
\_\
~.
" ~
8.4 — \.\
L ™~
8.3
E, [
o4
L= —
£ [
02 a0
1.1 — 0
18—
I i i L 1 { RS, (P L ! 1 1 1 ! 1 1 L . H T

[
=

7 110°K™

=

Fig. 9. Plot of In(f,,/T) vs. (1/T) for the aqueous solution of «-CD and sodium dodecyl sulfate.

=42

-4.4

IIIITIIIIIlrlllil"lllllll]

C=0.04 M.

-
™

= ]F

1
3 R B 110°K™)

Fig. 10. Plot of In(yw BT) vs. (1/T) for the aqueous solution of «-CD and sodium dodecyl sulfate.

" C =0.04M.

[444)



ULTRASONIC INVESTIGATIONS OF INCLUSION COMPLEXES... 445

Bebib= -

Him, 1 o*
T
o ]

8.4 —

| IR U SN YRS (N W TRY NN AN (NS VAT SN SH: SN NS U NN T SN NG ST TN TSNS NN SN T N T

5.616 9815 0029 0825 0.038 8.0 2040 C [m]

Fig. 11. Plot of In(uyn; BT) vs. (1/T) for the aqueous solution of «-CD and sodium dodecyl sulfate.
C=0.04 M.

References

[1] M. L. BENDER and M. KoMiYAMA, Cyclodextrin chemistry, Springer Verlag, Berlin 1978.
[2] 1. SzeaTL1, Cydlodextrins and their inclusion complexes, Akademiai Kiado, Budapest 1982.
[3] M. KomYiaMA and M. L. BENDER, J. Am. Chem. Soc., 100, 2259 (1978).
[4] W SAENGER, Angew. Chem., 19, 344 (1980).
[5] W. SAENGER, Inclusion compunds, (Eds.] J.L Atwood, J. E. D. Davies. D. D MacNicol. Academic
Press, London 1984, vol. 2. '
[6] C. TANFORD, The hydrophobic effect. Formation of micelles and biological membranes, 2 nd ed.,
John Wiley and Sons, New York 1980.
[7] T. OxkuBo, H. KiTANO and N.IsEg, J. Phys. Chem., 80, 2661 1976.
[8] N. Funssakl, H.Yopo and S. NEya, Bull. Chem. Soc. Jpn., 65, 1323 (1992).
[9] V. T. Liverl, G. CAVALLARO, G. GIAMMONA, G. PITARRESI, G. PucList and C. VENTUNA,
Termochim. Acta, 199, 125 (1992).
[10] 1. SATAKE, T. IKENOUE, T. IAKESHITA, K. HAYAKAWA, T. MAEDA, Bull. Chem. Soc. Jpn., 58, 2746
(1985).
[11] 1. SATAKE, S. YOsHIDA, K. HAYAKAWA, T. MAEDA and Y. KosuMoTo, Bull. Chem. Soc. Ipn., 59,
3991 (1986).
[12] R. PaLErU and V. C. REINSBOROUGH, Can. J. Chem., 66, 325 (1988).
[13] D. I. JoBE, R. E. VERRAL, R. PALEPU and V. C. REINSBOROUGH, J. Phys. Chem., 92, 3582 (1988).
[14] R. PALEPU and V. C. REINSBOROUGH, Can. J. Chem., 67, 1550 (1989).
[15] R. PALEPU, J. E. RICHARDSON, V. C. REINSBOROUGH, Langmuir, 5, 218 (1989).



446 A. JUSZKIEWICZ AND A. BALCERZAK et al.

[16] E. S. AMAN, D. SERVE, J. Colloid Interface Sci., 183, 365 (1990).

(171 A. HErRSEY, B. H. RoBmvsoN and H. C. KELLY, J. Chem. Soc. Faraday Trans., I 82, 1271 (1986).

[18] J. W. PARK and H. J. Song, J. Phys. Chem., 93, 6454 (1989).

