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ABSTRACT

Ultrasonic is a versatile and non-destructive technique and highly useful for the investigation of various
physiochemical properties. Surfactants play an important role as cleaning, wetting, dispersing and emulsifying and
foaming agents in many applications and products including detergents, fabric softeners. Sodium dodecyl sulphate,
selected for present study is an anionic type surfactant extracted from inexpensive coconut and palm oils. In order
to increase the efficiency of surfactant, detergent builders are used. Builders are used as water softeners, which
binds and extracts the cations especially calcium and magnesium ions present in the wash solutions, thereby
increasing the faster removal of stains from the clothes. Typical builders chosen are sodium carbonate and sodium
silicate. Sodium carbonate can be used to remove grease, oil and tough stains by preventing the bonding of hard
ions with detergent. Sodium silicate when used along with the detergent, their granules gain the ruggedness from a
coating of silicates. This study is an attempt to find the better surfactant combination among the two builders. In
recent years, the studies of acoustical parameters of solutions have been found to be useful in understanding the
molecular interaction between the surfactant and builder molecules in the solutions. The accurate measurement of
ultrasonic velocity, density and viscosity of builder solutions in agueous sodium dodecyl sulphate (10 mm) solution
at different temperatures and derived parameters such as adiabatic compressibility (B), intermolecular free length
(Ly), specific acoustic impedance (z), relaxation time (1), relative association (R ), absorption coefficient (a/f?) will
provide information regarding the various interactions. Correlating the strength and type of interaction between the
surfactant and builder combinations, the stain removing capacity of the surfactant solutions can be interpreted.
Though the adiabatic compressibility values for both the system decreases with respect to concentration, the fall in
B is more in sodium silicate compared to sodium carbonate. This confers that, among the two builders used, sodium
silicate which removes the stain by means of ion-exchange mechanism seems to be better than sodium carbonate
which works by precipitating. Sodium silicate also decreases the corrosion inside the washer. This kind of study
becomes important since it provides welfare for both human and environment.

KEY WORDS: Sodium dodecyl sulphate, sodium silicate, sodium carbonate, adiabatic compressibility, acoustic
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1. INTRODUCTION

The ultrasonic velocity along with density and viscosity furnish wealth of information about the interaction
between ions, dipoles, hydrogen bonding, multi-polar and dispersive forces. The ultrasonic study of surfactant
becomes essential to know its effectiveness of stain removal from the clothes. Number of workers has reported the
ultrasonic studies on different types of soaps and detergents. Detergents, household and personal products account
for over half the use of surfactant. The anionic surfactant sodium dodecyl sulphate chosen is the most common
surfactants in laundry detergents. They are highly effective at emulsifying oil and clay soils. Builders enhance the
action of surfactants. Builders are used to soften water, to help disperse soils, prevent their redeposition out of
solution, and to provide alkalinity, which assists the dissolving of oil-based soils. The calcium and magnesium
contained in hard water can react with anionic surfactants, causing them to work less efficiently or to precipitate
onto fabrics or the inside of the washing machine. Ca?* can also hinder stain removal by binding soils to the fabric.
Thus hard water hinders the action of surfactant. The inclusion of builders with surfactants softens water by
complexing with Ca?* and Mg?*. When these cations are complexed with the builder, they do not interfere with the
action of surfactants. So, the knowledge regarding the nature of surfactants combined with builders is essential and
driving force for detergent usage in various fields. Studies involving density and ultrasonic velocity measurements
are important for the elucidation of ion-solvent, ion-ion, and solute-solvent interactions in the solutions. Hence, an
attempt is made to calculate the various acoustical parameters of aqueous sodium dodecyl sulphate along with the
builders sodium carbonate and sodium silicate.

JCHPS Special Issue 11: October 2015 www.jchps.com Page 59


http://www.jchps.com/

International Conference on Recent Advancements in Materials
(ICRAM) 2015

Journal of Chemical and Pharmaceutical Sciences ISSN: 0974-2115

2. MATERIALS AND METHODS

AnalaR grade samples of sodium dodeyl sulphate, sodium carbonate and sodium silicate procured from
reputed companies were used for the present investigation. 10 mm of sodium dodecyl sulphate is added with
builders sodium carbonate and sodium silicate at different concentrations (2mm to 14mm). Ultrasonic velocity is
measured using an ultrasonic interferometer (Mittal Enterprises, New Delhi, Model F-81D) with fixed frequency 2
MHz. Density and viscosity are measured using specific gravity bottles and Ostwald viscometer respectively at
various temperatures with digitally operated constant temperature bath.
Theoretical formulations: The following acoustical parameters were calculated from Jacobson’s relation using
the velocity, density and viscosity values.

