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abstRact

7KH�5�ÀXRUHVFHQFH�OLQHV�RI�UXELHV�WKDW�FRQWDLQ�������������������������������������������DQG�������
wt% of Cr2O3�ZHUH�PHDVXUHG�DW� WHPSHUDWXUHV�RI����±����.�DQG�DW�DWPRVSKHULF�SUHVVXUH��7KH�51 
OLQH�ZDYHQXPEHUV�RI�DOO�RI�WKH�UXE\�VDPSOHV�VKLIWHG�OLQHDUO\�DV�WKH�WHPSHUDWXUH�LQFUHDVHG�IURP�����
WR�����.�DW�DWPRVSKHULF�SUHVVXUH��DQG�WKH�WHPSHUDWXUH�GHSHQGHQFH�LQFUHDVHG�IURP�±������r 0.001 
cm–1�.�WR�±������r 0.001 cm–1/K as the Cr2O3�FRQWHQW�LQ�WKH�UXELHV�LQFUHDVHG�IURP�������WR�������ZW���
ZKLFK�VXJJHVWV�D�VLJQL¿FDQW�GHSHQGHQFH�RQ�&U3+ concentration. At room temperature and atmospheric 
pressure, the full-width at half maximum (FWHM) of the peak height of the R lines also appears to 
be linearly related to the Cr3+ concentration. The relative intensity ratios of the R2 to R1 lines (I2/I1) of 
ruby samples with different Cr3+ concentrations show several non-linear variations with temperature 
IURP�����WR�����.��DQG�WKH�PD[LPXP�YDOXHV���I2/I1)max, occur near room temperature. The effect of Cr3+ 
doping on the temperature dependence of the R line wavenumbers should be considered when rubies 
are used to calibrate the pressure or temperature in high-pressure and high-temperature experiments.
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intRoduction

Rubies are important photonic crystals, and their R fluores-
cence lines vary with pressure and temperature. The variations 
of the wavenumbers of R lines with pressure are commonly used 
to calibrate the pressure in diamond-anvil cells (DACs) (Forman 
HW�DO��������0DR�HW�DO���������7KH�YDULDWLRQV�LQ�WKH�LQWHQVLW\�RI�5�
lines have also been used to calibrate temperature in scientific 
UHVHDUFK��:HLQVWHLQ��������%HFDXVH�WKH�5�OLQHV�DUH�FDXVHG�E\�
the excitation of the 3d electrons in their ground states and their 
subsequent de-excitation from their excitation states and because 
there are inevitable interactions between Cr3+ in the ruby lattice, 
the concentration of Cr3+ in rubies may affect both the pressure 
and temperature dependence of the R lines at high temperature 
and high pressure conditions. Therefore, the quantitative investi-
gation of the effect of Cr3+ doping on the pressure and temperature 
behaviors of R lines is important for the accuracy of pressure 
and temperature calibrations in simultaneous high-pressure and 
high-temperature DAC experiments, which are often used to 
study the Earth’s interior (Chou 2003) and in other high-pressure 
sciences, such as high-pressure physics, chemistry, life science, 
and material science.

Variations in the peak position and the width and intensity of 
the ruby R1 line as a function of temperature have been analyzed 
in several studies, but the results vary widely (Kokhanenko and 

$QWLSRY�������%DUQHWW�HW�DO��������<DPDRND�HW�DO��������:XQGHU�
DQG�6FKRHQ�������5DJDQ�HW�DO��������<HQ�DQG�1LFRO�������*RQ-
FKDURY�HW�DO���������)RU�H[DPSOH��5DJDQ�HW�DO���������GHWHUPLQHG�
D�WHPSHUDWXUH�GHSHQGHQFH�RI�������FP–1�.�IURP����±����.�IRU�
the R1 line wavenumber, which was approximately 11% greater 
WKDQ� WKH� YDOXH� RI� �������QP�.� �HTXLYDOHQW� WR� DSSUR[LPDWHO\�
0.141 cm–1�.�� WKDW�ZDV� UHSRUWHG�E\�%DUQHWW� HW� DO�� �������DQG�
<DPDRND�HW�DO����������:KHQ�FDOLEUDWLQJ�WKH�SUHVVXUH�RU�WHP-
SHUDWXUH�LQ�D�KHDWLQJ�'$&�H[SHULPHQW�IURP�����WR�����.�XVLQJ�
the R1 line, this difference would lead to a maximum temperature 
GLVFUHSDQF\�RI����.�RU�D�PD[LPXP�SUHVVXUH�GLVFUHSDQF\�RI�����
MPa. In fact, the reference contents of Cr2O3 in rubies used by 
SUHYLRXV�UHVHDUFKHUV��������������a1, and 2 wt% Cr2O3�E\�<HQ�
DQG�1LFRO�������%DUQHWW�HW�DO��������<DPDRND�HW�DO��������DQG�
:XQGHU� DQG�6FKRHQ� ������ UHVSHFWLYHO\��ZHUH� QRW� WKH� VDPH��
Does the concentration of Cr3+ contribute to this discrepancy? 
This study attempts to answer this question by measuring the 
temperature variations of the R lines of rubies with varying Cr3+ 
concentrations at atmospheric pressure.

expeRimentaL metHods
Pink to blood red synthetic rubies were cut into disks that were a0.5 mm in 

diameter and a0.2 mm thick and then polished. The concentrations of Cr3+ in the 
UXELHV�ZHUH�PHDVXUHG�XVLQJ�DQ�(30$������W\SH�HOHFWURQ�SUREH��EHDP�VL]H����Pm) 
with wavelength-dispersive spectroscopy (WDS) mode and an atomic absorption 
spectrophotometer (AAS). Three to five spots were measured in each sample. 
The average values are listed in Table 1. The Cr2O3 contents in rubies were from 
������WR�������ZW��

In the fluorescence measurement experiments that were conducted at high 
temperatures and atmospheric pressure, the samples were heated and cooled in a 
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