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Nanoparticle Size and Shape Separation using Size Exclusion
 Chromatography
 Brian Shahbazian, Corey Balch, Shakil Ahmed

Page 2
                        

PurposePolydispersity affects size and
 shape dependent properties of nanoparticles (NPs)
 Limits effectiveness of nanodevices due to contamination (i.e. nanosensors, drug delivery, etc.)
 Hoping to establish process to purify nanomaterials, eventually enabling concentration standards in industry 2
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Outline❏ Background
 ❏ Characterization of Spherical NPs
 ❏ SEC for Spheres
 ❏ Characterization of Cubic NPs
 ❏ SEC for Cubes
 ❏ Future Plans
 ❏ Conclusions
 3

Page 4
                        

Synthesis of Ag NanoparticlesCreate PVP/EG solution
 Used to coat particles
 Prepare silver nitrate solutionActs as precursor for Ag NPs
 Place PVP/EG solution in hot oil bath and add silver nitrate solution dropwise
 S. Agnihotri et al., RSC Adv. 4 (2014), 3974–3983.
 * Size of Nanoparticles is dependent on temperature
 4
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Size Exclusion Chromatography
 Size exclusion chromatography (SEC) uses a column filled with porous material to sort particles by size.
 Smaller particles flow more slowly as they get caught in the pores of the packed column, increasing their path length.
 Larger particles elute first! 5
 • Solid phase is mesoporous silica with maximum pore size of 250 nm
 • Liquid phase is ethanol
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Theory for Separation by Shape
 Metal nanoparticles may have interactions other than steric interactions with the solid phase of the SEC column
 Non-steric interactions would allow for SEC to be used for shape separation in addition to separation by size due to the differences in surface energy of various shaped NPs
 6G. Wei et al., Anal. Chem. 71 (1999), 2085-2091.
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Characterization of Spherical Ag NPsSpherical particles were synthesized at 130℃, 152℃, and 158℃
 7* Acquired from DLS Data
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SEC using Spherical Ag NPsEncountered problems with Ag NPs adsorbed onto the silica
 Solved by running a PVP solution through column before Ag NPs
 5 min, 15 min, 30 min 0 min 5 min 30 min 8
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SEC using Spherical Ag NPsObserved inconclusive results through UV-Vis for spherical particles
 Semilogarithmic plot is linear if separation is due solely to steric exclusion
 9T. Siebrands et al., Langmuir 9, (1993), 2297-2300.
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Characterization of Cubic Ag NPsDiameter of Ag cubes was determined to be 85 nm using UV-Vis so
 the 91 nm spheres were used for all shape dependence experiments due to the similar size
 • Peak position of spheres is approximately 429 nm
 • Peak position of cubes is approximately 402 nm and 471 nm
 10
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SEC using Different ShapesRan SEC column using 50/50 mix by volume of Ag cubes and spheres
 Inconclusive as little contribution seen from Ag cubes
 11
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SEM images of samplesWanted to take SEM images of Ag spheres and cubes before SEC and
 after SEC; however, we were unable to obtain images of samples after SEC
 12SPHERES CUBES
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Outlook & Future PlansIn the next three to six months, we would...
 Obtain SEM images of samples after running through the SEC column
 Confirm the UV-Vis spectroscopy data obtained from SEC of spheres and cubes by controlling the synthesis to achieve more similar size and better shape purity
 Determine an alternative to running PVP solution through the column before the sample that would prevent adsorption
 13
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ConclusionsSEC seems to be a viable low-resolution method for separation of
 metal nanoparticles based on size if correct pore-size is implemented
 General decreasing trend in UV-Vis peak position with retention time for the mixed sample is encouraging, despite data from spherical samples indicating only steric interactions are present
 Further experiments are necessary to confirm
 14
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Questions
 ???
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