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The dissolution rates of cerium oxide nanoparticles observed in situ, using LC-TEM are
over five orders of magnitude larger than conventionally measured dissolution rates,
due to the radiolytic species formed by the electron beam.

In situ observation of protein crystallization mechanisms using LC-TEM. The nucleation
step of crystallization processes determine the resulting crystal structure. Researchers

were able to observe that mesoscopic clusters are amorphous solid particles that act as
heterogenous nucleation sites.

The users applied shot boundry dectection to acquired video frames of in situ liquid
TEM experiments in order to identify initiation of nucleation and growth during battery
charge and discharge cycles.

Study demonstrates that graphene, either as a LC-TEM membrane, or added as a scav-
enger to silicon nitride membrane based LC-TEM systems exhibits a protective effect
from DNA damaging reactive oxygen species produced during radiolysis of water.

First published results using the Poseidon liquid heating. Researchers used Poseidon
liquid heating to directly observe the formation of individual covalent organic frame-
work (COF) nanoparticles in solution.

This paper presents a workflow to prepare conventional bulk metals and alloys for in
situ liquid/gaseous cell S/TEM experiments. This method combines sequential elec-
trochemical jet polishing followed by focused ion beam (FIB) techniques to create an
electron transparent regions that can be mounted on the membrane for observation.
Using this technique, samples of stainless steel were prepared and imaged in situ using
LC-TEM.

Aggregation of protein derived drugs leads to reduced efficacy, shelf life and immu-
nogenic responses in patients. In this study, the the aggregation behavior of the

drug, PEGylated Interferon a2a, was studied in response to different conditions using
LC-TEM. Researchers were able to observe aggregate migration, association and
growth in solution of protein based therapeutics through the use of LC-TEM which can
n provide insight into strategies for prevention of protein aggregation and thereby
reduce potential for immunogenic responses in patients during drug therapy.

Dissolution and anisotropic elongation of silica nanoparticles is observed during in
situ liquid phase transmission electron microscopy. This study examines the chemi-
cal changes induced by electron beam ionization when imaging silca nanoparticles in
liquid.

Gold nanoprism superlattices were used to probe localized beam induced liquid
dynamics in situ, and its effect on nanoparticle movement and interactions. Movement
of the lattice structures induced by PH changes from electron beam generation of
hydride ions was shown to be minimal under low dose, chemically buffered conditions.
Small angle X-ray scattering was used as a control.

Water as an additive for lithium based electrolytes was found to result in increased
lithium grain size formation on an the electrode during cyclic voltametry. The increased
grain size of the lithium was found to result in higher coloumbic efficiency of the cell.

Hybrid organic-inorganic perovskite nanoparticles were nucleated in situ using LC-TEM
via beam assisted solvent evaporation of dimethyl formamide. Aggregation behav-
ior and coalescence of the nanoparticles was observed via an oriented attachment
mechanism.

Platinum electrodeposition onto the surface of glassy carbon electrodes during cyclic
voltammetry experiments was characterized. Fractal growth of platinum occurred
during early growth and surface roughnesss of the electrode and ion diffusion were
found to be integral to the resulting deposited platinum structures.

Review paper addressing current techniques and challenges for in situ electrochem-
icstry using LC-TEM.

A direct-write nanolithographic method was developed to enable precise nanostruc-
tures to be formed by reducing palladium metal from a solution of H2PdCL4 using in
situ liquid cell scanning transmission electron microscopy. Using a custom designed
scanning electron nanopositioning system (SENS) the dose and trajectory of the STEM
beam was precisely controlled to enable accurate deposition of metal onto the silicon
nitride membrane of the in situ liquid cell.

As part of a larger study, liquid-cell transmission electron microscopy was used to
image the process of one dimensional orientated attachment of calcite nanoblocks in
situ.
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In situ LC-TEM study of beam induced growth of gold nanodendrites. The formation of
the dendridic structure is controlled by a diffusion limited growth mechanism.

