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Abstract 

Metal microcapsules have recently received attention and are being developed as improved 

carrier materials when compared to polymer microcapsules. In this work we have developed 

a novel, simplified method by which polymeric microcapsules can be synthesised using a 

combination of poly(vinyl pyrrolidone)-stabilised platinum nanoparticles (PVP-Pt) and 

poly(vinyl pyrrolidone) (PVP) as stabilisers, to allow for a secondary metal shell to be grown. 

We investigate the relationship between the molar ratio of reducing agent to platinum salt and 

the size of the resulting NPs and seek to develop further fundamental understanding of the 

factors governing the secondary metal shell thickness and quality, to allow production of 

cost-effective metal microcapsules without sacrificing core retention efficiency. We found 

that the size of the nanoparticles had no significant effect on secondary shell thickness, but 

did affect the quality of the resulting gold shells. Gold salt concentration was found to be a 

limiting factor in the electroless deposition of the metal shell. In this work, we have 

successfully produced PLGA microcapsules with more cost-effective gold shells, as thin as 

56 ± 13 nm and capable of complete core retention of volatile actives. 

mailto:*a.tasker@uq.edu.au
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Introduction 

Encapsulation of active compounds within polymeric shells has been explored over many 

decades and has led to the development of a vast array of applications including foods,1 

pharmaceuticals,2-5 inks,6-8 homecare9-11 and personal care products.12, 13 However, there is an 

inherent disadvantage in using polymers as the shell material: due to the relatively high 

permeability of the polymer matrix, low molecular weight volatile actives can easily escape 

through the shell, particularly in environments which favour leakage, such as a bulk solvent 

in which the active is highly soluble.  

Improving the retention of small molecules in the microcapsule core has therefore been a 

major focus in the literature for decades.14-18 Increasing the thickness of the polymer shell,14, 

15 polymer cross linking,19 and changing the solvent used in the bulk phase,17 are just some of 

the methods which have been employed in an attempt to improve the active’s retention time. 

Such approaches however, do not actually prevent leakage and only serve to lower the rate of 

release, in many cases only slowing complete loss by a few hours. Alternative approaches, 

such as the use of fluorinated monomers to form the polymer shell, prevents wetting of the 

shell and showed significant improvement in retarding the diffusion of molecules from the 

core.17  However, this is unlikely to be a practical solution as such a method for producing a 

fluorinated shell is currently only achievable via microfluidic production and the use of 

fluorinated monomers as the middle oil phase of a multiple emulsion is likely to be 

challenging to translate into a scalable batch process. Recently, metal films have been 

demonstrated as a potential shell material, allowing for complete retention of volatile 

molecules within microcapsules.16, 20, 21  For example, in our previous work, we demonstrated 

that hexyl salicylate is fully retained within a metal-shell microcapsule for at least 21 days at 

elevated temperatures when exposed to a bulk ethanol:water phase in which it is fully 

soluble.16  

The metal-shell microcapsules reported in our earlier work were prepared in a three step 

synthesis involving synthesis of polymer shell microcapsules from an emulsion template, 

using the solvent extraction method first described by Loxley and Vincent.14, 15, 22 Platinum 

nanoparticles, stabilised with poly(vinyl pyrrolidone) (PVP-Pt) were then physically adsorbed 

onto this polymer shell and finally, the adsorbed nanoparticles acted as catalytic loci for the 

growth of a continuous gold shell by electroless deposition, in stage three.23 As this method 

uses precious metals, platinum and gold, to form the metal shells, it is imperative that 
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adequate control is gained for both nanoparticle adsorption and the subsequent gold shell 

formation, to allow for thin, continuous shells to be produced thus lowering production costs. 

