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Arecent study demonstrated near-ambient superconductivity in nitrogen-doped
lutetium hydride'. This stimulated aworldwide interest in exploring room-temperature
superconductivity at low pressures. Here, by using a high-pressure and high-
temperature synthesis technique, we have obtained nitrogen-doped lutetium hydride
(LuH,.,N,), which has a dark-blue colour and astructure with the space group Fm3mas
evidenced by X-ray diffraction. This structure is the same as that reported inref. 1, with
aslight difference in lattice constant. Raman spectroscopy of our samples also showed
patterns similar to those observed inref. 1. Energy-dispersive X-ray spectroscopy
confirmed the presence of nitrogen in the samples. We observed ametallic behaviour
from 350 K to 2 Kat ambient pressure. On applying pressures from 2.1 GPato 41 GPa, we
observed agradual colour change from dark blue to violet to pink-red. By measuring the
resistance at pressures ranging from 0.4 GPato 40.1 GPa, we observed a progressively
improved metallic behaviour; however, superconductivity was not observed above 2 K.
Temperature dependence of magnetization at high pressure shows a very weak positive
signal between 100 K and 320 K, and the magnetization increases with anincrease in

magnetic field at 100 K. All of these are not expected for superconductivity above
100 K. Thus, we conclude the absence of near-ambient superconductivity in this
nitrogen-doped lutetium hydride at pressures below 40.1 GPa.

Metallic hydrogenand hydrogen-rich materials provide interesting plat-
forms for studying room-temperature superconductivity from the time
it was proposed theoretically’. However, it is difficult to experimentally
achieve high-temperature superconductivity (HTS) at low pressures>*.
Theorists proposed that polyhydrides may have the potential to real-
ize HTS because of the effect of internal chemical pressure®. HTS was
experimentally observed in H;S with a transition temperature (7,) above
200 K at high pressure (about 200 GPa) as theoretically predicted®®.
After that, other hydrogen-rich superconductors, such as LaH,;, and
CaH,, were discovered® . However, according to the Bardeen-Cooper-
Schrieffer theory, HTS would rely on very strong electron-phonon
coupling withavery high Debye temperature. According to McMillan’s
formula, if we assume a Debye temperature of 500 K and a Coulomb
screening constant i’ = 0.13, the requested electron-phonon coupling
constant A would be as large as 12.2 for 7, =100 K. This huge A cannot
provide a stable lattice structure. Thus HTS can be achieved in only
systems that are protected by extremely high pressures.

Recently, superconductivity was reported at about 294 K in
nitrogen-doped lutetium hydride at a pressure of about 1 GPa (ref. 1),
whichisinterestingand importantifthe observation could be repeated.
Asreported inref. 1, the dark-bluish ternary compound (with the for-
mula LuH; 4N,) can be tuned to a near-ambient superconductor ata
relatively low pressure (1-2 GPa), accompanied by a colour change from
blueto pinkandred. In previous experiments, superconductivity with
much lower T,was reported in lutetium hydrides at high pressures'®”.

Thus, compared with the above results of lutetium hydrides, the dis-
covery of near-ambient superconductivity in nitrogen-doped lutetium
hydrideisnotable. Itis interesting to study whether room-temperature
superconductivity really existsin this nitrogen-doped lutetium hydride
atrelatively low pressures.

Physical properties at ambient pressure

Figure 1ashows the X-ray diffraction (XRD) patterns and Rietveld refine-
mentoftheLuH,.,N,sample. AsshowninFig. 1a, the experimental data
can be well fitted to the structure of LuH, with the space group Fm3m
and lattice parameter a = 5.032(3) A (the value in parentheses repre-
sents the uncertainty of the last digit). LuH; with a face-centred cubic
structure is not stable at ambient pressure, but a stable hexagonal
structure with aspace group P3clwasreported previously'®', Asshown
inFig.1b, the mainreflections of XRD datain our sample SX1and those
downloaded from ref. 1 almost coincide, indicating that they have a
similar structure. The lattice constant of our sample SX1 is about
a=5.032(3) A, which s slightly larger than the a = 5.0289 A reported
inref. 1, butitis very close to the value of 5.033 A determined previ-
ously™? for LuH,. For checking the lattice constants of our samples
more carefully, we did a series of XRD measurements on different sam-
ples and found that the lattice constant ranges from 5.029(2) A to
5.033(3) A (Extended Data Fig.1). Compared with the samplesinref.1,
our samples show fewer impurities. Therefore, according to our XRD

