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Electrochemical Deposition of Iridium-oxide Amorphous Film. Starting materials and reagents were
purchased from Sigma-Aldrich and used as received. The Ir precursor ([Cp*Ir(H,0)3]SO,) was prepared
as previously described.>? The amorphous iridium oxide film was electrodeposited onto 1-cm? 1TO
(indium tin oxide) electrode from a 1.5 mM Ir precursor with 0.1 M KNOjs as electrolyte. The applied
voltage is 1400 mV vs. NHE. After 2 hours of deposition, the blue layer film was air-dried and scraped
off of the electrode surface. The sample was loaded as aqueous slurry into a 1 mm diameter Kapton tube.

High Energy X-ray Scattering (HEXS) Measurements and Pair Distribution Function (PDF)
Analysis. High energy X-ray scattering (58 keV, A= 0.2128 A) measurement was carried out at beamline
11-ID-B of the Advanced Photon Source (APS) at Argonne National Laboratory. HEXS patterns were
measured across the reciprocal space scattering range 0.5 A to 24 A™. The sample scattering patterns
were corrected for solvent, container, and instrument background scattering, and then for multiple
scattering, X-ray polarization, sample absorption, and Compton scattering using the program PDFgetX2?
to yield the reduced scattering structure function S(q), where q=4=sin(6)/A and 20O is the scattered angle.
The direct Fourier transform of S(q) yielded the reduced pair distribution function, G(r):

6(r) =2 [ e[S (@) - Dsin(ar)da ®

G(r) is termed the reduced PDF, defined by:

G(r) = 4nr[p(r) — pol (2)

where p(r) is the real space atomic pair electron density distribution function that is determined by atomic
structure, and py IS the average electron density of the sample.

Model Calculations and Comparison to Experimental G(r) Pair Distribution Function. The
approach for model calculation has been described in detail previously.” Briefly, G(r) was calculated from
the various models originated from rutile structure of IrO, using equation 1. S(q) is calculated from:

Icoh (q)
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where 1°°"(g) , the reduced total coherent scattering, was calculated from the Debye equation®:

(@)=Y D A (q)Mq)“'Zi“). *)

Fik

In egn. 4, Ai(q) are the atomic scattering amplitudes derived from the atomic structure factors that were
obtained by fitting atom scattering data in the international Tables for Crystallography® to a function, f;,
composed of five Gaussian components:”®

A = fi@e ™ ™ —g,(a). ©)

The atomic solvent excluded volume form factor, gj(q), was used to account for the scattering
contribution due to solvent displacement and represented by a Gaussian form function.*™ Eqn. 5 also
includes the atom-pair disorder factor, b;, that is equivalent to the crystallographic Debye-Waller B-factor,
B = 8x°<u®>, where <u®> is the average mean-squared atomic displacement, but written here in terms
of the variable g rather than sin (©)/A. In equation 4, the disorder factors are applied in the cases j # i and
set to zero when j = i. Thus, the S(q) calculations allow the effects of structural disorder to be accounted
in two ways. For initial screening of G(r) calculated from model structures, the atom specific disorder
factors were not used (b; set to 0), and overall contributions of atomic disorder was included by using a g-
dependent Gaussian dampening of S(g) as shown in data processing progression in figure S1 below. In
addition, to test for the effects of additional, atom specific disorder, S(q) patterns were calculated using
interactively adjusted non-zero b-factors for specific atoms, figure S2.

S(q) calculations based on a single explicit iridium oxide cluster do not account for the longer range
amorphous structure or electron scattering contrast that occur in experimental small angle scattering for
catalyst films. To account for these, scattering patterns calculated from models, F(q) = q[S(q)-1], were
modified, as illustrated in Figure S1a for model 4, the 5 Ir-atom fragment originated from rutile structure
of 1IrO, described in the text. The Fourier transforms of the original F(g) and modified mF(q) shown in
Figure Sla yielded the G(r) shown in Figure S1b. G(r) calculated from other models were obtained using
the same approach.

In Figure S3 an alternative approach was adopted to fit the experimental data. An automated algorithm
was used which constructs a linear combination of G(r) functions obtained from four different iridium
oxide clusters:

Geot(T) = a1 -G (1) + az - G (1) + az - G3(r) + ay - Gu(r) (6)
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and optimizes the multiplicative factors to obtain the best fit to the experimental G(r) using a least
squares test for the N data sample points:

N
Xz = Chorm - Z[Gdata(rj) - Gtot(rj)]z- (7)
j=1
o Experiment
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Figure S1. Part a. F(q) = q[S(q) - 1] calculated from the coordinates for model 4 using different amplitude
processing protocols and comparison to the experimental F(q). F(q) was calculated directly from the
coordinates. The modified F(q), mF;, was obtained from F(q) by scaling with a g-dependent Gaussian

amplitude dampening factor, e_(ﬁ)z, using DW = 12A™. This scaling produces a g-dependent
dampening of the interference pattern, and accounts for thermal and other sources for disorder that are
present in the experimental sample but are absent in the fixed atomic coordinate model. The modified
scattering patterns mF,(q) and mF;(q) were obtained from mF;(qg) by adjusting the small angle scattering
amplitude in the g-range below the zero crossing point at q=1.98 A In mF,(q) and mFs(q) the
amplitudes were scaled by factors of 0.5 and 0.2, respectively. This scaling has the effect of adjusting the
X-ray scattering contrast. In the experimental sample, domain scattering is measured with respect to the
electron density contrast provided by the film matrix, and has contributions from atomic packing in the
distance range beyond 7 A, and hence are absent from the domain models. Adjustments that decrease the
small angle scattering amplitude have the effect of lowering the electron scattering contrast, which is the
source of the negative “baselines” observed in the experimental G(r). Part b shows the G(r) calculated
from the mF,(q) shown in Figure Sla.
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Figure S2. Comparison between the G(r) measured for the blue layer amorphous catalyst film, top, and
the G(r) calculated for various atomic clusters extracted from the best fit, model 5 (described in the text).
The substructures, 6, 7, 8, show correlations between specific atom pairs and the G(r), and how linear
combinations of the substructures could be used to fit the experimental data.
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Figure S3. Comparison between the G(r) measured for the blue layer amorphous catalyst film (black
circles) and the G(r) obtained from fitting the data as a distribution from library atomic clusters (blue
line). The library of clusters consisted of model 5 described in the text, and the three substructures shown
in Figure S2. The fit found the following population fractions:

Model 8: 0.500
Model 5: 0.413
Model 6: 0.087

Model 7: 0.000
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Coordinates for Model 5

Ird 4.514 4.516 6.228
Ird 4.505 4.505 3.159
Irg 4.512 4.498 0.089
Ird 2.267 2.268 1.619
Irg 6.752 6.752 1.586
0 5.924 5.927 6.228
0 3.103 3.106 6.228
0 3.648 5.382 7.807
0 5.380 3.650 7.807
0] 3.595 5.415 4.698
0 5.414 3.596 4.697
0 5.907 5.907 3.171
0 3.103 3.103 3.216
0 5.413 3.596 1.628
0 3.604 5.406 1.619
0 3.646 5.364 -1.490
0 5.378 3.632 -1.490
0 5.914 5.900 0.009
0 1.400 1.401 0.040
0 1.400 1.401 3.199
0 0.856 3.678 1.619
0 3.678 0.857 1.619
0 3.110 3.096 0.021
0 5.329 8.156 1.586
0 8.174  5.347 1.586
0 7.618 7.618 0.007
0 7.618 7.618 3.166
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