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ABSTRACT: The two-dimensional (2D) self-intercalated van der Waals magnets, chromium tellurides (Cri:+sTez2), with room

temperature ferromagnetism and exotic topological spin textures, have
emerged as an attractive platform for the development of ultra-thin spintronic
devices. While many prior studies claim Cri+sTez are air-stable, which is crucial
for practical applications, we demonstrate that within only minutes of exposure
to air, dramatic changes occur in the Raman and X-ray photoelectron spectros-
copy spectra of nanoplates at room temperature. Time-dependent magnetiza-
tion measurements and transmission electron microscopy studies suggested
the rapid oxidation is not self-limited and has distinct processes on the surfaces
and edges. Density functional theory calculations confirmed the spontaneous
oxygen adsorption on the surface and the thermodynamically favorable oxida-
tion process. These findings demonstrate unambiguously that the surface of
Cr1+sTez is extremely air-sensitive, highlighting the necessity of surface protec-
tion for fundamental studies of intrinsic 2D magnetism and practical applica-
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tions of advanced spintronic devices.

Atomically thin layers of van der Waals (vdW) magnetic
materials create a fertile playground for the fundamental
study of two-dimensional (2D) magnetism and open great
opportunities for the invention of ultra-thin, all-vdW inte-
grated spintronic devices for information storage and be-
yond.”7 Immediately following the discovery of 2D
Cr2GezTee® and Crls,° significant progress was made in de-
veloping high-performance spintronic devices, including
spin-filter magnetic tunneling junctions? 1011 and spin tun-
nel field-effect transistors,'2 13 all of which are made of vdW
heterostructures. Despite these exciting advancements,
there are still challenges that must be overcome before
practical applications are accessible: many vdW magnets 1)
have magnetic ordering temperatures well below room

temperature and 2) lack chemical stability under ambient
conditions.!#

Very recently, chromium tellurides (Cri+«sTez) have
emerged as a promising family of self-intercalated vdW
magnets which possess considerable potential to address
the above challenges.’>#! CrTe; (without Cr intercalants)
has been reported to host long-range ferromagnetic order
up to ~310 K.27.37 The magnetic properties of the system
can be effectively tuned by the intercalation of Cr in the vdW
gap, by the reduction of thickness down to the 2D limit,8 33
42 and by the creation of twisted vdW superstructures.?! Be-
yond robust ferromagnetism, many Cri«sTez compounds
and their heterostructures have shown signatures of mag-
netic skyrmions up to room temperature as evidenced
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Figure 1. (a) A schematic of Cr2Tes in air. (b) An M-T measurement with H // c-axis, demonstrating a paramagnetic to ferromagnetic
transition at ~171 K, as indicated by the dM/dT curve (bottom inset), characteristic of Cr.Tes;. The SAED pattern measured along
the [001] zone axis of a nanoplate (from the same sample as the magnetization measurements) corresponds to the Cr2Tes phase (top
inset). (¢) From bottom to top: The two unpolarized Raman spectra (NP 1 and 2) of thin and thick nanoplates, respectively, within
minutes after removing them from the growth chamber, SnTe powder, bulk TeOz, and freshly cleaved bulk Te metal. (d) XPS scans
of the Te3p32 region of the as-grown nanoplates within 15 minutes of being removed from the growth chamber and after being
sputtered, as well as measurements of standard bulk Te metal and TeO:.

by the topological Hall effect (THE)#3-48 and direct visualiza-
tion via Lorentz transmission electron microscopy (TEM).17
49,50 The realization of room temperature skyrmions may
pave the way toward the development of vdW-integrated
racetrack memory devices for next-generation information
technology.

