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(Received 23 June 1999) 

The associative behaviour of organic liquids resulting from molecular interactions using 
ultrasonic velocity data taken from the literature is reported and a classification of these 
liquids is done as associative categories I and I1 along with the normal one. This work is 
fruitful to understand chemico-physical properties of organic liquids and departures 
from the normal characteristics. 

Keywords: Molecular interaction; interaction potential; ultrasonic velocity 

1. INTRODUCTION 

The molecular interactions in liquids can not be described by the 
assumption of simple, potential functions. Johri et al. [l] have studied 
the physical association and chemical bonding within the frame work 
of Hirschfelder [2] treatment on inter molecular forces. They have 
formulated an effective potential for non-polar liquids using the 
continuum dielectric model with the Lernard-Jones (LJ) and the 
Kihara (K) potential. In the past an extensive of the Anderson’s model 
[3] has been introduced to describe the dielectric relaxation process of 
pure hydrogen bonded liquids [4,5]. The ultrasonic technique [6] is one 
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510 G .  K. JOHRI ef al. 

of the good ones. When the propagation of low amplitude ultrasonic 
wave in a liquid is considered it merely perturbs its physical chemical 
equilibria. The ultrasonic velocity as a function of temperature 
determine the overall response of the medium and the nature of the 
interaction between the molecules of the liquid. 

The purpose of this paper is to report a classification of organic 
liquids and to compute the nature and degree of association as a result 
of intermolecular forces in different types of organic liquids. The 
organic compounds chosen are alkanes, alkenes, alkyne derivative, 
alkyl phenyl ketone, alkyl-p-xylyl-ketone, alcohols, 4-R-acetophinon, 
4-R-propiophinon, 4-R-isobutysophenon, 4-R-pivalophenon, alkyl 
acetate and 35 other liquids with almost normal behaviour. The 
experimental data of ultrasonic velocity as a function of temperature 
for these liquids have been taken from the literature [7]. 

2. THEORETICAL DETAILS AND CALCULATIONS 

The ultrasonic velocity (c) could be written as a function of density (p),  
molecular weight ( M ) ,  temperature ( T ) ,  potential parameter (a), 
depth of the potential ( E ) ,  range of the potential ( r ) ,  core parameter ( 1 ) ,  
ionization potential ( I ) ,  polarizability (a) and shape of molecule (sp) 

c = f  (P,M, T ,  f f l  E ,  I ,  1,1, f f l  SP) (1) 

For normal liquids, where only cohesive forces are important one can 
reduce the above Eq. (1) to the following form within reasonable limits 
of approximation. 

c = C*f(Pl  M, T )  (2) 

where c* is the proportionality constant. This Eq. (2) could be written 
as 

Using dimensional method of analysis Eq. (3) could be reduced to 
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MOLECULAR INTERACTIONS IN LIQUIDS 511 

or 

1f2AC M -= C*f(p)  
AT 

This theoretical expression empirically derived is general and new 
and it may be realistic provided the value of c*f(p) may be 
experimentally or theoretically derived. Comparing Eq. (5) with that 
of Lagemann [8] equation where in the R.H.S. has been experimentally 
obtained one gets following equation 

112 AC M - = 39 g1I2 ms-' deg-' 
AT 

Equation (6)  may be reasonable only for the normal liquids for which 
attractive interactions between the molecules play a minor role and 
that they are in the nature of cohesive forces called London dispersive 
attractive forces. The Lagemann factor [6] was derived from the study 
of the substance C6H5-X ( X  = H, F, C1, Br, and I) at 500 kHz. They 
observed non-linear characteristics for the variation of temperature of 
the ultrasonic velocity with molecular weight. 

We define the degree of association as the fractional change in the 
Lagemman factor and its percentage is given by 

(7) 
AL 
L 

Percent degree of association = - x 100% 

where AL = (8) 
Norm. Iq. 

The associativeness in liquids may thus be measured as deviations 
from normal behaviour. The degree of association values depending 
upon the inter-molecular attractive interaction, temperature etc. The 
Eq. (7) provides quantitative measure of association. It is pertinent to 
mention that the liquids which behave as associated at room tem- 
perature may behave like normal at higher temperature when thermal 
energy breaks molecular links. 
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512 G. K. JOHRI er al. 

