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Figure SI 1: Triangular basis function and comparison between its real part calculated with eqn. (3) (black curve) and eqn. (5) (red curve).
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Figure SI 2: Comparison between the Kramers-Kronig compliant real parts calculated with eqn. (2) (red curves) and eqn. (5) (green curves) for fresnoite (a-cut, left graph), PMMA
(center graph) and Polyethylene (right graph).




Table SI 1: Oscillator parameters of PMMA from dispersion analysis following eqn. (2,I) of the optical constants provided in [1].
All values in cm™! with the exception of &, .

# 1 2 3 4 5 6 7 8 9

S 46.9 51.3 34.9 66.7 53.1 34.8 198.6 1204 | 92.3

y 18.854 | 33.89 32.668 | 32369 | 17.328 | 17.315 | 37811 | 27.006 | 23.638
W 750 8384  [9132 | 960.1 985.2 1063.3 | 11451 | 1186.1 | 12363
# 10 11 12 13 14 15 16 17

S 100.5 57 106.3 72.8 201 34.9 123.6 | 744

v 34071 | 28913 | 30.655 | 28471 | 17.57 | 32.328 | 62.379 | 34.947

W 1263 1378.7 | 14418 | 14758 | 1727 2843 2946.4 | 3002.5

. 2.034

Table SI 2: Oscillator parameters of gold as obtained by Johnson and Christy [2] and parameterized by Etchegoin et al. [3, 4]):

Parameter [units]

/1p [nm] 143
7, [nm] 14500
A 1.27
@, [rad] -n/4
A, [nm] 470
7, [nm] 1900
@, [rad] -m/4
A, [nm] 325
7, [nm] 1060
Ep 1.54

The values of Table SI 2 have to placed into the following equation which is an extension of eqn.
(2,IT) taking into account the interband excitation of gold:

B 9% P o o
T T i Z To— o i, | I+ ot i

4, :dimensionless critical point amplitudes

%e:interband transition wavenumber
7, :transition damping constants
¢, :phase



Table SI 3: Values of Ny,cq1c and dec as obtained by the fitting procedure the results of which are shown in Fig. SI 6 (assumption:
angles of incidence range from 10 to 54°, s-polarization) as well as the time necessary for the evaluation.

d/nm R cale d a1 c/nm s

500 1.44 490 3.07
600 1.45 581 3.87
700 1.52 646 5.72
800 1.34 883 7.42
900 1.37 956 6.89




0.84

—98°
—167°
0.6 ——236°

Reflectance

0.4

0.2

e

0.0

6000

5000

4000

3000

o

a /lcm?

2000

Tl s ML

T T T T T T T T T T
500 1500 2500 3500 4500 5500 500 1500 2500 3500 4500 5500 6500

Wavenumber / cm”’ Wavenumber / cm™

Figure SI 3: Spectra of a 900 nm thick PMMA layer on gold for different angles of incidence a (black: o = 9.8°, red: o = 16.7°,
green: oo = 23.6 °). The blue lines illustrates the difference between the red and the black spectra and the orange line the differences
between the red and the green spectra. The left panels show s-polarized reflectance (upper panel) and s-polarized absorption
coefficient (lower panel), whereas the p-polarized reflectance and absorption coefficient are shown in the right panels. A
magnification for the blue and orange difference spectra is shown in Fig. ST 4.
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Figure SI 4: Difference Spectra of a 900 nm thick PMMA layer on gold for different angles of incidence a (blue: reflectance or
absorbance for o = 16.7° — reflectance or absorption coefficient for o = 9.8°, orange: reflectance or absorption coefficient for
o = 16.7° — reflectance or absorption coefficient for oo = 23.6 ©). The black lines illustrates the difference between the reflectance
or absorption coefficient for o = 16.7° — the averaged reflectance or absorbance for oo = 9.8° and o = 23.6°. The left panels show s-
polarized reflectance (upper panel) and s-polarized absorption coefficient (lower panel), whereas the p-polarized reflectance and
absorption coefficient are shown in the right panels.
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Figure SI 5: Synthetic transflection spectra of PMMA layers on gold with thicknesses ranging from 500 to 900 nm assuming an
incidence angle range between 10 and 54° and s-polarization.
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Figure SI 6: Fit of the synthetic transflection spectra of PMMA layers on gold assuming a constant and real refractive index 7.,
(black curves) and comparison with the synthetic transflection spectra (in red, incidence angles range between 10 and 54°, and s-
polarization is assumed). Cf. Table SI 3.
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Figure SI 7: Absorption coefficient spectra of the PMMA layers on gold after application of the correction scheme and comparison

3500

with the true absorption coefficient spectrum assuming an incidence angle range between 10 and 54° and s-polarization.
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Figure SI 8: Removal of fringes by dividing the measured transflection spectrum (in this figure, not a measured, but a synthetic
PMMA spectrum with d = 900 nm) by a spectrum of an imaginary layer with the same d and n.,, but without absorption. Black
curve: Measured reflectance spectrum R,,.,s divided by the reflectance of pure gold Ry; red curve: Calculated spectrum assuming a
layer with the same d and n.,, but without absorption R,,, divided by the reflectance of pure gold; green curve: R,z0/Ryva
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Figure SI 9: Baseline-corrected synthetic spectra R,,.q/R,, of PMMA on gold.
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Figure SI 10: Upper panels: Electric field distribution maps for two layers of non-absorbing materials on gold. The gold layer extends from -2.5 to -1.5 um. The non-absorbing layer is
500 nm thick in the left upper panel and 900 nm thick in the right upper panel (framed by black lines). Above the non-absorbing layer is the incidence medium. Lower panels: Apparent
absorption coefficient spectra, if the layered medium would be absorbing with absorption bands of equal intensity in the true absorption coefficient spectra every 200 cm™!. The different
absorption strengths are a consequence of the electric field intensities, i.e. the electric field squared, inside the layer, the averages of which are given by the black lines (note that, since
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the Electric field distribution maps are for non-absorbing layers, the average electric field intensity of these layers is only approximately the contour for the bands).
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Figure SI 11: Progress of the iteration is exemplified for the 500 nm thick PMMA layer on gold. The first correction scheme
according to eqn. (9) is used until the 4% iteration (which is already converged and identical to the 3™ iteration). Afterwards
continuation with the 2" convergence scheme following eqn. (10) until convergence is reached again (the dispersion analysis based
31 correction scheme was not used in this case).
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Figure SI 12: Comparison of the reflectance spectrum of a 900 nm thick PMMA layer on gold with that of an indefinitely thick
PMMA layer.
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Figure SI 13: Comparison of the real part of the index of refraction function gained by the poor man’s Kramers Kronig analysis
with the true values.
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Figure SI 14: Comparison of the gold reference spectrum before the measurement of the first sample (black line) and after the last
sample (red sample), which was the sample with a PMMA thickness of 580 nm.
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Figure SI 15: Baseline-corrected experimental spectra R,../R,., of PMMA on gold.
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Figure SI 16: Apparent absorption coefficient spectra of the PMMA layers on gold calculated from the experimental spectra. For
decreasing thickness, the region of maximum enhancement shifts from about 2000 cm™! to 3000 cm™!, cf. Fig. SI 5.
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Figure SI 17: True absorption coefficient of the experimental spectra determined by the new formalism (left panel) and comparison with the results from dispersion analysis (right panel).
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