Furthermore, many reports suggest that Cri.sTez possess
excellent stability in air, mainly based on Raman spectros-
copy and X-ray photoelectron spectroscopy (XPS) stud-
ies.16-19, 22, 25,26, 32,51 A Raman spectrum consisting of two
characteristic peaks (~124 cm™ and ~142 cm™) is report-
edly unchanged throughout prolonged periods in air and
has been observed in different chromium tellurides, despite
their subtle structural differences, as well as in other Te-
based chalcogenides of completely different structures,
such as SnTe.52 53 Additionally, the analysis of the XPS spec-
tra for these compounds is complicated since chromium
and tellurium each exhibit very closely overlapping peaks,
which can lead to large uncertainties in the fitting. Given the
lack of disparity between the Raman spectra of reported

Cr1+5Tez and other telluride compounds, as well as the nec-
essary complexity of the XPS fitting, the overall question of
whether the Cri:sTez are air-stable requires further exami-
nation.

Here, we have performed systematic studies on the sta-
bility of a representative chromium telluride, Cri133Tez [or
Crz2Tes, Figure 1(a)], by extensive Raman spectroscopy,
time-dependent XPS, TEM, and bulk magnetic measure-
ments followed by density functional theory (DFT) calcula-
tions. In contrast to previous claims, we unambiguously
demonstrate a rapid surface oxidation of chromium tellu-
ride within minutes of exposure to air at room temperature
and a non-self-limited nature of the oxidation process,
which greatly impacts the magnetic properties.

The Cr2Tes nanoplates were grown via chemical vapor
deposition (Section S1 in the Supporting Information), and
the phase was verified through magnetization studies,
which show a paramagnetic to ferromagnetic transition at
~171 K [Figure 1(b)], as well as TEM selected area electron
diffraction (SAED) studies along the [001] zone axis of a



nanoplate [Figure 1(b) inset], both of which are character-
istic of Cr2Tes. Within minutes after removal from the
growth chamber, two different Raman spectra were ob-
served in ambient conditions [Figure 1(c)]; Raman peaks
were located at ~124 and 142 cm!orat ~92,111,and 131
cm? for typically thinner (NP1, ~9 nm thick) or thicker
(NP2, ~18 nm thick) nanoplates, respectively. As previously
discussed, the NP1 spectrum matches with peaks reported
for various Cri+sTez phases (CrTe,3* CrsTes, 10 and CrTez!8:27),
as well as SnTe [Figure 1(c)], which has a completely differ-
ent structure. This indicates the NP1 spectrum is likely not
intrinsic to any Cri+sTez phase but characteristic of another
structure which forms on the surfaces of Te-based chalco-
genides. Figure 1(c) also shows the Raman spectra of bulk
TeO0: and Te; TeO2 modes are not clearly observed in either
NP1 or NP2, and the bulk Te peaks are slightly lower in fre-
quency than NP1. Thin layers of Te (tellurene), however, ex-
hibit blue-shifted peaks (from bulk Te) at ~124 and 142 cm-
15456 Thus, the NP1 spectrum reveals that the degraded sur-
face layer contains tellurene. Indeed, the tellurene Raman
signal dominates over the other compounds due to the com-
bination of a small band gap and a large Raman scattering
cross-section.’® Conversely, the peaks located at ~92, 111,
and 131 cm! (NP2) are the intrinsic Raman peaks of Cr2Tes,
as demonstrated below. The intrinsic peaks are typically
observed in thick nanoplates, as there is likely a larger vol-
ume of non-oxidized Cr2Tes bulk below the degraded sur-
face component, in comparison to thin nanoplates.