Whilst this method has shown promise, it was found to be challenging to control the physical 

adsorption of PVP-Pt nanoparticles onto the polymer microcapsule surface in some cases. For 

example, we demonstrated that the adsorption of nanoparticles has some dependence on the 

material present in the core.21 Based on these observations and various attempts to grow a 

controlled gold shell of a desired thickness we were able to propose mechanisms which 

describe the growth of the gold shells, depending on the deposition and density of the metal 

nanoparticles adsorbed onto the polymer surface.21 It was postulated that when nanoparticle 

aggregation occurred on the surface of the capsule, forming multiple layers of nanoparticles, 

that the gold shell would grow in such a way that it filled the gaps in the nanoparticle 

framework. Thus, in order to grow the thinnest and most cost-effective shells, better control 

of the nanoparticle density is required, to prevent aggregation and to give a dense monolayer 

on the polymer surface. In the work reported here, we have improved on our previous method 

by directly utilising the metal nanoparticles as a stabiliser for the initial capsule formation, as 

described in the work of Cayre and Biggs.24 This method results in catalytic nanoparticles 

anchored onto the polymer surface as the shell is formed potentially allowing greater control 

over the distribution of the nanoparticles on the microcapsule surface. 

There is much work in the literature relating to the use of the biodegradable and 

biocompatible polymer poly(d,l-lactide-co-glycolic acid) (PLGA) as a microcapsule shell to 

encapsulate the ultrasound contrast agent perfluorooctyl bromide (PFOB).25-28 These capsules 

are formed using a similar solvent extraction method to the one we have described 

previously.16, 22  In contrast to our previous work however, polymeric stabilisers such as 

poly(vinyl alcohol) (PVA) and poly(vinyl pyrrolidone) (PVP) are used to form small, 

spherical core-shell capsules.25 The addition of an impermeable gold shell to such 

biocompatible microcapsules could allow, not only for improved stability of ultrasound 

contrast agents, but also for improved drug delivery, potentially eliminating off-target side 

effects as the drug cannot leach from the capsules prior to controlled or deliberate breakage.  

In this work, we aim to stabilise such PLGA microcapsules with a PFOB core using PVP-Pt 

nanoparticles, in combination with an excess of PVP, to achieve a uniform monolayer of 

nanoparticles embedded securely on the capsule surface, allowing us to then control the 
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growth of a complete, and potentially thinner, gold shell directly onto the capsules by 

electroless deposition.  

Materials 

Poly(lactic-co-glycolic acid), (PLGA), (50:50) (10-15 kDa), dichloromethane, (DCM); 

poly(vinyl pyrrolidone) (PVP) (40 kDa); chloroplatinic acid, (H2PtCl6) 99%; chloroauric acid 

(HAuCl4) 99.99%; perfluorooctyl bromide, (PFOB); 30% hydrogen peroxide (H2O2); 

poly(ethylene glycol) (PEG) (400 Da); chloroform-D (CDCl3) 99.8%; pentafluorobenzyl 

alcohol 98%; and sodium borohydride (NaBH4) 98%, were purchase from Sigma Aldrich. All 

chemicals were used as received. 

Preparation of PLGA microcapsules with embedded Pt nanoparticles. 

First, PVP-stabilised Pt nanoparticles were synthesised. H2PtCl6 (0.115g, 2.2 mM) was 

dissolved in 100 mL of PVP solution (1.15 µM). In a 250 mL conical flask the H2PtCl6 

solution was stirred vigorously and NaBH4 (0.4 mL, 0.5 M) was rapidly injected into the 

flask. The yellow solution immediately turned dark brown, and after two minutes of vigorous 

stirring was left to stand for at least 12 hours to form an almost black nanoparticle dispersion 

of PVP-Pt. To investigate the effect of nanoparticle size on the final metal shell thickness, 

H2PtCl6 concentrations of 0.5, 1.1, 2.2, 3.3 and 4.4 mM were used. PVP-Pt dispersions were 

concentrated by dialysis in PEG400 solution (5 wt%) to remove any excess water., to achieve 

a constant number concentration of nanoparticles across all samples,  

PLGA (0.1 g) was dissolved in DCM (4 mL) before PFOB (60 µL) was added and mixed 

until a single phase was formed. PVP (2.0 g) was dissolved into 100 mL ultrapure water (18.2 

