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Ultrasonic Behaviour of Amine 
and Alcohol Mixtures 
A. C. H .  CHANDRASEKHAR and A. KRISHNAIAH" 
Department of Chemistry. College of Engineering. 
Sri Venkateswara University. Tirupati 5 17 502. India 

f Received 5 June 1987) 

Sound velocities for binary liquid mixtures of diethylamine (DEA) and triethylamine 
(TEA) with isomeric butanols have been measured at 303.15 K. The sound velocity data 
along with densities have been used to compute isentropic compressibilities ( K , )  and the 
deviation in isentropic compressibilities (AK,) .  The values of AKs  were found to be 
negative over the entire range of composition in all the systems. The negative values 
suggest that strong hydrogen bonding interaction exists between unlike molecules. The 
results also indicate that the interaction decreases with increase in branching of the 
alcohol. 

Key Words: Sound velocities, amine and alcohol mixtures, isentropic 
compressibilities ( K J .  

1 INTRODUCTION 

Isentropic compressibilities of binary mixtures containing associated 
liquids like water, alcohols, acids and amines as one component have 
been studied. However, very few attempts have been made to study 
isentropic compressibilities of mixtures containing two associated com- 
ponents. Properties of these mixtures depend on (a) the degree of 
association of each component in pure state, (b) the structure breaking 
effect of the components and (c )  the possible interaction between unlike 
molecules. We report here new experimental data of sound velocity (u), 
density (p) ,  isentropic compressibilities ( K , )  and deviation in isentropic 
compressibilities (AK,) for the mixtures of DEA and TEA with 
n-butanol, i-butanol, s-butanol and t-butanol at 303.1 5 K. This study 
has been undertaken to understand the possible interaction between 
unlike molecules. 

* To whom correspondence should be addressed. 
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316 A. C. H. CHANDRASEKHAR AND A. KRISHNAIAH 

Table 1 Densities of pure component 
liquids at 303.15 K 
-~ 

Component Density (p)/(g cm- ’) 
- 

Experimental Literature 

diethylamine 0.69612 0.69620 
triethylamine 0.71 891 0.71899 
n-butanol 0.80195 0.80200 
i-butanol 0.79434 0.79437 
s-butanol 0.79901 0.79895 
t-butanol 0.77560 0.77570 

2 EXPERIMENTAL SECTION 

(a) Materials 

The component liquids have been purified as described by Reddick and 
Bunger.’ The amines have been dried over potassium hydroxide pellets 
for 3 days, then kept over sodium wire followed by 2 h refluxion and 
finally fractionally distilled. Butanols are refluxed over freshly ignited 
calcium oxide for 4 h and fractionally distilled. The purity of the 
samples has been checked by measuring the densities and comparing 
with literature values.’ The data have been given in Table 1. The 
densities of pure components have been measured using bicapillary 
py~nometer .~  

(b) Sound velocities 

Sound velocities have been measured with the ultrasonic interferometer 
at  a frequency of 3 MHz and are accurate to &0.02%. The measure- 
ments have been made at 303.15 K by circulating water around the cell 
from U-10 thermostat maintained at 303.15 0.01 K. 

(c) Isentropic compressibility 

The isentropic compressibilities have been calculated from the relation4 

where u and p denote sound velocity and density respectively. Density 
values have been computed from experimental excess volume data 
using the equation 

(2) 
XM, + (1 - x ) M ,  

v o  + VE 
p = -  
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SOUND IN BINARY LIQUID MIXTURES 

Volume fraction of diethylamine (4) 
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0 

Figure 1 The values of AKs against volume fraction of diethylamine (4); 
diethylamine + n-Butanol (O), + i-Butanol (O), +s-Butanol (A), + t-Butanol (A). 