'National Laboratory of Solid State Microstructures, Department of Physics, Collaborative Innovation Center of Advanced Microstructures, Nanjing University, Nanjing, China. These authors
contributed equally: Xue Ming, Ying-Jie Zhang. *%e-mail: zhuxiyu@nju.edu.cn; liging1118@nju.edu.cn; hhwen@nju.edu.cn

72 | Nature | Vol 620 | 3 August 2023


https://doi.org/10.1038/s41586-023-06162-w
http://crossmark.crossref.org/dialog/?doi=10.1038/s41586-023-06162-w&domain=pdf
mailto:zhuxiyu@nju.edu.cn
mailto:liqing1118@nju.edu.cn
mailto:hhwen@nju.edu.cn

O Experimental

Calculated

(111)

Difference

LuH,, N,
LuN,_H,

Lu,O4

Intensity (a.u.)

20 30 40 50 60 70 80
26 ()
b — sx1
151 — sxs5
Ref. 1
1.2
2
f=
3 0.9
(]
o)
(0]
N
©
£ 0.6
S
4
0.3 - ] ,
" ‘u e \ |
nltuleat A W\\m 2
0 T T T T — 1 1
20 30 40 50 60 70 80
26 (°)

Fig.1|Structure, compositionand transport measurements of LuH,.,N,.

a, Powder XRD patterns of LuH,.,N, and Rietveld fitting curves (red lines) to the
data. Thetiny reflectionat32.2° canbe indexed to the phase of Lu,0;. Inset,
LuH,.,N,samples that exhibit a dark-blue colour. b, Comparison of XRD
patterns with normalization of our sample SX1to the data downloaded from
ref.1.Inset, enlarged view with 26 from 29° to 37° for two of our samples (SX1
and SX5) and that fromref. 1. The main reflections of our samples seem to be
sharperthanthose of ref.1.c, SEMimages and typical EDS of spot 1. Left inset,
theimage with10 spots measured by point-wise measurement of EDS; right
inset, the mappingimage for nitrogen elements in another region. Itis clear

data, we obtained compounds that have almost the same structure as
thatreportedinref. 1.

Energy-dispersive X-ray spectroscopy (EDS) is used to analyse the
elemental compositioninthe sample. Figure 1c (left inset) shows ascan-
ning electron microscope (SEM) image of LuH,.,N, with 10 randomly
measured spots marked by black crosses. The nitrogen compositionat
these spotsis givenin Extended Data Table 1. The typical EDS of spot 1is
showninFig.1c,inwhich aweak peak from nitrogen can be identified.
Figure 1c (right inset) shows the spatial distribution of nitrogen. The
nitrogen distribution seems to be widespread in the entire area and
locallyinhomogeneous. Because itisimpossible to detect the hydrogen
atoms by EDS, and XRD shows that the structure is consistent with LuH,,
we define the chemical formula of our samples as LuH,,.N,. Figure 1d
shows the temperature dependence of resistivity (p-T) for three
samples of LuH,.,N, at ambient pressure. All samples show metallic
behaviour down to 2 K. Magnetization was measured for the samples at
10 oersted (Oe) in the zero-field-cooling (ZFC) and field-cooling modes.
The signal is positive and usually very small (Extended Data Fig. 2).
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thatthe nitrogen distributionis notuniforminthe sample, and it remains to
beresolved at which positions these nitrogenatoms are located in the lattice.
d, Temperature dependence of resistivity for three LuH,.,N,samples under
ambient pressure. Inset, theimage of the measured sample (S1) with electrodes
attached atambient pressure. The error bar for determining resistivity isabout
+10%. The p-Tcurvesareroughly linear from 60 K to 300 K and exhibit apower-
law temperature dependence at lower temperatures (2-60 K). Thered solid
linesrepresent thefitting curvesusing p=p,+AT" from2Kto 60 K, where p, is
theresidual resistivityand nand A are the fitting parameters. The fitting yields
n=2.89and2.71forS2andS3, respectively. a.u., arbitrary unit.