[19] K. J. Sasakl, S. D. CrisTIAN, E. E. TUCKER, J. Colloid Interface Sci., 134, 412 (1990).

[20] J. W. Park, K. H. PARK, J. Inclusion Phenom. Mol. Recognit. Chem, 17, 277 (1994).

(21] Y.-B. JIANG and X.-J WANG, Appl. spectrosc., 48, 1428 (1994).

[22] B. M. Fung, W. Guo, S. D. CHRISTIAN, Langmuir, 8, 446 (1992).

[23] U. R. DHARMAWARDANA, S. D. CHRISTIAN, E. E. TUCKER, R. W. TAYLOR, and J. F. SCAMEHORN,
Langmuir, 9, 2258 (1993).

[24] D. JEZEQUEL, A. MAYAFFRE, and P. LETELLIER, Can. J. Chem., 69, 1865 (1991).

[25] E. JUNQUERA, E. AICART, and G. TARDAJOS, J. Phys. Chem., 96, 4533 (1992).

[26] E. JunQUERA, G. TARDAJOS and E. AICART, J. Colloid Interface Sci., 158, 388 (1993).

[27] E. JunQuUERA, G. TARDAJOS and E. AIRCART, Langmuir, 9, 1213 (1993).

[28] E. JuNQUERA, I. G. BENITO, L. PENA and E. AIRCART, J. Colloid Interface Sci., 163, 355 (1994).

[29] D. J. JoBg, R. E. VERRALL, E. JUNQUERA and E. AIRCART, J. Phys. Chem., 97, 6, 1243 (1993).

[30] D. J. JoBg, R. E. VERRALL, E. JUNQUERA and E. AICART, J. Phys. Chem., 98, 42, 10814 (1994).

[31] W. M. Z. Wan YuNus, J. TAYLOR, D. M. BLoor, D. G. HALL and E. J. WyN-JoNES, J. Phys.
Chem., 96., 8979 (1992).

[32] T. TOMINAGA, D. HAcHISU, and M. KAMADO, Langmuir, 10, 4676 (1994).

[33] C. F. BERNASCONI, Relaxation kinetics, Academic Press, New York 1976.

[34] A. JuszkiEwicz and A. ANTOSIEWICZ, Ultrasonic spectroscopy in molecular biophysics, [in Polish]
part 11, vol. 5 [in monograph:] Biospectroscopy, PWN, Warszawa 1990.

[35) F. EGGERs, F. Funck, K. H. RICHMANN, H. SNEIDER and E. M. EYRING, J. Phys. Chem., 91, 1961
(1987).

[36] G. GALINSKI, Z. KozLowskl, Sci. Instrum., 43, 4 (1989).

[37] A. BALCERZAK, Z. BAZIOR, and Z. Kozrowsk], [in Polish], IFTR Reports 17 (1992).

[38] A. BALCERZAK and R. Prowikc [in Polish], IFTR Reports 21 (1994).

[39] A. JuszkiEwicz and A. BALCERZAK, Archives of Acoustics, 18, 447 (1993).

[40] S. KAaTO, H. MOMURA and Y. MIYARA, J. Phys. Chem., 89, 5417 (1985).

[41] J. LAMB, Physical acoustics , [Ed.] W. P. Mason, Academic Press, New York 1965, vol. 1I, part A,
chapter 4.

[42] C. C. CHEN, S. PETRUCII, J. Phys. Chem., 86, 2601 (1982).

[43] L. J. RoprIGUEZ, E. M. EYRING and S. PETRUCCI, J. Phys. Chem., 93, 6356 (1989).

[44] S. J. GLL, N. F. NicsoLs and 1. WADso, J. Chem. Thermodyn., 8, 445 (1976).

[45] P. D. Ross and S. SUBRAMANIAN, Biochemistry, 20, 3096 (1981).

[46]) H. KitaNO and T. OkuBo, J. Chem. Soc. Perkin Trans., 2, 432 (1977).