Mȍ cm at 25 °C) to form part of the continuous phase. To the PVP solution (15 mL), PVP-Pt 

nanoparticles (5 mL) were added. The oil-in-water emulsion was formed by slowly adding 

this aqueous solution onto the PLGA-PFOB phase and then emulsifying (IKA T25 Ultra-

Turrax) at 17500 rpm for 2 min, over ice. The emulsion was stirred at 300 rpm for 24 hours 

to allow complete evaporation of the DCM and precipitation of the polymer shell. The 

capsules were washed twice via centrifugation at 2000 rpm for 10 minutes at 10 C followed 

by redispersion in 25 mL ultrapure water. 

Metal shell growth onto PLGA microcapsules. 

A gold plating solution was prepared consisting of HAuCl4 (1.0 mL, 40 mM), PVP (3.0 mL, 

0.05 mM) and H2O2 (1.0 mL, 60 mM). To this, a PLGA capsule dispersion (0.5 mL) was 

added dropwise, then mixed on a carousel for 5 minutes at 50 rpm. The capsules were washed 
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three times via centrifugation at 2000 rpm for 2 minutes at room temperature, and redispersed 

in 5 mL ultra pure water with 0.2 mL PVP (0.05 mM) as a stabiliser to prevent aggregation. 

To investigate the effect of concentration of HAuCl4 on the resulting metal shell thickness, 

the salt concentration was reduced to 30 mM, 20 mM, 10 mM and 5 mM, while all other 

parameters remained constant. 

Characterisation of nanoparticles 

Size distributions of the Pt nanoparticles were measured using transmission electron 

microscopy, TEM (JEOL1010) at 80 kV and the micrographs were analysed using the 

analyse particles function in ImageJ, image analysis software (imageJ.net)29. At least 600 

particles were measured for each sample. Polydispersity was measured from the ratio of the 

quadratic average. To calculate the number of nanoparticles synthesised in each sample, UV-

vis spectroscopy was used to measure the conversion of H2PtCl6 to Pt0. The absorbance of the 

H2PtCl6 peak was measured at 244 nm, and used to calculate the Pt0 concentration. Using this 

and the nanoparticle size data we calculated the number of nanoparticles synthesised. 

Characterisation of nanoparticle distribution on PLGA microcapsules 

To measure the nanoparticle distribution on a capsule surface, transmission electron 

microscopy, TEM (JEOL1010) at 80 kV was used to collect images of collapsed (and thus 

transparent) capsules. The nanoparticle coverage was measured as a percentage using ImageJ, 

image analysis software. 

Characterisation of metal shells 

Scanning electron microscopy, SEM (Hitachi SU3500) was used to observe the gold shell 

morphology. A Zeiss Field emission SEM (FE SEM) with Gatan 3View was used to take 

multiple cross sections through the metal capsules, set in an epoxy resin, then ImageJ was 

used to measure the thickness of the metal shells in each slice to find the mid-point of each 

capsule and thus the point where the metal shell appears thinnest, representing the true shell 

thickness. This method is based on our previous work where microtome slices were analysed 

using TEM and ImageJ to calculate shell thickness.16 In addition, to remove experimenter 

bias, shell thickness was determined using a MATLAB code developed in-house. Briefly, 

single capsules were isolated manually and then segmented based on a global image mean. 

The resulting binary image was subjected to a Euclidean distance transform and the centre of 

the shell wall identified by selecting pixels with the maximum distance from the background 

in an 8-connected component neighbourhood. The shell thickness was taken as twice the 
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average distance (the number of measurements for each shell in each slice was greater than 

100) from the centre pixel to the background. To gain a statistical representation of the 

capsule population, the measurements were repeated for each slice for 20 full capsules. 