Volume fraction of triethylamine ( 4 )  

Figure 2 The values of A K ,  against volume fraction of triethylamine (4): triethylamine 
+ n-Butanol (O), +i-Butanol (0). +s-Butanol (A), +t-Butanol (A). 
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320 A. C. H. CHANDRASEKHAR AND A. KRISHNAIAH 

where x, M ,  and M ,  stand for the mole fraction of amine, molecular 
weights of amine and alcohol respectively. V o  and V E  denote the ideal 
molar volume and excess molar volume respectively. The deviation in 
isentropic compressibility ( A K , )  have been obtained from the relation 

(3) 

where K , ,  K,,l and K , , ,  are the isentropic compressibilities of the 
mixture and pure components respectively. 4 is the volume fraction of 
the amine. 

AKs = K ,  - 4K*, 1 - (1 - 4K,2  

3 RESULTS AND DISCUSSION 

Experimental data for density (p) ,  sound velocity (u), isentropic com- 
pressibility (K, )  and deviation in isentropic compressibility ( A K , )  at 
303.15 K as a function of volume fraction for the mixtures of DEA and 
TEA with isomeric butanols are included in Tables 2 and 3 respectively. 
The dependence of A K ,  on volume fraction have been graphically 
illustrated in Figures 1 and 2 for mixture containing DEA and TEA 
respectively. The values of A K ,  are fitted to an empirical equation of the 
form 

AK, = 4(1 - &)[b, + b,(24 - 1) + b,(24 - I)*] (4) 
The values of the empirical parameters, b,, b,, and b, calculated by the 
method of least squares, are given in Table 4 along with the standard 
deviation, c(AK,) ,  The values of A K ,  are negative over the whole range 
of composition in all the systems. The negative values may be ascribed 
to the hydrogen bond formation between amine and alcohol. There is 

Table 4 Values of parameters in Eq. (4) and the standard deviation u (AK,) at 
303. I5 K 

diethylamine + n-butanol 
diethylamine + i-butanol 
diethylamine + s-butanol 
diethylamine + t-butanol 
triethylamine + n-butanol 
triethylamine + i-butanol 
triethylamine + s-butanol 
triethylamine + t-butanol 

- 390.06 
- 349.97 
-331.21 
- 85.23 

-412.78 
- 382.80 
-335.75 
-118.43 

- 169.53 
- 80.96 
- 67.94 

-0.88 
-153.15 
- 66.21 
- 85.72 

-4.51 

-89.16 
-117.68 

50.31 
11.98 
45.17 

-46.68 
-99.86 
- 3.12 

0.3 
0.3 
0.3 
0.3 
0.4 
0.2 
0.2 
0.3 
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spectroscopic evidence for hydrogen bonding between amines and 
 alcohol^.^ Hydrogen bond association between amine and alcohol have 
been reported in terms of heats of mixing and physical properties, 
dielectric constant and viscosity by Ratkovics and Coworkers.6-8 The 
algebraic values of AKs  for the system of DEA and TEA with butanols 
fall in the order 

n-butanol > i-butanol > s. butanol > t. butanol. 

This shows that the hydrogen bonding interaction between amine and 
alcohol decreases with increase in branching of alcohols. The negative 
deviation in isentropic compressibilities for amine with butanols are 
increasing from DEA to TEA. This may be attributed to the more 
N-electron density on nitrogen in TEA than in DEA. 

Acknowledgement 

The authors gratefully acknowledge the financial assistance from Council of Scientific 
and Industrial Research, New Delhi. 

References 

1. J. A. Reddick and W. B. Bunger, Organic Solvents, Wiley-Interscience, New York 

2. J.  Timmermans, Physico-chemical Constants of Pure Organic Compounds, Elsevier, 

3. M. V. P. Rao and P. K. Naidu, Can. J .  Chem., 52, 788 (1974). 
4. M. V. P. Rao and P. R. Naidu, J .  Chem. Thermodyn., 6, 1195 (1974). 
5. L. S. Springer, Jr. and D. W. Meek, J .  Phys. Chem., 70,481 (1966). 
6. F. Ratkovics, M. Laszlo, Actn Chim. (Budapest), 79, 395 (1973). 
7. J. Liszi, T. Salaman, F. Ratkovics, Actn Chim. (Budapest), 81, 467 (1974). 
8. F. Ratkovics, T. Salaman, L. Domonkos, Actn Chim. (Budapest), 83, 53 (1974). 

( 1970). 

New York (1950). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
8
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1


