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1 Substrate Characterisation

The siliconTiO- substrate surface was examined using atomic force microscopy (AFM) in
tapping modéFigure S1). Surface roughness was calculated as R.2 A; and R= 1.6 A

Figure S1 AFM image of freshly deposited Tihin-film on silicon wafer substrate.

The amorphousature of the film was confirmed using BraBgentano Xray diffraction
(Figure S2)
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Figure S2 XRD pattern of the Ti@thin-film, the plot is donmated by the silicon 400 pe&©°, with a small
peak at 33corresponding to the 200) reflection The absence of any discernible Figaks confirms the
films amorphous nature.

2 Reflectometry

2.1 Molecular Dimensions

The figures below pictorially represent the molecular dimensions taken fisii<h2 (Figure
S3) andMK -44 dye moleculegFigure S4), as used in calculations for the XRR and NR
studies.
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Figure S3 Molecular structure of thBIK -2 molecule, indicating labelled atoms and dimensions asfaosed
calculationsn the XRR study (solid lines); and NR study (dashed lines), inclusive of hydrodgdnss taken
as the molecular height are shown in red, and molecular width inThedlK -2 structure is taken from

crystallographic dateand imaged using CsjalExplorer 3.¢%
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Figure $4 Molecular structure of th®K -44 molecule, indicating labelled atoms and dimensions asfosed
calculationsn the XRR study (solid lines); and NR study (dashed lines), inclusive of hydrodgnss taken
as the molecular heiglare shown in red, and molecular width in blue. TH€-44 structure is taken from
crystallographic dateand imaged using CrytsalExplorer 3.0.

2.2 X-Ray Reflectivity and SLD profiles for MK -2 and MK-44 dyes
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Figure S5 a) Reflectivity profile for TiQ substrates sensitised withe MK -2 dye (red,
orange, green, blueThe corresponding fitted models are represented by the overlaying black
lines.The substrate prior to sensitisatisrshown as the black trace, with corresponding
model in white and indicated the surface was free fromacoiniation €.g.water) b)

CorrespondingLD profile, offset to place the silicon interface at 0 A

Table Sl Structural data as observed from XRR model refinementefo+2 sensitised Ti@

substrates
Dye TiO2
Sample t/A SLD (x10°%) R/A t/A SLD (x10°%) R/A
A2 IA2
1 23.0 10.1 6.2 74.2 30.5 4.0
2 23.5 9.8 6.4 74.3 30.3 3.4
3 23.1 10.1 6.2 73.2 30.9 3.8
4 23.2 10.3 6.6 73.4 30.6 3.3
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Figure S6 a) Reflectivity profile for TiQ substrates sensitised witie MK -44 dye (red,
orange, green, blue)he corresponding fitted models are represented by the overlaying black
lines. The substrate prior to sensitisation is shown as the black trace, with corresponding
model in white and indated the surface was free from contaminateg.(vater) b)

Corresponding SLD profileffset to place the silicon interface at 0 A

Table S Structural data as observed from XRR madfihementdor MK -44-sensitised

TiO2 substrates

Dye TiO2

Sample t/R SLD (x109) RIA tIR SLD (x109) RIA
IA? A2

1 9.6 9.6 35 82.7 29.9 4.1

2 9.5 9.6 3.7 83.1 304 4.2

3 9.6 9.2 3.5 82.0 30.9 4.2

4 9.9 9.8 3.7 82.2 31.1 4.2

2.3 Molecular Tilt

dobs




Figure S7 Diagrammatic representation of the simple trigonometric relation of the dye tilt
angl e milhe maximumdpossible dye thickness with the dye orientated perpendicular

to the surface) andygk (the observed dykyer thickness).

2.4 Justifying the MK -2 intermolecular distance
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Figure S8 (a) Interdigitation model of alkyl groups betwddiK -2 molecules where tlire(b)
intermolecudr separation has an inverse relationship with the effective molecular width of

MK -2.

It is not possible to offer an absolute value of intermolecular distamdéK -2 due to its
dependency on the overlap of headlyl chains on adjaceMIK -2 molecules, which is not
directly measureable using XRRgure S8a) shows a toglown view of a simplifiedMK -2-
sensitised surface, indicating the twgpes of intermolecular overlapintermolecular
separation parallel to surface plane (here drawn stacking along#i®) yand hexalkyl chain
inter-digitation (here drawralong the xaxis) However, for the observed area per molecule
(APM) of 61.6+1.0 2and ti | t 6aitglllethe(ntdrflepemdencbetween the
intermolecular ovdap and hexalkyl chain interdigitation can be visualisedas shown in
FigureS§b). It was therefore deemed more appropriate to present a range of overlap values,

with the proviso that multiple overlapping statesldaco-exist on the Ti@surface.