Detailed XPS studies were performed on the as-grown
(exposed to air for less than 15 minutes) Cr2Tes nanoplates
to confirm the existence of a degraded nanoplate surface.
We first examined the Te3ps,2 core level spectrum, which
does not overlap with any Cr core level spectra to unambig-
uously characterize the oxidation states of Te. As shown in
Figure 1(d), the Te3ps/,2 spectrum of the as-grown nano-
plates can be decomposed into three components: ~822.3
eV, ~820.2 eV, and a lower energy component at ~818.6 eV,
corresponding to the Te? state in Cr:Tes. XPS measure-
ments performed on Te standards [Figure 1(d), Figure
S7(e)] demonstrate that the ~822.3 eV peak is due to Te*
and the ~820.2 eV peak is due to Te?’” suggesting the oxi-
dation of Cr.Tes progresses through Te® leading to Te**
(TeOz), similar to the oxidation process of SnTe.’* %% % This
is consistent with the aforementioned Raman studies,
where the tellurene peaks are clearly observed. Raman
modes of TeO: are not clearly observed which may indicate
it is amorphous. Further support of the Te and Te oxides is
provided by a gentle sputtering experiment (0.5 kV Ar ions
for several minutes), which decreases the intensity of the
Te* and Te® components and increases the intensity of Te?
[Figure 1(d)], demonstrating the partial removal of the oxi-
dized species from the surface. The high sensitivity of the
CrzTes nanoplates to ambient conditions is therefore sub-
stantiated, as the surface oxides were formed within
minutes of exposure to air after the growth.

Previous XPS studies of Cri+sTez have focused on the pre-
dominant Cr2p/Te3d core level spectra.'> !¢ 31 6. 61 These
spectra of our as-grown nanoplates exhibit two significant
features located at ~572.7 eV and ~576.4 eV [top panel,

Figure 2(a)]. While previous studies have attributed these
peaks to the Te3ds/z and Cr2ps,2 orbitals of Cri.sTez, respec-
tively, the second panel of Figure 2(a) shows that sputtering
almost removes the ~576.4 eV peak, and it also increases
photoemission in the 572.7 eV area (by ~1.5x), indicating
the removal of surface oxides. Similarly, gentle sputtering
significantly reduces the intensity of the higher binding en-
ergy part of the Cr2s [Figure 2(b)] transitions. The meas-
ured Cr/Te atomic % ratio (at Cr2s and Te3ps,z transitions)
for the sputtered nanoplates is 0.67, corresponding to the
stoichiometry in Cr:Tes. For the same data points, we en-
sured the Cr/Te atomic % ratio (0.67) at the Cr2ps,2 and
Te3ds,2 core levels. Deconvolution of that spectra resulted
in binding energies for Te?- (~572.7 eV) and Cr3* (~574.7
eV) components and negligible intensity for Te** (~576.5
eV) and Cr3* (~577.6 eV) corresponding to TeOz and Cr203
surface oxides, respectively [second panel of Figure 2(a),
Table S3]. Given the already complex deconvolution, we
used a single envelope to represent the multiplet structure
of each Cr3* component.”? The remaining intensity in the
Cr2ps/2/Te3ds/2 region requires a single envelope at ~573.6
eV, which can comprise two components. The first compo-
nent can be attributed to Te? [Figure S4], and the second one
can be attributed to the different chemical environments of
the atoms at the interface between Te? in Cr:Tes and the
oxides on the surface [Figure S5].° This five-component
deconvolution model was applied to the as-grown spectrum
[first panel in Figure 2(a), Table 1]. The as-grown spectrum
clearly shows contributions from Te?, TeOz, and Cr203 sur-
face oxides which were formed within minutes of exposure,
highlighting the need for passivation techniques such as en-
capsulation with hBN or graphene, through a dry-stamp
method to prevent rapid oxidation.®®® The presence of ox-
ides is further supported by the O1s spectra of the nano-
plates [Figure S6].

