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Table S1: The Cauchy model (n = A + ) was employed to accurately fit the optical
properties of a pure IMC film (top row), a porous nanoparticle (NP) film made by 25 nm
NPs after sintering at 773 K for 30 mins (middle row), and an IMC/SiO5(25 nm) MNCF
after infiltration (bottom row). For the MNCF, two Cauchy layers were considered, one
for the nanocomposite layer and one for the top residual IMC layer. The thickness of the
nanocomposite layer and the index of refraction of the residual IMC layer were held constant
to avoid overfitting. The index of refraction of the residual IMC was determined from the
bulk IMC film (top row). In each row, the schematic geometry of the film is shown on the
left, the ellipsometry fitting details are shown in the middle, and the final calculated values
of the thickness and index of refraction are shown on the right. Parameters shown in bold
were fitted variables. Mean square error (MSE) describes the goodness of the fit to the
ellipsometric angles W(\) and A(N).

SE Model Fitting results

IMC Layer # 2 = Cauchy Thickness # 2 = 77.58 nm (fit)
A = 1.590 (fit) B = 0.01402 (fit) C = 0.0000 MSE =0.771

+ Urbach Absorption Parameters Thickness #2 = 77.6 + 0.0

Layer # 1= NTVE_JAW Native Oxide = 1.00 nm | | " O IMC =1.624+0.005

Substrate = Si_JAW

NP film (25 nm NPs) Layer # 2 = Cauchy Thickness # 2 = 195.34 nm (fit)
A =1.277 (fit) B = 0.00368 (fit) C =0.0000 MSE = 4.072
+ Urbach Absorption Parameters Thickness #2 = 195.3 = 0.0
Layer # 1 = NTVE_JAW Native Oxide = 1.00 nm n of NP =1.287 + 0.005
) Substrate = Si_ JAW

IMC/SiO,(25 nm) Layer # 3 = Cauchy Thickness # 3 = 3.10 nm (fit)
(after IMC infiltration) A=1.590 B =0.01402 C =0.0000
+ Urbach Absorption Parameters MSE = 3.214
Layer # 2 = Cauchy Thickness # 2 = 195.34 nm Thickness #3 =3.1+0.0
A =1.492 (fit) B =0.00947 (fit) C =0.0000 n of NP = 1.516 + 0.005
+ Urbach Absorption Parameters
Layer # 1 = INTR_JAW Thickness # 1 = 1.00 nm
Substrate = Si_ JAW
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Figure S1: (a) The mean square error (MSE) of various fitting models for an
IMC/SiO5(25 nm) MNCF with a residual IMC top layer. Four different models were em-
ployed to fit the data. The two-layer models include an IMC layer (top) in addition to the
nanocomposite layer (bottom). The two-layer models (black short dash dots for the uniform
model and red solid line for the linearly-graded model) fit the data better during the Stage 1
photodegradation (< 3x 103 s). The equal and low MSE values observed between the graded
and uniform fittings obtained from the two-layer model suggest that the degradation of the
nanocomposite layer is evenly distributed across the entire nanocomposite layer. During
Stage 2, where the top IMC layer is fully degraded (> 4 x 10? s), the linearly graded models
(blue short dash for the one-layer model and red solid line for the two-layer model) have
significantly lower MSE values. (b) Ellipsometric angles ¥ (red) and A (blue) vs. wave-
length for an IMC/SiO5(25 nm) film. The wavelength range of 600 < A < 1600 nm was
used to fit the data in the transparent region of the IMC spectrum. The dashed line shows
the fit to the one-layer linearly-graded model at the beginning of UV exposure. While the
two-layer graded model (red solid line in (a) better captures the film properties for the entire
duration of the experiments, the one-layer graded model (blue short dashed line in (a) and
black dashed line in (b)) provides a reasonable fit without additional fitting parameters.
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Figure S2: %Inhomogeneity (blue, circle) in the nanocomposite layer and thickness of
IMC residue layer (black, square) as a function of UV (254 nm) irradiation time for an
IMC/SiO4(25 nm) MNCF. During Stage 1 of photodegradation (< 3 x 10% s), the top
layer thickness decreases, showing the degradation of the top layer. %inhomogeneity in the
nanocomposite remains nearly constant, indicating a uniform degradation process through-
out the entire nanocomposite layer. During the Stage 2 photodegradation (> 4 x 10? s),
%inhomogeneity shows a rapid non-monotonic change, with lower values of the refractive
index near the free surface, indicating faster degradation of the surface region.!
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Figure S3: Refractive index (n) of the nanocomposite layer as a function of UV (254 nm)
irradiation time for an IMC/SiO, film. The results were fitted using three different models:
a two-layer model with two uniform layers accounting for the nanocomposite layer (bottom)
and the top IMC residual layer (red), a two-layer model where a linearly-graded model is
used to fit the bottom nanocomposite layer (black) and a one-layer linearly-graded model,
assuming the top residual layer is negligible (blue). For linearly-graded models, n represents
the index of refraction at the film center. All three models result in similar values of n for the
duration of the experiment. The inset shows a zoomed version of the Stage 1 photodegra-
dation, revealing a mere 0.001 difference in the fitted refractive index values between the
one-layer and two-layer models, which is within the instrument accuracy of 0.005.