To test for leakage from the core, samples of microcapsules with gold or polymer shells were 

added to CDCl3 (2 mL) with a pentafluorobenzyl alcohol marker (5 mg/mL), and mixed on a 

disk tube rotator (MX-RD-E, Scilogex USA) for 7 days. The solutions were filtered to 

remove any remaining capsules and then 19F NMR was used to detect the presence of PFOB 

in the filtrate.  

Results and discussion 

PVP-Pt nanoparticles as a stabiliser in the formation of PLGA-PFOB 

microcapsules 

The aim of this part of the work was to investigate the potential of using PVP-Pt 

nanoparticles to stabilise PLGA microcapsule formation, to allow better control over the 

distribution of nanoparticles on the capsule surface. Seekell et al. have shown previously that 

it is possible to form PLGA shell-PFOB core microcapsules when PVP is utilised as the 

stabiliser, using the solvent evaporation method.30 As the Pt nanoparticles used to catalyse 

gold deposition in previous works are also stabilised with PVP,16, 21, 23 we hypothesised that 

PVP-Pt could be used to stabilise the PLGA-PFOB microcapsules. However, platinum is an 

expensive, precious metal and thus using large amounts would be undesirable when 

considering scale up for industrial translation. Therefore we used a combination of pure PVP 

and PVP-Pt to stabilise the capsules thus minimising the amount of platinum required to 

stabilise the interface, whilst ensuring enough PVP-Pt coverage to allow secondary metal 

shell growth. We hypothesised that the PVP-Pt nanoparticles would act as a synergistic 

stabiliser to the PVP, and that we could gain more control of the nanoparticle coverage on the 

microcapsule surface, in turn allowing further control of the final gold shell thickness.21  

We found that spherical core-shell microcapsules were indeed formed using this combination 

of PVP and PVP-Pt, as predicted from the spreading coefficients of the capsule components, 

described in our previous work (Table S1 supplementary information).12 The resulting 

emulsion is shown in Figure 1a) where a schematic representation and optical microscope 

image of an emulsion droplet is displayed. As the solvent evaporates, the polymer becomes 

insoluble in the remaining oil and migrates to the oil-water interface, eventually forming a 

shell around the PFOB core once there is no DCM remaining. The nanoparticles which were 
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used to stabilise the emulsion become trapped on the capsule surface during the shell 

formation, and this can clearly be seen in Figure 1b (schematic and transmission electron 

micrograph). The nanoparticles appear evenly distributed across the polymer surface in a 

single monolayer. This is in contrast to what is observed when physically adsorbing PVP-Pt 

with an excess of PVP to pre-formed polymer shells, where the PVP and the PVP-Pt compete 

for space on the solid surface.31 Continuous gold shells are grown onto the platinum 

embedded microcapsules by electroless deposition, using the procedure previously 

described,16, 21 and the resulting gold shell can be seen in Figure 1c (schematic and scanning 

electron micrograph). Release of PFOB from the capsules was tested using 19F NMR. PFOB 

was detected in the solvent phase for the capsules with a polymer shell, which indicated that 

either the polymer shell had dissolved or the PFOB had diffused through the shell.  On the 

other hand, no PFOB signal was observed in the solvent phase for the gold coated capsules 

(Figure S1), indicating full retention of the core. 

 

Figure 1 – Schematic diagram of metal microcapsule formation, with microscopy images of each stage a) PVP and PVP-Pt 
stabilised emulsion droplet with corresponding optical microscopy image, b) solvent evaporation results in polymer 
precipitation to form a shell around the PFOB, trapping the nanoparticles at the surface, demonstrated in transmission 
electron micrograph, c) resulting gold shell with corresponding scanning electron micrograph. Images chosen are 
representative of the sample and chosen specifically to highlight each stage of the procedure.  

