[bookmark: _GoBack]Silane Functionalisation of Silicon
Procedures and Advice

1. Piranha Cleaning the surfaces (for both solution and vapour phase deposition)

[Caution piranha solution is very exothermic and corrosive, chill everything before use and mix slowly over ice. Leave to cool afterwards and then dilute before disposal]

The surfaces were placed into a 3:1 (v/v) mixture of 98% sulphuric acid and 30% hydrogen peroxide (12 mL in total), on ice, for 20 minutes, then rinsed with deionised water and dried in a gentle stream of dry nitrogen (chase off water droplets rather than trying to evaporate them, as this can leave behind contaminants).

1. UV/ Ozone cleaning surfaces (for both solution and vapour phase deposition)

As an alternative to piranha solution cleaning, I tried UV/ Ozone cleaning, as it introduces bound hydroxyl groups (and other reactive oxygen containing species) onto the surface, which are required for the further surface modification. It was proposed that the acidic conditions used in piranha cleaning could be resulting in protonated hydroxyl groups on the surface and this could be hindering the silane attachment, whereas UV/ Ozone generates deprotonated hydroxyl groups, which may react better with the silanes. However I didn’t find any real improvement to my surfaces when using the UV/Ozone cleaning in place of piranha solution; although it has the obvious benefits of removing the need to have corrosive piranha solution in the lab. The use of UV/ Ozone cleaning, in place of the piranha cleaning, had no effect on the resulting silanisation, as seen by DSA and ellipsometry. Additionally, using the two methods in tandem (piranha clean then UV/ Ozone clean) also produced no differences in surface thickness or uniformity. Should you wish to give it a go, I’ve listed my procedure below. 

The UV/Ozone cleaning process was carried out using a Novascan PSD-UVT, which contains a Hg lamp (185 nm and 254 nm, 20 mW/cm2) as the UV source. The samples are placed in the sealed, air-filled chamber at a distance of 25 mm from the lamp. The 185 nm wavelength photons are absorbed by the atmospheric oxygen within the chamber, which forms O3. The 254 nm wavelength photons are absorbed by the O3 and by the hydrocarbons, which results in their decomposition. When the O3 decomposes, atomic oxygen is formed and it is this very reactive species that is the main oxidising agent. The surfaces were treated for either 5 or 10 minutes and then immediately removed and functionalised with the silane of interest.

2. [bookmark: _Toc377137633]Solution Phase Silanization

Immediately following the cleaning process, the samples were immersed into a (3-(Trimethyoxysilyl) propyl acrylate (5 mL, 2 % v/v in toluene, 2 hours, RT), washed with toluene (5 x 2 mL) and water (5 x 2 mL), then blown under a stream of nitrogen until dry. This process applied to the glass slides and the silicon wafers.

3. [bookmark: _Ref376617994][bookmark: _Toc377137634]Vapour Phase Silanisation

When initially trialled in the standard lab desiccator, it was found that the pressure could not be reduced and then subsequently held at this reduced pressure sufficiently. After 1 hour no silane layer was observed by ellipsometry, after two, three and 24 hours a silane build up was observed only around the perimeter of the wafers (as observed by ellipsometry). The thickness of this layer ranged from 2.5 to 6.5 nm. When a new desiccator, with a better seal, was used the typical silane thickness was 15 nm and this was uniform across the surface. This was comparable to the thickness achieved using solution phase silanisation. Lots of work in the Hatton Group looks at the effect of the vacuum pressure on resulting silane thickness and coverage, if that is of interest to you. Their papers can be found here http://www2.warwick.ac.uk/fac/sci/chemistry/research/hatton/hattongroup/publications/

As with the solution phase silanisation, the samples from piranha or UV/ Ozone cleaning were immediately silanated, in order to prevent any contamination to the cleaned surface. They were transferred to an empty, clean desiccator in which was placed a small watch glass containing 3 drops of the silane. The desiccator was then put under vacuum, exposing the surfaces to the vapour of 3-(Trimethyoxysilyl)- propyl acrylate at 5 mbar for 4 hours. 

4. [bookmark: _Toc377137620]General advice for Optimising the Silanisation Process

· Sonication, for cleaning purposes (e.g. to remove excess sticky build-up), at any stage should be avoided as it can disrupt the silane crosslinking and result in detachment of the bound layer. 

· Rinsing the silanated samples with toluene is sufficient to remove any unbound silane.

· Water should always be used for the final washing step, regardless of the solvent used in the previous steps. This is because care must be taken to chase off the water droplets from the surface when conducting the final rinse, in order to prevent evaporation from the surfaces. 

· Use of standard, regularly used laboratory ethanol and deionised water wash bottles resulted in visibly inhomogeneous surfaces, as any contaminants stick so readily to the cleaned surfaces. Specific wash bottles, used only for surface rinsing should be designated and kept solely for this purpose. Also, make sure all the glassware is perfectly clean, giving it a rinse with the leftover piranha solution after you’ve finished using it for the surfaces is a good idea. All of these points made a huge difference to the uniformity and thinness of my silane layers for the solution phase process! 

· I found curing to be unnecessary for these samples. No difference was observed in silane layer thickness or stability if cured in the vacuum oven overnight prior to measuring. 