Intact bacteria cells that synthesize metallic nanoparticles from precursers in their
environment were imaged in situ using LC-STEM. EDS maps of the bacteria revealed
showed the elemental make-up ofAuPd core-shell nanoparticles both within and on the
surface of the bacteria.

Graphene liquid cells enable small volumes of liquid to be encapsulated for in situ
liquid imaging. This paper examines the effect of electron dose on the concentration of
radiolysis products and provides some comparison to silicon nitride based dedicated in
situ liquid TEM holders (Poseidon).

Heat generated by the electron beam LC-TEM imaging at 200 KV was used to initaite the
hydrothermal synthesis of zinc oxide nanowires. A two step nanowire growth process
was observed and characterized.

The aggregation dynamics and behavior or hematite nanoparticles was studied using
liquid cell transmission electron microscopy. The impact of nanoparticle size and
ionic strength of the liquid as a function of aggregation was quantified. Salt solutions,
such as NaCl were found to drive aggregation as the ionic strength was increased. and
resulted in more stable aggregates over time.

The synergistic cooperation between two different nacre proteins was studied to deter-
mine how different ratios of proteins work together to form calcite crystals. Liquid cell
scanning transmission electron microscopy was used to image the in situ mixing and
protein mediated growth of calcite nanostructures.

Development and and characterization of custom MEMS electrochemistry E-chips for
use with Protochips’ Poseidon holder for in situ liquid cell TEM experiements.

LC-STEM was used to deposit palladium metal via electron beam deposition onto gold
nanocube seed particles to form bimetallic nanoparticles.

First reported results of live cell processes imaged with LC-STEM. Contrast was
enhanced using heavy metal staining and processes such as cellular fission and bacte-
rial phage infection of E.coli were observed in situ.

In situ LC-STEM was utilized in conjunction with conventional microscopy techniques to
probe the growth mechanism of alpha-MnO2 nanowires, which were found to grow via
oriented attachment.

Electron-beam induced growth of lead nanoparticles from a solution of lead nitrate

using a 120 KV acceleration voltage. A two-phase growth mechanism was observed

after the initial particle nucleation: oswaldt ripening followed by aggregative growth
resulting in the formation of micron-scale particles.

The nucleation and growth of platinum nanoparticles from a precurser solution of
K2PtCl6 was observed using LC-STEM. Comprehensive data analysis of the growth
mechanism shows that the nanoparticle growth is controlled by a stationary diffusional
transport mechanism.

This study examines the effects of parameters such as chloride concentration (ionic
strength), pH and electron dose on the stability of gold nanopaticle in situ using
LC-TEM.

In situ visualization of RNA movement inside an actively transcribing rotavirus imaged
using LC-TEM. The magnitude of dynamic movement within the electron dense core of
the rotavirus increases with increasing transcriptional activity of the virus.

Radiolysis of water by the electron beam was exploited to generate reactive oxygen
species to mimic the chemical environment of a macrophage cell using LC-TEM in order
to study the degradation of carbon nanotubes in situ.
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Conjugated polymers are electronically and ionically active organic materials of interest
for use in a variety of devices. This paper demonstrates the electrochemical deposition
of a PEDOT (poly(3,4-ethylenedioxythiophene) ) film onto a glassy carbon working elec-
trode using the Poseidon in situ LC-(S)TEM system.

Latex polymer particles, such as those found in ink and paint binders, were imaged in
situ using LC-TEM. The formation of thin films was observed to occur as the latex parti-
cles coalesced during the transition from a liquid to a dry state.

Growth dynamics of ZnO nanowires imaged in situ using LC-TEM. A threefold growth
mechanism consisting of solute fluctuation, crystal precipitation, and crystal growth
was observed.

