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S1. Box Model Analysis of the XR Data
The so-called box-model method was used to convert the X-ray reflectivity (XR) profiles to the
real-space electron density profiles. For this analysis, the original XR data were first shifted
horizontally by adding a small offset (qftset) to the original q, values, and then also vertically
slightly by multiplication of the reflectivity data (R(q,)) by a constant factor (Rgp;f), in order to
match the measured values of q, and R(q,) at the critical angle to those of the Fresnel
reflectivity situation:

dz = dzoriginal T dzoffsets (S1)

R(9;) = Rorigina1(dz) X Renitt- (52)

Then this modified reflectivity profile was normalized by the theoretical Fresnel reflectivity

profile:
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The box-model fitting analysis was performed on this normalized data (R(q,)/Rp(q;)). We

assumed that the monolayer is composed of four sublayers (i.e., “boxes”) of variable thickness
(dq, dz, d3, dy) and electron density (Pe 1, Pe2> Pe3s Pe4), €ach bounded by error function-type

interfaces of variable roughness (64, 6,, 03, G4, O5):
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The assumed electron density profile calculated using Equation S4 was converted through the
first Born approximation to an expected XR profile. Then this predicted XR profile was
compared with the experimental data. This process was repeated to find the thickness, electron
density and roughness values that minimize the sum of the magnitudes of the differences

between the measured and calculated XR values at all the data points:

— VN |Rexperiment,i(QZ)_Rcalculation,i(QZ)l S5
€ = Lij=1 : . (S5)
Rri(dz)

A more detailed discussion of this procedure is given in Lee et al. Soft Matter 10, 3771 (2014).



Figure S1. Surface pressure vs. area isotherms of a PLGA monolayer measured at 25 °C during

compression at a rate of 3 mm/min at two different Wilhelmy plate orientations relative to the
barriers of the Langmuir trough (i.e., “parallel” and “perpendicular”). See Figure 1 of Cicuta &
Terentjev, Eur. Phys. J. B, 16, 147 (2005) for graphical illustration of the definitions of the

“parallel” vs. “perpendicular” configurations.
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Figure S2. Normalized XR profiles (R(q,)/Rr(q;)) from PLGA monolayers at eight different area
per monomer conditions. Points are experimental data. Solid lines are theoretical fits to the data.
The procedures for this box-model fitting analysis are described in Section S1 of the Supporting
Information (SI). The normalized electron density profiles (p.(z)/pewarer) Obtained from this
analysis are presented in Figure 1(b). The values of the best-fit parameters are presented in Table

S1 (SI).



02 03 04 05 06 07F]

02 03 04 05 06 07]

02 03 04 05 06 07]

0.1

R T —— m_ T —— m_ Tr—— m_ T ——

TTTOO0OO0O0OOT™YTOOO0OOOT™Y YT OOOOOT™TOO0O0OO0OO

02 03 04 05 06 0.7

0.0 01

az (A1)



oMvhOOMONMNONMNBROOONC
=

o000 RRO00000oAR

02 03 04 05 06 0.7

CIz(A'1)



Table S1.Box model fit parameters for the normalized electron density profiles shown in Figure

1(b). The actual reflectivity data are presented in Figure S2. The notations, d; , pe;j, and oj,

denote the thickness, electron density and roughness of the i-th sublayer (or interface) within the

monolayer, respectively. The subscript value “1” corresponds to the sublayer (or interface)

closest to the bulk air phase, and the highest subscript number designates the sublayer (or

interface) closest to the bulk water.
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Figure S3. Thicknesses of the PLGA monolayer at various area per chain conditions determined
from the XR data shown in Figure 1; the monolayer thickness is defined as the distance between
the mid-electron-density point on the air side and the mid-electron-density point on the water

side of the monolayer. These experimentally determined thicknesses are compared with the film

thickness values calculated using a value of 1.58 g/cc for the bulk density of PLGA.
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Figure S4. (a) Surface pressure relaxation profiles of Langmuir PLGA films at a constant film

area of 0.8 A” per monomer at 25 and 40 °C. (b) A surface area vs. time profile of a Langmuir

PLGA film at a constant pressure of 30 mN/m at 25°C. The monolayer samples were initially

prepared at 2.78 A% per monomer and then compressed at a rate of 3 mm/min to the 0.8 A per
monomer condition (i.e., to the 30 mN/m surface pressure condition) before these measurements

began.
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Figure S5. A time series of normalized XR profiles (R(q;)/Rr(q,)) from a Langmuir PLGA film
at a constant surface pressure of 30 mN/m; the monolayer was initially prepared at an area of 4
A? per monomer and then compressed at a rate of 2 cm*/min (trough width 98 mm, length 350
mm) to the 30 mN/m surface pressure condition before these measurements began. Points are
experimental data. Solid lines are theoretical fits to the data. The procedures for this box-model
fitting analysis are described in Section S1 of the Supporting Information (SI). The normalized
electron density profiles (p.(z)/pewater,) Obtained from this analysis are presented in Figure 5(b).

The values of the best-fit parameters are presented in Table S2 (SI).
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Table S2. Box model fit parameters for the normalized electron density profiles shown in Figure

5(b). The actual reflectivity data are presented in Figure S5. The notations, d; , pej, and oy,

denote the thickness, electron density and roughness of the i-th sublayer (or interface) within the

monolayer, respectively. The subscript value “1” corresponds to the sublayer (or interface)

closest to the bulk air phase, and the highest subscript number designates the sublayer (or

interface) closest to the bulk water.

XR
Measurement d, d, d; dy  |Pe1 Pe2 Pe3 Pe s o4 o, o3 oy os
start  TimelA) A A |A)  |/Pewatero|/Pewatero|/Pewaterol/Pewatero/B) (B A & |
(hours:minutes)
6.819| 15.10| 46.64| 22.40| 0.96279 2.745| - - - 5.426
0:00 56 51 86 12 8 1.19847| 1.22417| 1.21899165 3.52975|3.08839/|0.16186|36
6.955| 11.83| 55.59| 19.54| 0.94552 2911 - - - 5.166
0:45 11 59 87 38 4 1.16703| 1.18555| 1.1956741 3.69149/4.05022/4.5126344
8.824| 9.266| 78.17| 18.08| 0.92680 0.75353| 3.017| 2.447| - 16.68| 7.918
1:45 72 37 33 69 3 1.01601| 1.19394(9 92 15 16.4992|75 94
6.511| 14.63| 53.25| 21.17| 097812 2918| - - - 5.785
2:31 63 99 66 05 7 1.22029| 1.24558| 1.2063561 4.1058 [2.87444/4.25562(33
4244 23.61| 50.65| 15.39| 0.73503 2.864| 6.747| - 12.22| 5.421
3:50 49 19 5 85 3 1.19613| 1.21529| 1.17425193 56 0.34623|67 57
8.181| 9.711| 2.598| 75.66 2.835| 2.965| - - 9.528
4:45 54 21 92 24 1.12115( 1.35999| 1.32104| 1.29872(79 59 1.15006|1.17637|63
5:49 1.23853| 1.55243| 1.28876| 1.27178
7.982| 5.284| 46.72| 38.85 2.607| - - - 6.605
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Figure S6. Normalized electron density profiles (p.(z)/pewarer,) Obtained from the box-model

analysis of the XR data for the compressed and as-spread PLGA films at an area of 0.8 A” per

monomer.
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