The surface cleaning/oxidation process is reversible and
was reproduced several times [third panel of Figure 2(a)].
Further exposure leads to an increased amount of surface
oxides, as indicated by the enhanced intensity of Te** and
Cr3* after 3 h in air [fourth panel of Figure 2(a)]. These na-
noplates were remeasured after they had been exposed for
~3 years; the Cr2p/Te3d core level spectrum can be decon-
volved into three main components at ~573.0 eV, 576.4 eV,
and 577.7 eV [Figure 2(c)], corresponding to Te?, TeO2, and
Cr203, respectively [Figures S7-S8]. This heavily oxidized
sample is dominated by Te?, and Te** and Cr3* oxides. The
signals of Cr3* and Te?  from Cr2Tes are attenuated by the
probing depth. We estimate the oxide thickness as more
than 10 nm, although it can be removed to uncover CrzTes
underneath via short, gentle Ar sputtering (0.5 kV, 2-5 min).
This suggests the surface oxidation of chromium telluride is
more complicated and may not be self-limited, unlike in sil-
icon where the growth of native oxides is self-limited to 1-2
nm.” It is worth mentioning that chromium exhibits differ-
ent binding energies for the Cr3* oxidation states in Cr203
(~577.6 eV) and Cr2Tes (~574.6 eV) in our deconvolution
model [Figure 2(a)]; this is not uncommon given that the
binding energies of the same oxidation state can vary
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Figure 2. (a) The high-resolution Cr2p/Te3d XPS spectra (from top to bottom) of the as-grown nanoplates 15 min after being exposed
to air, gently sputtered nanoplates, nanoplates after being exposed to air for 1 min, nanoplates after being exposed to air for 3 hours.
‘We note the 1 min re-exposure spectrum has slightly more surface oxides than the as-grown spectrum since sputtering creates more
surface roughness and dangling bonds, making the nanoplate surface more sensitive to oxidation. (b) The high-resolution scan of the
Cr2s region of Cr:Tes nanoplates that have been exposed for an extended period of time, Cr:Te; nanoplates after gentle Ar ion
sputtering, and standard Cr:203 powder (from top to bottom). (¢) The Cr2p/Te3d XPS spectra of Cr:Tes nanoplates exposed to air
for ~3 years.

Table 1. The electron binding energies (eV) of the Cr2p/Te3d spectra in Figure 2(a).

Cr2ps;2 Te3ds,2
Sample Cr3+ (Crz03) Cr3* (CrzTes) Te? Te%+SCLS Te*
As grown 577.6 574.6 572.7 573.6 576.6
Sputtered 577.6 574.7 572.7 573.6 576.5
1 min exposed 577.7 574.6 572.6 573.6 576.4
3 hours exposed 577.8 574.5 572.6 573.6 576.5
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Figure 3. (a) The representative Raman spectra of a Cr:Tes nanoplate that has been exposed to ambient conditions (black spectrum)
and a nanoplate after gentle ion sputtering (blue spectrum). (b) Polarized Raman measurements of a Cr2Tes nanoplate with parallel
(//) and cross (L) polarization orientations. (c) Schematics of the vibrational motions of the 90.2 cm™ (A1g), 116.4 cm™ (Eg), and 129.3
cem! (E¢) Raman active modes. The A1z mode mainly moves out-of-plane, where the nearest neighbor Te atoms move obliquely in
opposite directions at a 120° angle from each other. The two E; modes are mainly in-plane where the interval Te atoms rotate around
the central Cr atoms with a 120° angle, while the nearest neighbor Te layers move in the opposite direction.

due to differences in the chemical environments.® Indeed,
Cr3* of Cr203 powder is higher in energy than Cr3* of Cr.Tes
in both the Cr2p [Figure S8] and Cr2s core level spectra [Fig-
ure 2(b)]. As shown in Figure 2(b), the ~699.2 eV compo-
nent is Cr203 based on the standard spectrum in the lower
panel, whereas the ~696.4 eV component is from Cr3+ in
Cr2Tes as it still remains after Ar sputtering, which removes
the surface oxides. Therefore, the different binding energies
for the same Cr3* oxidation state in our aforementioned de-
convolution model is well-justified.

