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Anomalous Hall effect in an antiferromagnetic CeGaSi single crystal
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We report a detailed investigation of the magnetic and electrical transport properties in an antiferromagnetic
CeGaSi crystal. It orders ferromagnetically within the ab plane and antiferromagnetically along the ¢ axis below
Ty (~12K). The magnetotransport in CeGaSi shows anisotropy with the emergence of negative magnetoresis-
tance (MR) within the ab plane and along the c axis. At low temperatures, the initially negative MR within the
ab plane changes sign and becomes positive with B further increasing and approaching saturation. When the
field is applied along the ¢ axis, the MR remains negative, as a result of the suppression of spin scattering in the
antiferromagnetic state. Interestingly, different Hall responses are also demonstrated. A prominent anomalous
Hall effect (AHE) is observed with B || ab in CeGaSi with a maximum value of anomalous Hall conductivity
|ofz| ~ 128 Q7' cm~!. The scaling behaviors of anomalous Hall resistivity and conductivity indicate the skew
scattering as the dominant mechanism of AHE in CeGaSi. However, the AHE is absent and only the normal Hall
effectis observed with B || c¢. These fascinating findings in MR and Hall measurements not only establish CeGaSi
as a new platform to study AHE, but also deepen our understanding on the interesting physical phenomena

associated with magnetic properties.
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I. INTRODUCTION

The anomalous Hall effect (AHE) has been an enduring
topic ever since it was discovered a century ago [1,2], and
it has attracted significant interest due to its highly tunable
physical properties and great potential in spintronic device
applications [3—7]. Building on results from experiment and
theory, the AHE in ferromagnetic (FM) systems [8] is pro-
posed to be proportional to spontaneous magnetization M.
It is well established that three possible mechanisms are re-
sponsible for AHE. The intrinsic Karplus-Luttinger (K-L)
mechanism is related to the band structure of ferromagnetic
conductors with spin-orbit coupling (SOC), which has been
interpreted as a manifestation of Berry curvature in momen-
tum space (intrinsic mechanism) [8—13]. It presents the power
law relation with the resistivity py, o p2,, which has been ob-
served in CoyMnAl [14], Co,MnGa [15], Co3zSn,S, [16,17],
Fe;GeTe, [18,19], and Fes;Sn; [20], among others. Extrinsic
mechanisms including skew scattering and the side jump are
viewed as the product of impurity scattering which is also
affected by SOC [21-23], yielding the relations py, o< oy OF
Pry X 2., respectively, which are exhibited in the materials
like KV3Sbs [24], CrsTeg [25,26], and FeCr,Tey [27].

Recently, AHE has been reported in the LnAlSi (Ln = Ce,
Pr) crystal family [28-31]. In the ferromagnet PrAlGe;_,Si;,
the mechanism responsible for the AHE inside the samples
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changes from intrinsic to extrinsic by changing the ratio
of Ge to Si from x =0 to x =1 [29]. Besides, the mag-
netic and electrical transport properties of the CeAlSi single
crystal with noncollinear FM order was reported [30]. In-
terestingly, different Hall responses were found by applying
the magnetic field to the easy and hard magnetization axes,
respectively. In addition, the LnAlSi (Ln = La, Ce, Pr, Nd,
Sm) crystal family [28—41] is a new class of Weyl semimetals
presenting topological characteristics and abundant magnetic
properties, which provides an ideal platform for the study
of unique transport properties, such as quantum oscillations
[28-30,33,35,36,38—41], the anomalous Nernst effect [31,32],
anomalous Hall effect [28-31], and topological Hall effect
[39]. These fascinating physical features inspired us to extend
the investigation from the LnAlSi to LnGaSi family, which
provides a stronger SOC effect that may benefit for the ob-
servation of AHE [8]. As an example, the unique physical
properties in CeGaSi are explored as a first attempt.