ARCHIVES OF ACOUSTICS
21, 4, 447458 (1996)

SHEAR ULTRASONIC INVESTIGATIONS OF POLYHYDRIC ALCOHOLS

M. WACINSKI
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40-006 Katowice, ul. Szkolna 5

R. PLOWIEC

Institute of Fundamental Technological Research
Polish Academy of Sciences
00-049 Warszawa, ul. Swigtokrzyska 21

The influence of the hydrogen bonds and the steric factor on the steady flow viscosity
(o) and the limited shear elasticity (G, ) of polyhydric alcohols have been investigated by
ultrasonic methods.

1. Introduction

Hitherto investigations showed, that the viscosity of liquids depends on the
frequency of shearing and decreases when the latter increases, i.c. a liquid behaves
as a non-newtonian one. When the frequency of shearing is sufficiently high, the
reaction of a liquid to the shearing stress may be viscoelastic or even elastic. To
determine the reaction of a liquid on shear stress, the ultrasonic methods are
irreplacable by other methods since they allow to generate the shear stress within
a broad frequency range (from 10* Hz to 10° Hz). It is possible to extend this range
up to 10 Hz when the frequency-temperature superposition method is applied. [1,
2]. For most of the liquids it is possible to determine the full relaxation curve, i.€, to
find the range of the viscous, viscoelastic and pure elastic reactions on shearing
stresses.

2. Theory

In shear ultrasonic measurements thé shear mechanical impedance is measured.
This value is determined as a reaction of a liquid on the shearing stress. The shear
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impedance (Z;) is the quotient of the shearing stress to the velocity of the particle.
For a solid this value is real and equal to

Zr=pCr=+/pCx, (1)

where Cr is the shear wave velocity, G, — the shear elastic modulus and p is the
density of solid.
The mechanical shear impedance of a liquid is complex and frequency dependent:

Z¥Hw) =/ pG* = (1 +j)/nfpn = Rr(w) + j Xr(w) (2
as G'(jw) = G'(w) + jG" (w)
Zi(w) = pG* = pG'(w) +jG" (v)) (3)

where  is the angular frequency and p the density of the liquid. There is a simple
relationship between the shear mechanical impedance, which is measured by
ultrasonic methods, and the components of the shear elastic modulus:
R:-X2 2R+ X
T T Gu (CU) - ; T
2RT? 2X:
=—7=wn, )
p
For a non-newtonian liquid, the real component (Ry) is higher than the
imaginary one and when the frequency increases also the shear elasticity of the liquid
does so. For very high frequencies of shearing the shear elasticity G’ reaches
limited value, G, while the viscosity decreases to zero:
N 1 _R; e
im G’ (0) = G =+— =—F lim G (w) = 0, (6)
w0 I p w0

s ]

G'(w) =

)

lirnOG'(w) =Gy=0 limoG” (w) =

where J,, is the shear compliance of the liquid.

The G, values are different for various liquids and characterize the molecular
structure of the liquid. This investigation is aimed at the determination of the relation
between G, and the molecular structure of alcohols which have two or three hydroxyl
groups in the molecule. The formulas of investigated alcohols are given in Table 1.

The value "“OH /n, in Table 1 is the number of - OH groups corresponding to
a carbon atom, and may be considered to be the concentration of H bonds. The last
column informs about the number of alkyl groups "CH,,"CH; "C;H,, present in
a molecule of the investigated alcohols.