Raman spectroscopy measurements were combined with
Ar sputtering to probe the intrinsic vibrational modes of the
CrzTes nanoplates. Figure 3(a) shows the Raman spectra of
an as-grown nanoplate with the two characteristic tellurene
peaks and a sputtered nanoplate with peaks at 92, 111, and
131 cm. The observation of the latter further demon-
strates that sputtering reduces the surface oxides and ex-
poses the CrzTes surface, enabling the observation of intrin-
sic Cr2Tes Raman peaks. Next, we used symmetry group
analysis, polarized Raman spectroscopy, and DFT calcula-
tions to identify the Raman modes. The nuclear site group
analysis of Cr.Tes (space group P-31c) yielded 4A1g 4Azg,

and 9E; Raman active modes. Polarized Raman measure-
ments were performed on as-grown CrzTes nanoplates [Fig-
ure 3(b)] in which the depolarization ratio was used to dis-
tinguish between the symmetries of the modes. We identify
the 92 cm! peak as having Ag symmetry and the 72,88, 111,
and 131 cm™ peaks as having Eg symmetry. DFT calculations
of the Cr2Tes Raman frequencies and mode assignments are
listed in Table S4. Of the five experimentally observed
peaks, the calculated frequencies and mode assignments
are 68.6 (Eg), 89.0 (Eg), 90.2 (A1g), 116.4 (Eg), and 129.3 cm-
1 (Eg), which are close to our observed frequencies and con-
sistent with the assignments from the polarized measure-
ments. The atomic displacements of the three predominant
Raman peaks (90.2, 116.4, and 129.3 cm!) are also deter-
mined through the DFT calculations, as shown in Figure
3(c).

Due to the surface degradation, the magnetization of the
Cr2Tes nanoplates decreases over successive days of expo-
sure to ambient conditions, although the ferromagnetic
transition temperature and coercive field remain nearly
constant without a systematic variation [Figure 4(a)-(b)



(a) -e- Day 1
Day 12 (glove box)
3+ Day 23 (air for 11 days)
—e- Day 33 (air for 21 days)
—e- Day 42 (air for 30 days)
—
=}
&
[0}
b
o
bl
S
= o 28 Hilc
= 24 + 4170 ’i!} 01T, FC
L L L 1 L "-‘.\
0 10 20 30 40 Y
Number of Days -
Olr s 1 . L 1
0 100 200 300
T (K)
(b) :
-o- Day 1
Day 23 (air for 11 days)
5 |_—e- Day 33 (air for 21 days) SER-4-4-o-
-o- Day 42 (air for 30 days) [ % :
—_ ';I 1
=} 1 3
% -pf- __0.264 s
<+ o) T o[ Eoz2e2r, N
o 4] £ 02601 a
- ; 4 0.2s8F
? '8 0.256 £ L 1
= i ] 0 20 40
5 0002008000 0000 ediflia Number of days
ol e
H/lc
' 2K, FC
| I i I I
-4 -2 0 2 4

H (T)

Figure 4. Magnetization studies over time on the same sample
as a function of (a) temperature and (b) magnetic field. The in-
set in (a) shows the M and T. over time and the inset in (b)
shows the Hc over time.

and the insets]. The decline in magnetization as the na-
noplates degrade in air can be attributed to the formation of
antiferromagnetic Cr203 (despite minimal uncompensated
spins at the boundary’'”®), non-magnetic TeOz, and non-
magnetic Te components which reduce the overall ferro-
magnetic signal of the sample. Within the glovebox, oxygen
already present on the surface layer of nanoplates from an
earlier exposure to air may migrate deeper, react with the
ferromagnetic Cr.Tes, and consequently reduce the overall
magnetization.

The oxidation process is not self-limited; thus, the mag-
netization continues to decrease as the amount of antiferro-
magnetic and non-magnetic surface contributions increase
with the thickness of the oxidation layer over time. The deg-
radation process causes a redistribution of valence band
density of states, as well (Figures $10-S12).