In this paper, we have investigated the magnetic and
electrical transport properties of CeGaSi, which orders fer-
romagnetically within the ab plane and antiferromagnetically
along the ¢ axis below Ty (~12K). Specific heat measure-
ments indicate a doublet ground state due to the crystalline
electric field (CEF). Negative magnetoresistance (MR) result-
ing from spin-scattering suppression is observed with both
B || ab and B || ¢ configurations at low temperature. A promi-
nent AHE is expected to be observed in CeGaSi with B || ab,
and the mechanism is quantitatively analyzed according to the
framework proposed for the analysis of AHE in ferromagnetic
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materials. The scaling behaviors of anomalous Hall resistivity
and conductivity reveal the major contribution of skew scat-
tering in the observed AHE; meanwhile, the side-jump and
intrinsic mechanism also play an important role.

II. EXPERIMENT

Single crystals of CeGaSi and LaGaSi were grown by the
self-flux method. A Ce/La ingot, Ga ingot, and Si powder
with a ratio of Ce/La:Ga:Si = 1:7:2 were put into a corundum
crucible and sealed in a quartz tube. The quartz tube was
placed in a box furnace, which is heated to 1150 °C with
60 °C/h, and held for 12 h. Then, it was cooled to 600 °C with
a rate of 3°C/h, at which the excess Ga flux was separated
from the crystals by centrifugation. The atomic proportions
of CeGaSi and LaGaSi were checked to be Ce/La:Ga:Si =
1:1:1 using energy-dispersive x-ray spectroscopy (EDS; Ox-
ford X-Max 50). The single crystal and powder x-ray
diffraction (XRD) of CeGaSi were collected from a Bruker
AXS D8 Advance diffractometer using Cu K, radiation at
40 kV and 40 mA with 20 ranging from 15° to 90°, a
step of 0.02°, and a counting time of 2 s/step. Jana2021
was employed for the refinement. The magnetic properties
were measured with a Quantum Design magnetic prop-
erty measurement system (QD MPMS-3). The resistivity,
specific heat, and Hall effect were measured in a Quan-
tum Design physical property measurement system (QD
PPMS-14T). Resistivity, magnetoresistance, and Hall resis-
tivity measurement were performed by the six-probe method.
The size of the investigated samples is 1.22x0.43x0.17 mm?3
and the demagnetization factor N, is 0.63618 when the
field is applied within the ab plane. The size of the in-
vestigated samples with field applied along the ¢ axis is
1.83x0.73x0.15 mm? and the demagnetization factor Ny is
0.75098. To eliminate the influence from voltage probe mis-
alignment, the raw resistivity data were evaluated by the
formula 0 (B) = [0 (=7 T ~T7T) + pux(7TT ~ =7 T)]/z,
pe(B) = [pe(=1T ~TT) = p(7T ~ 7 T)]/2.

III. RESULTS AND DISCUSSION
A. Crystal structure and resistivity

As shown in Fig. 1(a), the LaPtSi-type crystal structure
with space group /4;md (No. 109) is exhibited, in which Ce,
Ga, and Si layers are stacked along the ¢ axis with each layer
containing only one type of element. Figure 1(b) presents the
single-crystal XRD for CeGaSi, which reveals the surface of
the sample as a (00/) plane, as shown in the inset of Fig. 1(b).
The powder XRD pattern for the CeGaSi is displayed in
Fig. 1(c), which shows no trace of any other impurity phase
but a little flux Ga. A refinement of the powder XRD pattern
with the space group /4;md was performed. The obtained
lattice parameters are a = b = 4.2434 A, and ¢ = 14.3288 A.
The longitudinal resistivity (p.,) as a function of temperature
is shown in Fig. 1(d), which increases with decreasing tem-
perature from 300 K to 12 K, showing a semiconductor-like
behavior. p,, presents a broad hump around 60 K, which is
developed by the crystalline electric field expected for the
localized f states of Ce [42,43]. It can be seen that the re-
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FIG. 1. (a) Crystal structure of noncentrosymmetric CeGaSi with
space group /4;,md (No. 109). (b) Single-crystal XRD pattern of
the (00/) plane. Inset: Picture of the polished crystal. (c) The x-ray
powder-diffraction pattern of CeGaSi. The value of R,,, is 2.92% and
R, is 1.98%. (d) Temperature dependence of the resistivity p.. The
inset illustrates the definition of a Cartesian coordinate system based
on the tetragonal lattice.

sistivity shows a steep drop at 12 K, indicating the emergence
of possible magnetic phase transition.