3. Measurements

— The density of alcohols was measured by a pycnometer within the temperature
range 273 — 303 K. The temperature was stabilized better than+ 0.05 deg. and the
density was measured with an accuracy of + 0.02%,
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Table 1.
Alcohol Structural formula 'OH :n, No. of alkyl
investigated groups
Glycerol OH OH OH 2:3i(lal) 0
| | l
CH, CH-—CH,
Hexanetriol-1,2,6 OH OH OH 2:6(1:3) 0
D | \
CH, CH—CH,—CH,;—CH,-CH,
Ethanediol-1,2 OH OH 2:2.(01:1) 0
(Ethylene glycol) | |
CH, -CH,
Propanediol OH OH 223 (1:1,5) 1
| |
CH,—CH—CH, (-CHy)
Butanediol-1,3 OH OH 2:4(1:2) 1
| | (-CH3)
CH, CH, CH—CH,
Butanediol-1,3 OH OH 2:4(1:2) 2
I (-CHs)
CH;—CH—CH—CH;
Pentanediol-1,5 OH OH 2:5(1:2,5) 0
\ |
CH,—CH,—CH,—CH,—CH,
2-Methyl- OH OH 2:6(1:3) 3
pentanediol-2, 4 | (-CH;)
CH;—C—CH,—CH—CH,
I
CH;,
2-Ethyl- OH OH 2:8(1:4) 2
hexanediol-1, 3 | | (-C;Hs)
CH,—CH—CH-—CH,CH,—CH, (-C;Hy)

|
Cij

— A Hoeppler and an ultrasonic viscometer UNIPAN 304A were used for viscosity
measurements in temperature range 263 — 303 K. The stabilisation of temperature
was better than + 0.05 deg. and the values of the measured viscosity was
determined with an accuracy of 2%,

— The ultrasonic shear resistance (Ry) in the high frequency range, (350 — 1300
MHz) was measured by means of a Matec instrument at the IFTR Warsaw [, 2].
These measurements were performed in temperature range 218 —243 K + 0.1 deg.
The shear mechanical resistance was determined with an accuracy of + 10%.
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4. Results

4.1. Density

The densities of the alcohols under test confirm a linear dependence on
temperature according to the formula:

p=a+ bT. (7

This relation is shown in Fig. 1 and the values of the coefficients a and b are listed in
Table 2. The linear relationship between density and temperature allows to extrapolate

1.30 : : T : :
1 1 1 1 ]
: i Glycerol E E E
1 1 1 1
1 1 1 1
1 1 1] 1
| i i i :
i i i \ :
$.20 posmss Yoz L — S S — Re—— .
] 1 ] 1 ]
o | i ; d ;
£ : | Ethandiol-12 | : ‘
UJ 1 ) | 1 1
x 1} 1 ] '
o 140 F------1 Hexantrioh1,2,6 }-=------------f-o- - ooo o
o ; i ' | |
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2 —— : : : :
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1.00 F==— : e bkl S O booooood
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Fig. 1. The density of investigated alcohols as a function of temperature.

the density out of the measurement range. As shown in Table 2, the values of
coefficients a and b of the alcohols tested do not differ much from each other, while
the values of density increase in the following sequence:
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glycerin > glycol et. > hexanetriol -1.2.6 > propanediol -1.2 > butanediols -2.3
and -1.3 > 2-ethylheksanediol -1.3 > 2-methylpentanediol -2 4.

The numbers of -OH groups corresponding to one carbon atom in the molecule
and thereby the densities of hydrogen bonds are ordered in the same sequence. This
sequence of the densities may suggest an increasing compactness of the molecules. It
is also of interest that the lowest values of density have been found for 2-ethylohek-
sanediol -2.4, and 2-methylopentanediol -2.4, i.e. for the diols with relatively large
molecules but with a low density of hydrogen bonds. In this case the low densities
may be caused by an additional steric hindrance. This steric effect seems to be likely
because the molecules of both the diols contain the sizable rigid groups -CH, and
-C,H;s which may cause a lower compactness of the molecules.

