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Heating transmission electron microscopy (TEM), especial in situ heating high-resolution TEM
(HRTEM) has been widely employed to in situ investigate the unique thermodynamic properties of
nanomaterials, such as super-plastic properties of carbon nanotubes at high temperatures [1] and size-
dependent evaporations of silver nanoparticles [2]. In most of in situ heating TEM experiments,
nanoscaled temperatures were generally assumed equal to the average temperatures that were measured
by traditional thermocouples built in TEM heating holders. However the two temperatures are not equal
in many cases. For example, the electron beam of TEM always makes actual temperatures of observed
nanoparticles deviating from average temperatures of TEM grids [3]. Therefore it is necessary to find
an internal temperature calibration standard to in situ calibrate temperatures at nanoscale during in situ
heating TEM experiments. In this work, an internal standard, PbTe nanocubes, was introduced to
calibrate local temperatures on TEM at nanoscale and demonstrated to measure the depression melting
point of silver nanoparticles.

The hydrothermally synthesized PbTe nanocubes [4] were deposited on T EM grids, pumped down,
sealed in vacuumed quartz tubes, loaded into a tube furnace, and heated for 5 minutes at a temperature
of 300 - 900 °C. The temperatures of the furnace were measured by a K-type thermocouple and the
temperature accuracy of the tube furnace was controlled within +1 °C. Then the heated PbTe nanocubes
were taken out from quartz tubes and observed on a JEOL 2010F transmission electron microscope at
room temperature. Figure 1 shows TEM images of the PbTe nanocubes. Figure la shows PbTe
nanocubes without heating. The morphology of the nanocubes was stable up to 300 °C (Fig. 1b). The
corners of the nanocube were rounded at 340 °C because of the melting of corners (Fig. 1¢). Some tiny
nanoparticles deposited around the cubes when the melted nanocubes were cooled down. When the
PbTe nanocubes were heated at 375 °C, the edges of the nanocubes began to melt while the corners melt
further (Fig. 1d). The whole nanocubes melt at 400 °C (Fig. 1¢). Three critical temperatures, 340 °C,
375 °C and 400 °C, were determined from the morphology of the nanocubes as internal temperature
calibration references.

In order to demonstrate applications of the internal temperature calibration standards, the PbTe
nanocubes were mixed with silver nanoparticles, deposited on holey TEM grids, dried in air, and heated
by a double-tilt heating TEM specimen holder in TEM column. The average temperatures heating the
PbTe nanocubes were measured by a thermocouple housed in the TEM holder. In order to establish
thermal equilibriums of TEM grids, the PbTe nanocubes were heated for 5 minutes at each certain
heating temperature. The morphology of PbTe nanoparticles were in sifu observed at high temperatures.
Figure 2 shows in situ TEM images of a silver nanoparticle at different temperatures in vacuum. A
perfect PbTe nanocube was located near the silver nanoparticle as an internal temperature calibration
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standard (Fig. 2a), just 500 nm away from the silver nanoparticle. The HRTEM image indicated that the
silver nanoparticle was single crystalline at room temperature (inset in Fig. 2a). The silver nanoparticle
was then in situ heated with the PbTe nanocube together. With increasing temperatures, the silver
nanoparticle melted at 375 °C (Fig. 2b). HRTEM images indicated no lattice fringes of the silver
nanoparticles at the temperature (inset in Fig. 2b). The morphology of the PbTe nanocube was
unchanged during the heating procedure (Fig. 2a-b). Then the heating temperature was increased further
and the morphology of the PbTe nanocube was in situ observed. The corner of PbTe nanocube melted
first at 400 °C and the PbTe nanocube totally melted at 500 °C and disappeared in several minutes at 500
°C (Fig. 2c).

Figure 2d plots the three critical melting temperatures of the PbTe naocube measured from the in situ
heating TEM holder and those showed in Fig. 1. After calibration, the depression melting point of the
silver nanoparticle should be 315 °C, 60 °C lower than that measured from the TEM heating holder.
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Figure 2. in situ TEM images of a PbTe
nanocube and a silver nanoparticle at (a)
room temperature, (b) 375 °C, and (c) 500
°C. Insets: in situ HRTEM images of the
silver nanoparticle. (d) in situ calibration of
the melting point of the silver nanoparticle.
Star: melting point of the silver nanoparticle.
Square: melting points of the PbTe
nanocube. --: Calibration curve.

Figure 1. TEM images of heated PbTe nanocubes
at (a) room temperature, (b) 300 °C, (¢) 340 °C, (d)
375 °C, (e) 400 °C, and (f) 450 °C.
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