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Scheme 1. PARTITION COEFFICIENTS. 

Table S1a. Calculated logP values of truncated MK homologues obtained from 

molinspiration.com. 

Analogue Structure Calculated logP 

MK-1 

 

3.83 

MK-2 

 

5.67 

MK-3 

 

7.52 

MK-4 

 

8.86 
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S2. HYSTERESIS 

S2a. Hysteresis Methods 

The hysteresis studies of MK films were performed on a Biolin NIMA trough (medium, 

Teflon) with Teflon block barriers. The injection volumes of 2 mM MK varied based on 

the ability to generate a surface pressure greater than 1 mN/m. MK-1 required an 

injection of 400 µL (800 nmol), MK-2 required a 60 µL (120 nmol) injection, and both 

MK-3 and MK-4 required a 40 µL (80 nmol) injection. As with the compression 

isotherms, films were allowed to equilibrate for 15 minutes before hysteresis. Films 

were compressed at a speed of 10 mm/min until a surface pressure between 6 and 8 

mN/m. Compression was paused for one second, then expansion proceeded at a speed 

of 10 mm/min until a surface pressure of 1 mN/m was achieved. This 

compression/expansion cycle was repeated until the trough ran out of area for 

compression. 
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Figure S2a. Hysteresis of pure MK films as a function of surface pressure (mN/m) vs film area 

(cm2). Panels are representative of (A) 800 nmol of MK-1, (B) 120 nmol of MK-2, (C) 80 nmol of 

MK-3, and (D) 80 nmol of MK-4. 
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 S3. VISUALIZATION OF COMPRESSION ISOTHERM 

TERMINOLOGY 
 

 

 

Figure S3a.  A representative compression isotherm demonstrating and visualizing the 

different behavioral phases that are observed and described in Langmuir monolayer 

studies. 
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S4. COMPRESSION MODULUS 

S4a Compression Modulus Methods 

The compression modulus of each average was calculated according to Equation 

3, where Cs
-1 is the compression modulus, A is the area per molecule (Å 2), and π is the 

surface pressure. 

𝐶𝑆
−1 = −𝐴(

𝑑𝜋

𝑑𝐴
)𝑇                                                          (S1) 

The first derivative of the surface pressure with respect to the area at a constant 

temperature was calculated in Origin 2021 and smoothed with a second degree 

polynomial Savitsky-Golay function (500 points per window). The first derivative was 

then multiplied by the negative of the area and graphed versus surface pressure in 

Origin 2021. 

S4b Interpretation 

The calculated compression modulus showed phase transitions and changes in 

monolayer compressibility (Figure S4a). The maximum compression modulus (highest 

point of the curve) may be used to indicate the state of the film (i.e. liquid or solid). 

These states are thought of as a range as opposed to one indicative value.1 For example, 

a maximum compression modulus between 50 and 100 mN/m is indicative of a liquid 

condensed film. The values obtained in Figure S4.1 mixed phospholipid:MK films are 

either liquid or liquid-expanded. A general trend for DPPC films mixed with MK is that 

the maximum compression modulus decreased with increasing MK homologue 

concentration, indicating a more fluid film. Likewise, increasing MK concentration 

suppressed the gas-liquid phase transition peak between 0 and 10 mN/m. The 

DPPE:MK films all demonstrated decrease in maximum compression modulus as the 

molar fraction of MK increased, similar to DPPC. Despite errors (Figures S4b and S4c), 

the overall trend of decreased compression modulus with increased MK fraction is 

clear. 
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Figure S4a Compression modulus (𝐶𝑆

−1) versus surface pressure (mN/m) of DPPC (left 

column) and DPPE (right column) and phospholipid:MK films. Panels A) and B) are 

MK-1, C) and D) are MK-2, E) and F) are MK-3, and G) and H) are MK-4. Solid black 

curves represent pure lipid, red dashed curves represent 75:25 phospholipid:MK, blue 

dotted curves represent 50:50 phospholipid:MK, green dash-dot curves represent 25:75 

phospholipid:MK, and purple dash-dot-dot curves represent pure MK. 
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Figure S4b Representative compression modulus versus surface pressure plots 

demonstrating experimental trials versus calculated averages of (A) DPPE, (B) 75:25 

DPPE:MK-3, (C) 50:50 DPPE:MK-3, (D) 25:75 DPPE:MK-3, and (E) MK-3. These plots 

demonstrate that the average curve is a decent representation of compression modulus 

data. 
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Figure S4c. A representative compression modulus versus surface pressure graph in 

which all experimental trials of the DPPE:MK-3 monolayers were transformed into 

compression modulus and plotted versus surface pressure. This demonstrates that 

while there may be large error, an overall trend of increased compressibility (decreased 

compression modulus) is identifiable. 
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S5. IDEAL MIXING 

 

Figure S5a Ideal mixing of 75:25 phospholipid:MK films compared to experimental data. DPPC 

films are in the left column. DPPE films are in the right column. (A) and (B) show MK-1 mixed 

films, (C) and (D) show MK-2 mixed films, (E) and (F) show MK-3 mixed films, and (G) and (H) 

show MK-4 films. Solid black curves are pure phospholipid monolayers. Blue dotted curves 

represent experimental 75:25 phospholipid:MK films. Solid red curves represent calculated 

ideal mixed films. Purple dash-dot-dot curves represent pure MK films. Error bars are the 

standard deviation of triplicate measurements. 
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Figure S5b Ideal mixing of 25:75 phospholipid:MK films compared to experimental data. DPPC 

films are in the left column. DPPE films are in the right column. (A) and (B) show MK-1 mixed 

films, (C) and (D) show MK-2 mixed films, (E) and (F) show MK-3 mixed films, and (G) and (H) 

show MK-4 films. Solid black curves are pure phospholipid monolayers. Blue dotted curves 

represent experimental 50:50 phospholipid:MK-n films. Solid red curves represent calculated 

ideal mixed films. Purple dash-dot-dot curves represent pure MK films. Error bars  

are the standard deviation of triplicate measurements.
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S6. NOMENCLATURE AND LABELING 

The IUPAC name of MK-4 is 2-methyl-3-(3,7,11,15-tetramethylhexadeca-

2,6,10,14-tetraenyl)naphthalene-1,4-dione. The labeling scheme is provided below in 

Figure S6.1. This differs from the labeling scheme in the main manuscript as we used 

the UQ scheme (Figure S6.2) for easier comparison. 

 

Figure S6a IUPAC labeling of MK-4. 

 

Figure S6b  IUPAC labeling of UQ molecules. 
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