4. 2. Viscosity

To present the relationship between viscosity and temperature, the Arrhe-
nius-Guzman formula is usually used:
E*
n= Aexp( RT) , ®)
where 7 is the viscosity, £* — the activation energy of viscous flow, R — gas constant,
T — temperature and 4 — a constant for a given liquid. However, the viscosities of the
liquids studied do not follow the Arrenius-Guzman formula, and the viscosity
temperature relation may by described by the logarithmic formula [5], [6]:

Inn =c+dT?, )

The viscosity-temperature relation is shown on Fig. 2.
The activation energy of viscous flow can be calculated with the formula:

. _ p[3(inn)
E = R[é(T")] (10)
o(lnn) . . . . .
where (T is the tangential coefficient of the function (9) which may be related

approxymately Arrenius-Guzman equation (8). The values of the activation energy
E* calculated for different temperatures are listed in Table 3. Both the density and
steady flow viscosity measurements were performed at the Institute of Chemistry of
the University of Wroclaw [3, 4].

4.3. Shear mechanical resistance

The shear mechanical resistance was measured within the frequency range
350 — 1300 MHz. The results at low temperatures allow to determine the values of
G» and the elastic region of the tasted liquids. A linear dependence of G, on
temperature was found according to the formula:

Gy =m—nT.
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Fig. 2. Viscosity of investigated alcohols as a function of temperature.

The coefficients m and » of this equation are given in Table 3.

The extrapolation of G to the lower temperatures makes the determination of
the glass transition temperature, T, possible. At that temperature the viscosity of
a liquid is equal to 10'> Pa - s [8]. It is usually assumed that all relaxation processes in
a liquid are locked up at the temperature 7, and the latter behaves as a solid. The
values of T, for investigated alcohols are given in Table 3. The linear dependence of
G, on temperature is shown in Fig. 3.

Issakovitch’s and Caban’s hole theory of very viscous liquids assumes the
existence of two phases in a liquid with different arrangements of the molecules. The
first phase consists of molecules in a pseudo-crystalline arrangement and the second
one, a disordered phase, is made of free molecules. This mixture of two phases is in
equilibrium at a given temperature and pressure. The ultrasonic wave, propagating
in the liquid, disturbs the equilibrium between this two phases. A new equilibrium is
reached by a diffusion processes after some time.
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Fig. 3. G, value of investigated alcohols as a function of temperature.

For a very high frequency the diffusion of holes is delayed in comparison with
the stress variations. This causes a velocity dispersion and an additional absorption
in the liquid. At the temperature T} the ordered phase diminishes and the longitudi-
nal modulus K, and shear modulus G, are equal to K, and 0, respectively. At the
temperature higher than Tj all the molecules are free of any limitations due to the
potential barrier, and the probability of any locations of a molecule is equal. From
the linear dependence of G, on temperature the values of the temperature T, and the
interlocking potential barrier U = KT, (k is Boltzman constant) may be calculated.

All this values are given in Table 3.

5. Summary

To show the correlation between the chemical structure and space arrangements
of molecules in the tested alcohols, the results may be divided into three groups
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a) glycerol, hexanetriol -1.2.6 and 2 ethylheksanediol -1.3 show the highest
viscosity, (9.40, 24, 2, 2, 36, Pas), the highest activation energy of viscous flow (69.9,
74.5, 78.4 kJ/mol), the highest values of the shear elasticity modulus G, (2.77, 1.95,
1.37 N/m* x 10°), and the lowest potential barrier.

In this group of alcohols large differences in the density of -OH groups
(hydrogen bonds) and in the spatial arrangements exist. For example glycol and
hexanetriol have any spatial arrangement of the alkyl groups, on the contrary,
2-ethylheksanetriol has big -C;H s and C;H; groups in a molecule, which are spatially
arranged,

b) butanediol -1.3, pentanediol -2.3, 2 methylpentanediol -2.4, i.e. diols with
hydrogen bonds density: 1/1, 1/2, 1/3 and an increasing amount of H bonds from
1 to 3. Also pentanediol -1.5 with H density bonds 1/2.5 and without alkyl groups.
In the temperature 273 K the values of viscosity (0.432. 0.498, 0.372, 0.442 Pa-s),
activation energy (54.6, 47.7, 52.4, 42.6 kJ/mol), and shear elasticity modulus G
(1.10, 1.19, 0.473, 0.239 N/m? x 10%), show moderate values. The glass transition
temperature T, for this alcohols is: 166K, 162K, 165K, 156K, respectively,
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c) ethanediol -1.2 and propanediol -2.3 are diols with the lovest viscosities
(0.052, 0.141 Pa-s) and the lowest activation energies (36.5, 36.0 kJ/mol). Their shear
elasticity modulus G, is 0.487 and 0.611 N/m? and the potential barriere are 2.73 10°
and 2.82 10° J/mol. They differ from each other in the — OH group density (1 : 1 and
2:3) and the number of methyl groups (0 and 1). Their glass transition temperature
is 146 K and 147 K, respectively.