Raman spectroscopy

We collected Raman spectra of our LuH,,,N, samples at ambient pres-
sure using two different instruments—named Raman spectrometers1
and 2—both with 532-nm laser excitations (Methods). Raman spectra
measured for three of our samples at ambient pressure are shown in
Fig.2a;the datafromref. 1are shown for comparison (red curve). Raman
spectra of our samples (SR1-SR3) almost coincide with each other,
indicating uniform crystallinity. Moreover, the band positions of Raman
spectraataround 150 cm™,190 cm™, 250 cm™and 1,200 cm™ (Fig. 2a,
dashedlines) in our samples are highly consistent with those reported
inref. 1, which indicates that our samples are similar to those in ref. 1.
We also notice thatthe spectracollected using Raman spectrometer1
onsamples SR1and SR2 below 140 cm™ deviate from those reportedin
ref. 1. Inref. 1, only one peak was observed in the range 100-140 cm ™, but
inour samples SR1and SR2, there are several tiny peaks. After checking
Raman spectrometer 1 carefully, we find that these tiny peaks below
140 cm™are extrinsic and are because of theinstrument (Extended Data
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Fig.2|RamanspectraofLuH,..N,.a, Typical Ramanspectracollected at
ambient pressure for three samples (black, blue and green curves), and the
dataof nitrogen-doped lutetium hydride fromref. 1 (red curve) are shown for
comparison. The samples arelabelled SR1,SR2 and SR3, respectively. The tiny
peaks of SR1and SR2below 140 cm™ originate from the background signal of
Ramanspectrometer1(Extended DataFig.3). The band positionsin the
spectrumbelow 300 cm™have slightly smaller wavenumbers compared with
thoseinref.1,indicating that the lattice constant of our sampleis slightly

Fig.3). To prove this further, we used Raman spectrometer 2 to meas-
ure another sample (SR3), which is shown as a green curve in Fig. 2a.
We can see that the Raman spectrum of sample SR3 is similar to that
reported in ref. 1. However, Raman spectrometer 2 is not suitable for
measurements involving high pressure because of a limitation of its
objective lens at short working distances.

Figure 2b shows the Raman spectrum of the LuH,.,N, sample (SR1)
under various pressures up to 33.4 GPa. Because the Raman band of
1,200 cm™ overlaps with the characteristic band of diamond anvils at
high pressures, and the one at around 190 cm™is rather weak, we focus
ononly the two bands at around 146 cm™ and 250 cm™. On compres-
sion, these two Raman bands shift to higher wavenumbers, suggest-
ing a sizeable change of interatomic interaction with pressure. We
also conducted an independent control experiment up to 26.6 GPa
foranother LuH,,,N,sample (SR2) (Extended DataFig. 4). Both sets of
datashow good agreement with each other.

We then extracted the wavenumbers of these two bands in the
Raman spectra under different pressures and summarized the
pressure-dependent band positions in Fig. 2c. The frequencies of
Raman bands at around 146 cm™ and 250 cm™ show a continuous
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Pressure (GPa)

larger. Theresults are also consistent with the lattice parameters obtained
from XRD. This slight variation may be attributed to the different hydrogen and
nitrogen concentrationsindifferentsamples. b, Raman spectrawere collected
athigh pressures using Raman spectrometer 1with amixture of methanol,
ethanol and water as the pressure medium for SR1. ¢, Evolution of band
positions of Raman spectra under different pressures. The two curves
correspondtothebandsasindicatedinbby red arrows. Theredlinesare
guides for the eyes to show the change in the slopes. a.u., arbitrary unit.

increase with increasing pressure. With careful analysis of the data,
we found that the slope of the two curves changes markedly around
10 GPa, as shown by the deviation from the red solid lines in Fig. 2c.
Thereis another slight change ataround 20 GPa. Inref. 1, the abnormal
changes of Raman band shift under pressure were correlated with three
distinct phases. The anomalous Raman band shifts of our samples
at high pressures seem to be consistent with those reportedinref. 1,
except for the different thresholds of pressure at which the changes
in slope occur. These changes in slope are not necessarily associated
with three distinct phases, but all phonons are unharmonic, and they
tend to react to compression more steeply at low pressure and less
steeply at high pressure.

