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Supplementary Material
II. Experimental
The apparatus described here needs to fulfill the following requirements: provide a substrate for growing vapor deposited films with temperature control from cryogenic temperatures to at least room temperature; deliver controlled amounts of various volatile substances to the substrate; be equipped with the means to record the generation of surface voltage; be able to trace molecules released in the gas phase for monitoring and calibration purposes. The exact chemical makeup of the substrate is of no significance, as long as it is electrically conducting to allow reliable voltage measurements.

Our apparatus has not been described in other publications, so it could be considered as new, although some of its major components are 20 years old or more.

A. Main chamber

The experiments presented in this paper were performed in a stainless steel, triple cross, high-vacuum chamber with six 15 cm diameter ports and three 7 cm diameter ports. The main components of this chamber are a platinum foil attached to the end of a refrigerator, a Kelvin probe, a mass spectrometer and a tube doser connected to a gas handling manifold. The bottom port and one side port are capped with windows to allow visual inspection of the interior of the chamber and checking manipulations.

The chamber is pumped by a turbomolecular pump (Leybold Turbovac 151) backed by a direct drive rotary pump (Edwards E2M8). Chamber pressure is monitored with a nude Bayard-Alpert type ionization gauge connected to a control unit (Granvill-Phillips L9). Typical chamber pressure with the refrigerator off is 0.6(10-8 mbar, which drops to 0.1(10-8 mbar at the lowest temperature. No electrons current was found to leak from the ion gauge to the vicinity of the sample and the Kelvin probe down to the sub-picoamp level.
B. Sample mount and refrigerator

A helium closed cycle refrigerator (Janis DE-202B with an APD compressor) is attached to the top of the chamber via a manually driven, fully rotatable, differentially pumped flange. A 38 mm ( 19 mm ( 0.09 mm polycrystalline platinum foil (sample), which is used as a deposition substrate, is mounted vertically at the bottom end of the refrigerator through two, 0.4 mm × 8 mm  × 4 cm custom made copper brackets which provide thermal conduction and electrical grounding. The center of the sample is located about 7.5 mm away from the vertical axis of rotation of the top flange. A manufacturer-supplied radiation shield is not used because it would obstruct access to the sample; consequently, the lowest temperature reached is higher than the specified 11 K.

Sample temperature is measured with a Pt thin film resistance probe (PT100) attached to the back side of the Pt foil. The refrigerator is equipped with a silicon diode temperature sensor and a 50 W resistive heater. Both sensors and the heater are connected to a temperature controller (Lakeshore 331S). The heater is used to ramp the sample temperature, while feedback is provided by the Pt sensor. The lowest temperature reached at the sample is around 32 K, while the second stage of the refrigerator is at 17 K.

C. Kelvin probe

A commercial oscillating electrode (McAlister KP6500) is mounted on a translation stage to reach the sample within a fraction of a millimeter. The original 15 mm diameter tip was facing parts of the sample that were not covered by the vapor deposited film yielding lower absolute voltages and undermining attempts to quantify the observed effect. The original stainless steel tip has been replaced for the purpose of our experiments by an 8 mm diameter copper tip. The operation of the electrode is based on recording the displacement current amplitude as a function of electrode bias, while the spacing between the sample and the probe is varied sinusoidally at 125 Hz. The bias is limited to a ±5 V range which is by far too narrow for the surface voltage monitored in these experiments. A home made box containing 62 batteries of nominal voltage 12 V each, but in practice 12.5 V while still unused, provided a manually adjustable offset up to (775 V in 25 V increments to the electrode bias. The installation of the battery box required the preamplifier to move away from the tip, which had an adverse, yet tolerable effect on the quality of the signal. The probe is operated by a dedicated computer. Data are accumulated at a 2 kHz rate for 60 complete probe oscillations at 3 different bias voltages, viz., 0, ±5 V; the voltage difference between sample and probe, a.k.a. contact potential difference (cpd), is calculated as the abscissa of the plot of (current presented as) voltage oscillation amplitude vs. bias. This latter amplitude is determined from the raw data via a digital, self-adjusting, lock-in filter. The computer output is a sequence of sets of 4 values, viz., time stamp, cpd, its error, and slope of the graph of which the cpd is the intercept on the abscissa.

D. Mass spectrometer

A commercial quadrupole mass spectrometer (Extrel ELQ-400), without its original PDP 11 computer, is used to monitor gas phase molecules. Our computer selects the mass-to-charge ratio for ions to be monitored with a quadrupole resolution of about 0.3 amu. Selected ions are collected by the electron multiplier operated for desorption measurements between 0.80 and 0.95 kV bias. The multiplier output is sent to our computer via an analog, current-to-voltage converter/amplifier. As noted in the literature10, the mass spectrometer tends to affect the voltages measured with the Kelvin probe. For the data presented here this behavior was tested and found not to cause an ill effect thanks to the large negative voltages on the sample surface, which did not attract the errant electrons generated in the mass spectrometer ionizer at -55 V with respect to ground. Nonetheless, most data were recorded with the mass spectrometer switched off.

E. Gas handling manifold and tube doser

The purpose of the gas manifold is to deliver a known amount of gas for cryodeposition on the Pt foil. The gas used in this paper is 1-butanol which is stored as a liquid in a glass pipette with one end sealed off and isolated from the manifold with a manual angle valve. Manifold pressure is measured with a baratron-type absolute pressure gauge (MKS 626B11TCE) with a 13 mbar full scale and 0.001 mbar resolution (MKS 660). The manifold is pumped with a second rotary pump (Edwards E2M8) which reaches a base pressure of between 0.002 and 0.005 mbar, depending on room temperature.

A certain amount of gas is admitted from the reservoir and is trapped in the manifold at known (room) temperature and pressure. The gas is delivered from the manifold to the sample through a mini leak valve and a straight copper tube of 10.5 mm inside diameter mounted on a linear translation stage. While dosing, the tube doser is brought as close as possible (which is less than 0.1 mm) to the Pt foil without the two parts being in contact. Due to this proximity and the low vapor pressure at the sample temperature and as confirmed by concurrent mass spectrometer and pressure measurements, the number of molecules escaping deposition is negligible, i.e., all gas molecules leaving the manifold are deposited on the sample. The amount of gas deposited is calculated from the pressure drop of the gas trapped in the manifold of known volume at room temperature. It was found that this way of determining the deposited gas was by far more direct and accurate than trying to maintain an (almost) steady delivery rate of gas through the leak valve, which did not ensure either reproducible rate or steady pressure behind it; even when the valve to the liquid reservoir remained open, the backing pressure would drop due to limited conductivity of the tubing and the finite vaporization rate of the liquid.

The doser temperature can be raised up to 200°C by means of a nichrome heater coil, while the temperature is monitored by a type K thermocouple attached at the exit end of the tube. In the experiments presented here this feature was not used and the tube temperature was measured between 22 and 28°C depending on room temperature fluctuations. Elevated tube temperatures tended to affect the sample temperature due to their small separation during gas deposition.

