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SI Text 

Additional explanation regarding the dynamic light scattering (DLS) data presented in Figure 2a. The y-

intercept of correlation function g(1)(τ) is affected by the spatial coherence factor, which depends on the 

aperture size of the photodetector and other instrumental factors.1 As the sizes of the polymer single chains 

measured in this work are small, we used a large aperture size to obtain enough intensity, which could 

have resulted in low y-intercept values. 
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Figure S1. (a) 1H NMR spectra of P188 and PEO8.4K, (b) MALDI-TOF mass spectra of P188 and 
PEO8.4K. Mn of P188 = 8700 g/mol, Đ = 1.09, Mn of PEO8.4K = 8400 g/mol, Đ = 1.05. 
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Figure S2. Representative curves of (a) amplitude vs. Z scanner displacement and (b) phase vs. Z 
scanner displacement.  
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Figure S3. (a) Autocorrelation function obtained from dynamic light scattering (DLS) at 37 °C. Solid 
lines are the fit by REPES algorithm (see SI for comment regarding g(1)(τ)2). (b) Size distributions of 
hydrodynamic radius (RH) obtained by DLS. 
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Figure S4. Neutron reflectivity (NR) data (symbols) and best model fits (solid curves) normalized to the 
Fresnel reflectivity RF (i.e., the reflectivity of a neat Si/buffer interface without interfacial roughness). 
Error bars represent 68% confidence intervals for the measured reflectivity based on Poisson statistics. 
The NR profiles of neat lipid bilayers were measured in 100% D2O (blue) and 66% D2O (black) before 
polymer incubation. The neat bilayer NR profiles shown in (a) and (b) are identical and the corresponding 
data in (c) and (d) are identical as well. The NR profiles of P188-incubated bilayers were measured 
consecutively in 100% D2O (“D2O-1”), 66% D2O, and 100% D2O (“D2O-2”); The measurement for PEO-
incubated bilayers followed the same protocol. (a) NR profiles of a P188-incubated lipid bilayer measured 
in “D2O-1”(grey) or 66% D2O (red). (b) NR profiles of a P188-incubated lipid bilayer measured in “D2O-
2”(grey) or 66% D2O (red). The data for P188-incubated lipid bilayer in 66% D2O is identical to the 
corresponding data shown in (a). (c) NR profiles of a PEO8.4K-incubated lipid bilayer measured in “D2O-
1”(grey) or 66% D2O (red). (d) NR profiles of a PEO8.4K-incubated lipid bilayer measured in “D2O-
2”(grey) or 66% D2O (red). The data for PEO8.4K-incubated lipid bilayer in 66% D2O is identical to the 
corresponding data shown in (c). The data shown in (a-d) correspond to the data presented in Figure S4a, 
3a, S4c, and 3c, respectively.  
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Figure S5. Neutron reflectivity (NR) data (symbols) and best model fits (solid curves) along with the 
scattering length density (SLD) profiles corresponding to each reflectivity curve with matching color 
(insets). The data presented in each panel corresponds to that in Figure S4. Error bars represent 68% 
confidence intervals for the measured reflectivity based on Poisson statistics. The NR profiles of neat 
lipid bilayers were measured in 100% D2O (blue) and 66% D2O (black) before polymer incubation. The 
neat bilayer NR profiles shown in (a) and (b) are identical and the corresponding data in (c) and (d) are 
identical as well. The NR profiles of P188-incubated bilayers were measured consecutively in 100% 
D2O (“D2O-1”), 66% D2O, and 100% D2O (“D2O-2”); The measurement for PEO-incubated bilayers 
followed the same protocol. (a) NR profiles of a P188-incubated lipid bilayer measured in “D2O-
1”(grey) or 66% D2O (red). (b) NR profiles of a P188-incubated lipid bilayer measured in “D2O-
2”(grey) or 66% D2O (red). The data for P188-incubated lipid bilayer in 66% D2O is identical to the 
corresponding data shown in (a). (c) NR profiles of a PEO8.4K-incubated lipid bilayer measured in 
“D2O-1”(grey) or 66% D2O (red). (d) NR profiles of a PEO8.4K-incubated lipid bilayer measured in 
“D2O-2”(grey) or 66% D2O (red). The data for PEO8.4K-incubated lipid bilayer in 66% D2O is identical 
to the corresponding data shown in (c). The data shown in (a-d) correspond to the data presented in 
Figure S4a, 3a, S4c, and 3c, respectively. 
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Figure S6. (a,c) Neutron reflectivity (NR) data (symbols) and best model fits (solid curves) of lipid 
bilayer before and after incubation with (a) P188 or (c) PEO8.4K in 100% D2O (“D2O-1”) and 66% 
D2O. Error bars represent 68% confidence intervals for the measured reflectivity based on Poisson 
statistics. (b,d) Component volume occupancy (CVO) profiles of (b) P188 and (d) PEO8.4K, obtained 
from NR fitting. The median polymer envelope is shown with 68% confidence intervals. 
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Figure S7. Atomic force microscopy (AFM) topography and phase images (5μm × 5 μm, 512 × 512 
pixels) of (a) neat lipid bilayer, (b) P188-incubated bilayer, and (c) PEO8.4K-incubated bilayer. 
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Figure S8. Breakthrough force mapping (10 μm × 10 μm) of lipid bilayer before and after incubation 
with P188 or PEO8.4K. The data corresponds to the histograms presented in Figure 5a-b. Note that the 
data presented in the bottom left panel and that in the top right panel are from the same lipid bilayer 
sample measured back-to-back, so the two data are identical. 
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Table S1. Fit parameters and derived quantities for P188-incubated lipid bilayer from simultaneous fitting of the 
NR curves measured in two different contrasts (“D2O-2” and 66% D2O). Corresponding NR curves are presented 
in Figure 3a. The values indicate median fit values with 68% confidence limits. 

