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ABSTRACT

ABSTRACT
Preparation, Optical Properties and Application Research of

Rare Earth Doped Silicate Luminescent Materials

Temperature, as an important physical parameter, is closely related to our life, so
whether temperature can be accurately measured is crucial. Up to now, a variety of
temperature sensors are widely used in climate, ocean, chemistry, medicine, biology
and other fields. With the rapid growth of emerging technologies, such as nano
medicine, microelectronics and other fields, the demand for micro-nano space
temperature measurement is increasing, while the traditional thermometers cannot
meet this demand. Therefore, to presume the steady and transient characterization of
temperature distribution with high spatial resolution, optical temperature sensors have
attracted huge attention due to its contactless measurement, large-scale imaging, high
spatial resolution, and the like. Among them, the florescence intensity ratio optical
thermometer based on rare earth doped luminous materials stands out from many
optical thermometers by virtue of its excellent optical performance, high sensitivity,
fast response and wide temperature range and other advantages. Due to the simple
synthesis method, good thermal stability and large phonon energy, the rare doped
silicate luminescence materials have unique advantages in the field of temperature
sensing. In this paper, the optical mechanisms and temperature sensing properties of
two types of rare earth doped silicate luminescence materials are systematically
studied around the highly sensitive rare earth ratio optical thermometer. The specific
study contents are follows:

(1) For ratio optical thermometers, most of them use fluorescence intensity ratio
of the emission spectrum. In recent years, people focus on the ratio optical
thermometer based on excitation spectrum. We synthesized red phosphor K3LuSi207:
Eu®" by high temperature solid phase method, and analyzed the position of Eu** in it.
By further analyzing the optical phenomenon of excitation spectrum monitored at 594

nm at high temperature, a ratio optical thermometer based on the excitation spectrum
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is proposed by using the thermal enhancement of Eu**-O? charge transfer band and
the thermal quenching of "Fo—°Ls. Its relative sensitivity is up to 0.536% K'! at 363
K. The optimal temperature resolution is as low as 0.44 K and the repeatability is
99.06%. In addition, we also tested its thermal stability, and the luminous intensity of
the sample can reach 82.9% of the original at 423 K, so it has great potential
application in red light source.

(2) Most of the current luminescent thermometers measure temperature in single
mode, so their temperature results cannot be calibrated. In this paper, by investigating
the intrinsic mechanism of variable temperature emission spectra of BaLu2Si3010:
Er**-Yb**/Ho**-Yb®" phosphors, we proposed two visible self-calibrated optical
thermometers by the fluorescence intensity ratio between the thermally coupled
energy levels and non-thermally coupled energy levels of Er** and Ho**. In addition,
due to the low penetration of the visible region to organisms, in order to improve the
system of self-calibration optical thermometer, we also successfully synthesized a
near-infrared phosphors BaLu2Si3O10: Nd**-Yb*", which demonstrated continuous
luminescence thermal enhancement caused by the efficiency of phonon-assisted
energy transfer process. The thermal enhancement of *F72—*lo transition exceeds
2600 times. By using the florescence intensity ratio of thermal coupling energy levels
of Nd**, a new self-calibrated near-infrared optical thermometer is proposed. Its

relative sensitivity is high, and it has great prospects for biological thermometry.

Keywords:
Rare earth ions, Silicate, Visible/Near-infrared emission, Temperature sensing,

Fluorescence intensity ratio
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