3 Suitability of Neutron Reflectometry (NR)

3.1 The effect of fitting the dye layer tdhe neutron reflectometry data

Figure S9below shows that fitting the dye layer to the data makes a large inisagtyisthe

Figure 5b in the article showed an excellent fit between the data and théatfmeenodel

which includes the dye layer. Givére fit to the data is so good, they are representeigjure

S9 by a single coloured line for the neutron reflectometry measurements on each solution.
Figure S9also shows black lines thdémonstrate the impact of including the dye layer on the

fit to the data. The black lines are the fits presented in Figf Bte paperbut with the dye

layer removed The difference between the black lines and coloured lines therefore
demonstrates the effective contribution of the dye layer to the data, Rigiote S9shows is

quite marked. The suitability of neutron reflectometry to model dye layers in DSCs is thus

readily justified.
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Figure S9.The coloured lines are the best fits shown iruFe®b of the article; data points
hidden for clarity. The black lines in each case represent the fit with the dye layer removed.



3.2 Simulated reflectivity and scattering length density profiles

One limitation of NRwhen compared to XRR, is th@ngeof Q accessible during experiment

With a good quality sample, typical kitased XRR can rea@Qmax of 0.7-0.8 A, whereas

NR is restrained by the flux of the neutron source and the higher level of background noise
associated with a multiple bedine environmentAs such, a maximum Q of ~0.3 A was

achieved in this work.

Despite thidimitation, the lower Q rangessuld still be sufficiently sensitive to detect

changes in dye thickness and Sld3 demonstrated Figure S10andFigure S11
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Figure S10 Simulated Reflectivity and (inset) SLD profiles for a dye layer of varying
thickness, but fixed SLD (2.810° A2 and roughness (4 A). All other parameters were

fixed at the calculated values highlightedlable 2 of the main manuscript.



10 7
1 —r _

107 =& =
. 107 S
s L5
g 10 1 — T T
% 10-4 — ° dista::?efrom in?Srface(A;zo
e

10° -

10°

| | | | 1
0.05 0.10 0.15 0.20 0.25 0.30
QA’)

Figure S11 Simulated reflectivity and (inset) SLD profiles for a 15 A thicktiger of
varying SLD. Roughness has been fixed at 4 A, along with all other parameters at the

calculated values highlighted Trable 2 of the main manuscript.

As described in the manugat; it was necessary to fix, limior link a number of structural
parameters in the e@finement to ensure that the changes observed in reflectigiiieprwere
solely from the dydayer. As such, the silicon supghase was fixed with an SLD of 2.87

10°% A-2 and interfacial roughness of 1 A. The native oxide layer was fixed at 5 A thick with an
interfacial roughness of 2.5 A. TiGLD was fixed at 2.1 £0° A2 after initial fitting, along

with a interfacial roughness of 3.5 A based on previous XfRBies. TiQthickness was linked

and corefined across all three runs on a samplee surface roughness of the dgger was

also fixed at values based upon the initial XRR study due to the equivocal nature of the fitted

model to this parameter.

4 Rationalisation for a change in subphaseSLD betweensolutions 13
It wasobservedhatthe SLD of thesolutionl solventsub-phasédell underthecalculatedralue

of 4.92x 10%A2 t0 4.60x 10% A2 and4.51x 10° A?for MK -2 and MK -44, respectively.

10



This lower thanexpectedSLD for solution1 canbe attributedto a lower than expectedds-
MeCN purity T theliteraturevaluesfor the massdensityof d-MeCN andhs-MeCN are0.844
g cmr® and0.786g cni3, respectively The massdensityof a freshly-openedvial of d-MeCN
wasmeasuredisingan Anton-PaarDMA 5000densitymeterandwasobservedo actuallybe
0.839 g cn®. Comparingthe literature massdensity values of the MeCN isotopologues
indicates thatthe actualsamplemusthavea deuterged purity of ~92%in orderto obtainthe
measureanassdensity(theremaining8% beingthe hydrogenatedorm). Calculatingthe SLD
for this ds/hs-MeCN mixture (Equation 9 yieldsanSLD of 4.58x 10° A2, in closeagreement

with thevalueobservedvith NR.

