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THEORETICAL EVALUATION OF SOUND 
VELOCITY AND OTHER ACOUSTIC 

PARAMETERS FOR AQUEOUS SOLUTIONS OF 
SODIUM DODECYL SULPHATE 

(NaDS) AT 298.15 K 

ANIL KUMAR 

Deportmmt qf' Chtwislry, Institute of' Basic Sciences, Agru University, Kliandori Rood, 
Agra-282002, India. 

i Receiwd I Airgu.vr 1989) 

The intermolecular free length L, has been evaluated employing thermodynamic approach of Eyring and 
Hirschfelder while free length theory (FLT) of Jacobson has been used to compute the theoretical values of 
ultrasonic velocity. Subsequently, the theoretical values of other acoustic parameters were calculated. The 
results of theoretically calculated parameters have heen compared with those derived from experimental 
ultrasonic velocity data. Both. rlhro and and 
qbk ' xp  show the maximum variation ( 6 2 " , , )  while data lor R,,,, and R,,, change by minimum (0.07".) and 

differ by 0.20",, and ulhea > I),,,,. The results for (bK 

R , h w  > 

K E Y  WORDS: Sound velocity, sodium dodecyl sulphate. free length theory, acoustic parameters 

I NTRODUCTI 0 N 

Theoretical values of sound velocity have been evaluated in many binary liquid 
mixtures' - 3  employing various empirical and semi-empirical Good 
agreement has been found7-' between the theoretical values of the parameters and  
those obtained experimentally. 

The present study embodies a relatively different approach to previous 
investigation" in that the ultrasonic velocity and derived parameters were computed 
theoretically and compared with their experimental values for binary system i.e. 
water-NaDS at 298.15 K .  

EXPERIMENTAL 

Sodium dodecyl sulphate NaDS (Fluka puriss) was crystallised twice in ethanol and 
dried under vacuum for at  least 24 h before use. All solutions were prepared by twice 
redistilling good distilled water over alkaline KMnO,. The solutions were kept a t  a 
constant temperature for about 2 h in a thermostat. The densities used (Table 1 )  were 
taken from Ref. 11.  These were reportedly measured using a vibrating tube flow 
densimeter" (Sodev Inc; model 03 D) sensitive to 3 ppm. 
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SOClND VELOCITY IN AQUEOUS SOLUTIONS 105 

A multifrequcncy ultrasonic interferometer (M-83, Mittal Enterprises, New Delhi), 
operating at a frequency of 4 MHz, was used to measure the ultrasonic velocity of the 
aqueous solutions of NaDS at a constant temperature i.e. 298.15( 0.01)K. The 
maximum uncertainty of velocity results was i- 0.021.. 

METHOD OF C'ALCULATION 

The intermolecular free length L ,  has been evaluated by the thermodynamic method 
of Eyring and Hir\chfeldcr" using the following equations: 

L ,  = ( 2  Vtr),  Y 

V a  = VT - V, 

V) = V,[l ~ ( T / T ) " 3 ]  

where Vtr is the available volume, V ,  is the molar volume at temperature 7; T, is the 
critical temperature and Yis the surface area per mole given by: 

Y =  [ 3 6 7 ~ N V ; ] '  (4) 

where N is Avogadro's number and V, is the molar volume at 0 K .  The theoretical 
values of adiabatic compressibility and ultrasonic velocity were then computed: 

/j = L;. K 

where K I S  the tempcraturc dependent Jacobson's constantI3 and p is density of the 
so I u t i o 11s. 

The theoretical and experimental values of several other acoustic parameters viz. 
specific acoustic impedance Z, solvation number Sn, molar sound velocity R and 
apparent molal compressibility OK, have been evaluated using the following well- 
known relationships : 

z = { ) I '  (7) 

Sn = - ( / ) K , ' l $ / j o  (8) 

where F,, /{,,, p , ,  ;ire the molar volume, adiabatic compressibility, density of solvent 
and A! is thc m o l a r  wcight of the solute. 
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I06 A. KUMAR 

RESULTS AND DISCUSSION 

Theoretical values for intermolecular free length 4 have been computed by the 
thermodynamic method of Eyring and Hirschfelder12 employing Eqs ( 1  -4). The 
theoretical values for ultrasonic velocity u,heo were then evaluated from free length 
theory (FLT) of Jacobson using Eqs (5) and (6) .  The values for these parameters are 
recorded in Table I .  Employing Eqs (7-lo), the theoretical and experimental values 
for several other acoustic parameters were subsequently determined. 

The variation of ultrasonic velocity with concentration (du/dC) depends on the 
concentration derivatives of density and adiabatic compressibility: 

The derivatives c'p/c?C and ?/?/c?C are opposite in sign with the latter negative and 
numerically larger. Thus the velocity usually increases with increasing concentration. 
However, the data for both theoretical and experimental velocity decrease with 
increasing NaDS concentration (Figure I) .  The mathematical explanation for the 
decrease in velocity with concentration lies in the fact that the magnitudes of the terms 
((7p/c?C) and ( d p / K )  are such that the velocity decreases. The studies'"'' explicitly 
show that the ultrasonic velocity of salts involving heavy metal cations decreases with 
concentration. 