Resistance and colours at high pressures

Figure 3a,b shows the temperature dependence of resistance from 10 K
to350 Kunder different pressures. The resistance at room temperature
progressively decreases with an increase in pressure up to 6.3 GPa.
The temperature-dependent resistance R(T) curve shows a universal



a b
1.8
012} 16 /A/_\—\
—— 0.5 GPa
s 14f —— 1.0 GPa
S —— 2.1 GPa
o1 8 ——27GPa
—— 1.3GPa S 124+ :
——1.6GPa z ——/———\\
010k ——22GPa £ 10l
’ —— 2.9 GPa
g — 42GPa o8}
Y ——6.3GPa - =
2 0.09F
® 0 50 100 150 200 250 300 350
§ Temperature (K)
0.08 [
—/‘-\ o087
) g
0.07F o 0.0841
o
j=
S
/\ é 0.081¢ —0koe
0.06 o —— 50 kOe
1 1 1 1 1 1 J N n " " 1 n 3
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350

Temperature (K)

Fig.3| Temperature-dependentresistance of LuH,,,N, at different pressures
upto 6.3 GPa.a, Temperature dependence of the electrical resistance of
LuH,.,N, from10 Kto350 Kwith pressuresup to 6.3 GPafor run1(diamond-
anvil cell (DAC) filled with polycrystalline pieces). The weak upturn of the R(T)
curveinthelow-temperature region may be because of the hopping of
electronsthroughalargeinter-grain spacing or grainboundaries when the
grainsare compacted loosely in the DAC space. This explanationis supported

Fig.4 |Pressure-induced colour change and evolution of temperature-
dependentresistance of LuH,.,N, at different pressures. a, The optical
microscope images of LuH,.,N, atdifferent pressures up to 41 GPa. A colour
change from darkblue to violet and pink-red is observed. b, Temperature
dependence of the electrical resistance of LuH,.,N,from 2K to 350 Kwith
pressures up to40.1 GPa.Inmost R(T) curves, we can see a metallic behaviour

Temperature (K)

by the weakening and absence of this low-temperature upturn when the
pressureincreases. b, Temperature dependence of the electrical resistance

of LuH,.,N,upto2.7 GPafor run2 with the DAC filled with the powder of the
sample. Now the low-temperature upturn disappears. c, Temperature
dependence of the electrical resistance of LuH,.,N, measured at different
magnetic fields up to 90 kOe at 1.6 GPa for run1(DAC filled with polycrystalline
pieces).
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fromanintermediate temperature downto 2K, eitherin the dark blue or the
pink-red states. The R(T) curves at low pressures, suchasat 0.4 GPaand1.1GPa,
showaweakupturninthelow-temperatureregion, which gradually becomes
invisiblewhenthe pressureisincreased. Thereisaresistivity humpintheregion
around 300 Kin the low-pressure region.
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Fig.5|Magnetic propertiesfor LuH,.,N, at different pressures.

a,b, Temperature dependence of magnetic moment (M) for LuH,.,N, at
pressures of1 GPa (a) and 2.1 GPa (b). Theraw data are shown in the main panels.
Insets, corresponding magnetic moments measured in ZFC and field-cooling
(FC) modes with the background subtracted. ¢, M(H) curves with different
background signals subtracted. Inset, raw data of M(H) curves at 100 K at
pressures of 1.0 GPa (opensquare) and 2.1 GPa (circle),and one curve at 320 K
under 2.1 GPa (upward triangle). The M(H) curve measured at 100 K for the

hump structure around 300 K, whichbecomes weaker at higher pres-
sures. This hump reflects ametal-to-semiconductor transition, which
may share the same origin as that observed in hydrides of many other
rare-earth elements™?2. To check whether the decrease in resistance
around room temperature is related to a possible superconducting
transition, we also measured R(T) curves of LuH,.,N, at various mag-
netic fields at a pressure of 1.6 GPa. As shown in Fig. 3¢, the resistance
at varying magnetic fields exhibits a non-systematic evolution and
does not show any drifting to lower temperatures as expected for a
superconductor in a magnetic field.