B. Specific heat

The specific heat of CeGaSi and nonmagnetic isostruc-
tural LaGaSi are carried out under zero magnetic field as
shown in Fig. 2(a). The specific heat attains the value
of 64.16Jmol~' K~! at 200 K, which is close to the ex-
pected Dulong-Petit limiting [44,45] value of C, = 3nR =
74.83Tmol ™' K~!, where R = 8.31 J mol~' K~! is the gas
constant and »n is the atomic number of ions per formula in
the material, which equals 3 in CeGaSi. As the temperature
decreases, a peak around 12 K is observed, which is consid-
ered as the onset of magnetic transition and also evidenced
in temperature-dependent resistivity p,,(7) [Fig. 1(d)]. The
specific heat of LaGaSi does not show any anomaly, and its
temperature dependence is typical for a nonmagnetic refer-
ence compound. The low-temperature region of the specific
heat is enlarged for clarity as displayed in the inset of Fig. 2(a).

The magnetic contribution of CeGaSi to specific heat C,
was calculated by subtracting the specific heat of isostructural
nonmagnetic LaGaSi, as shown in Fig. 2(b), in which a sharp
peak at Ty and a broad hump around 70 K are respectively
observed. The high-temperature hump around 70 K is related
to the Schottky anomaly contributed by the CEF splitting of
Ce** atomic levels, and such behavior is frequently seen in
lanthanide compounds such as CeAlSi [30], NdAISi [35,36],
and SmAISi [39]. The sharp peak around 7y ~ 12K is due
to the magnetic phase transition. In the tetragonal point
symmetry of CeGaSi, the Ce** six multiplet splits into a
doublet ground state and a quadruplet excited state [30]. To
examine the energy spectrum of the CIEF states, the magnetic

Cn(T)

entropy S, is calculated by S,,(T') = J, =%5—dT as plotted in
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FIG. 2. (a) Temperature dependence of the specific heat in Ce-
GaSi and LaGaSi crystals. The inset shows the low-temperature
part. (b) Magnetic specific heat C,,, derived from Cc, — Cy,. Inset:
Magnetic entropy S,,, obtained by integrating C,,/T with respect
to T'; the two horizontal dashed lines stand for RIn(2) and RIn(6),
respectively.

the inset of Fig. 2(b). S,, reaches a plateau with the value of
449 J mol'K~' around 7y, close to RIn(2)
(5.76Jmol~' K~!) associated with the magnetic doublet
ground state, which is similar to CeAlSi [30]. At high
temperature above 100 K, the reduced value of S, (T)
compared with RIn(6) [30] may be attributed to the inaccurate
estimate of the lattice contribution to the specific heat [46,47].

C. Magnetic properties

Figure 3(a) shows the temperature-dependent magnetic
susceptibilities x (7') with applied magnetic field H || ab and
H || ¢ under the zero-field-cooled (ZFC) and field-cooled
(FC) modes. The magnitude of yjq, is almost the same as
that of x|, at high temperature, but is about 38 times larger at
2 K, indicating the strong magnetic anisotropy. With H || ab,
as the temperature decreases, there is a sharp increase around
12 K both in ZFC and FC curves, which marks the onset of
magnetic order that determines the Néel temperature. As the
temperature further decreases, ZFC and FC curves begin to
bifurcate. With H || c, the ZFC and FC curves nearly saturate
at low temperature with slight bifurcation. Figure 3(b) shows
the inverse magnetic susceptibility 1/x curve fitted by the
modified Curie-Weiss law expression between 7' = 50K and
300 K:

C
X(T)=X0+m, (1
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FIG. 3. (a) Low-temperature dependence of the magnetic suscep-
tibility x(7") in CeGaSi with H || ab and H || ¢ for ZFC and FC at
noH =200 Oe. (b) Temperature dependence of inverse magnetic
susceptibility in CeGaSi from 50 K to 300 K. (c¢) and (d) Field-
dependent magnetization M (H ) at different temperature for H || ab
and H | c, respectively. Inset: An enlarged view M(H) at T =2K
in low magnetic field region.

where xo is the temperature-independent term including
the contribution from the core diamagnetism and the Van
Vleck paramagnetism, C is the Curie constant, and 6 is
the Weiss temperature. From the fitting of Eq. (1), the
negative value of § ~ —25.3K with H || ab and —11.5K
with H || ¢ are obtained, respectively, which indicates the
dominant AFM interaction in the paramagnetic state. The
C is 0.7 emu K mol™'Oe™" (H || ab) and 1.49 emu K
mol~! Oe™! (H | ¢). The effective magnetic moments along
different directions are estimated with the relation e =
V/8C. The yielding effective magnetic moment with H || ab
is 2.37up, which approaches to the theoretical value of the
free Ce®* ion ~2.54u5. With H || ¢, the effective magnetic
moment is determined to be 3.45up, which is slightly larger
than the value for the free Ce>* ion. This excess moment
may be ascribed to the spin polarization of the conduction
electron [48,49].

Isothermal M (H) curves in the CeGaSi single crystal with
H applied parallel to the ab plane (H || ab) and along the ¢
axis (H || ¢) are respectively shown in Figs. 3(c) and 3(d).
Here wpoHer = po(H — NyM), where N, is the demagneti-
zation factor, pg is the vacuum permeability, and M is the
magnetization. As shown in Figs. 3(c) and 3(d), the magneti-
zation curves are linear at high temperatures above 7y, which
corresponds to the paramagnetic state. With the temperature
decreasing, the moments with H || ab gradually increase and
a small hysteresis loop appears around zero field. At the low-
est temperature 2 K, the magnetization exhibits a continuous
increase until the saturation field is reached around 1.5 T
(Mg ~ 0.9up/Ce) with H || ab. The saturated moment of the
Ce3t ion in CeGaSi is 0.9up, which is much smaller than the
value of the free Ce** ion. This reduction in the magneti-
zation may be attributed to the CEF [43,50]. With H || c, as
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FIG. 4. Field dependence of MR in CeGaSi single crystal with
B || ab (a) and (c) B || c. (b) and (d) An enlarged view of M (H) and
MR at 2 K in low magnetic field region. The purple triangle symbols
mark the transition position, the gray dashed lines are guides to the
eyes, and the black dotted line marks the range where the hysteresis
loop exists.

the temperature decreases below Ty ~ 12K, the M(H) curve
presents a smooth increase as the field increases. At 2 K, a
narrow hysteresis loop appears within 1.5 T as illustrated in
the inset of Fig. 3(d) and the magnetization does not reach
saturation until 7 T, which is also reflected by the negative
MR and further discussed below.

D. Magnetoresistance

To investigate the anisotropic magnetotransport of Ce-
GaSi, the field-dependent MRs with different configura-
tions are measured with B || ab and B | c, respectively, as
shown in Figs. 4(a) and 4(c), in which the MR is de-
fined as [0 (B) — 0xx(0)]/01:(0). Here, B = po(Hegr + M) =
wolH + (1 — Ny)M]. With B || ab, a small positive MR at
50 K is observed, which is due to the scattering of the
conduction electrons in the cyclotron motion of the carriers
influenced by the Lorentz force in the magnetic field [51].
As the temperature decreases, a small negative MR is ob-
served which may originate from a different mechanism, i.e., a
chiral anomaly [52-54], electron-magnon scattering [55-57],
or spin scattering [58,59]. The chiral anomaly mechanism is
excluded from the experiments since negative MR also exists
even when the current [ is perpendicular to the field B. The
electron-magnon scattering mechanism does describe the low-
temperature resistivity as well as electron-electron scattering
does while the data under magnetic field cannot be well fitted
employing the electron-magnon mechanism. From 30 K to
12 K, the CeGaSi is in a disordered paramagnetic state at zero
field. An applied field, by quenching the spin disorder, sup-
presses the scattering and leads to the negative MR [60-65].
Decreasing the temperature promotes the spins to be aligned
with B, leading to an overall increase in the magnitude of the