 Neat lipid bilayer P188/lipid bilayer 

Fit parameters 

SLD of silicon (10-6 Å-2) 2.07 (fix) 

Thickness of silicon oxide (Å) 10.2 ± 0.3 

SLD of silicon oxide (10-6 Å-2) 3.0 ± 0.1 

Thickness of sub-membrane space (Å) 3.0 ± 0.3 

Thickness of substrate-proximal headgroups (Å) 7±1 

Thickness per hydrophobic lipid tail (Å) 14.6 ± 0.4 Change: 
-2.0 ± 0.4 

Thickness of substrate-distal headgroups (Å) 9.56 (fix) 

Bilayer completeness (%) 99 ± 1 93 ± 3 

Derived quantities 

Polymer volume surface density (Å3/ Å2) - 12.7 ± 0.7 

Fraction of polymer outside of bilayer (%) - 13 ± 3 

Fraction of polymer in headgroups (%)  32 ± 3 

Fraction of polymer in tail region (%)  53 ± 6 

Fraction of polymer in submembrane space (%)  2 ± 1 

Fit quality, 𝜒𝜒2 1.9 
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Table S2. Fit parameters and derived quantities for P188-incubated lipid bilayer from simultaneous fitting of the 
NR curves measured in two different contrasts (“D2O-1” and 66% D2O). Corresponding NR curves are presented 
in Figure S3a. The values indicate median fit values with 68% confidence limits. 

 Neat lipid bilayer P188/lipid bilayer 

Fit parameters 

SLD of silicon (10-6 Å-2) 2.07 (fix) 

Thickness of silicon oxide (Å) 10.3 ± 0.3 

SLD of silicon oxide (10-6 Å-2) 2.9 ± 0.1 

Thickness of sub-membrane space (Å) 3.1 ± 0.3 

Thickness of substrate-proximal headgroups (Å) 7.2 ± 0.3 

Thickness per hydrophobic lipid tail (Å) 14.4 ± 0.2 Change: 
-2.8 ± 0.3 

Thickness of substrate-proximal headgroups (Å) 9.56 (fix) 

Bilayer completeness (%) 99 ± 1 83 ± 2 

Derived quantities 

Polymer volume surface density (Å3/ Å2) - 14 ± 1 

Fraction of polymer outside of bilayer (%) - 13 ± 3 

Fraction of polymer in headgroups (%) - 36 ± 2 

Fraction of polymer in tail region (%) - 50 ± 7 

Fraction of polymer in submembrane space (%) - 2 ± 1 

Fit quality, 𝜒𝜒2 1.4 
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Table S3. Fit parameters and derived quantities for PEO8.4K-incubated lipid bilayer from simultaneous fitting of 
the NR curves measured in two different contrasts (“D2O-2” and 66% D2O). Corresponding NR curves are 
presented in Figure 3c. The values indicate median fit values with 68% confidence limits. 

 Neat lipid bilayer PEO8.4K/lipid bilayer 

Fit parameters 

SLD of silicon (10-6 Å-2) 2.07 (fix) 

Thickness of silicon oxide (Å) 10.2 ± 0.3 

SLD of silicon oxide (10-6 Å-2) 2.8 ± 0.1 

Thickness of sub-membrane space (Å) 4.3 ± 0.5 

Thickness of substrate-proximal headgroups (Å) 7 ± 1 

Thickness per hydrophobic lipid tail (Å) 15.0 ± 0.6 Change: 
-2.3 ± 0.4 

Thickness of substrate-distal headgroups (Å) 9.56 (fix) 

Bilayer completeness (%) 99 ± 1 95 ± 3 

Derived quantities 

Polymer volume surface density (Å3/ Å2) - 10 ± 1 

Fraction of polymer outside of bilayer (%) - 18 ± 5 

Fraction of polymer in headgroups (%) - 37 ± 3 

Fraction of polymer in tail region (%) - 43 ± 8 

Fraction of polymer in submembrane space (%) - 3 ± 2 

Fit quality, 𝜒𝜒2 1.8 
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Table S4. Fit parameters and derived quantities for PEO8.4K-incubated lipid bilayer from simultaneous fitting of 
the NR curves measured in two different contrasts (“D2O-1” and 66% D2O). Corresponding NR curves are 
presented in Figure S3c. The values indicate median fit values with 68% confidence limits. 

 Neat lipid bilayer PEO8.4K/lipid bilayer 

Fit parameters 

SLD of silicon (10-6 Å-2) 2.07 (fix) 

Thickness of silicon oxide (Å) 10.3 ± 0.3 

SLD of silicon oxide (10-6 Å-2) 2.8 ± 0.1 

Thickness of sub-membrane space (Å) 4.4 ± 0.4 

Thickness of substrate-proximal headgroups (Å) 7.2 ± 0.3 

Thickness per hydrophobic lipid tail (Å) 15.2 ± 0.4 Change: 
-2.4 ± 0.4 

Thickness of substrate-distal headgroups (Å) 9.56 (fix) 

Bilayer completeness (%) 99 ± 1 88 ± 3 

Derived quantities 

Polymer volume surface density (Å3/ Å2) - 11.9 ± 0.9 

Fraction of polymer outside of bilayer (%) - 18 ± 4 

Fraction of polymer in headgroups (%) - 36 ± 3 

Fraction of polymer in tail region (%) - 44 ± 7 

Fraction of polymer in submembrane space (%) - 4 ± 2 

Fit quality, 𝜒𝜒2 1.5 
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