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Sol-Gel Silica: Nanoarchitectures of Being and Nothingness

Implementation Notes

Sol-gel synthesis

Initially, the reaction mixture is composed of two immiscible liquids and must be stirred until the layers mix to form the sol.  The base-catalyzed reaction is fairly tricky, and the addition of the NH4F is absolutely key to getting it to work.  I made up the 0.5 M aqueous NH4F solution ahead of time and stored it in a plastic bottle.  Without the NH4F, the layers never mix, and the result, left to gel forms two different kinds of solid, one opaque and “foamy” and one transparent.  With the NH4F, the two layers mix typically in under an hour.  The sol must be transferred relatively quickly to the polypropylene vials as it will quickly gel once the stirring stops.  I had at least one student have the reaction gel on her while still in the Erlenmeyer flask, turning the whole thing into a solid!  The acid-catalyzed reaction takes a bit longer to mix the two layers, and it will typically not gel at room temperature.

Only a tiny, tiny amount of dye is needed.  If too much is used, it will not all dissolve in the sol.  Also, the color changes in the pH sensing are more dramatic and more easily visible if the dye is not highly concentrated.  The Congo Red dye is insoluble in acid solutions, so when the acid sol is added to the dye-modified gel pieces, some of the dye will tend to precipitate out as dark blue particles.  However, if there are visible occlusions of the dye that remain in the gel particles, the pH sensing still works reasonably well.

Many of the students forgot to come back and retrieve their samples from the 60˚C oven after 2 days, and instead left the gels in to age at 60˚C for a week.  This caused considerably more shrinkage and hardening of the gels compared to the samples that were aged at room temperature.  Also, typically the acid-catalyzed gels exhibit more shrinkage compared to the base-catalyzed gels, which showed very little shrinkage for the samples aged at room temperature.  For the samples with little shrinkage, the wet gels can be very difficult to remove from the polypropylene vials in one piece.  We also found that the pure silica gel is much more fragile than the dye-modified samples and the base-catalyzed sample of pure silica gel usually shattered into many small pieces in the removal process.

pH Sensing

For the vapor-phase sensing, I used a closed dessicator with a small beaker of either concentrated HCl or concentrated aqueous ammonia in the bottom under the ceramic tray.  It turned out that I used one large dessicator in one case and two smaller dessicators for the other case.  The size of the dessicator definitely had an impact on how quickly the gaseous atmosphere would saturate and thus the time required for observing color changes after introducing new samples would vary quite a bit.  Next time, I would try to create more similar environments for comparison purposes.  For the liquid sensing, choose whatever pH buffers are handy and that are compatible with the color change range of the two dyes.  Congo Red changes from blue to red over the pH range of 3.0 to 5.2.  Bromothymol blue changes from yellow to blue over the pH range of 6.0 to 7.6.