Such division into three groups show the influence of —OH groups (hydrogen
bonds) and alkyl groups -CH,, -C,H;s or C;H; on the results of measurements. The
—~OH groups may create a big associates (clusters), which limit the rotation and
translation degrees of freedom of the molecules (i.e. the hydrogen bond model of
MADIGOSKY, MCDUFFY and LiToviTZ [9] [10].

The alkyl groups may block the free space in a cluster structure. This suggestion
is confirmed by other investigations of the elasticity and shear compressibility of
other mixtures of alcohols [11]. Larger deviations of the compressibility for glycerol
-2 methyl-pentanediol-2.4 mixture than for glycerol-butanediol -1.3 were found in
this mixtures.

As regards the activation energy of viscous flow at T; the activation energy for
glycerol, ethylene glycol, propanol and both butanediols are 24 — 26 kJ/mol, for
hexanetriol and pentanediol 34 kJ/mol, and for 2-ethylhexanediol -1.3 and 2 met-
hylopentanediol -2.4 this value is 42.5 kJ/mol.

Thus it can be concluded that the lowest activation energies E* have been found
for alcohols with the highest density of —OH groups and a week space structure. In
contrary, the highest values of E* have been found for diols with branched carbon
chains and with a low hydrogen bond density. At the temperatures close to 7, when
the ordered phase diminishes, the steric factor becomes more important.

In the case of hexanetriol -1.2.6 and pentanediol -1.5 i.e. the alcohols with long,
and unbranched carbon chains (without side alkyl groups) and with low -OH groups
densities, the relatively high value of the activation energy may be explained by
a strong association through intermolecular hydrogen bonds.

This suggestion is in agreement with earlier results concerning the influence of
electrolytes on the structural and viscoelastic relaxation of heksantriol [4]. It was
found that the electrolyte has only a week influence on the size of the clusters (i.e.
there are weak effects of structural solvation). It means that the association limits
the range of the influence of the electric field of ions.

The effect of joining the relatively long carbon chains (interlocking effects) can
be the other factor that causes the increase of the activation energy [12] [13].

6. Conclusion
The results of this investigations confirm the correlation between the chemical

structure and spatial arrangement of polyhydric alcohols and their reaction on shear
ultrasonic strain in the viscous range (viscosity, activation energy) and elastic range
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(shear elastic modulus). The results are in agreement with earlier results of
investigation of alcohols and electrolyte solutions, according to that the concent-
ration of hydrogen bonds correlates with the reaction on shear stress [14-20].
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100 th AES Convention in Copenhagen

Audio Engineering Society Conventions are organized regularly on a worldwide
scale twice a year. The Spring Conventions in Europe are detoned with subsequent
even numbers, while the Fall Conventions in America — with odd ones. All AES
Conventions, apart from other more specialized meetings, such as e.g. AES
Conferences, separately numbered, bear a specified character. They are, first of all,
organizational meetings of the AES-Board of Governors with the Region- and
Section-Officers, and Members of numerous AES Committees, as well of the
Headquarters and Regional Offices. All members comming from various countries
work together intensively during the Convention days, taking adventage of the
direct personal contacts and opportunity for discussion.

