
                                                 

 



 1 



 2 



 3 



 4 



 5 





 6 

μ

μ





 7 

μ





 8 



 μ



 9 

μ





 10 

γ γ γ

μ μ

α



 11 

α

α



 12 

μ



 13 



 14 



 15 









 16 



 17 



 18 



 19 



 20 



 21 



 1

Table 1 

Summary of bacteria and hydrocarbon properties  

 Contact Anglea (°) Surface Tensionb,c (mJ/m2) Diameterd (m) 
 θw θf θd γLW γ+ γ¯

 

P. putida 34.7 ± 12.9 55.4 ± 3.7 46.2 ± 2.8 36.2 0 68.2 0.95 ± 0.10 

P. aeruginosa 94.6 ± 9.3 59.8 ± 3.2 47.2 ± 2.3 35.8 0.91 0.02 0.65 ± 0.06 

n-hexadecane 27.47e 0e 0e 1.80 ± 0.63 

n-hexadecane + resins n/a n/a n/a 1.39 ± 0.52 

n-hexadecane + toluene 28.0f 0f 0f 2.29 ± 0.85 

n-hexadecane + toluene + asphaltenes 29.67g 0.003g 2.51g 1.32 ± 0.38 

a Contact angles of the bacterial films with water (θw), formamide (θf) and diiodomethane (θd) (values are presented 
as means ± SD, sample size n = 4). 
b Bacteria surface tension values for apolar Liftshitz-van der Waals (γLW) and polar acid (γ+) and base (γ-) 
components determined by means of contact angle measurements [49]. 
c The effect of pH on surface tension is ignored [50]. 
d Equivalent spherical diameter of microorganisms determined by microscopy, and hydrodynamic diameter of 
hydrocarbon droplets determined by DLS (values are averaged over all three pHs). 
e From ref. [30] 
f Average of surface tension of hexadecane and toluene (values from ref.[30]) 
g From ref. [51] 
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FIGURE 1.  Electrophoretic mobility of bacteria at pH 4, 6 and 7.  Cells were suspended in 0.2 

mM NaCl for all measurements.  Error bars denote ± 1 standard deviation (SD), with sample size 

n = 5. 
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FIGURE 2.  (a) Electrophoretic mobility of hexadecane (H) droplets and hexadecane/resins 

(HR) droplets, and (b) electrophoretic mobility of hexadecane/toluene (HT) droplets and 

hexadecane/toluene/asphaltenes (HTA) droplets.  Hydrocarbon droplets were prepared in 0.2 

mM NaCl at pH 4, 6 and 7.  Error bars denote ± 1 SD.  * Significantly larger, with α = 0.1 (Exact 

Mann-Whitney U test, n = 5). 
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FIGURE 3.  Fraction of (a) P. putida and (b) P. aeruginosa cells partitioned to (i) the 

hexadecane phase (H) or to the hexadecane/resins phase (HR), and (ii) to the hexadecane/toluene 

phase (HT) or to the hexadecane/toluene/asphaltene phase (HTA).  Cells were suspended in 0.2 

mM NaCl at pH 4, 6 and 7.  Error bars denote ± 1 SD. *Significantly larger, with α = 0.1 (Exact 

Mann-Whitney U test, n = 5). 
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FIGURE 4.  Total interaction energy as a function of separation distance calculated using 

DLVO model for (a) Pseudomonas putida and (b) Pseudomonas aeruginosa cells interacting 

with n-hexadecane droplets at pH 4, 6 and 7.   
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FIGURE 5.  Total interaction energy as a function of separation distance calculated using 

DLVO model for (a)-(c) P. aeruginosa or (d)-(f) P. putida interacting with HT and HTA 

droplets.   
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FIGURE 6.  (a) Fraction of silica particles partitioned to the hexadecane phase (H) or to the 

hexadecane/resins phase (HR), and (b) to the hexadecane/toluene phase (HT) or to the 

hexadecane/toluene/asphaltenes phase (HTA). Silica particles were suspended in 0.2 mM NaCl 

at pH 6.  Error bars denote ± 1 SD.  *Significantly larger, with α = 0.1 (Exact Mann-Whitney U 

test, n = 5).  (c) Total interaction energy with distance for silica particles interacting with H, HT 

and HTA droplets at pH 6 calculated using DLVO model. 
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