Gold nanoparticles imaged in situ using LC-STEM move at a rate which is three orders
of magnitude slower than predicted by brownian motion. This study examines the
effect of parameters such as nanoparticle charge, membrane charge, viscosity and
ionic strength on the rate of movement of gold nanoparticles in situ.

The movement of gold nanorods in solution were observed and recorded in situ using
LC-STEM. The relative trajectories of these nanoparticles were analyzed to analyze and
measure the interaction potential between nanoparticles to study in situ self assembly
mechanisms.

Mechanistic and kinetic study that examines the effect of electron dose on the growth
and faceting of 2D and 3D gold nanoparticles in situ using LC-STEM.

This study demonstrates the capability of LC-TEM to visualize interactions between
nanoparticle-based therapies, such as gold nanorods, and glioblastoma stem cells in
situ.

In situ LC-STEM imaging and operando electrochemical analysis of a lithium battery
system during its charge/discharge cycle. Dendrite formation and build-up is observed
on the platinum working electrode as the system is electrochemically cycled demon-
strating the process of capacity fading and lithium loss from an electrochemical cell.

The formation of the solid electrolyte interphase (SEl) layer on the surface of working
electrode and site-specific formation of lithium nanostructures were observed during
electrochemical potential sweeps of lithium hexafluorophosphate battery material i
using LC-STEM.

Biomineralization study of the role of the shellfish nacre protein, AP7 on the formation
of protein stabilized calcite nanstructions using LC-STEM. The precurser solutions were
simultaneously mixed in situ and the nucleation and growth were observed in situ in
real-time.

The degradation of Pt-FE nanocatalysts after repeated charge/discharge cycles was
studied in situ using LC-TEM. Cycling of the electrochemical potential caused nanocat-
alyst particles’ ato undergo a coarsening processes, which occured at different rates
depending on the particles’ location on the electrode or within the electroyte.

Electron beam induced formation of silica crystals on the surface of a SiN membrane
after silica nanoparticles are exposed to electron beam irradiation. The researchers
used this technique to control production of sub-micrometer scale structures in liquid.

This paper describes results using a modified Poseidon 200 in situ TEM holder to opti-
mize X-ray energy dispersive spectroscopy (EDS) of specimens in liquid by improving
the line of sight from the specimen to the EDS detector.

First results demonstrating in situ elemental mapping of nanoparticles in liquid using
EDS.
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In situ LC-TEM images of agglomerates of CeO2 particles are presented as part of a
larger study on the development of a method to quantify dosimetry data from samples
prepared using centrifugation prepared.

Literature review of the development of liquid scanning transmission electron micros-
copy as a technique to image whole eukaryotic cells.

The battery material, LiFePO4, was electrochemically charged and discharged in situ
using LC-STEM. The lithiation state of the material during electrochemical cycling was
identified and tracked in real time using valence electron-energy loss spectroscopy
(EELS).

Time-lapse imaging of gold nanoparticles in solution and nanoparticle tagged proteins
in whole eukaryotic cells imaged with LC-STEM.

Study demonstrating the electrochemical capabilities of the Poseidon in situ LC-(S)
TEM system. Cyclic voltammetry, chronoamperometry, and electrochemical impedance
measurements were conducted using ferrocyanide electrolyte.

Method paper and corresponding video demonstrating step-by-step instructions for
preparing “affinity-capture” functionalized Poseidon E-chips, capturing target species
and imaging them in situ in liquid with TEM.

The development and use of integrated microwells for in situ LC-(S)TEM imaging.
Samples imaged in microwells include magnetic resonance imaging contrast reagents,
transcribing viral assembles (rotavirus) and liposome carrier vehicles.

Liposomes composed of 1-palmitoyl-2-oleoyl-sn- glycero-3- phosphocholine (POPC)
were imaged using LC-TEM. Liposome movement and interaction were observed as
they were flowed through the holder tip and the effect of surface treatment and lipid
additives on the liposome structure was also studied.