One of the most notable phenomena reported in ref. 1is the col-
our change from dark blue to pink and red with increasing pressure.
The near-ambient superconductivity was suggested to occur in the
state with a pink colour. We also tried to see this colour change in our
samples with pressures up to 5.2 GPa (Extended Data Fig. 5), but the
dark-blue colour was maintained. The pressure threshold for the col-
our change seems to be sample dependent in the nitrogen-free* or
nitrogen-doped samples®?. Therefore we tried another run of optical
measurements with pressures up to 41 GPa. In this case, the colour
change could be clearly seen. Asshownin Fig. 4a, the colour gradually
changes from dark blue to violet, and then to pink-red. The crossover
from dark blue to pink-red occursinthe region of about 11-21 GPa; after
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empty HMD cellis also shown (solid square). d, Temperature dependence
of ZFC-FC magnetizations measured on asuperconducting sample
(Cu,C)Ba,Ca;Cu 0,4, (T.=112K) with the same measured volume as that for
LuH,.,N,showninaandb; the same HMD set-up was used under the same
magneticfield (H= 60 Oe; P= 0.3 GPa).If the phase LuH,.,N, were
superconductive, one should observe adiamagnetic signalin the same
scale at the same magnetic field (60 Oe).

that the colour stays as pink-red. The correlation between the colour
change and pressure for different samples is shown in Extended Data
Fig. 6. We found that the pressure region of the colour change was con-
sistent with the Raman band-shift anomaly shownin Fig. 2c. Although
thereisarecentstudy on photochromismofLnH,,,O,(Ln=lanthanide
element)?, which suggests that this effect may lead to the pink colour,
we argue that this is not the reason for the pink-red colour in our sam-
ples because it gradually emerges with increase in pressure, and the
pink-red colour appears almost in the entire sample at high pressure.
This colour change may be explained by the shift of the plasma edge
of ametal® with a proper charge-carrier density; the latter can be eas-
ily tuned by pressure in systems containing shallow bands. Given the
colour change from dark blue to pink-red, it is interesting to know
whether the claimed superconductivity in ref. 1 can be found at this
high-pressure range, especially in samples with a pink-red colour.

We then carried out a new run of measurements on resistivity from
0.4 GPato40.1 GPa (Fig.4b). The general behaviour is metallic for all the
states atall pressures. We also measured the temperature-dependent
resistance at 15.8 GPa for three different magnetic fields (O kOe,
50 kOe and 90 kOe) and found a negative magnetoresistance, which
contradicts the expectation for a superconducting state (Extended
Data Fig. 7). Thus we can safely conclude that no superconductivity



is observed at pressures below 40.1 GPa and above 2 K on the basis of
resistance measurements.

