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òTwo friends running through a forest; one of them blindfolded, being led by the hand by the otheró ðInterpretations by DALL-E



Overview
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ÅHow is nano formulation characterization different?

ÅWhat microscopy techniques are used and how do they work?

ÅHow do other spectroscopic analyses play a role ða case study in iron carbohydrates

ÅParticle size distribution ðrelation to PK, methodologies, and statistics



How is nano formulation characterization different?
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òTraditionaló Drug Product ð

Small molecule in solution

Identification

Assay / Activity

Impurities

Several standard tests like USP 

<788>, BET, sterility, pH
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òTraditionaló Drug Product ð

Small molecule in solution

Identification

Assay / Activity

Impurities

Several standard tests like USP 

<788>, BET, sterility, pH

Nano formulation ð

Emulsion, Liposome, Nanoparticle

Identification (multiple components)

Assay?  Multiple components?

Impurities? (HPLC?)

High resolution electron microscopy (STEM, cryoTEM)

Morphology / lamellarity (EM analysis)

Component size/shape (SAXS/SANS/EM)

Crystal structure (Raman, XRD)

Magnetic properties (NMR, EPR, Mössbauer)

Ensemble particle methods (DLS, LD) 

Zeta potential

Encapsulation efficiency

Dissolution / in vitro release

Several standard tests like USP <788>, BET, sterility, pH
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Microscopic techniques for nano formulations
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ÅAtomic force microscopy (AFM)

ÅScanning electron microscopy (SEM)

ÅScanning transmission electron microscopy (STEM / STEM-in-SEM)

ÅTransmission electron microscopy (TEM)

ÅCryogenic transmission electron microscopy (cryoTEM)

Å If a picture is worth a thousand words, how do we extract those words from an image?



Atomic Force Microscopy
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Atomic Force Microscopy

11Wikipedia Chen, Kim, Friction 8(4): 802-811 (2020)

AFM can be used to measure dry or wet 

samples, but dried samples suffer from 

aggregation artifacts and wet samples suffer 

from concentration effects, probe shape 

effects, and scan mode differences; size 

measurement may not be accurate.



Scanning Electron Microscopy
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Scanning Electron Microscopy
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This technique can be useful for larger particle 

suspensions such as intramuscular injections but 

doesnõt provide much useful data for liquid 

nanoscale formulations.

Provides resolution down to ~1nm, but requires 

dry samples in high vacuumé

éin most cases.  Vacuum trickery can allow you 

to put some water vapor into the chamber to 

avoid metal coating, or a LOT of water vapor can 

be used to actually òobserveó liquid samples.
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Scanning Transmission Electron Microscopy
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Bogner et al ðMicron 38 (2007) 390-401

ÅSEMs allow for a range of accelerating 

voltages, typically from 1 to 30 kV

ÅSTEM-in-SEM detectors capture 

transmitted electrons and give 

scattering contrast

ÅA WetSTEMmode combining the 

previous technique with STEM is 

possible 

ÅMuch like with AFM, dried samples can 

produce agglomeration artifacts and 

collapse any structure that arenõt 

robust, while wet samples require 

consideration of concentration, heating 

and scanning artifacts, scattering, etc.



Scanning Transmission Electron Microscopy
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ÅSEMs allow for a range of accelerating 

voltages, typically from 1 to 30 kV

ÅSTEM-in-SEM detectors capture 

transmitted electrons and give 

scattering contrast

ÅA WetSTEMmode combining the 

previous technique with STEM is 

possible 

ÅMuch like with AFM, dried samples can 

produce agglomeration artifacts and 

collapse any structure that arenõt 

robust, while wet samples require 

consideration of concentration, heating 

and scanning artifacts, scattering, etc.

Ozturk et al, J. Mol Struct 1242 (2021) 130846



Transmission Electron Microscopy and CryoTEM
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ÅTEM accelerating voltages typically range from 

80-300kV; there are tradeoffs in penetration 

and contrast

ÅFor heavy element / inorganic nanoparticles 

that are stable against water surface tension 

forces, dried samples can be used to examine 

samples with some artifacts

JEOL

Furuikeet al J Encapand AdsorptSci 5, 144-154 (2015)

Jerzy et al PLoSONE 9, 3 (2014)



Transmission Electron Microscopy and CryoTEM

18

ÅCryoTEMis considered the gold standard for high 

magnification observation of nanostructures that 

preserves their native structure in solution

ÅSample prep and imaging are an art as much as a 

science requiring a skilled and experienced 

operator

Å Vitreous ice / sample handling in the context of formulation 

excipients, defocus, dose and exposure to avoid ice

Jain et al J Struct Biol. 2012, 179(1), 68-75



Transmission Electron Microscopy and CryoTEM
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ÅClass averaging 

approaches work 

extremely well for a 

monotypic population 

e.g. antibodies, 

proteins; crystal 

structures can even 

be derived

Herziket al, Nature Comm (2019)10:1032



Transmission Electron Microscopy and CryoTEM
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ÅOther samples with more 

variable structures may require 

a more manual approaché

Mühlebachet al Nanomedicine Vol 10 No 4 (2015)



Transmission Electron Microscopy and CryoTEM
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ÅOther samples with more variable structures may require a more manual approach, but 

there are complications

???



Transmission Electron Microscopy and CryoTEM
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Transmission Electron Microscopy and CryoTEM

23

ÅMachine learning 

algorithms can be used, 

but work best with high 

quality source data that 

is consistent from 

micrograph to 

micrograph and sample 

to sample

ÅThis is a very active area 

of research!

Lee et al, ACS Nano 2020, 14, 17125-17133



Some structures are 

well-behavedé
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