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Introduction:
Phospholipid vesicles are useful tools in biotechnology and medicine because of their subcellular size and ability 
to encapsulate diagnostic and therapeutic molecules. Hydrophobic nanocrystals with useful optical or magnetic 
properties embedded in the vesicle’s lipid membrane could provide a way to control externally the chemical state 
or the trans-membrane transport rate of molecules trapped inside the vesicle for controlled release of medicine [1], 
to enhance resolution in magnetic resonance imaging (MRI) [2], or to permit the tracking of vesicles and medicine 
within the body. 
In this project, varying amounts of 1.5-5 nm gold nanocrystals were mixed with lipid and dialyzed to determine 
the nanocrystals’ influence on vesicle formation. Cryo-transmission electron microscopy (cryo-TEM) and TEM 
images of the vesicle suspensions revealed that gold nanocrystals smaller than the bilayer thickness were primarily 
embedded within the vesicle membranes, while larger nanoparticles were primarily centered inside lipid micelles. 
The size-dependence of the incorporation of the nanocrystals into the vesicle lipid bilayer is important to note 
as vesicle-embedded nanocrystals are investigated further for drug transport, imaging, and controlled release 
applications. 

Phospholipid vesicles were synthesized by detergent dialysis 
for strong membrane integrity and vesicle monodisperity [4]. 
Egg lecithin (phosphatidylcholine, 0.03 mmols, 0.02 g) and 
various concentrations and sizes of gold were combined in 
chloroform and dried under reduced pressure at 40°C. These 
films were rehydrated with 1 mL of a sodium chloride (0.05 
M) and sodium cholate (0.04 M) solution, and equilibrated 
over two hours with occasional swirling. The lipid solutions 
were then transferred to wetted dialysis bags and suspended 
in aqueous NaCl solutions (0.05 M, 0.1 L). The water was 
changed approximately every four hours over 24 to 28 hours, 
or whenever possible. Resultant vesicle solutions appeared 
opalescent or tinted purple or brown depending on the size 
and concentrations of gold. Carbon-coated copper TEM grids 
of diluted samples were dried and later stained with uranyl 
acetate for imaging.

Results and Discussion:
High contrast spots visible in the TEM images (Figure 2) of 
samples prepared with Au measuring 2.0 ± 0.3 nm in diameter 
indicate that nanocrystals were incorporated into the vesicles. 
Unfortunately, due to the dark contrast of the uranyl acetate 
stain, the small size of the nanocrystals, and the ability of the 
stain to leak under the edges of the vesicles, it was often difficult 
to distinguish spots of gold from the stained background. The 
lipid membrane itself was not stained and therefore not visible 
either, which made it difficult to determine where exactly the 
nanocrystals were located relative to the lipid bilayer. As such, 

Figure 1: TEM images of separated Au nanocrystals.

Experimental Procedure:
Hydrophobic gold nanocrystals (Figure 1) were prepared as 
described by Brust [3] by combining a solution of hydrogen 
tetrachloroaurate in water (0.03 M, 14.4 mL) to a solution of 
tetraoctylammonium bromide in toluene 
(0.2 M, 9.8 mL) and stirring for one hour. Neat 1-dodecanethiol 
(5 mmols, 1.2 mL) and an ice-cold aqueous sodium 
borohydride solution (0.4 M, 12 mL) were sequentially added 
to the organic layer and stirred for an additional hour. Larger 
Au nanocrystals were synthesized by a similar procedure 
except the initial solution was reduced by NaBH4 and stirred 
for four hours before 1-dodecanethiol was added to the organic 
phase. The resultant Au nanocrystals were centrifuge-washed 
with methanol at 8000 rpm for five minutes, resuspended in 
chloroform, and separated by size-selection. 
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cryo-TEM (Figure 3) was necessary to better understand how 
the nanocrystals affected the vesicles. The cryo-TEM images 
reveal many high contrast spots clearly visible inside the lipid 
bilayer walls of the vesicles, confirming that the 2.0 ± 0.3 
nm Au nanocrystals added at a concentration of 0.3 mg/mL 
were in fact embedded within the vesicle walls. Nanocrystals 
were found to aggregate and precipitate out of solution at 
higher concentrations, and consequently were not analyzed 
under cryo-TEM. In these cases, there were not enough lipid 
molecules to completely encapsulate the particles and prevent 
them from coming in contact with water. 
Larger Au nanocrystals measuring 4.2 ± 0.8 nm in diameter 
behaved somewhat differently. While TEM micrographs 
(Figure 4) showed that some of the nanocrystals were 
embedded in the presumed bilayer membrane of vesicles, 
other nanocrystals appeared trapped in the center of micelle 
structures. Presumably, nanocrystal-induced bulges in the 
lipid bilayer equilibrate toward micelles, and crowded 
lipid molecules in the micelles favor incorporation into the 
vesicles. 

Future Work:
To further investigate the effect of nanocrystals on vesicle 
formation, fresh vesicle samples prepared with “large” 
nanocrystals will need to be synthesized for cryo-TEM 
analysis. Other future endeavors include incorporating iron 
oxide nanocrystals into the vesicle walls, and attempting 
to separate out micelles from vesicles via size-exclusion 
chromatography. 
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Figure 4: TEM images of a stained vesicle  
sample with “large” Au nanocrystals.

Figure 2: TEM images of stained vesicles with  
arrows pointing to “small” Au particles.

Figure 3: Cryo-TEM images of vesicles with  
arrows pointing to “small” Au particles.