Magnetic moments at high pressures

To check whether there is a diamagnetic signal because of the Meiss-
ner effect of the possible superconductivity in our as-grown samples,
we measured the temperature-dependent d.c. magnetization M(T)
curves of LuH,.,N, at 1 GPa and 2.1 GPa. The sample volume for the
high-pressure measurement is about 0.037 mm?. The M(T) curves
at 60 Oe (the field used in ref. 1) at different pressures are shown in
Fig.5a,b. The magnetic momentincreases with decreasing temperature
and does not show a sudden drop in behaviour. Furthermore, owing
to the background signal of the magnetization-measurement device
Honest Machinery Designer (HMD), the values of the total magnetic
moment are negative in the entire measured temperature region.
To get the magnetization signal exclusively from the sample, we also
measured the background signal of the HMD cell at 60 Oe. The data of
the background signal are presented in Extended Data Fig. 8. The net
magnetic moments after removing therelated background are shownin
Fig.5a,b (insets). The net signal of magnetic momentis positive and very
weak witharoughly flat featurein the100-320 K temperature region.
Figure 5¢ (inset) shows the isothermal magnetization M(H) curves for
LuH,.,N,at100 Kat1GPa(opensquares) and 2.1 GPa(opencircles). The
M(H) curve shows aroughly linear behaviour with anegative slope from
0 kOeto 6 kOe, whichis because of the background. To prove this point,
we have measured one M(H) curve at 320 K at 2.1 GPa (upward triangle),
and another at 100 K for the empty HMD cell (solid square). In Fig. 5c,
we show the net M(H) curves after subtracting the related backgrounds.
All net M(H) curves exhibit a roughly linear behaviour with a positive
correlation. This corresponds to possible paramagnetic behaviour.
Wealso conducted magnetization measurements on another LuH,,,N,
sample at pressures up to 4.5 GPa (Extended DataFig.9). The same HMD
cellwas successfully used to detect a clear superconducting transition
in Bisamples previously®. To prove that this set-up is equally sensitive
for detectingasuperconducting phase inthe high-temperature region,
we carried out magnetization measurements on a superconducting
sample (Cu,C)Ba,Ca;Cu,0,,5 (T, = 112 K)** (Fig. 5d). We can see that
the signal is negative and huge compared with that of LuH,,,N,. Our
magnetization measurements combined with the data of either tem-
perature dependence or the isothermal magnetization curves show
that there is no trace of near-ambient superconductivity in LuH,,,N,.
The absence of near-ambient superconductivity in nitrogen-doped
lutetium hydridesis supported by recent theoretical calculations®>*,

Insummary, we have successfully synthesized nitrogen-doped lute-
tiumhydrides LuH,,,N,with adark-blue colour. Although our synthesis
method is different, the XRD and Raman spectroscopy confirmed that
our samples have a structure similar to that reported in ref. 1, with a
slight difference in lattice constant. Furthermore, the existence of
nitrogeninour samplesis also confirmed by EDS analysis. We also saw
acolour change from dark blue to violet to pink-red on applying high
pressures, although the threshold pressures for the colour change are
higher than that used inref. 1. Our resistivity measurements show the
absence of superconductivity in LuH,.,N, at pressures up to 40.1GPa
withall different colours downto 2 K. The magnetization measurements
further prove that nosuperconductivity exists in LuH,,,N,above 100 K
under near-ambient pressures.
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Methods

Sample preparation and characterization
We synthesized polycrystalline samples of LuH,,,N, using a
piston-cylinder-type high-pressure apparatus (LP 1000-540/50, Max
Voggenreiter). NH,Cl and excessive CaH, were used as the source for
nitrogen and hydrogen, according to the chemical equation 2NH,CI
+CaH, > CaCl, + 2NH, + H,. NH,CI (Alfa Aesar 99.99%) was mixed well
with CaH, (Alfa Aesar 98%) in a molar ratio of 2:8 and pressed into a
tablet. Then, the tablet made of Lu pieces (purity 99%, Grirem Advanced
Materials) with a silver colour were separated from the NH,CI + CaH,
tablet by a BN pellet and sealed into a gold capsule. The Lu pelletin
eachsintering weighs about 100 mg. Then the gold capsule was placed
ina BN capsule and heated to 300-350 °C and held for 10 h at 2 GPa.
Finally, we find that the Lu tablet turns into a new form composed of
two well-separated different regions with dark-blue and silver colours,
respectively; the dark-blue region corresponds to the LuH,,,N, phase.
XRD measurements were performed on a Bruker D8 Advanced dif-
fractometer with CuK, radiation. Rietveld refinements were done using
TOPAS4.2 (ref. 35). The SEM photograph and the energy-dispersive X-ray
microanalysis spectrum were obtained by Phenom ProX (Phenom) at
anaccelerating voltage of 15 kV. Unpolarized Raman-scattering experi-
ments were performed using two instruments at room temperature,
bothwitha532-nmlaser excitation line—oneisaRaman spectroscopy
system (LabRAM HR Evolution Horiba Jobin Yvon) and the otheris a
custom-built confocal microscopy set-up in the back-scattering geome-
tryinwhich the scattered light was directed through Bragg notchfilters.
For clarity, we call the first Raman system Raman spectrometer 1 and
the second Raman spectrometer 2. Before taking measurements, both
systems were calibrated for wavenumbers by following the instrument
instructions. To get valid data in the low-wavenumber region (below
140 cm™), we used Raman spectrometer 2 for the Raman-scattering
measurement onanew sample (SR3) placed in vacuum. Before measur-
ing sample SR3, we checked Raman spectrometer 2 without a sample
andfound asmoothbackground without any band-like featuresin the
low-wavenumber region. For measurements using Raman spectrom-
etersland2,thelaser power was 7.5 mW and 4 mW and the collection
time was 60 s and 120 s, respectively, and all spectra were measured
twice to check for reproducibility. For high-pressure Raman-spectra
measurements, two runs of experiments were performed on Raman
spectrometer 1 by using a DAC with T301 steel or rhenium as gasket
and amixture of methanol, ethanol and water as the pressure medium.

