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The adsorption showed “co-operative” adsorption, typical 
for hydrophilic substrates where no appreciable amount of 
surfactants adsorbs until a threshold bulk concentration is 
achieved. The adsorption took place in a very narrow re-
gion between 3x10-5 and 9x10-5 M (the latter being CMC). 
Above CMC the adsorbed amount hardly changed as a re-
sult of the saturated monolayer. The adsorbed mass turned 
out to be rather high, compared to previous reports (see 
Figure 3, blue circles). “To evaluate the amount of bound 
water we used the data published by Penfold et al. obtai-
ned with specular neutron reflectivity. This technique, due 
to the opportunity of using contrast matching, is the golden 
standard for measuring the adsorption onto either solid or 
liquid interfaces,” Petkov adds. In order to quantify water 
content, the group assumed that all bound water was due to 
the hydration of the polar heads of the non-ionic surfactants 
(see Table 1).

The results show that a significant amount of water mole-
cules contributed to the mass of the surfactant film. Upon 
addition of electrolyte (KBr) to the system, the number of 
water molecules bound to the surfactant decreased (from 
5.5 to 3.7 per ethylene glycol group). This was in line with 
the effect of the electrolyte on the cloud point in turn affec-
ting the number of water molecules linked to the polar head 
of the surfactant. It was also in agreement with previous 
NMR studies. Subtracting the amount of water from the to-
tal mass registered by the QCM-D, provided the Unilever 
group with the adsorption profile of the surfactant at these 
specific conditions (see Figure 3, red circles). The results 
were in very good agreement with published data obtained 
by in situ null ellipsometry.

Conclusions
Jordan Petkov concludes, “QCM-D is a very sensitive tool 
that is capable of registering the amount of bound water 
provided that independent set of data for the same system 
exist [from a complementary technique]. The presented 
work estimated the amount of bound water by comparing 
series of experimental data produced by using QCM-D and 
specular neutron reflectivity. The calculations showed that 
the amount adsorbed if measured by QCM-D could be more 
than 50% higher than the real number of surfactant mole-
cules present at the interface.” After taking into account 
the water, the data were in good agreement with previously 
published results. This approach can be used for charac-
terising the water binding with different surfactant and po-
lymer systems. The availability of new sensors with different 
surface characteristics will also boost the use of QCM-D in 
different areas he believes.
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Fig.2  Adsorption isotherms of C12EO6 obtained with two 
different experimental protocols (see text for details). 
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Fig.3  Isotherms of C12EO6 before and after correction 
for bound water. 
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Table.1  Summary of adsorption results for a system con-
taining C12EO6 at different experimental conditions. 
(a) Ref. [2002], (b) Ref. [1997]

	 System	 pH	K Br	  [mole/cm2]	  measured	 H2O per C12EO6 
			   [M]		  [mole/cm2]	 molecule

	C 12EO6	 2.4	 0	 3.4x10-10(a)	 7.9x10-10	 33

	C 12EO6	 2.4	 0.1	 4.88x10-10(b)	 9.2x10-10	 22