I t  is found that theoretical velocity ulheo decrease linearly while experimental 
velocity rexp show a dip at 0.390 moles Kg- in velocity versus concentration curve for 
aqueous solutions of NaDS at 298.1 5 K (Figure 1). Similar dip in the vicinity of 0.390 
moles Kg-  I is observed when theoretical data for both adiabatic compressibility /Ilhro 
and intermolecular free length btheo were plotted as a function of surfactant 
concentration (Figure I ) .  These plots (Figure 1) when extrapolated to zero NaDS 
concentration gave pure solvent values (un  = 1960 ms-', Po = 2.614 x lo-"' m2 
N- I )  in accordance with their experimental values (iin = 1960 ms-', /lo = 2.613 m2 
N - ' )  indicating that NaDS molecules do not aggregate to an appreciable extent 
below 0.390 moles Kg-l. Both the velocity data (Figure 1 )  differ by 0.20:: and 
"[bet, > urXp. On the other hand, the theoretical and experimental adiabatic compressi- 
bility vary by 0.39':,, while a variation of 0.27% is observed between theoretical and 
experimental data for intermolecular free length. The experimental data for both 
adiabatic compressibility and intermolecular free length are higher than their respec- 
tive theoretical values i.e. /Iexp > /jlheo and L, exp  > L,  ,heo. 

Apparent molal compressibility 4 K ,  apparent molar volume 4" and adiabatic 
compressibility P are all related to the solute concentration C by the following well- 
known relationships: 

O K  = 4; + S,C"2 

4,. = 4;; + S " P 2  

= fln + AC + BC3'2 
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Figure 1 Plots of theoretical and experinicntal data for ultrasonic vclocity. intermolecular free 
length and adiabatic compressibility as  a function of concentration of aqueous solutions of 
NaDS at 298.15 K .  

where S, (1.0 x S,. (60.4) and B (13.6 x 10- ‘ I )  are the slopes of + K  versus C”’, 
$,, versus C”’ and (Bthro - BO)/C versus C”’ plots while 4; (-40.6 x 4: 
(237.70) and A( - 31.2 x lo-’’) are their intercepts (Figure 2 ) .  The values ofconstant 
A and B(-31.2 x lo-’’  and 13.6 x lo -”)  obtained for NaDS at 298.15K are 
consistent with A = (4 since it 
follows from thermodynamics that 

I t  is observed that these plots (Figure 2) are not linear. The departure from linearity 
predicted by Eqs (12-14) may be ascribed to the stepwise dissociation or association 
of NaDS in water at the experimental temperature. Khare” ascribed the change in 
slope of @ k  versus C”’ plots for NaHSO, to the further dissociation of HSO, into H +  

-- B,+,) x l op3  and B = (S, - post,) x 
= Po for dilute solutions. 
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Figure 2 Plots of theoretical and experimental data for apparent rnolal compressibility and 
(/I,,,,, - /j,,),'C as ii function of square root of concentration of aqueous solutions of NADS a t  
298. IS K .  

and SO:- at low concentrations and not to a gradual shift predicted by Debye- 
-Hiickel theory. The decrease in /I and increase in ( P K  (Table 1)  with concentrations 
may be explained on the basis of close-packing of ionic head groups in the micelles, 
resulting in an increase in ionic repulsion and, finally, internal pressure. The 
theoretical and experimental molal compressibility (Figure 2) may vary by 62 7, .  

The increase in the values of specific acoustic impedance Z with NaDS concentra- 
tion, can be explained on the basis of hydrophobic interaction between NaDS and 
water molecules, which increases the intermolecular distance, leaving relatively wider 
gaps between the molecules and thus becoming the main cause of obstruction to the 
propagation of ultrasound waves. I t  is observed that theoretical and experimental 
acoustic impedance (Figure 3) may vary by 0.22 %. 
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SOI!ND VELOCITY IN AQUEOUS SOLUTIONS 109 
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Figure 3 Plots or theoretical and experimenial daia Tor specific acoustic impedance. molar 
sound vclocily and solbution numhcr as a function or concentration or aqueous solutions or 
NaDS ;it 29X.15 K. 

The molar sound velocity R decreases with concentration and the value for the 
ratio: p(r,,)1'3/p,,(r)1 '3, evaluated at  298. I5 K for N a D S  in water increases linearly 
wi th concentration (the rat io varies f rom 5.50 x over the entire 
range of N a D S  concentration) in accordance with the results found for several 
sulphatesl" and hydroxides". Similar results were observed by Subrahamanyam er 
d'. The increase in the ratio: p ( ~ ~ ) " ~ / p ~ ( a ) ~ ~ ~ .  produced by the ionic solutes was 
ascribed to the strong interaction of the ions wi th the solvent molecules. Both 
theoretical and experimental molar sound velocity (Figure 3) difier by  0.07"" and 

The values o f  Sn (Table I )  correspond to the number o f  water molecules in the 
primary hydration sheaths o f  the ions. The values of Sn are in good agreement w i th  
orher hydration numbers in the literalure'".'s.2"--2' . I t  is found (Figure 3) that both 
theoretical and experimental data for solvation number may differ by 62",. 

to 6.33 x 

Rtheo ' Rxp. 
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