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Exercise 25

a)

Calculating the ionic strength for the three pH cases gives:

pH = 2 corresponds to 102 M of HCI
| (HCI)=0.5x1%2x0.01 +0.5x 12x0.01 =0.01 M

In the pH = 7 case, the solution contains 102 M of NaCl
I (NaClatpH7)=0.5x12x0.01 +0.5x12x0.01=0.01 M

pH = 12 corresponds to 102 M of NaOH
| (NaOH) =0.5x12x0.01 +0.5x12x0.01 =0.01 M

The SiO; surface is not charged at pH = 2. With increasing pH, the SiO, surface becomes
increasingly negatively charged due to the deprotonation of the Si-OH groups. In absence of
specifically adsorbed ions, the larger the surface charge density, the higher the surface
potential, regardless of the model used to estimate the surface potential. However, at very
high pHs, there could be a competition between the increase in surface charge density due
to the deprotonation reaction and a compression of the Stern layer due to the high
concentration of NaOH that is not consumed in the deprotonation reaction. The latter effect
would decrease the surface potential. This is not visible in Fig.2 up to pH = 12.

The average surface charge density is zero at pH = 2, but the local surface charge density
can be very different. This reflects how heterogeneous “real” surfaces can be.

The experiment shows that the structure of the capillary is heterogeneous on a micron length
scale, with patches that have vastly different surface potentials, and as a consequence,
different surface chemical reaction equilibria constants for the deprotonation reaction. This
shows there is a complex surface charge distribution varying across the interface that drives
an ionic flux (of all ionic species) along the surface plane. This ionic flux in turn influences the
chemical conversion of the silica groups with pH change. The establishment of the local
chemical reaction equilibria occurs on a much slower time scale than the timescale of the
liquid refreshing at every point of the system. Areas with a high reactivity will convert more
quickly into other species (high energy states are shorter lived). These higher energy states
exist on a 1s timescale, but they vanish over a 5s timescale.