The reduction of H2PtCl6 to Pt(0) proceeds as shown in Equation (1). The metal salt is reduced 

by sodium borohydride to produce the platinum nanoparticles in the presence of PVP, which 

acts as a stabiliser for the nanoparticles. Due to the low concentration of PVP used in the 

synthesis, the nanoparticles formed were at the limit of stability, as described in our previous 

work,21 and so if more platinum salt was reduced, there were insufficient PVP chains 

available to stabilise the additional nanoparticles, leading to aggregation and sedimentation of 
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platinum (Figure S2). Thus, the mass of platinum salt was reduced to investigate the effect of 

the molar ratio of NaBH4:H2PtCl6 on the formation of the platinum nanoparticles. UV-Vis 

spectroscopy was used to calculate the concentration of Pt(0) formed in the reaction, from the 

absorbance measured at 244 nm, and this is shown in Figure 2a. ܰܽ4ܪܤ 6݈ܥݐ2ܲܪ+  + ՜ 2ܱܪ3  ݐܲ 3ܱܤ2ܪ+ + ݈ܥܪ5 ݈ܥܽܰ+ +  2ܪ2

Equation (1) 

 Transmission electron micrographs of the nanoparticles demonstrate that for a molar ratio 

above 1:1 NaBH4:H2PtCl6 the nanoparticles do not form aggregates (Figure 3).  

 

Figure 2 – Effect of molar ratio of NaBH4:H2PtCl6  used in PVP-Pt synthesis on a) resulting Pt concentration, b) size 
distribution of NPs produced, and c) median nanoparticle size.  

It is also clear from Figure 2b that the mean nanoparticle size reduces as the molar ratio of 

reducing agent to platinum salt is increased. The nanoparticle size was measured from 

transmission electron micrographs of the nanoparticles and analysed using the image analysis 

software, ImageJ. The dispersity can be seen to increase as the molar ratio of NaBH4:H2PtCl6 

is reduced, as indicated in Figure 2b, where the normalised number frequency distribution for 

each sample is shown. There is an increased availability of PVP per unit nanoparticle surface 

area when the platinum salt concentration is reduced (increasing the ratio of reducing agent to 

platinum salt), leading to more uniformity of the nanoparticles. This is also evidenced in 

Figure 3, where the TEM images show that with increasing platinum salt and thus decreasing 

molar ratio, the resulting nanoparticles are noticeably larger. 
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Figure 3 – Transmission electron micrographs showing PVP-Pt NPs synthesised with a) 0.6:1, b) 0.9:1, c) 1.8:1, d) 2.1:1, 
4.5:1 molar ratio NaBH4:H2PtCl6. Molar ratios are shown in top right corner of each image. 

The nanoparticles synthesised from the three highest molar ratios of NaBH4 to H2PtCl6, with 

the most uniform nanoparticles (figure 3c-e) were used as a stabiliser for producing PFOB-

core polymer microcapsules. These nanoparticles were chosen for further investigation 

because as they were less disperse in size than the lower molar ratio samples, this should 

allow for a more homogeneous decoration of the polymer microcapsules. To standardise the 

number of nanoparticles added to the PVP used to stabilise the pre-microcapsule emulsion, 

the nanoparticles were dialysed in poly(ethylene glycol) (PEG) to concentrate the dispersion. 

The concentration of the nanoparticles after dialysis was 3.5x1014 (± 0.1x1014) NPs/mL. In 

each case, stable core-shell microcapsules were produced. Transmission electron micrographs 

in Figure 4 show apparent monolayer distributions of nanoparticles on the surface of the 

PLGA microcapsules in all three cases, and the surface coverage remains approximately 32% 

in all cases, calculated using ImageJ for 5 different capsules per sample (Table 1). 

Table 1 – The effect of nanoparticle size on the surface coverage of PLGA microcapsules, and resulting gold shell thickness.  

Nanoparticle 

size/nm 

Average surface area 

covered/ % 

Resulting gold shell 

thickness/nm 

2.8 32.6 ± 9.0 106 ± 16 
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3.4 35.1 ± 1.4 105 ± 10 

4.0 28 ± 2.8 109 ± 13 

 

 

Figure 4 – Transmission electron micrographs showing representative areas of PLGA microcapsules with PVP-Pt NPs 
attached to the surface, where NP diameters of a) 4.0 nm , b) 3.5 nm , c) 2.8 nm , were used as the stabiliser. 