Layer# 2 = @M Thickness # 2 = 198.80 nm
A =1.450 (fit) B =0.00711 (fit) C =0.0000 Uniform Low n
+ Urbach Absorption Parameters MSE = 22.301
Layer #1 = NTVE_JAW Native Oxide = 1.00 nm
Substrate = Si_ JAW

Graded Layer Thickness # 2 = 198.80 nm
Grade Type = Simple # of Slices =

% Inhomogeneity = -14.99 (fit)

- Material = Cauchy

A = 1.461 (fit) B = 0.00799 (fit) C = 0.0000 MSE = 6.653

+ Urbach Absorption Parameters
Layer #1 = NTVE_JAW Native Oxide = 1.00 nm

Substrate = Si_ JAW

Linearly-graded

Graded Layer Thickness # 2 = 198.80 nm
Grade Type = Parametric # of Slices = 100
Profile = Exponential Exponent = SEX[0X]0)

- Material = Cauchy

A = (Graded) B =0.00627 (fit) C =0.0000| Exponentially-graded
+ Urbach Absorption Parameters MSE = 3.012
Grading Parameters: Add Delete Delete All
Name |Value |% Grade Graph High n
A 11.327| -20.73 | Draw |
Layer # 1 = NTVE_JAW Native Oxide = 1.00 nm
Substrate = Si_ JAW

Figure S4: Comparison between different SE models used to fit the data obtained for a
~ 200 nm IMC/SiO5(25 nm) layer exposed to 254 nm UV light for 9 x 10 s (15 % IMC
mass loss, during the Stage 2 photodegradation) in ambient conditions. The left, middle, and
right columns schematically show the properties of the assumed model, the corresponding
SE models used to fit the data, and the mean square error of the fits, respectively. The arrow
highlights the direction of inhomogeneity of the index of refraction (n) in the linearly- and
exponentially-graded models. Variables in bold were fitted, while other variables were held
constant with time.
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Figure S5: Refractive index of ~ 200 nm IMC/SiO, nanocomposite films prepared from
IMC and various NP diameters (left axis), and thickness of a pure IMC film (right axis) as
a function of UV irradiation time at UV wavelengths of (a) 254 nm and (b) 365 nm.
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Figure S6: The refractive index profiles of ~ 200 nm (a) IMC/SiOy(11 nm) (b)
IMC/SiO5(25 nm), and (c) IMC/SiO9(100 nm) nanocomposite layers fitted using the
exponentially-graded model. n is plotted as a function of distance from the substrate at
various times during UV irradiation at 254 nm in ambient conditions. The red arrows show
the film surface region, which is roughly equal to the diameter of the NP in each MNCF.
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Figure S7: (a) UV-Vis absorbance as a function of IMC film thickness at the UV wave-
lengths of 254 nm (purple triangles) and 365 nm (blue squares). (b) Absorbance as a
function of wavelength for a ~ 70 nm IMC film (gray circles) compared with ~ 200 nm
MNCFs of IMC/SiO5(11 nm) (green triangles), IMC/SiOy(25 nm) (blue diamonds), and
IMC/SiO5(100 nm) (orange pentagons). A ~ 200 nm MNCF contains an equivalent IMC
mass as ~ 70 nm IMC film. The similar degree of absorbance in these films shows that
the IMC mass (or thickness since the exposure area is the same) controls the degree of ab-
sorbance in the MNCF's, the contribution from silica NPs are negligible.
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Figure S8: Photodegradation of 70 nm (red) and 80 nm (black) films of pure IMC in ambient

conditions, measured as the relative change in the film thickness (h/hg) vs. 365 nm UV
irradiation time.
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Figure S9: Representative total base peak UPLC chromatograms of mixtures of IMC removed
from substrates in HyO/MeCN: (a) before UV irradiation, (b) after 1000 s of UV (254 nm)
irradiation (Stage 1) , (c) after 6 x 10® s of UV (365 nm) irradiation (Stage 1), and (d) after
10* s of UV (254 nm) irradiation (Stage 2).

12



Intensity

Intensity

1.7x10"
1.5%10
1.3x107
1.1x107
9.0x10°
7.0x10°%
5.0x10°
3.0x10°%
1.0x10°:

-1.0x10%]

1.8x10"
1.6x10
1.4x107
1.2x107
1.0x10"
8.0x10%
6.0x10°
4.0x10%
2.0x10°%

0.0

358.105
100.00%

360.234
357.687|27.96%
24.31%)

359.512

138.805 11.96%
7.66% 361.260
5.35%

o
.Lll u ' PP 1

IMC

oy@m

o 358 m/z

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 200

314.091
100.00%

316.105
35.91%

138.957

23.77%
313.597,

18.27%
314.851
10.37%

||

m/z (Da)

P1

NS

314 m/z

100 200 300 400 500 600 700 800 900

13

1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 200
m/z (Da)