A prolonged exposure in air also leads to a significant
change in structural properties, as evidenced by TEM stud-
ies. An SAED pattern of a CrzTes nanoplate that was stored
in a nitrogen atmosphere [Figure 5(a)] was measured along
the [001] zone axis [Figure 5(b)] where sharp diffraction
spots indicate the single-crystallinity of the nanoplate. The

characteristic Cr.Tes diffraction spots are indicated by hex-
agons denoting the {100}, {110}, and {300} planes from the
inner to outer hexagons. After exposure for 45 days, new
diffraction spots were observed just ~0.1 nm-! outside of
the Cr2Tes {110} spots and are positioned along the pink cir-
cle [Figure 5(c), Figure S13]. These new spots do not origi-
nate from the surface species that were previously ob-
served in the XPS studies but originate from another phase
with a slightly smaller lattice constant than Cr2Tes which we
attribute to a CrzTesxOy phase, where the increased oxygen
concentration reduces the lattice constant due to the
smaller ionic radius of oxygen compared to tellurium. Inter-
mediate spots with low intensities were also observed the
same distance from the central beam in between the respec-
tive Cr2TesxOy spots and are likely due to the slightly poly-
crystalline nature of Cr2TesxOy. Furthermore, a yellow circle
indicates another new set of spots appear around each of
the Cr:Tes {300} spots due to double diffraction. The ab-
sence of clear diffraction spots from surface species (Cr20s3,
TeO, Te) previously determined via XPS/Raman is likely
because the SAED along the [001] zone axis contains a ma-
jority signal from the bulk compared to the negligible sur-
face contribution due to its small volume fraction and poly-
crystalline/amorphous nature.

In addition to the oxides present on the surfaces, further
TEM studies indicate the formation of some other species at
the edge. Scanning TEM (STEM) and HAADF-STEM images
[Figures 5(d)-(e), respectively], reveal a darker contrast
around the edge of the nanoplate. Energy dispersive x-ray
spectroscopy (XEDS) maps [Figure 5(f)-(h)] show the nano-
plate interior is composed of Cr and Te, as well as O from
the previously discussed surface oxides, while the edge con-
tains Cr and Te, and an enhanced O signal. An edge contrast
can also be clearly observed in a high-resolution TEM image
shown in Figure 5(i).

Fast Fourier transform (FFT) analysis was performed to
determine the structural phase of the interior and edge spe-
cies [Figure 5(j)-(1)]. Figure 5(j) shows the interior of the
nanoplate remains consistent with Crz:Tes (red). FFT near
the edge of the nanoplate (blue) [Figure 5(k)] demonstrates
a diffraction pattern consistent with Te (space group P3121)
along the [001] zone axis, while another region (green) cor-
responds to the CrO: phase (space group P42/mnm) along
[001] [Figure 5(1)]. The formation of metastable CrO: is con-
sistent with the increased intensity of the O signal along the
edge in the XEDS map. It is worth mentioning that no addi-
tional ferromagnetic phases were observed in the magneti-
zation measurements, possibly due to small amounts of
CrOz below the detection limit of the measurement.

DFT calculations demonstrate that the oxidation of
Cri+sTezis a thermodynamically favorable process. First, we
calculated the bond lengths and adsorption energy of Oz ad-
sorbed on the surface of Cr2Tes. With the initial distance of
3.00 A, we found that oxygen molecules could almost paral-
lelly absorb on the surface after lattice relaxation (Figure
S14). The calculated 0-0 and Te-O bond lengths are 1.38 A
and 2.19~2.23 A, respectively; the adsorption distance is
1.99 A, and the obtained adsorption energy is -0.11 eV. This
suggests that Oz exhibits a spontaneous adsorption



