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Supplementary Figure 1: Variation of the measured mean contact angles with time
between the haze samples and liquid water. (a) Contact angle variation for the plasma
haze samples. (b) Contact angle variation for the UV haze samples. All marked times are
in seconds. All contact angles was measured through circle fitting. The error bars represent
1-σ s.d. measurement uncertainties from the fitting algorithm.
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Supplementary Table 1: Measured mean contact angle values between the test
liquids and the plasma exoplanet tholin samples. All numbers have units of degrees.
The contact angle was measured through both circle fitting and ellipse fitting. The 1-σ s.d.
measurement uncertainties for each fitting algorithms are also recorded.

Liquid 600 K, 100× 600 K, 1000× 600 K, 10000×
Circle SD Ellipse SD Circle SD Ellipse SD Circle SD Ellipse SD

Water 78.4 1.6 74.8 3.9 45.4 1.1 44.8 1.8 82.4 4.5 81.1 5.2
Diiodomethane 44.3 2.3 41.9 2.7 48.2 1.4 46.9 3.2 58.7 4.4 57.9 6.0

Liquid 400 K, 100× 400 K, 1000× 400 K, 10000×
Circle SD Ellipse SD Circle SD Ellipse SD Circle SD Ellipse SD

Water 102.7 3.7 101.9 3.1 64.7 0.7 62.0 1.8 91.5 1.7 91.1 2.8
Diiodomethane 60.5 1.7 61.0 2.0 49.6 4.5 49.4 4.5 48.3 2.3 50.3 2.9

Liquid 300 K, 100× 300 K, 1000× 300 K, 10000×
Circle SD Ellipse SD Circle SD Ellipse SD Circle SD Ellipse SD

Water 86.7 1.4 82.9 1.9 32.5 2.6 33.0 3.0 85.3 3.3 83.1 4.3
Diiodomethane 53.1 5.0 49.7 3.5 50.7 0.6 51.1 2.3 56.8 2.0 54.1 3.6

Supplementary Table 2: Measured mean contact angle values between the test
liquids and the UV exoplanet tholin samples. All numbers have units of degrees.
The contact angle was measured through both circle fitting and ellipse fitting. The 1-σ s.d.
measurement uncertainties for each fitting algorithms are also recorded.

Liquid 600 K, 100× 600 K, 1000× 600 K, 10000×
Circle SD Ellipse SD Circle SD Ellipse SD Circle SD Ellipse SD

Water 23.6 2.5 24.6 3.4 46.8 3.2 45.9 3.7 23.7 1.5 25.1 2.9
Diiodomethane 51.2 0.8 49.9 2.8 59.4 0.8 57.4 2.4 43.9 1.4 42.4 1.9

Liquid 400 K, 100× 400 K, 1000× 400 K, 10000×
Circle SD Ellipse SD Circle SD Ellipse SD Circle SD Ellipse SD

Water 28.5 6.2 28.7 5.8 49.2 2.5 48.2 2.0 20.6 0.7 21.4 1.5
Diiodomethane 40.1 2.6 38.9 2.8 52.6 3.1 52.0 3.1 44.2 2.1 42.6 3.3

Liquid 300 K, 100× 300 K, 1000× 300 K, 10000×
Circle SD Ellipse SD Circle SD Ellipse SD Circle SD Ellipse SD

Water 40.6 1.0 38.3 1.8 40.9 5.6 39.6 5.3 36.1 3.2 35.4 2.6
Diiodomethane 47.9 1.6 47.1 2.9 60.6 2.3 58.0 2.5 46.3 1.4 44.4 2.1
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Supplementary Table 3: The derived mean surface energy values of the cold plasma
exoplanet haze samples. The surface energy values are derived with the OWRK two-liquid
method using the circle fitting contact angles in Supplementary Table 1. The total surface
energy, γtots , can be partitioned into a dispersive component, γds , and a polar component,
γps . All numbers have units of mJ/m2. The error ranges shown are 1-σ s.d. uncertainties
calculated through propagation of error.

