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Thickness mapping of freestanding Ionic Liquid films using Electron Energy
Loss Spectroscopy in the TEM.
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One of the biggest challenges in Electron Microscopy in fluids is to overcoming the limitation of the
high vacuum requirements. To observe the dynamics of fluid samples, sophisticated fluid cells have
been developed that typically use 25 nm Silicon Nitride membranes with a separation of ~ 200 nm
[1]. Recently it was demonstrated that graphene can be used to trap liquids for TEM observation [2]
which improves resolution substantially due to the negligible scattering contribution of the graphene
layers. However, sample sizes are quite small, ~ 100 nm in diameter.

Ionic Liquids (IL) [3] recently found application in Cryo-TEM for visualization of polymers
morphologies [4] or nanoparticle assemblies [5]. The ability to perform room temperature TEM [6]
measurements is enabled by the very low vapor pressure. Recently HRTEM studies showing a
microstructure in ILs have been shown [7].

We here describe the shape of IL films that can be used as a medium to investigate nanoparticle
dynamics n TEM and SEM by using Electron Energy Loss Spectroscopy (EELS) thickness mapping.
Lacey carbon, which has an average hole diameter of ~2 um. and a thickness of 20-30 nm [8]
provided the most reliable support for IL films. The rather large hole size distribution allows for the
random generation of an array of different IL film geometries i.e. thickness, diameter and surface
curvature.

IL (TEGO1) thickness maps where acquired using a JEOL JEM-2200FS EFTEM with in-line
omega-type electron energy loss filter. First, the local thickness of the IL film was determined using
EELS with a small filter entrance aperture at various locations, as marked in Figure 1. Absolute
thicknesses were calculated using the log-ratio method: t/A = In(Iv'Io) where It and Io are the total
spectrum the zero-loss intensities, t is the film thickness and A is the mean free path of the IL.
Subsequently, an uncalibrated thickness map was acquired in energy filtered (EFTEM) imaging
mode by calculation of the log-ratio-image of an unfiltered and zero-loss filtered bright field image.
The absolute thicknesses determined by EELS were then used to calculate an absolute thickness map
using a 2D gray value profile of the uncalibrated thickness map, as illustrated in Figure 2.

The shape of the individual free-standing IL films depends mainly on the thickness of the respective
hole. While films < 100 nm appear to have convex shape with thicknesses of smaller than 20 nm in
the center, films with t> 100 nm are generally concave, with up to 300 nm thickness in the center.
Recently we described particle motion in IL films on solid substrates by SEM [9]. This work
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expands our experiments to free standing IL films and we will demonstrate that IL films can be
utilized in both SEM and TEM to study particle dynamics as for example Brownian motion.
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Figure 1: Zero-loss filtered bright field Figure 2: Absolute thickness map of TEGO1
image of TEGO1 and filter entrance suspended on lacey carbon. Color scale in nm;
aperture locations for EELS thickness image size 11pum x 11pm.
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