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Photocatalysts are of fundamental interest for sustainable energy research [1]. By means of
transmission electron microscopy (TEM), insight into the structure and composition can be obtained
and used for their further optimization [2]. Here, we combine conventional TEM analysis on
photocatalysts with several in situ TEM techniques including environmental transmission electron
microscopy (ETEM) [3,4], in situ photo activation and localized surface plasmon resonance (LSPR)
spectroscopy [5,6].
ETEM is a well-established technique for material analysis. In this work we implement indirect
nanoplasmonic sensing (INPS) [5] in an ETEM using a unique platform that allows simultaneous
TEM imaging and optical spectroscopy under the same conditions. TEM and INPS work in a
synergistic way since TEM is able to probe matter on a local scale and INPS is a spectroscopic
technique that collects and integrates the LSPR signal coming from the whole specimen, providing
information complementary to the TEM analysis. During any ETEM experiment the electron beam
effect on the sample is a difficult issue to address and rule out. In addition, if a reaction has to be
followed in situ in the ETEM, the information is often recorded on a limited portion of the sample.
Being able to probe the sample with INPS and ETEM at the same time allows parallel investigation
at the local and macro scale, as well as aids the assessment of beam effects.
A dedicated custom TEM specimen holder containing two optical fibers, five electrical contacts, a
fixed miniaturized optical bench for light handling and a heating element (Fig. 1) has been designed.
A system of pre-aligned mirrors and a MEMS heater are implemented in the holder.
The system is primarily designed for use in combination with LSPR spectroscopy, but it is flexible
and can be employed with a variety of other methods that require light input and/or output. The two
fibers can be used as parallel light inlets to activate a photoinduced reaction, e.g. photoinduced
reduction of particles or nanoparticle photodeposition [7]. Alternatively, both fibers can be used to
capture cathodoluminescence or other optical signals from the sample during electron irradiation.
In order to further support the information acquired in situ, a custom-made vacuum chamber
equipped with gas inlets and outlets, optical feedthroughs, mass spectrometer and a port for TEM
holder insertion was developed (Fig. 2). Bridging the gap between the ex situ INPS system and the
ETEM is thus possible.
In this work the first results obtained using the combined TEM-INPS system are shown and
compared to reference experiments acquired in ex situ INPS reactors.
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Figure 1. (Left) Photograph of the specimen holder shown without a tip for ease of visualization [7]. (Right)
Schematic drawing of the specimen holder tip, including the mirror chip (blue), the heater (green) and the
contact pad (grey).

Figure 2. The ex situ INPS-TEM reactor. The system is shown with a TEM holder inserted, the pressure
gauge and optical ports.