Physical-property measurements at ambient and high pressures
Temperature-dependentresistivity and resistance measurements under
ambient and high pressures were carried out with aphysical-property
measurement system (PPMS-9T, Quantum Design). The high pressure
was generated by a DAC made of BeCu alloy with two opposing anvils.
Afour-probe van der Pauw method with platinum foil as electrodes was

applied for resistance measurements. The d.c. magnetization measure-
ments were performed with a SQUID-VSM-7T (Quantum Design). The
d.c. magnetic moment measurements at high pressures were accom-
plished by using the DAC (attachment to a physical-property measure-
ment system) designed by HMD. The sample is loaded in a hole in the
middle of the gasket made of BeCu that needs pre-pressurization before
high-pressure measurements. The anvils with bevelled culet sizes of
400 pm and 600 pm were used to generate high pressures. NaCl and
Daphne 7373 were used as the pressure-transmitting medium during
theresistive and magnetic-susceptibility measurements, respectively.
For optical measurements, we used KBr as the pressure-transmitting
medium. The pressure was measured at room temperature using the
ruby fluorescence method*.

Experimental reproducibility and controls

We have conducted various types of experiment on more than 30 sam-
ples: seven specimens were used for measuring resistivity at ambient
pressure; five specimens for resistivity at high pressure; two specimens
for magnetization measurements at ambient pressure; three specimens
for magnetization measurements at high pressure; six specimens for
XRD measurements; three runs (specimens) for the Raman spectros-
copy measurements; five runs (specimens) for opticalimage measure-
ments; and eight specimens for SEM and EDS measurements.

Data availability

All data needed to evaluate the conclusions are available in the
paper. Source data are provided with this paper.
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subtracted, forasuperconductor we should expect 4y =-1.In calculating

the magnetic susceptibility, we have used a density 0of 9.22 g/cm? quoted for
compound LuH,. The measurements were carried out by using the SQUID-VSM
withavibratingamplitude of 5mmand frequency of13.01Hz.
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Extended DataFig.5| The optical microscopeimages of LuH,.,N, at different pressures up to 5.2 GPa. In thisrun, the sample was directly filled in the DAC
chamber without any pressure medium.
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Extended DataFig. 6 | Asketch for pressure dependence of the color change for different samples. The dataare collected from Fig. 4aand refs.1,23-26.
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observed. No superconducting signal was detected downto 2 K.
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ZFCand FCmodes are used as the background signals to obtain the magnetic moment purely from the sample in the DC magnetization measurements.
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for LuH,.,N,. All curves were measured in an applied field of 60 Oe using both
theZFCand FCmodesinrun2atpressures of (a) 1.5GPaand (b) 4.5GPa. The
raw dataare shownin the main panels. Theinsets show the corresponding

magnetization with the background signalremoved. The magnetic susceptibility
for LuH,.,N, is positive in the whole temperature region, and no diamagnetic
signalwas detected, whichis contrary to the existence of superconductivity.
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Extended Data Table 1| The atomic concentration of nitrogen by EDS analysis at 10 spots of the sample

Spot number Atomic conc. of N (%)
Spot 1 8.26
Spot 4 0.66
Spot 7 1.27
Spot 9 1.78
Other spots 0

The average value of nitrogen in atomic ratio over these 10 spots is about 1.2%.
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