3. RESULTS AND DISCUSSIONS 

Table I includes values of the molecular weight, LW*’~(AC‘/AT) and 
percent degree of association for thirty organic liquids. The plot of 
temperature variation of ultrasonic velocity against molecular weight is 
given in Figure 1 for the substances listed in Table I as well as for various 
radicals in 4-R-acetophenon, 4-R-propiophenon, 4-R-pivalophenon 
and alkylacetate listed in Table 11. The Figure 2 illustrates the variation 

TABLE 1 The values of molecular weight M’/’(AC/AT) and percent degree of asso- 
ciation for organic liquids with almost normal behaviour 

~ ~~ ~ ~ 

SI. no. Substance M M’i2(Ay/AT)l AL/L x 100% 
g1I2ms- deg- 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Methyl Acetate 
Benzene 
n-hexane 
Hexane 
1 ,Cdioxane 
Aniline 
n-heptane 
Fluoro-benzene 
0-xylol 
n-tolulidine 
n-octane 
Chlorobenzene 
n-heptanol 
Methylphenylketone 
o-ni trophenol 
Nitrobenzene 
Guajacol 
o-Chlorotolual 
m-Chlorotolual 
pChlorotolual 
o-Chloroaniline 
m-Chloroaniline 
m-Octanol 
Tetraline 
o-nitrotolual 
Propyl Phenyl Ketone 
Carbon Tetrachloride 
Bromobenzene 
Fluoren 
Diphen yleneoxide 
0-Bromo tolual 
p-Bromotolual 
a-nitro napthaline 
Benzophenon 
Iodobenzene 

74 
78 
84 
86 
88 
93 
98 
95.9 

106.0 
107 
112 
112.5 
116 
120 
123 
123 
124 
126.5 
126.5 
126.5 
127.5 
127.5 
130 
132 
137 
148 
154 
156.9 
166 
168 
170.9 
170.9 
173 
182 
203.9 

39.57 
39.57 
38.50 

40.53 
39.06 
39.60 
40.84 
39.12 
37.24 
41.80 
39.45 
39.85 
40.53 
39.93 
39.93 
41.20 
40.49 
40.83 
40.49 
39.52 
38.39 
41.05 
41.59 
39.80 
40.15 
39.21 
39.08 
39.94 
39.53 
40.13 
39.61 
40.77 
40.47 
38.55 

40.80 

1.46 
1.46 

4.62 
3.92 
0.15 
1.53 
4.72 
0.31 

7.18 
1.15 
2.18 
3.92 
2.38 
2.38 
5.64 
3.82 
4.69 
3.82 
3.82 

5.26 
6.64 
2.05 
2.95 
0.54 

+0.21 
2.41 
1.36 
2.94 
1.31 
4.54 
3.77 

-1.41 

- 1.28 

-4.51 

-1.56 
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I 
) 50 I00 150 200 250 

M O L E C U L A R  WEIGHT ( M )  4 

FIGURE 1 Temperature variation of ultrasonic velocity (AC/AT) versus molecular 
weight for the normal liquids (Tab. I). A: 4-R Acetophenon; B: 4-R Propiothenon; C: 4- 
R Isobutyrophenon; D: 4-R-Pivalophenon; E: Alkyl acetatic with different radical (R) 
(Tab. 11). 

of (AC/AT) versus molecular weight for substances listed in Table I11 
called as associated liquids - I and those listed in Table IV, categorized 
as associated liquids - 11. Table V lists the values of M’”(AC/AT)  and 
percent degree of association for alkanes (C,H2,; n = 5 -  10,12,14, 16), 
alkenes (C,H2,; n = 5-11, 13, 15), alkyne(CnH2,-2; n = 5-8, 10, 12), 
alkyl acetate (C,H2,02; n = 3 to 9), alkyl-phenyl-ketone (C,+pH,+2p0; 
n = 8, p = 0 to 7), alkyl-p-xylyl-ketone (C,H,+2p; n = 10, p = 1 to 29) 
and alcohols (CnH2n+20; n = 1 to 8, 10). 

The plot of (AC/AT) versus M for these systems listed in Table V 
and also for alcohols are illustrated in Figure 3. 

We have presented a new way for classifying the organic liquids in 
three categories namely normal, associated - I and I1 liquids. There is 
significant divergence of both. These categories of association from 
normal liquids. The location of point in the variation of (AC/AT) versus 
M following on the concavity side is designated under category as 
category - I and that on convexity side as category - 11. Most of those 
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514 G .  K. JOHRI et al. 