I.  Adiabatic compressibility B = (1/U%) Kg'ms? -------- (1)
Il.  Intermolecular free length Lr = (K *B¥?) 10— (2)
I1l.  Specific acoustic impedance z =U*p Kgm?2s?t--mmmme (3)
IV.  Relaxation time T = @4/3)*B*q e 4
V. Relative association Ra=(p/po) * (U/U) e (5)
VI.  Absorption coefficient o/f2 = (8*n?*1)/(3*p*U?) 1 R — (6)

Where, U=ultrasonic velocity (m/s), p=density (Kg/m®), n=viscosity (Kgm?s'), K=temperature dependent
Jacobson’s constant, Vim= molar volume (m?), V,= available volume (m®), ® = 2xnf

3. RESULTS AND DISCUSSION

The calculated parameters such as adiabatic compressibility, intermolecular free length, specific acoustic
impedance, relaxation time, relative association, absorption coefficient were presented in table — 1.

From the table it is observed that the values of adiabatic compressibility decreases with increasing molality
of sodium silicate and sodium carbonate in agueous SDS as well as with rise of temperature. The increasing
electrostrictive compression of water around the molecules may result in decrease in the compressibility of the
surfactant solution. When an ion is added to a solvent, it attracts certain solvent molecules towards itself by
wrenching the molecules from bulk compressibility of the solvent. This decrease may be due to the decrease in
hydrogen bond strength formed by builder and surfactant molecules. The fall in the value of B for sodium silicate
is more compared to sodium carbonate, which may be attributed by the greater departure of solvent (aqueous SDS)
molecules around the silicate ions than carbonate ions.

The intermolecular free length shows the reverse trend as that of B with respect to temperature. According
to Eyring and Kincaid model for sound wave propagation, the intermolecular free length decreases as the velocity
value increases. This is further supported by the expected decrease of B with increased molality of surfactant,
signifies the probable interaction between the solute and solvent. The decreasing values of Lsshow the less
compressible phase or closer packing of molecules. When an acoustic wave travels in a medium, there is a variation
of pressure from particle to particle. The ratio of the instantaneous pressure excess at any particle of the medium
to the instantaneous velocity of that particle is known as acoustic impedance of the medium. Increasing values of
acoustic impedance with concentration and temperature are an indicative of the increase in intermolecular forces
with the addition of builder molecules with surfactant because of aggregation of solvent molecules around solute
ions, which induces strong solute-solvent interactions affecting structural arrangements. Further, the linear
variation and higher values of Z in sodium silicate solution confirms the stronger interaction occurs between the
silicate and surfactant ions.

Relaxation time is the time taken for the excitation energy to appear as translational energy and it depends
on temperature and impurities. Relaxation time and absorption co-efficient have nonlinear variations in both the
systems, which may be due to the structural stabilizing behavior of the solute molecules. Hence the formation of
hydrogen bonding and complex formation occurs between the hydroxyl group -OH of water and —CH group of
SDS, with Na*, COs" ions of sodium carbonate and SiOs- ions of sodium silicate. This nonlinear trend in relaxation
time and absorption coefficient in both the systems indicates the instantaneous conversion of excitation energy to
translational energy, when temperature is increased.

Relative association is also a measure of strength and nature of the intermolecular interactions. For the
builder solutions combined with aqueous SDS, the Ra value decreases with respect to concentration which may be
conferred by the decreased association between the surfactant and builder molecules at higher concentration, or to
increased solvation of ions. The decreasing behavior is more in sodium silicate than sodium carbonate.
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Table.1.Acoustical parameters of sodium dodecyl sulphate (10 mm) with different concentrations of
Builders sodium carbonate (2mm to 14 mm) and sodium silicate (2mm to 14 mm) at various
temperatures (298°K to 328°K)

