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Supplementary Material
Thin film structural analysis using variable period X-ray standing waves
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Thakur” and Robert G Jones'

' School of Chemistry, University of Nottingham, Nottingham NG7 2RD, UK
2 Diamond House, Harwell Science and Innovation Campus, Didcot, Oxfordshire
OX11 ODE, UK
3 Current address: Jeremiah Horrocks Institute, University of Central Lancashire,
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A. X-RAY CONSTANTS
Sample 1 consisted of a thin layer SiO; (layer 2) on bulk Si (layer 3). The values of
and & ' used to calculate the electric field intensity of the standing wave in layer 2 and
in the substrate layer 3 are shown in Table A1l.
Sample 2 consisted of HO-CHCI3-[OMIM][BF4] (layer 2) on SiO,-Si (layer 3). The
o values of H,O, CHCI; and [OMIM][BF,] are sufficiently similar, table A1, that the
0 value for [OMIM][BF4], which was the dominant material in the adlayer, was used
for layer 2. Similarly, the & values for SiO, and bulk Si are sufficiently similar, table
A1, with bulk Si the dominant material, and sufficiently different to the 6 values of

layer 2, that the 3 and  value for Si was used for layer 3.

Table Al
X-ray constants B, 8 ' and critical angles a. calculated at 3000 eV for elements and

compounds in this work using the given density.

B/10° §/107 O/ ° density /g cm™
Si 7.4998 5.4303 0.5828 2.3289
Si0, 4.1625 5.1740 0.5971 2.2
[OMIM][BE,] |51.271 2.7828 0.4274 1.08
CHCl; 6.5462 2.9501 0.4401 1.49
H,0 0.6445 2.6159 0.4144 1.0

The densities used to calculate the X-ray constants in table A1 are room temperature

values. For a given atomic composition the § and 6 values scale linearly with density,




hence changes in density due to temperature (thermal expansion), phase change or
porosity will alter the value. In this work the 90 K measurement temperature amounts
to a density change of <+1% for Si and SiO,, = +5% for CHCl; and [OMIM][BF4],
and = -8% for water, over the room temperature values for perfectly ordered materials.
However some level of porosity is expected for the organic materials due to the
deposition method at low temperature, which would tend to decrease the density, in
opposition to the increase due to lower temperature. With no accurate measure of the
porosity available, we have simply used the room temperature density values. For
water, with its decrease in density at 0° C and decrease due to any porosity, the room
temperature value used may be too large. However, the water layer is thin, so any
inaccuracy in the density and hence X-ray constants has little effect on the
calculations.

For porous materials (e.g. metal organic frameworks (MOFs) ) where the pores in one
material were filled with a second material, then the total density and the relative
atomic proportions of absorbent and absorbate would be required to calculate the X-

ray constants.

B. POSSIBLE DESORPTION OF BF; DAMAGE PRODUCT FROM A 90 K
SURFACE
Reference % describes how radiation damage produces holes, h"®, and electrons, ¢™*
which then interact with ionic liquids. [BF4] reacts with a hole to produce BF; and
F*
[BF;] +h™ — BF; +F* (1)
the fluorine atom then reacts with available C-H groups to produce HF. At 90 K HF
(boiling point 292.7 K) will not evaporate and will remain in approximately the
location it was formed in the IL slab, as described for other damage products in the
main paper. However, BF; (boiling point 172.8 K) would be expected to evaporate
from a surface at 90 K. The Antoine equation for the vapour pressure of BFj; is
logio(P) = A - (B/(T+C)) (2)
where the units of P and T are bar and Kelvin respectively and A=4.68215,
B=663.463 K and C=-30.795 K for 118.5 <T < 172.5,>. Extrapolating this to T= 90
K gives P=3x10" bar, i.e. 3x10™* mbar. This is much higher than the 10"° mbar at
which the experiments were carried out so bulk BF; would evaporate. Should the BF;

be stabilised by dipole or van der Waals interactions with surrounding IL material, it



would still likely have a vapour pressure greater than 10"'° mbar and hence would still

desorb.

C ESTIMATE OF ERRORS IN FITTINGS
Sample 1: SiO,/Si
Figure A1 shows the experimental data for the bulk Si substrate (Si 2p3/, bulk and Si
2p1.2 bulk) and the SiO; overlayer (Si 2p3/2 SiOa, Si 2p12 SiO; and O 1s SiO,) with
VPXSW simulations for the bulk and overlayer for overlayer thicknesses of 0, 10, 20,
30 and 40 A. A =58 A for photoelectron transmission through both the Si substrate
and the SiO; overlayer and all simulations have been shifted by 0.025 ° to align the
angular scales. The error in the thickness determination is estimated = 10 A for both,

though for the bulk signal it probably slightly smaller.