TABLE I1 The values of M”’(AC/AT) and percent degree of association for 4-R- 
acetaphenon, 4-R-Propiophenon, 4-R-Isobutyrophenon, and 4-R-Pivalophenon with 
different radicals (R) and alkyl acetates 

Substance R g’/’ms-’ deg-’ L/AL 100% 
Radical 1 M‘/’(AC/A T)I 

A. 4-R-acetophenon 

B. 4-R-propiophenon 

H H  
I I  
C-C-H 

/i I o=c DR - 

C. 4-R-Isobutyrophenon 
n = 8  to 12 

Cn+PHn+bo ( p = 2 to 6 ) 

D. 4-R-Pivalophenon 

n = 8  

40.53 

43.41 
44.40 

47.09 

41.16 

42.83 

45.62 
46.46 

48.95 

50.31 

47.45 

47.09 
48.42 
51.69 

53.56 

49.64 

49.09 

3.92 

11.31 
13.85 

20.74 

22.46 

9.82 

16.97 
19.13 

25.51 

29.00 

21.67 

20.74 
24.15 
32.54 

37.33 

27.28 

25.87 
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MOLECULAR INTERACTIONS IN LIQUIDS 515 

TABLE I1 (Continued) 

Substance 

E. Alkylacetate Methyl acetate 39.57 1.46 
Ethyl acetate 42.2 1 8.23 

C,H,02(n = 3) n-propyl acetate 43.43 11.36 
H H n-Butyl acetate 46.3 1 18.74 $ n-Amy1 acetate 47.89 22.79 

48.00 23.08 
\ n-Heptyl acetate 49.02 25.69 
CH3 

I I 
I I 

H-C-H- - -C-0-C n-Hexyl acetate 

H H 

I ASSOCIATED LlOUlOS - 1  ) 

. . 

- 2  10 m MOLECULAR roo W E I G H T ( M ) W  150 200 250 

FIGURE 2 Temperature variation of ultrasonic velocity (ACjAT) versus molecular 
weight for organic liquids (Tabs. 111, IV). 

chemicals whose divergence from the curve of variation of (AC/AT) 
versus M is less than 5 percent have been interpretted as normal liquids. 

An examination of Figure 1 reveals that chemical grouped as A, B, 
C, D have (AC/AT) variation less than above 8 percent for AM = 80. 
However, group E possesses variation of (AC/AT) about 19.5 percent 
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516 G. K. JOHRI et al. 

TABLE I11 
ciated liquids - I 

The molecular weight M’l2(AC/AT) and degree of association for asso- 

Associaled liquids - I J M ” ~ ( A C / A T ) J  
substance M g’/2ms-’ deg-’ (ALIL) 100% 

n-Heptanol 116 39.85 2.18 
n-Octanol 130 41.04 5.23 
n-Decanol 158 46.51 19.26 
Benzene 78 42.22 8.26 
o-Chlorotolual 126.5 40.83 4.69 
rn-Chlorotolual 126.5 40.83 4.69 
p-Chlorotolual 126.5 40.49 1.26 
o-Nitrotolual 137 42.72 9.52 
m-Nitrotolual 137 42.14 8.05 
n-Octane 114 45.06 11.05 
di benzene 182 43.17 15.57 
phenyl cyclohexane 160 46.17 18.38 
dipheny lamine 169 44.20 13.33 
diphenyl ether 170 43.16 10.67 
diphenyl methane 168 43.55 11.67 
tri-phenyl methane 244 49.99 28.18 

TABLE IV The molecular weight M’12(AC/AT) and degree of association for asso- 
ciated liquids - I1 

Associated liquids - I1 I M ’ / ~ ( A C / A T ) I I  
substance M g’/*ms-’ deg - (ALIL) 100% 
Methanol 32 18.67 -52.13 
Ethanol 46 23.06 -40.87 
n-propanol 60 28.66 -26.51 
n-butanol 74 34.41 -11.77 
n-pentanol 88 32.83 -15.82 
n-hexanol 102 35.35 -9.36 
I-pentene 72 35.46 - 

Nitro methane 61 31.63 -18.90 
Chloroform 119.5 37.50 -3.85 
Methyl Chloride 84 35.74 -8.36 
Tetrachloroethylene 166 37.36 -4.21 
Glycerine 92 17.94 -54.00 
Phenol 94 31.41 -9.46 
n-Hexane 84 38.50 - 1.28 
Acetone 58 32.90 -15.64 
n-propyl chloride 78.5 32.96 -15.49 
nitrobenzene 123 37.71 -3.31 
rn-Toluidine 107 37.24 -4.5 1 
Acetonitrile 41 25.93 -33.51 
Water (ACIAT = +2) 18 8.49 -121.77 
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TABLE V Values of M"'(AC/AT) and percent degree of association for Alkanes, 
Alkenes, Alkynes, Alkyl phenyl ketone and Alkyl-p-xylyl-ketone 