Con B*10710 Li*101 Z*10° T *107% Ra a/f2*10
mm (Kg'ms?) (m) (Kgm?s™) ©) (m's?)
298° K
Na,COs Na28i03 Na,COs3 NaZSiO3 Na,COs3 NaZSiO3 Na,COs3 Na28i03 Na,COs3 Na28i03 Na,COs NaZSi03
2 4.4835 4.4374 4.2031 4.1814 1.4929 1.5004 5.3658 5.5125 1.0033 1.0012 7.0823 7.2371
4 4.4469 4.3781 4.1859 4.1534 1.4992 1.5107 5.4062 5.4889 1.0022 0.9992 7.1071 7.1585
6 4.4148 4.3417 4.1708 4.1361 1.5050 1.5173 5.4285 5.5313 1.0016 0.9983 7.1126 7.1853
8 4.3613 4.3056 4.1454 4.1188 1.5145 1.5240 54121 5.5077 0.9999 0.9974 7.0490 7.1264
10 4.3185 4.2364 4.1250 4.0856 1.5224 1.5368 54131 5.4570 0.9990 0.9953 7.0179 7.0057
12 4.2548 4.2062 4.0945 4.0710 1.5341 1.5428 5.3832 5.4826 0.9971 0.9949 6.9290 7.0157
14 4.2035 4.1514 4.0697 4.0444 1.5448 1.5541 5.3967 5.4677 0.9971 0.9944 6.9103 6.9560
308° K
2 4.3706 4.3273 4.2126 4.1916 1.5092 1.5163 4.2226 4.2367 1.0016 0.9993 5.4925 5.4819
4 4.301 4.2691 4.1789 4.1634 1.5216 1.5270 4.1788 4.2680 0.9993 0.9976 5.3929 5.4864
6 4.2644 4.2088 4.1611 4.1339 1.5287 1.5388 4.2769 4.2627 0.9986 0.9966 5.4979 5.4441
8 4.2324 4.1858 4.1454 4.1225 1.5352 1.5433 4.2978 4.2606 0.9986 0.9961 5.5068 5.4273
10 4.2145 4.1578 4.1366 4.1087 1.5388 1.5487 4.3190 4.2643 0.9983 0.9952 5.5232 5.4146
12 4.1802 4.1192 4.1198 4.0896 1.5454 1.5562 4.3401 4.2560 0.9974 0.9941 5.5287 5.3798
14 4.1414 4.0860 4.1006 4.0731 1.5538 1.5628 4.2795 4.2931 0.9977 0.9932 5.4304 5.4059
318° K
2 4.3196 4.2945 4.2503 4.2379 1.5151 1.5189 3.4718 3.4551 1.0024 1.0006 4.4804 4.4443
4 4.2676 4.2304 4.2246 4.2062 1.5245 1.5310 3.4830 3.4588 1.0008 0.9989 4.4685 44174
6 4.2322 4.2021 4.2071 41921 1.5313 1.5363 3.4924 3.4878 1.0000 0.9981 4.4633 4.4400
8 4.2122 4.1634 41971 41727 1.5356 1.5436 3.5063 3.4984 1.0002 0.9968 4.4722 4.4335
10 4.1841 4.1410 4.1830 4.1614 1.5410 1.5480 3.5325 3.5104 0.9994 0.9962 4.4911 4.4374
12 4.1507 4.1076 4.1663 4.1446 1.5474 1.5546 3.5696 3.5194 0.9984 0.9954 4.5208 4.4316
14 4.1273 4.0541 4.1546 4.1176 1.5521 1.5651 3.6029 3.5060 0.9980 0.9937 4.5513 4.3867
328° K
2 4.2691 4.2400 4.2873 4.2727 1.5200 1.5255 3.0075 2.9918 1.0012 1.0004 3.8485 3.8160
4 4.2392 4.1523 4.2723 4.2283 1.5258 1.5418 3.0345 3.0544 1.0006 0.9973 3.8704 3.8560
6 4.2046 4.1119 4.2548 4.2077 1.5324 1.5500 3.0509 3.0516 0.9998 0.9967 3.8763 3.8352
8 4.1928 4.0640 4.2488 4.1831 1.5348 1.5593 3.1345 3.0545 0.9996 0.9951 3.9775 3.8170
10 4.1586 4.0309 4.2315 4.1660 1.5415 1.5662 3.1660 3.0614 0.9988 0.9944 4.0020 3.8111
12 4.1230 4.0087 4.2133 4.1545 1.5488 1.5709 3.1794 3.0685 0.9984 0.9940 4.0035 3.8104
14 4.1045 3.9818 4.2039 4.1405 1.5528 1.5765 3.2248 3.0915 0.9985 0.9934 4.0529 3.8268

4. CONCLUSION

A systematic study of builders sodium carbonate and sodium silicate combined with the aqueous sodium
dodecyl sulphate has been carried out at different temperature and concentrations. In conclusion, it is noted that the
concentration, nature of solute, solvent and their intermolecular bonding plays an important role in determining the
various interactions existing in these surfactant solutions. The calculated values of all the acoustical parameters
inferred that the above parameters are highly affected by the sodium silicate than that of sodium carbonate builder.
Sodium silicate especially has the property to reduce the corrosion inside the washer. Hence, the sodium silicate
when added to aqueous SDS surfactant solutions works better to remove the stains effectively from the fabrics.
These conclusions have given scope for further studies of thermodynamical and solvation properties for these
systems.
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