Controlling gold shell morphology and thickness on PLGA microcapsules 

As stable core-shell microcapsules were formed in all cases, the gold deposition was 

conducted on all three samples. Scanning electron micrographs in Figure 5 show that for the 

largest nanoparticles, approx. size of 4.0 nm, a full gold shell is deposited on the capsules 

(Figure 5a). The gold shells formed using the microcapsules decorated with the 3.5 nm 

diameter Pt nanoparticles appear to be slightly incomplete, as a number of pinholes are 

evident in Figure 5b (inset). When the smaller (2.8 nm) nanoparticles are used however, the 

coating begins to show some severe defects, with patchy coverage evident on some of the 

capsules, where the darker areas indicate exposed polymer (Figure 5c inset). Higher 

magnification images to further show the differences in shell quality as a function of 

nanoparticle size can be found in supplementary information, Figure S3.  

 

Figure 5 – Scanning electron micrographs showing the resulting gold shell when a) 4.0 nm b) 3.5 nm and  c) 2.8 nm 
diameter nanoparticles were used to stabilise PLGA microcapsules. Insets show magnified images to demonstrate shell 
quality for each sample (scale bars for insets = 1 µm). 
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The mean shell thickness of each sample was measured using microtomy and image analysis 

(Table 1), as described previously.16 In the case where an incomplete shell was formed, the 

complete sections of the shell were used to calculate the overall shell thickness. Interestingly, 

although the 2.8 nm nanoparticles gave poorer quality gold coverage, in the areas where 

shells were produced and measurable, there was no significant difference in shell thickness as 

compared to the fully formed shells which were grown on the capsules with the 4.0 nm 

nanoparticles on the surface. This suggests that the size of the nanoparticle does not affect 

shell thickness, however it does affect the quality of the resulting shell. It is possible that as 

the nanoparticles become smaller they become less efficient as catalysts for the reduction of 

the gold salt, potentially due to the increase in PVP per unit surface area of nanoparticle 

blocking the catalytic sites.  Alternatively, it is also possible that volume ratio of the 

nanoparticles engulfed by the polymer shell of the microcapsule plays an important role, with 

the smaller nanoparticles potentially exposing less catalytic surface to be used for the 

electroless deposition process as compared to their larger counterparts.  

 

Controlling the gold shell thickness 

Despite achieving a monolayer coverage of nanoparticles on the polymer capsule surface, the 

minimum shell thickness achieved using this new method was 110 ± 13 nm, which is not an 

improvement on that reported previously, when the nanoparticle layer expanded to more than 

a single monolayer.21 As we have noted, it is important to obtain the thinnest shells possible 

in order to produce the most cost-effective microcapsules, especially when using precious 

metals such as gold.  

In an attempt to further improve our approach, the concentration of gold salt added to a 

known volume of microcapsules was systematically reduced from the original concentration 

of 40 mM. This part of our work was conducted on the capsules produced using 4.0 nm 

diameter nanoparticles, because this gave complete gold shells using a gold salt concentration 

of 40 mM. As the gold salt concentration was reduced, a decrease in the mean shell thickness 

was observed. The SEM 3View was used to generate cross-sections where microtome slices 

are cut from a resin block in which the sample is embedded, and then the remaining block 

face is imaged by SEM in situ. This eliminates problems associated with the resin slices 

tearing as they are removed from the block, as the block face is imaged rather than the 

removed slice. Using this method, 500 slices were taken from each sample and the images 
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were stacked to give a 3D reconstruction of the capsules. A movie of the reconstruction is 

included in the supplementary information. The centre-point, and thus thinnest part of the 

shell, is easily found from this reconstruction, allowing for the shell thickness to be measured 

at the equator of the sphere, thus reducing the error associated with our previous method of 

plotting a frequency curve of all the thicknesses from any part of the shell.16, 21 However, 

performing this analysis manually is extremely time consuming and relies on the assumption 

that the shell thickness is consistent, because only five measurements were taken per capsule. 

