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DINAMIC SURFACE TENSION MEASUREMENTS OF
DIBUTYLSULFOXIDE AQUEOUS SOLUTIONS

A maximum bubble pressure method has been used to study dynamic surface
tension, y(¢) of dibutylsulfoxide aqueous solutions at 0,0004-0,24 M concentration
range. The y(f) decays were measured in the range of 30 ms to 60 s and analyzed
in term of asymptotic solutions to the Ward and Tordai equation. The adsorption
model provided by diffusion was applied to describe the surface mass transfer
process and to predict the dynamic surface tension.

Introduction. The surface tensions of binary mixtures dimethylsulfoxide
(DMSO)+water, diethylsulfoxide (DESO)+water, dipropylsulfoxide (DPSO)+wa-
ter and diisopropylsulfoxide (DiPSO)+water have been recently determined at
different temperatures [1]. Meanwhile the aqueous solutions of dibutylsulfoxide
(DBSO), although its restricted solubility in water (up to 7 wt.%), have some
practical application. A thermal ink jet printing composition contains DBSO which
demonstrates rapid penetration properties that can be used for full color printing
[2]. In addition, since inking processes operate under dynamic conditions, then
surface tension measurements, determined within short time spans (milliseconds to
seconds) are often more informative than equilibrium values.

The dynamic surface tension (DST or y(¢)) is the important property as it
governs many important industrial and biological processes [3].

The maximum bubble pressure method (MBPM) is one of the most popular
methods currently used to study the dynamic surface tension of surfactant
solutions. This is shown by the number of published reviews [4-6] and original
studies [7-10].

The surface composition depends on the surface mass transfer. One can then
obtain estimates of the overall mass transfer across the interface and hence the
surface composition. The diffusive mass transfer of small surfactant molecules
from the liquid to the liquid—gas interface has been determined to be a dominant
factor, because of the significant difference in diffusion coefficient between the
liquid phase and the gas phase.

For relatively small surfactant molecules, diffusion from the bulk liquid to
the interface is often the rate-determining step, and the mechanism underlying
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dynamic surface tension is diffusion-controlled. A measurement of surface tension
will allows us to evaluate the surface mass transfer and further to deduce the
mechanism of the DBSO adsorption.

Materials and Methods. All solutions were prepared by weigh using
bidistilled water. Dibutylsulfoxide was synthesized and purified according to the
literature [11]. The concentration of DBSO was varied from 0,0004 to 0,24 mol/l
(total 11 values). Surface tension measurements were performed using the
SITA t60 tensiometer (SITA science line t60, Messtechnik, Germany), which
employs the maximum bubble pressure method. From the measured maximum
pressure (P) the surface tension can be calculated employing Young—Laplace
equation: y=Pr/2, where r is the radius of capillary. Detailed instrument design and
experimental procedure have been described elsewhere [12].

DST measurements were conducted at temperature 25°C at bubble lifetimes
in the range of 30 ms to 60 s per bubble (it gives corresponding surface ages for
surfactant-like molecules to adsorb to the liquid-air interface). The instrument was
calibrated using water, and a surface reading of 72,8+0,1 (mN/m) was regarded as
accurately standardized. The temperature was controlled using MS LAUDA
thermostat with the precision of £0,1 (K).

For neutral molecules the surface tension decay y(f) for long times
approximations have been given by Miller et al. [9] as

RTT*( 7 )"
1) =1t (2] (n

2¢ \ Dt
where y,, is the equilibrium surface tension. The parameters ¢, /" and D represent
the bulk concentration, equilibrium surface excess, and monomer diffusion
coefficient of the surfactant.

The above mentioned equation has been used to describe our results with a
correlation coefficient R equals to 0,9+0,05.

Results and Discussion. Example of y(f) decays is shown in Fig. 1 for
solutions of DBSO. These data are representative for all solutions. As it follows
from this Figure, only for the lowest concentration of DBSO (0,0004 mol/l)
the initial surface tension does not significantly deviate from the surface
tension of water: the decay of surface tension actually starts from the value y, for
pure solvent. Whereas for the other (intermediate and highest) concentrations at the
shortest possible measuring lifetime of bubble (30 ms), the tensions were already
lower than the solvent value y,. Therefore, one can conclude that at 30 ms a
significant amount of DBSO has already reached to surfaces. Obviously, these
results are due to the higher diffusion rate of the DBSO molecule to the air/water
interface.