It should be noticed here that the AES, although registered in its actual legal
stature in the USA in 1955, was founded already in 1948 and had started its broader
activities with First Convention held in New York City in 1949. The AES soon
became a true international society. Actually, there are 92 AES Sections all over the
World, 48 being in the USA. All AES Sections are grouped into seven AES Regions:
three in North America (USA and Canada), three in Europe, and one for Sections
situated in other parts of the World. So much of the general information about AES
on the occasion of its jubilee Convention.

The 100 th Convention held at the Bella Center in Copenhagen, on May, 11 to
14, 1996 was, due to its “rounded” number, the Jubilee event for the AES, and so it
was treated by the Danish Section Organizing Committee. Thanks to its initiatives
a major historical landmark was achieved with this Convention. The number of
submitted papers was the greatest ever received by the AES Convention and after
selection 155 were chosen for presentation; up to three parallel sessions were
organized in order to accommodate them. The number of workshops was also
greater than ever. It should be added that Copenhagen was declared for the year
1996 the Cultural Capital of Europe, which contributed to the attractiveness of the
Convention due to the number of accompanying events in the City, which were very
interesting for the visitors.

The texts of 132 papers were edited as AES Preprints, prior to the debates. It
may be worth mentioning that further 35 papers submitted were rejected by the
Papers Chairmen, which proves the quality requirements were kept on a high level.
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The most spectacular achievement of the convention was the huge exhibition,
where more than three hundreds of the World leading enterprises, active on the
pro-audio market, presented their latest products. Only one exhibitor from Poland
participated therein (TOMMEX). The exhibition attracted numerous visitors from
all over the World of course, Although the total attendance was reported to be
around 7500, i.e. about one thousand less than during the 98th Convention in Paris,
last year, the quality of participants and their professional interests were assessed as
highly satisfying.

The scientific part of the Convention was organized into 20 sectional debates
devoted to the following subjects:

Architectural Acoustics & Sound Reinforcement (Pt. 1, II),

Musical Instuments Acoustics & Electronic Music,

Psychoacoustics, Hearing & Hearing Instruments (Pt. I, 1),

Music Induced Hearing Impairment,

Transducers (Pt. I, II),

Recording & Reproduction Systems,

Audio in Broadcasting, Production Techniques & Transmission,

Signal Processing (Pt. I, II, III),

Perceptual Coding (Pt. 1, II),

Multichannel Sound Systems & Multimedia,

Wave Field Synthesis in Audio Applications,

Auralization & Virtual Reality,

Measurements & Instrumentation (Pt. I, II).

The content of the workshop sessions was more diversified than ever. The
following topics were presented (among others):

— Safeguarding the Audio Heritage for the Future,

~ The Interaction of the Visual and Auditory Senses,

— Audio and Video Carriers, Technical and Organization Aspects,

— Use of Miniature Microphones in Theatre and Television,

— Perceptual Encoding: Subjective and Objective Methods of Evaluation,

- High Resolution Audio Mastering,

— Multichannel Sound Production Techniques,

— The digital Broadcasting House of the Future.

The last workshop was repeated many times and demonstrated at the special
stand built at the Convention site as well as in the House of the Danish Radio in
Copenhagen. The Danish Radio already implemented its DAR (Digital Audio
Broadcasting) system and has it fully operational.

The participation of the Polish AES Section members and other Polish attendees
was remarkable. Thirteen papers (i.e. ca. 10% of the total number) were published in
Preprints, and read discussed during the session debates. They were written by 19
authors, or coauthors, coming from: Gdansk (9), Wroclaw (8), Warszawa (1),
Poznan (1). A numerous group of students (41 — mostly from the Gdansk TU)
participated, first of all in workshop sessions. There were altogether over 150
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persons from Poland. They took adventage of many cultural and social events which
were available during the Convention period, and, besides, they had an excellent
oceasion to visit the beautiful City of Copenhagen in May.

The numerous participation of the Poles was possible thanks to the relatively
cheap and easy sea-transport do Denmark, offered by the Polish Maritime Ferry
Lines, between Swinoujscie and Copenhagen. Despite stormy weather and rough
sea during the forth-trip, which, may be, enriched the impressions of some
of the participants, the whole outcome of the Polish participation in the 100th
AES Convention, similar to the several previous ones, may be summed up
as a successful one.