600 K, 100× 600 K, 1000× 600 K, 10000×

γtots SD γtots SD γtots SD

41.9 1.3 58.3 0.9 34.3 2.9

γds γps SDd SDp γds γps SDd SDp γds γps SDd SDp

37.4 4.5 0.9 1.0 35.3 23.0 0.6 0.8 29.3 5.0 1.9 2.6

400 K, 100× 400 K, 1000× 400 K, 10000×

γtots SD γtots SD γtots SD

28.5 2.1 46.3 1.8 36.4 1.3

γds γps SDd SDp γds γps SDd SDp γds γps SDd SDp

28.3 0.2 0.7 2.1 34.5 11.8 1.8 1.2 35.2 1.2 0.9 1.1

300 K, 100× 300 K, 1000× 300 K, 10000×

γtots SD γtots SD γtots SD

35.3 1.9 65.1 1.3 34.0 1.9

γds γps SDd SDp γds γps SDd SDp γds γps SDd SDp

32.5 2.8 2.1 1.3 33.9 31.2 0.2 1.3 30.4 3.6 0.8 1.8
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Supplementary Table 4: The derived mean surface energy values of the UV exo-
planet haze samples. The surface energy values are derived with the OWRK two-liquid
method using the circle fitting contact angles in Supplementary Table 2. The total surface
energy, γtots , can be partitioned into a dispersive component, γds , and a polar component,
γps . All numbers have units of mJ/m2. The error ranges shown are 1-σ s.d. uncertainties
calculated through propagation of error.

600 K, 100× 600 K, 1000× 600 K, 10000×

γtots SD γtots SD γtots SD

69.3 1.1 54.6 1.9 70.7 0.9

γds γps SDd SDp γds γps SDd SDp γds γps SDd SDp

33.6 35.7 0.3 1.0 28.9 25.7 0.3 1.9 37.6 33.1 0.5 0.8

400 K, 100× 400 K, 1000× 400 K, 10000×

γtots SD γtots SD γtots SD

69.5 3.1 54.7 2.0 71.8 1.0

γds γps SDd SDp γds γps SDd SDp γds γps SDd SDp

39.6 29.9 0.9 3.0 32.8 21.9 1.3 1.8 37.4 34.4 0.8 0.7

300 K, 100× 300 K, 1000× 300 K, 10000×

γtots SD γtots SD γtots SD

61.2 0.9 58.2 3.3 64.1 1.9

γds γps SDd SDp γds γps SDd SDp γds γps SDd SDp

35.4 25.8 0.6 0.8 28.2 30.0 1.0 3.3 36.3 27.8 0.5 1.8
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Supplementary Table 5: Derived mean refractive indices of the haze samples in the
visible wavelengths (nvis). The refractive indices are derived using the Liftshitz theory
of van der Waals forces [1, 2]. The error ranges shown are 1-σ s.d. uncertainties calculated
through propagation of error.

Plasma UV

600 K, 100× 600 K, 1000× 600 K, 10000× 600 K, 100× 600 K, 1000× 600 K, 10000×
1.53±0.04 1.64±0.05 1.47±0.04 1.72±0.05 1.62±0.05 1.73±0.06

400 K, 100× 400 K, 1000× 400 K, 10000× 400 K, 100× 400 K, 1000× 400 K, 10000×
1.42±0.03 1.56±0.04 1.48±0.04 1.72±0.06 1.62±0.05 1.73±0.06

300 K, 100× 300 K, 1000× 300 K, 10000× 300 K, 100× 300 K, 1000× 300 K, 10000×
1.47±0.04 1.69±0.05 1.47±0.04 1.66±0.05 1.64±0.05 1.68±0.05

Titan plasma: 1.71±0.06 Titan UV: 1.70±0.06

Supplementary Table 6: Measured mean contact angle values between the test liq-
uids and substrates. All numbers have units of degrees. The contact angle was measured
through both circle fitting and ellipse fitting. The 1-σ s.d. measurement uncertainties for
each fitting algorithms are also recorded.

Liquid Quartz disc Cleaved mica

Circle SD Ellipse SD Circle SD Ellipse SD

Water 15.2 2.0 16.6 2.6 spread n/a spread n/a
Diiodomethane 36.8 1.0 39.3 1.9 38.8 1.5 39.4 1.7

Supplementary Table 7: The derived mean surface energy values of the substrates.
The surface energy values are derived with the OWRK two-liquid method using the circle
fitting contact angles in Supplementary Table 6. The total surface energy, γtots , can be
partitioned into a dispersive component, γds , and a polar component, γps . All numbers have
units of mJ/m2. The error ranges shown are 1-σ s.d. uncertainties through propagation of
error.

Quartz disc Mica disk

γtots SD γtots SD

75.1 0.9 76.8 0.6

γds γps SDd SDp γds γps SDd SDp

41.2 33.9 0.3 0.6 40.2 36.6 0.5 0.5
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