1.0 4 R e ® Si2py,bulkk O Si2py, bulk

i AN B Si2p,,Si0, O Si2p,, SO,
m O1sSi0,
Bulk Si SiO, layer thickness (A)

R
I ED
.....
e

Normalised intensity
o
[&)]
|

0.0 0.5 1.0 15
o (deg)

Figure A1. VPXSW scans of the O 1s, Si 2p;/, and Si 2psj, for Si bulk and SiO,. The
simulations for bulk and oxide layer (normalised to 1 and corrected for footprint and
path length) are for an oxide layer thicknesses of 0, 10, 20, 30 and 40 A thick, see
cartoon in Fig. 6 of paper.

Sample 2
CHCl1;3-H,0 marker layer.
The accuracy of the fitting parameters for the marker layer containing the CHCI; and

H,O have been determined as follows. The middle of the marker layer is at position



zo and has thickness * t/2 either side of this position. Here we use the marker layer
thickness, ¢ and the total thickness of the adlayer, d>. Figure A2 A shows the
chloroform (Cl 1sy) and water (O 1sy) data and simulations showing the effect of
increasing the total thickness (d>) of the organic layer for a fixed marker layer
thickness of 12 A using A =9 A for the CI 1s signal. The fitis 223 + 15 A. Figure
A2 B shows the effect of varying the marker layer thickness for a fixed total thickness
of 223 A. There is hardly any change on going from 2 A to 40 A. This arises because
the value of A is very small, which means only Cl 1s electrons from the top = 3A (27
A) contribute significantly to the measured signal. Thus any further increase in
marker layer thickness beyond 27 A provides little extra signal and hence no change
in the profile of the curves. So the outermost part of the CHCl; marker layer can be
located at 223 = 15A from the SiO, substrate, but its thickness can only be determined
as>2A.

For H;0 the O 1s photoelectrons have A = 55 A, making them far more penetrating
than the Cl 1s photoelectrons. Figures Al B shows a VPXSW simulation for a total
thickness d> = 223A and a marker layer thickness of 1= 12 A, using A = 55 A. It is
indistinguishable from the L = 9 A plot. The water layer is expected to be on top of
the chloroform layer and rather thin, so a thin combined layer of chloroform and
water is consistent with the lack of sensitivity to A and the close similarity of the two
experimental curves for chloroform and water. So both water and chloroform are
contained within a thickness of 12 = 10 A with the outmost part at 223 = 15 A. It is

not possible to distinguish whether the water is above, or mixed with the chloroform.
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Figure A2. A, Cl 1sy, and O 1s,,; VPXSW data with simulations using a 12 A thick
marker layer and total thicknesses of 203, 213, 223, 233 and 243 A. B, CI 1s,,; and O
Isit VPXSW data with simulations using a total thickness of 223 A and marker layer
thicknesses of 2, 12, 20, and 40 A. All simulations used A = 9 A except for one plot
in B which used L = 55 A. All simulations are footprint and path length corrected and
have been shifted by 0.025°.

[OMIM][BF4] spacer layer

Figure A3 shows the C 1s,c VPXSW data, as representative of the N 1si and F 15
data, with VPXSW simulations. In the simulations the marker layer is empty of N, F,
and B. However, the marker layer does contain some carbon from CHClIs, the density
of atomic carbon in the marker layer from CHCI; being 0.27x the atomic density of
carbon in the ionic liquid spacer layer (calculated using the molar volumes of the
materials). The carbon atomic density within the marker layer will be lower still due
to the presence of water in the marker layer as well. So the marker layer has been
considered empty of carbon for the VPXSW simulations. Figure A3 A shows a fixed
marker layer, empty of carbon, 12 A thick on an ionic liquid spacer layer of thickness
that varies from 201 - 241 A. The dip at 0.6° and the peak at 0.7° in the experimental
data are less pronounced than the simulations as the simulations have no disorder

included. The best fitis 223 + 15 A. Figure A3 B shows a fixed total thickness of



223 A with a marker layer thickness that varies from 2 to 42 A. The best fit thickness
is 12+ 10 A. Also shown in B is the boron 1s data which simulates a boron empty

marker layer of thickness 42 + 10 A and matches the experimental boron data well.
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Figure A3. A, C 1s,,q VPXSW data with simulations using a 12 A thick marker layer
and ionic layer thicknesses of 201 to 241 A. B, C 1s,,; and B 1s VPXSW data with
simulations using a total thickness of 223 A and spacer layer thicknesses of 181-221
A. All simulations (footprint and path length corrected and shifted by 0.025°) used A
=55A.
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