(d) STEM 100 nm

Figure 5. (a) A TEM image of a Cr2Tes nanoplate from the same sample magnetization measurements were performed on. (b) The
SAED pattern taken on a single-crystalline Cr.Tes; nanoplate and (c) a Cr2Tes/polycrystalline-Cr2TesxOy nanoplate after oxidation,
as evidenced by the extra spots indicated by a pink circle slightly larger than the red {110} Cr:Tes; hexagon. (d) A STEM image and
(e) HAADF image taken on the edge of a nanoplate showing the change in contrast between the interior and edge of the nanoplate.
TEM-EDS maps of (f) Cr, (g) Te, and (h) O along the edge of the nanoplate. (i) A high-resolution TEM image of the edge of a
nanoplate with respective FFT diffraction patterns from the interior area (j) shown within the red square, characteristic of Cr2Te3
and (k)-(I) shown within the blue and green squares near the edge, characteristic of Te and CrO:, respectively. The extra spots in
the CrO: FFT are from an overlap with a region containing Te.

Table 2. The differences in formation energies for various chromium telluride (CrxTey) phases reacting with O: lead-
ing to the production of either Crz03 and TeO: (top) or CrOz and Te (bottom).

Oxidation Products Cr,Te, Cr,Te, Cr.Te, Cr,Te, Cr,Te,
Te and CrO, -2.17 eV -1.43 eV -1.76 eV -2.27 eV -3.25eV
Cr,0,and TeO, -6.35 eV -4.90 eV -5.88 eV -6.57 eV -7.98 eV

The formation energies are calculated from AE = G) CryTe, + (z—;+ 1) 0, — [(%) Cry,05 + TeOZ] for the top row and AE =
1 X X
(;) CrTey, + (;) 0, — [Te + (;) CrOZ] for the bottom row.
on the CrzTes surface. Next, we calculated the formation adsorbed onto the surface of Cr2Tes. Two possible produc-
energies of productions resulting from O: molecules tions from the reaction of Cr2Tes and Oz are the formation



of CrOz and Te (case 1) or Cr203 and TeO2 (case 2). The en-
ergy difference between the products and reactants (AE)
was negative, -2.17 eV for case 1 and -6.35 eV for case 2, in-
dicating that both oxidation processes are thermodynami-
cally favorable. The smaller AE for case 2 suggests the for-
mation of TeO2 is more favorable than the formation of Te,
which is consistent with our XPS studies that demonstrate
the majority of the oxide formed after a prolonged exposure
in air is TeO2 [Figure 2(c)]. Indeed, the formation of CrO2
and Te is slightly less favorable, as Te is the intermediate
state before the transformation into TeO.. The formation
energy calculation was extended to other phases of chro-
mium tellurides (CrxTey), in which the negative formation
energies of all phases [Table 2] reveal that chromium tellu-
rides are indeed unstable and spontaneously oxidize when
exposed to air. Furthermore, since we have demonstrated
that Raman spectroscopy can be used to detect degraded
species, other Cri+sTe2 compounds that have been reported
to exhibit this same spectrum demonstrate their instability
in air and are in agreement with our DFT energy evalua-
tions.

In summary, we have systematically demonstrated the
high instability of self-intercalated vdW Cri+sTe2 nanoplates
under ambient conditions and report the intrinsic Raman
spectra of CrzTes. Detailed XPS and sputtering measure-
ments confirm the surface fragility of the Cr2Tes nanoplates
in air, and the proposed deconvolution model of the closely
overlapping Cr2p/Te3d core levels captures their surface
sensitive nature. The reduction of magnetization over time
is attributed to the formation of antiferromagnetic and non-
magnetic surface species which decreases the ferromag-
netic bulk contribution of the Cr.Tes nanoplates. TEM meas-
urements indicate the formation of an additional crystal-
lized phase, as well as distinct oxidation processes along the
nanoplate edges and interior regions. DFT calculations sug-
gest that the formation of the aforementioned surface spe-
cies is a thermodynamically favorable process. Our work
therefore demonstrates unambiguously that Cri.sTez are
not air-stable as previously claimed, highlighting the neces-
sity of surface passivation/protection of this rich family of
self-intercalated vdW magnets for both the fundamental
studies of intrinsic 2D magnetism and practical applications
of advanced spintronic devices.
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