To end — some useful information about future AES Conventions. The 101st will
be held in Los Angeles, November, 8-11, 1996. The 102nd — in Munich, March,
22-25, 1997. Further Convention sites are still under discussion.

Marianna Sankiewicz

As an enclosure to this Chronicle a list of papers published by Polish authors
during the 100 th AES Convention is quoted below.

A. Czyzewski, P. Skorka ,Modifications of the Auditory Feedback Loop Hearing and Speech Produc-
tion” (Preprint 4148).
A. Czyzewski, A. Lorens ,, Testing some DSP Algorithms for Hearing Aidsand Cochlear Implants”

(Preprint 4149)
M. I. Kin ,,Perception of Amplitude Modulation in Harmonic Complexes™ (Preprint 4151)
T. Janeczko ,,Synthesis of Complex Audio Spectra by Computer Simulation of Chua’s
Circuit” (Preprint 4168)
B. Kostek, M. Szczerba ,,MIDI Database for the automatic Recognition of Musical
Phrases” (Preprint 4169)

S. K. Zielinski ,,Digital Waveguide Modelmg versus Mathematical Modeling of Organ Flue Pipe”
(Preprint 4170)
M. Sankiewicz, G. Budzyriski ,,Analysis of Dissonances in Carillon Chords” (Preprint 4172)
B. Kostek, A Wieczorkowska ,,Study of Parameter Relations in Musical Instruments Patterns”
(Preprint 4173)
R. Kroélikowski ,,Noise Reduction in Old Musical Recordings Using the Perceptual Coding of audio”
(Preprint 4180)
M. Niewiarowicz ,, The Analysis of spatial Distribution of Signals Emitted by a Loudspeaker-system™
(Preprint 4182)
A. Dobrucki, P. Pruchnicki, B. Zoltogorski ,,Computer Modeling of Loudspeaker Vibrating System”
(Preprint 4207)
K. Basciuk, S. Brachmanski ,,Relation between Logatom Intelligibility and SNR Enhaced speach™
(Preprint 4218)

C. Szmal ,,Subjective Evaluation of Sound Recordings versus Sound Spectra™ (Preprint 4239)




13th FASE SYMPOSIUM
on Hydroacoustics and Ultrasonics
Jurata 12-16 May 1997

We are pleased to inform you that the XII-th FASE Symposium will be held in
Jurata in May 1997. Jurata is placed on the Hel Peninsula 100 km from Gdansk. The
Hel Peninsula is quite unusual as it is 35 km long and only 300 m wide at the base.
After Jurata it gradually broadens and reaches about 3 km. Nice, sandy beaches and
ferry connection with Gdansk or Gdynia make it a tourist attraction.

Organizers

The Symposium is organized by the Acoustical Committee of the Polish Academy of
Sciences, the Polish Acoustical Society, the Naval Academy in Gdynia in co-
operation with the Technical University of Gdansk.

Technical programme

The main areas of the Symposium are hydroacoustics and ultrasonic technique. The
topics include: acoustic noicse, underwater propagation in sea, underwater acoustic
systems and devices, signal processing, nonlinear acoustics, ultrasonic transducers
and arrays. Papers in the acoustics, ultrasonic transducers and arrays. Paper in the
areas covered by the Symposium and similar tipics are welcome. The papers will be
published in the “Proceedings of the XI1Ith FASE Symposium”.

The Symposium will include plenary lecture sessions, contributed and invited paper
sessions, poster sessions and exhibition.

Address of the Organizing Committee

prof. Eugeniusz Kozaczka
Akademia Marynarki Wojennej
ul. Smidowicza 71
81-919 Gdynia
Poland

fax: (+ +48-58) 25 48 46
e. mail: amw beta.nask.gda.pl
tel.: (+ +48-58) 26 28 72, 26 28 68