For the investigated solutions the decrease of surface tension in time period
30-60000 ms is well described by the Eq. (1). Hence it is reasonable to assume that
the y(¢) decays are consistent with the diffusion controlled model.

Figure 1 shows the y(¢) decay as predicted by Eq. (1). Similar agreements
between the long time DST data and Eq. (1) were seen for all of the other
concentrations. The equilibrium values of surface tension calculated in this way are
shown in Fig. 2.
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Fig. 1. Dependence of surface tension on time of DBSO solution at concentrations (mol/l):
410 (1), 1-10° (2), 2:10° (3), 5-107%(4), 1-107 (5), 2,4-107 (6).
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Fig. 2. Dependence of equilibrium surface tension on concentration, calculated by the Eq. (1).

An important feature of diffusion-controlled adsorption kinetics is that, for
long lifetimes, the dynamic surface tension data from surfactant solutions linearize
when plotted as ¢ "% suggested by Eq. (1).

DST data for DBSO plotted vs ¢ varies linearly, which additionally prove
diffusion controlled mechanism of adsorption.
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It is interesting to note that the same mechanism is valid for aqueous
solutions of 1-octanol which has the same number of carbon atoms [13] as well as
for nonanol and decanol [14].

As it follows from Fig. 1, the surface tension decay does not remarkably
change with the increase of DBSO concentration. For DBSO, several seconds (2 s)
are required for the molecules to saturate the surface and the equilibrium achieved
within a shorter time scale.

Conclusions. The results of dynamic surface tension measurements of
DBSO solutions show that a significant amount of surfactant is already adsorbed at
the shortest possible measuring time (30 ms). The diffusion controlled adsorption
model is well applied to describing the surface mass transfer at long surface
lifetimes. These results indicate a fairly rapid initial reduction in surface tension.

This work was partially supported by the project ANSEF # 1534.
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Udthnthnid

Shpniphjunybopupnh (‘FRUO) 0,0004-0,24 /7 YnGghGumpughnl wmh-
pnypnud opwjhl mudonypltinh ghGwdhly dwitpunipwjhl jupjuonipnGitph
y(¢) munidGuwuhpnipjul hwiwp oquugnpoyty E wynuowyh dwpuhdw; aGydwb
utipnnp: p(¢)-h GJuqnuiGtpp swthyby GG 30 di-hg dhGsk 60 ¢ dwdwlGwlujhG
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wmhpnypmd b Gjupwagnyty 66 Dwpgh L Snpnbijh hwjwuwpdwl wuhdwunnmply
uoniGhpny: FhGuwdihy dwytplmpuyhl jupjuonipmGitpp ubunpn)tjne L
dwltiplnyp Gyniph mbnuithnfudw b wypngtiup Giupwqptnm hwdiwp Yhpwnyty £
nhdnighwny wyuwjiwGwynpjwo wnunppghwjh dnnbip:

A. M. TEP35H, III. A. MAPKAPSIH

N3MEPEHUE JTUHAMMWYECKOI'O [IOBEPXHOCTHOI'O HATAXKEHUA
BOJHBIX PACTBOPOB INBY TUICYJIbB®OKCUIA

Pe3zmome

MeTon MakCHMMajbHOTO JaBICHHS B Ta30BOM ITy3bIphKE OBLT UCIIOIH30BAH
IUIE  W3yYeHUS [WHAMHYECKOTO TIIOBEPXHOCTHOTO HATSDKEHUS )(f) BOTHBIX
pacTBOpoB AMOYTHICYIb(POKCHIA B KOHIEHTpaloHHoM uHTepBasie ot 00,0004
no 0,24 monw/n.

Cmapn y(¢) 6611 m3MepeH B auamnazoHe oT 30 uc 1o 60 ¢ 1 npoaHaNU3upPOBaH
¢ moMoIisio ypaBHeHHM Bapnma u Topaes. st onucanuss KWHETHKH ancopOIruy 1
NpeAcKa3aHusl MOBEPXHOCTHOTO HATSDKEHHs ObUIa MCIOJIb30BaHA aJCOPOIIMOHHO-
¢ dy3uOoHHAS MOJIEITh.
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