Substance 

A. Saturated Compounds n-pentane 
(Alkanes) n-hexane 
C"H2 + 2 n-heptane 
(n = 5 to 10, 12, 14,16) n-octane 

n-nonane 
n-decane 
n-dodecane 
tetra decane 
n-hexa decane 

7 "  H 
I 
I 

H-C C-C-H 

I I  
H H  H 

B. Olefins (Alkenes) hexene 
heptene 

H octene 
nonene 
decene 
undecene 
tridecene 
pentadecene 

CnH& = 6 to 1 1, 13, 15) 

" 7 7  I 
H-C- --C- c-c=c 

H H H H H  
I I I I I  

C. Acetylene derivatives I-pentin 
(Alkyne) I-hexin 
G H 2 - 2  I-heptin 
(n = 5 to 8, 10, 12) 1 -octin 

H I-decin 
I-dodecin 

H 
I I 

I I 
H - C - - - - C G C - H  

H H 

D. Alkyl-Phenyl-Ketone meth ylphen ylketone 
(Alkyne) eth ylphen ylketone 
Cn+pHn+ZpO propylphen ylketone 

butylphen ylketone 
amylphenylketone 
hexaylphenylketone 

~ heptylphenylketone 
H-C- -c-c-c / \ octylphenylketone 

I I I I I  
H H H O  

IM~/~(AC/AT)(  
g'/2,-l deg I 

42.43 
40.80 
39.60 
41.80 
42.65 
43.78 
48.24 
50.65 
52.62 

( W L )  
100% 

8.80 
4.62 
1.53 
7.18 
9.36 

12.26 
23.69 
29.67 
34.92 

38.50 - 1.28 
41.58 6.62 
44.45 13.97 
44.90 15.13 
44.96 15.28 
49.64 27.28 
52.61 34.90 
56.52 44.92 

35.46 -9.08 
42.56 9.13 
43.11 10.54 
45.10 15.64 
45.81 17.46 
48.96 25.54 

40.53 3.92 
42.83 9.82 
40.15 2.95 
45.82 17.49 
45.1 1 15.67 
44.1 1 13.10 
42.85 9.87 
51.68 32.51 

E. Alkyl-p-Xylyl-Ketone methylketone 46.23 18.54 
ethylketone 45.82 17.49 
propylketone 49.09 25.87 
butylketone 53.76 37.85 
anylketone 54.27 39.15 
hexylketone 54.63 40.08 
hept ylketone 54.83 40.59 
octylketone 55.12 41.33 
nonylketone 56.44 44.12 
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10 50 100 150 200 250 
-21 I I I I I a I I 3 I I I 8 I I I 0 ' 0  ' " J  

MOLECULAR WElOHT (M) 

FIGURE 3 Temperature variation of ultrasonic velocity (ACIAT) versus molecular 
weight for (A) Alkane; (B) Alkene; (C) Alkyne; (D) Alkyl-phenyl-ketone; (E) Alkyl p-  
Ketone; (F) Alkohol: (Tab. V). 

for AM = 90. The degree of association with positive sign (IAC/ 
AT 1 - 39) may be characterized as those having associative character- 
istic - 1. I dominated by attractive forces which may be London- 
dispersion type as a function of polarizability and ionization energy of 
molecules, their mutual potential energy depending upon their per- 
manent dipole moment and induced dipole moments. The combined 
effect may be due to Van de Waal binding exhibiting association and 
departures from London-dispersion forces. Those liquids with negative 
sign of (ALIL) 100% are classified as associated liquids 11. Class - I 
category also include methanol, ethanol, n-propanol, n-butanol, n- 
pentanol and n-hexanol. There seems some other dominating forces 
for class - I1 like chemical bonding in addition to the forces men- 
tioned for associated liquids I. 

Water molecule has entirely different property because it has 
positive value of (AC/A T )  i.e., the temperature variation of ultrasonic 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
9
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



MOLECULAR INTERACTIONS IN LIQUIDS 519 

velocity is +2. The value of M'/*(AC/AT) for water is +8.49 and 
therefore degree of association is -78.2 percent. The negative value of 
(ALIL) represents hydrogen bonding as found in water and the 
alcohols mentioned under class - I1 here above. 

4. CONCLUSIONS 

The present work is important and the qualitative description given on 
the basis of empirical theoretical treatment is fruitful in understanding 
the molecular interactions and the classification of organic liquids. 
Consideration of a suitable potential including the short range inter- 
actions of a tagged molecule through the state of broken or  intact 
hydrogen bonds in pure liquids may enhance the rigor of the present 
work however, there may not be much quantitative change on the 
macroscopic scale. 
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