Images and movies showing the beam induced growth process of gold nanodendrites
nanoparticle seed precursors. Dendrite growth rates were quantified and found that
both the geometry of dendritic tip growth and grain structure correlated with growth
speed.

Paper demonstrates how in situ EELS can benefit materials analysis in both spectros-
copy and imaging (EFTEM) modes for liquid electron microscopy. The capabilities of
EELS in liquid are examined, and core and low-loss areas of the EELS spectrum are eval-
uated as a function of liquid thickness. EFTEM imaging in the low and zero-loss region is
also discussed.

Live video imaging of the mobility of polyvinyl pyridine (PVP)- passivated gold nanorods
and how they migrate in liquid. Nanorod movement and aggregation was imaged
using an acceleration voltage of 120 KV TEM and high resolution images were obtained
in situ using 300 KV TEM.

First example of 3D reconstruction of a biological particle from liquid in situ TEM
images. A 25 A reconstruction was obtained from 600 double layer rotavirus particles
imaged in a 150 nm liquid layer. Multiple subpopulations were identified, several of
which, are not observed in cryo-prepared samples indicating the dynamic state of sam-
ples in liquid versus those embedded in ice.

LC-TEM was used to image the structure of silver nanoparticles in water after exposure
to ultraviolet light (UV). Exposure to UV-light in an aqueous environment resulted in a
decrease in the size of the particles and the formation of a core-shell structure. This
experiment shows the utilization of in situ LC-TEM techniques for studying the environ-
mental impact of nanomaterials.

In situ LC-STEM analysis of the movement of gold nanoparticles in liquid. Much slower
movement was observed than what was expected on the basis of Brownian motion.
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First example of using “affinity-capture” surface modification of E-chips for tethering
biological species to the E-chip surface for in situ liquid TEM imaging. Ribosome pro-
teins expressing His-tags were captured in situ onto Ni-NTA functional E-chips and
imaged in 150 nm liquid using TEM.

Correlative fluorescence microscopy and scanning transmission electron microscopy of
whole yeast cells in liquid. Multiple strains of S. Pombe yeast cells, that express differ-
ent structural mutations, were imaged live in 3 pm of liquid using STEM.

Review of basic techniques for preparing whole cells for in situ liquid imaging. Partic-
ular attention is given to the process of preparing the E-chips for tissue culture and
culturing whole cells on the E-chips. Additional dry (non-liquid) applications which can
be prepared in parallel to the in situsamples are also discussed.

The uptake of 30 nm diameter gold nanoparticles into intracellular vesicles was
imaged in situ with STEM using Poseidon. The images were quantitatively analyzed to
determine the particle number, loading percentage, and clustering behavior after 24
hours.

Characterization of spatial resolution and imaging parameters for LC-TEM/STEM using a
Poseidon flow cell.

Comparison of Monte Carlo simulations of parameters such as resolution, signal-to-
noise ratio, beam broadening effect and electron scattering behavior in liquid and
experimentally obtained in situ results.

Correlative fluorescence microscopy and scanning transmission electron microscopy of
COS7 cells labeled with CdSe quantum dots

Investigation of in the liquid flow parameters through a liquid chamber formed using
Poseidon E-chips.. The flow was investigated optically using quantum dots with wide-
field fluorescence microscopy and gold nanoparticles were utilized for in-situ liquid
TEM measurements.

Experimental and theoretical study of the obtainable resolution for liquid cell TEM.

STEM imaging of gold nanoparticles at atmospheric pressure in a mixture of CO, 02,
and He using the Poseidon LC-(S)TEM sample holder.

Overview of whole cell sample preparation and techniques for in situ LC-STEM
applications.

First example of whole cells imaged in liquid using in situ LC-STEM. Chemically fixed
COS cells were labeled with EGF-targeted gold nanoparticles and imaged using HAADF
STEM. The paper also includes a discussion on the theoretical parameters of resolution
and in situ beam broadening.
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