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a relatively large atom is replaced by a 
smaller atom, it will be locally ‘squeezed’ 
by the surrounding crystal lattice with 
an additional chemical pressure, P chem 

, 
and exhibits pressure-induced functional 
changes even at ambient pressure. Using 
this chemical pressure to achieve desired 
properties has been a long-standing idea. 
For instance, the concept of chemical 
pressure inspired the replacement of La 
in the 1987 Nobel Prize-winning lan- 
thanum barium cuprite [ 3 ] that reached 
30 K superconducting Tc, with Y [ 4 ] 

that reached an astounding Tc of 93 K 

and kicked off the era of the YBCO 

superconductor revolution. The discov- 
ery of hydrogen-dominant hydrides as 
near room Tc superconductors [ 5 , 6 ] 
was initially an attempt to ‘precompress’ 
hydrogen with chemical pressure [ 7 ] for 
metallization of hydrogen. Regardless of 
these impressive successes, however, fun- 
damental questions remain. How do we 
measure the chemical pressure localized 
at a specific atom? Can it be sufficiently 
large to create metallic hydrogen or to 
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ressure profound ly changes al l physi- 
al characteristics of a condensed mat- 
er and provides a vast and fertile di- 
ension to search for materials with ex- 
remely favorable properties for techno- 
ogical applications [ 1 , 2 ]. However, these 
avorable properties are only optimally 
uned at a specific high pressure and wi l l 
anish or revert at the ambient pres- 
ure, rendering them merely of academic 
nterest. 
A promising solution is to take ad- 

antage of the ‘chemical pressure’. When 
igure 1. (a) Pressure-dependent spectra shift ( �λphy ) of Y 0.98 Bi 0.02 VO 4 and (c) Gd 0.98 Bi 0.02 VO 4 fitted by the Mao–Bell equation [ 9 ]. (b) The fitted curve also 
eflects the relationship between the spectra shift ( �λchem ) and (d) the local chemical pressure ( P chem ) of Y 0.98 –x Sc x Bi 0.02 VO 4 and Gd 0.98 –x Sc x Bi 0.02 VO 4 . The 
omparison of relationships between P chem and x are determined by using V- and λ- based methods for (e) Y 0.98 –x Sc x Bi 0.02 VO 4 and (f) Gd 0.98 –x Sc x Bi 0.02 VO 4 . 
eproduced from Ref. [ 8 ]. 
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tabilize exotic functional materials for 
pplications under ambient conditions? 
To address these questions, Zhou 

t al. [ 8 ] designed an innovative study 
n pressure-tuned luminescence of Bi 3 + 

opant in yttrium and gadolinium ortho- 
anadates with a general formula of AVO 4 
here the dodecahedral A sites are filled 
ith various large cations, Y 

3 + and Gd 3 + , 
s well as the dopant Bi 3 + . The Bi 3 + emis- 
ion spectra strongly depend upon the A 

ite volume, which can be compressed by 
pplication of external pressure P phy or by 
arying the chemical substitutions of Y, 
d and Sc of different ionic radii to gen- 
rate local chemical pressure P chem 

. The 
ultivariable experiments include mea- 
urements of the AO 8 polyhedral vol- 
me ( V ) and the Bi 3 + emission peak 
avelength ( λ) as functions of exter- 
al pressure ( P phy ) and chemical sub- 
titution ( x ) of Y 0.98 –x Sc x Bi 0.02 VO 4 and 
d 0.98 –x Sc x Bi 0.02 VO 4 that generates the 
hemical pressure. The comprehensive 
pproach first calibrated λ as a function of 
The Author(s) 2023. Published by Oxford University Press on
ommons Attribution License ( https://creativecommons.org/l
ork is properly cited. 
 phy without P chem 

( x = 0) for yttrium or- 
hovanadate and gadolinium orthovana- 
ate (Fig. 1 a and c). Then the λ–P cal- 
bration is used to determine P chem 

as a 
unction of x for P phy = 0 (Fig. 1 b and 
). The P chem 

value calculated on the ba- 
is of the λ–P calibration agrees very well 
ith that on the basis of the V –P relations 
Fig. 1 e and f). 
The study [ 8 ] provides valuable 

nswers to the aforementioned ques- 
ions. The functional effect induced by 
hemical pressure on localized atoms, 
uch as luminescence, is indeed equiv- 
lent to that induced by the physical 
ressure on the bulk crystal and can 
e used to quantify the chemical pres- 
ure. The finding of chemical pressure 
s big as 3 0–40 GP offers hope for 
tabilizing hydrogen-dominant high 
c superconductors. Recent efforts 
n lowering the synthesis pressure to 
 100 GPa with ternary hydrides [ 6 ] are 
romising with the additional chemical 
ressures. 
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