Intensity

Intensity

P2

1.7x107] 328.040
100.00%
] [0} Cl
1.5x107
] N
1.3x10
1.1x107 o 328 m/z
] 0
© H
9.0x10™
7.0x10°%
329.979
5.0x10°% i
- 327.584)
6 19.84%|
3.0x10™ 329.713 ::oﬁiﬁz
1 120% o) 10s
139.071 oo,
1.0x10% 3:s3% Jzzzzu;)":ﬁ 549%
Lliwdd A
-1.0x10%

d 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 200

m/z (Da)
P3

6

2.4x10° 330.245
102.114 100.00%
2.2x10% 96:31% o cl
2.0x10°%
N
1.8x10%
174.087 /
1.6x10%] | 69.53% \0
329.751
1.4x10% 60.96%| 330 m/z
HO

1.2x10%

6
1.0x10" 311.772]

38.56%

s 332.183

8.0x107 32.44%
117.855
6.0x10% || |24.78%
313.711

s 17.95%

4.0x107
683.230
2.0x10% 351.530 5.65% 1525.293
2.58% .1 2.18%
0.0 -~ P T " ab 1 L Tt " L L.l YO TP |

-2.0x10°

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 200
m/z (Da)

14



Intensity

e

Intensity

6
5.5x107 312.038
100.00% P4
5.0x10°
4.5x10%
6
4.0x10 312 m /Z
3.5x10%
3.0x10%
2.5x10%
6. 312.457
201071 138.581 33.90%
31.70% =
1.5%10°% 314.129
102.000 |[22-88%
1.0x10°  18.49%
: 101.772
5.0x10° 19:7?)‘;:1% 330.131
373%  [4.08%
0.0 - -
-5.0)(105- T T T T T T T T T T T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 200
m/z (Da)
6 314212
6.5x10 100.00%
6.0x10%
6
5.5x10°% 314 m/z
5.0x10°
4.5x10%
4.0x10%
3.5x10°%
p 313.870
3.0x10 44.96%)
2.5x10%
6 316.340
2.0x10" 29.23%
1.5x10%
s 315352
1.0x107 13.39%
5| 143.599 316.948 651.160
5.0x10™7 50, 5.00% 3.83%
0.0 [7 VY P N 1 L
-5.0x10°

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 200
m/z (Da)

15



g 2.8x1074
274.294
100.00%

2.6x10" P6

2.4x1074
2.2x1074
2oe1’] 274 m/z
1.8x107
1.6x10"

1.4x107

Intensity

1.2x107
1.0x107
8.0x10%

6.0x10%
275.396
4.0%10°% 113.83%
6 275.662
2.0x10" 195.985 |5.54%
2.17%
0.04{ ¢ L )

-2.0x10%

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 200
m/z (Da)

h

3.4x10%
288.282 P 7

1 100.00%

3.0x10%

2.6x10% 288 m/z

2.2x10%

1.8x10°% 288.586
51.65%

Intensity

1.4x10%
1.0x10%

6.0)(105' lI7A‘)f:‘) 289.308
15.24% 13.96%

2.0x10% \
i dbosdl e P, PR 1 Lo L N 1

-2.0x10°

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 200
m/z (Da)

Figure S10: Mass-to-charge ratio (m/z) of (a) pure IMC and (b) - (h) UV-degraded products
P1 - P7, respectively. Details are summarized in table S2. Note that the substance at RT
~3.9 is not a photodegraded product as it is also seen in undegraded IMC (a). The substance
might be a process impurity that is unintentionally introduced during the IMC manufacturing
process. This substance is chemically stable under light and is not degraded, as its measured
UPLC peak intensity in degraded samples and undegraded samples are similar. As such, this
substance has no effect on our results. Identification of chemical structures of P1 - P3 were
based on known fragmentation pathways of IMC in previously published reports.?® P4-P7
are reaction intermediates and byproducts that have not previously been reported to the
best of our knowledge. To determine the chemical structures of these compounds, extensive
analyses of authentic compounds are needed to confirm their chemical structures. However,
such measurements are outside the scope of this study.
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Table S2: Summary of the detected degradation products in UPLC experiments. Each row,
from left to right, shows the observed compound, the retention time (RT) found in the UPLC
profiles, the mass-to-charge ratio (m/z) measured in the mass spectra for the [M-H|* ion,
and the specific photodegradation processes where each product was observed. In the right
column, S1 and S2 indicate the degradation stage where the product was observed along
with the irradiation wavelengths where the product was observed in each stage.

Compounds | RT (min.) | m/z UV degradation process
IMC 2.30 358 n/a
P1 4.00 314 | S1 (254 nm and 365 nm) and S2 (254 nm)
P2 3.00 328 | S1 (254 nm and 365 nm) and S2 (254 nm)
P3 1.12 330 S1 (254 nm and 365 nm)
P4 2.04 312 | S1 (254 nm and 365 nm) and S2 (254 nm)
P5 3.16 314 | S1 (254 nm and 365 nm) and S2 (254 nm)
P6 1.25 274 S2 (254 nm and 365 nm)
pP7 1.69 288 S2 (254 nm) and S1 (365 nm)
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