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eliminates this possibility (Figure 5.6a).  A patterned silica film synthesized from 

Pluronic F108 template consists of isolated spherical voids in the silica matrix.  These 

closed voids are not accessible to the GNPs. This silica film can be thought of as a 

“pseudo solid” material.  The solution of  GNP-14 nm should be able to quench 

fluorescence of surface adsorbed dyes on this control sample.  Before the introduction 

of GNPs, F108-templated silica patterns in Rhodamine 6G dye displayed strong 

fluorescence.  However, as predicted the fluorescence was significantly quenched 

after immersion of the F108 sample in the GNP-14 nm solution (Figure 5.6b).  

Combined with the aforementioned observations, we demonstrated control of 

substrate diffusion in and out of porous structures physically constrained by pore 

entrance. 

 

 

 

 

 

 

 

 

 

Figure 5.5: (a) The fluorescence image of dye-infused (Rhodamine 6G = 
0.1 µµµµM) mesoporous silica patterns synthesized from F127.  
Fluorescence images of mesoporous silica patterns after soaking with 
(b) GNP-14 nm (2.37 nM) and (c) GNP-2 nm  (16 µµµµM), respectively.  (d) 
Line profile comparing the intensity of mesoporous silica patterns (a), 
(b) and (c).  
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5.4 Conclusions 
 

In this chapter it was shown that the patterned mesoporous structures developed 

within this dissertation can be utilized as devices.  Well-ordered mesoporous silica 

structures with cylindrical pores of approximately 7-8 nm in diameter were shown to 

prevent diffusion of nanoparticles larger than the domain size (GNP-14 nm), but allow 

those that are smaller (GNP-2 nm).  It is possible to dial-in a range of sizes by changing 

the amphiphilic copolymer template.  Furthermore, these processes described here can 

generate arbitrary device-scale geometries that are separate from that of mesoporous 

(template) morphology.  Modification or doping of these surfaces will also enhance 

sensing and separation utility.  These devices are prerequisites to more complicated 

sensors and nanofluidic separation materials.       

 

 

Figure 5.6:  (a) A mesoporous silica pattern prepared from F127 
that was soaked for 2 weeks in GNP-14 nm (2.37 nM). (b) Sample 
prepared from F108 after soaking with GNP-14 nm (16 µµµµM) for 2 
weeks. 
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CHAPTER 6 

 

CONCLUSIONS AND FUTURE WORK 
 

6.1 Conclusions 
 

This dissertation has described a unique method for developing multi-scale 

devices where it is possible to dial-in the nanoscale morphology while retaining the 

ability to pattern arbitrary geometries.  Well-ordered cylindrical channels of sizes ranging 

from 3 to 8 nm where generated with pattern size scales ranging from 20 µm to 400 nm.  

Device feasibility was demonstrated by preventing or allowing diffusion of gold 

nanoparticles of differing sizes.  The projects completed within are precursor experiments 

that will lead to development of more complex devices.  Additional topics and possible 

routes of study that will expand upon that which was already are described below.   

        

6.1.1 Device Fabrication Technique 
 

When designing a device utilizing this process, the first step is to choose an 

amphiphilic copolymer template.  Options to consider are pore size (governed by 

molecular weight), type of morphology (governed by volume ratio and Flory-Huggins 

parameter).  Hydrogen bonding additives can be used to order the polymer and slightly 

adjust the pore size.  The next step is to print and replicate the pattern via supercritical 

carbon dioxide mediated metal oxide infusion.  The advantage here is that the template, 
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patterning and the infusions are separate events enabling a wider range of choices.  The 

ordered template will not be disturbed and films up to a few microns thick can be infused.  

It is also important to note that this process is not limited to silica and any metal oxide 

can be infused. 

      

6.1.2 Device Feasibility 
 

Feasibility was examined using a simple multi-sclaed device that tracked 

fluorescence quenching of rhodamine 6G dye using gold nanoparticles of differing 

diameters.  Diffusion of particles larger (14-16 nm) than the channel diameter (7-8 nm) 

was prevented while smaller particles (3-5 nm) were able to penetrate the pores and 

quench the dye.  This shows that the devices are functioning and enables further pursuit.  

It would be simple to expand what was developed here and be able to separate 

particles/larger biomolecules of various sizes.  Note that rigidity and shape should also be 

considered when attempting to separate moieties of different sizes.  In addition, it is 

important to realize the stresses and forces on the particle being separated to avoid 

sample destruction.         

  The device geometry is purely dependent on the lithographic mask or mold.  The 

master mold/mask can be as complex as one developed with e-beam or as simple as a 

plastic DVD insert as used in this thesis.  Mask availability will be situational and the 

processes described here are independent of mask type.  The next step is to place this 

incorporate a device into an already functioning system or develop an independent sensor 

or micro/nanofluidic device  
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6.2 Future Work 
 

6.2.1 Alternate PEO-PPO Systems 
 

It was mentioned previously that any amphiphilic diblock copolymer is a potential 

candidate for the processes described within this dissertation.  However, as also shown 

here, PEO-b-PPO-b-PEO surfactants form well-ordered cylindrical morphologies with 

the addition of PAA.  There are only three molecular weight sizes available from BASF 

and ordering other amphihilic templates to the degree of PEO-PPO has shown to be non-

trivial.  The next logical step would be to synthesize PEO-PPO diblocks/triblocks that 

span an even greater range of molecular weights.  These should follow the same trends as 

previously discovered for F127, F 87, and F 77 and greatly expand device fabrication 

options and utility. 

6.2.2 Surface Modification 
 

It is also possible to modify the surface of the features as well as modify the 

pores.  For example, small molecules such as HMDS can be used to make the surfaces 

hydrophobic.  This can be introduced using supercritical CO2 or through an HMDS 

priming oven.  It is also possible to deposit brushes on the surfaces to add further degrees 

of functionality.  If the substrate itself is modified it may be possible to enhance adhesion 

or direct morphology.  Depositing PHEMA or PAA brushes on the surface is a potential 

route to pattern (and order) PEO-PPO using nanolimprint lithography.    
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6.2.3 Doping 
 

Addition of metal dopants or nanoparticles can enhance or completely change 

which moleculars can be segregated or sensed.  Numerous dopants and modifications 

have already been used with mesoporous silica structures.1  Furthermore, it was also 

shown that exposure to metal vapors can deposit nanoparticles which direct morphology 

and add functionality within a PMMA-PHEMA film.2  This could be followed with a 

supercritical fluid mediated infusion to form hybrid materials.   
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