Uponadditionof Lil totheMeCN solvent,to form solution2, theobservedLD is seerby NR
to increaseto 4.74 x 10%A2 and 4.67 x 10%A~? for MK -2 and MK -44, respectively.
Interestinglyalargeincreasén massdensityis alsoobservedo 0.925g cm®. The SLD of the
neatsolventatthis densitywouldbe5.08x 10° A2 (Equation 9, whichis higherthanobserved.
The scatteringfrom the Li* and I ions (with scatteringlengthsof -2.22 fm and 5.28 fm,
respectively) mustthereforebe nonnegligible. The approximatecompositionof solution 2
was calculatedas being 88.8% ds-MeCN, 7.7% hs-MeCN and 3.5% Lil. Calculationof the
SLD for this mixture at the observeddensityyields 4.68 x 10% A (Equation 3, closeto the

NR-observedralueandalsonotablylargerthanthatobservedor solutionl.

Solution3 seesa furtherincreasen the SLD of thesubphaseto 4.86x 108 A2 and4.74x 10
6 A-2 with the additionof .. The densityof solution3 wasfoundto be essentialljunchanged
relativeto solution2, at0.924g cm. The low concentratiorof 12, 0.05M would seeit only
constitute~0.3% of theoverallsolution,butuponcalculationled to asmalldecreasén overall
SLD to 4.54x 10° A2 (Equation 2. Thisis contraryto thatobservedvith NR. However the

density of solution 3 was found to increasegradually over time (e.g. the massdensity of

11



solution3 afteraperiodof monthshadexceeded.10g cn®), possiblydueto thehydrophobic
natureof the ds/hs-MeCN:Lil:I2 mixture,or gradualevaporatiorof morevolatile components.
Due to the time betweensuccessivéNR measurementst is possibletheseeffectsled to the
densityof solution3 increasingto an extentthatthe decreasen SLD from the additionof I»
wasovercome.Incidentally,a densityof 0.985g cm® would be requiredfor to obtainanSLD

of 4.86x 10% A2

5 Monte-Carlo Resampling of NR data

MonteCar |l o analysis is undertaken after the
fitting of the NRdataset$o a physical model The fits presented in Figure 5 and the
parameters in Tabled this papesare a result of fitting with Motofit, but the errors come

from the Monte Carlo process. No two fits to data give exactly the same numerical outputs,
so MonteCarlo analysis is then undertaken to give an indication of the spread of fits that
satisfy the data. The SLD profiles corresponding to the fits from all the iterpgofosmed

are then shown iRigure S12(MK-2) andFigure S13(MK-44), where tk solid line is the

Motofit output. It can be seen that the spread of profiles is much tighter for th2 dWi,

thicker layer with better contrast, than for the M. One can see from these profiles that

the fit for the MK-44 solution 1 Figure S139 is less well determined; this is for a situation
where the dye thickness is at the lower limit of detection and there is only a single contrast
availablefor fitting. ForFigure S12bandFigure S12cthere is reduced spread of SLD

values; note the thicknessvery well determined in each case. The errors presented in Table
3 of the papeare a result of the analysis of the spread of values for each parameter around

the best fit value.

In more technical detailesampling of the NR data was conducted tovaltalculation of

erroisin the fitted modelsising 1000 MonteCarlo iterationd In these instances, these errors

12
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are presented as O.After each esath@ingdun, dreSidofile i on ( 10
indicating the spread of the calculated data are generated and are skoyunar12 for

MK -2 andFigure S13 for MK -44, respectivelylt should be noted th&igures S12 andS13

show all outcomes dhe MonteCarlo analysis, whersahe values reported irable 3 of the

manuscripshowthe median of these values with an error equal to 1 standard deviation.

13
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Figure S12 Monte-Carlo resampled SLD profiles fMK -2-sensitised Ti@surfaces in
solutions 1 (top); 2 (middle); and 3 (bottom). The breadth of distribution is indiwtexd
grey shadowing, where darker regions reprekft densityln the MK -2 example, clear

higher density states exist at SL&fs1.9 x10% A2 (top) and ~2.4 x10% A2 (middle and

bottom), indicated by théarkercolouration, with a spread of approximately 0.108 A2,

15
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