An automated analysis technique was developed using MATLAB, whereby each 3View 

section was converted to a binary image and subjected to a Euclidean distance transform. The 

thickness of the entire shell was measured as the minimum distance from the centre of the 

shell to the background and reported as an average value for that entire slice of the capsule. 

This was measured on individual capsules, slice by slice, to find the centre-point/thinnest part 

of the shell. There are two sets of data included in Figure 6, the orange circles represent the 

shell thickness measured manually across all the capsules in the sample window while the 

blue circles represent the shell thickness measured using MATLAB . A linear increase in shell 

thickness with gold concentration is apparent and this suggests that the deposition of more 

gold is limited only by the reaction time of 5 minutes. The thinnest shell was achieved using 

2 mM of gold salt which was expected, and it was measured to be 56 nm using our automated 

process, and 40 nm by manual analysis. The manual results, whilst indicating thinner shells in 

all cases are within error of the automated results. The largest discrepancy occurs for 40 mM 

of gold salt, where the thickest shells are produced, and this is a result of the uneven surfaces 

of these thicker shells which increases the bias of a manual analysis because 5 random points 

are used per capsule to measure the thickness. It is important to note that the thinnest shells 

(56 nm) do not allow for any release of PFOB into chloroform, as shown by the absence of 

PFOB peaks in the NMR spectra from the release studies (Figure S1). This confirms that the 

metal shells grown in this case are indeed impermeable, as seen for different core materials in 

our previous works.16, 21, 31  
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Figure 6 – Relationship between gold salt concentration used in electroless deposition process and resulting metal shell 
thickness on PLGA microcapsules, blue circles – Matlab automated analysis method, orange circles – manual image 
analysis method. 

The surface morphology of the gold shells appears smoother as the gold salt concentration is 

reduced (Figure 7) and this is consistent with less gold attaching to the surface and thus the 

thinner films we observe at the lower concentrations. One possible explanation for this is that 

the gold shells formed with lower salt concentrations grow more slowly, due to the longer 

diffusion times required for the ions to reach the catalytic nanoparticle sites. This slower 

growth is likely to result in more even and continuous films. Higher magnification images to 

further show the differences in shell roughness as a function of nanoparticle size can be found 

in supplementary information, Figure S4. 

 

 

Figure 7 – Scanning electron micrographs showing gold shell microcapsule surfaces becoming increasingly rough as the 
amount of gold salt, and thus shell thickness increases, a) 5 mM, b) 10 mM and c) 40 mM HAuCl4 used for electroless 
deposition. 
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Conclusions 

We have developed a novel method by which polymeric microcapsules can be synthesised 

using a combination of PVP-Pt nanoparticles and PVP as stabilisers. We found that during 

the polymer shell formation, PVP-Pt nanoparticles become immobilised on the surface of the 

polymer, and can then be used as catalytic loci for electroless deposition of gold shells, 

resulting in a simplified technique for creating metal shell microcapsules compared to 

previous methods.16, 31 A relationship has been established between the molar ratio of 

reducing agent to platinum salt and the size of the resulting NPs, where lower amounts of 

reducing agent resulted in larger particles which showed signs of aggregation. The size of 

NPs had no significant effect on shell thickness, but was found to affect the quality of the 

resulting gold shells, with the smaller NPs producing incomplete shells. Importantly, by 

reducing the concentration of gold salt available for electroless deposition we have 

successfully produced PLGA microcapsules with more cost effective gold shells, as thin as 

56 ± 13 nm, which are capable of full core retention. Due to the ability to fully retain an 

active core, the biocompatible microcapsules with an impermeable shell of controllable 

thickness described here have significant potential as drug delivery devices. Furthermore, the 

ability to fully retain the echogenic core of PFOB oil offers the potential for the development 

of highly stable ultrasound contrast agents. 
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