negative MR, which reaches a maximum value of ~ —13% at
the critical temperature 12 K [60-62]. Below Ty ~ 12K, the
ferromagnetic order is formed and the negative MR is weak-
ened. At the lowest temperature 2 K, the number of magnetic
domains decreases as the magnetization gradually increases
along the external field, resulting in a prominent negative
MR due to the suppressed scattering between electrons and
magnetic domain walls. As the field increases, the spins are
fully polarized along B around ~1.5T, as marked with pur-
ple triangle symbol in Fig. 4(b), and the effect generated by
the magnetism on MR diminishes. Accordingly, the positive
orbital MR dominates, corresponding to the increase of MR
above 2.5 T. The transition is marked with a purple triangle
symbol in the MR curve, which is consistent with the behavior
of M (H) in the upper panel of Fig. 4(b).

The magnetic field dependence of MR with B || ¢ at various
temperatures is shown in Fig. 4(c). At 2 K, there exists a loop
within +1.5 T marked by the black dotted line as shown in the
lower panel of Fig. 4(d), consistent with the hysteresis loop at
low field in the magnetization as shown in the upper panel
of Fig. 4(d). Different from the clear sharp transition from
negative to positive MR with B || ab at low temperatures, the
MR with B || ¢ remains negative, which is attributed to the
field-induced suppression of spin scattering between conduct-
ing electrons and local magnetic moments. This negative MR
indicates the magnetic moments when B || ¢ cannot be easily
saturated, which is in agreement with the behavior of M (H)
[Fig. 3(d)].

E. Hall effect

The Hall resistivities are also conducted with different
configurations to reveal the anisotropic magnetotransport
properties, as shown in Figs. 5(a) and 5(f). The similarity
between M (H) [Fig. 3(c)] and p,,(B) [Fig. 5(a)] indicates the
presence of the anomalous Hall effect in CeGaSi. Commonly,
the total Hall resistivity p,, in ferromagnets consists of two
components [66],

Prz = PN + ph = RoB + woRM, )

where the first term ,ofc\; is the normal Hall resistivity con-
tributed from the Lorentz force, and the second term p;‘z is the
AHE component. Ry and R, are ordinary and anomalous Hall
coefficients, respectively. To extract the AHE component, the
Hall resistivity was linearly fitted at high field (3 Tto 7 T) to
subtract pY, leaving pZ, as shown in the inset of Fig. 5(a). The
slope and y-axis intercept of the linear fit determine the Ry and
pfz, respectively. The value of Ry at 2 K is 0.32 u2 cm/T. The
positive sign of the Hall coefficient indicates that the dominant
carrier is hole type in CeGaSi. The carrier concentration # is
estimated to be ~1.9x10?! cm™3 according to the relation
Ry ~ 1/|e|n, and the mobility equals 16 cm?/V s employing
the formula © = 1/(enpr)). The temperature dependence
of them is shown in the inset of Fig. 5(b). Interestingly, the
changes of carrier concentration and mobility both happen at
20 K rather than 7y, suggesting that the magnetic interactions
are formed at 20 K and the effects on band structures are
generated. Correspondingly, the transitions of the concentra-
tion and mobility are induced. The anomalous Hall coefficient
R, characterized as the magnitude of AHE can be extracted
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FIG. 5. (a) Field-dependent Hall resistivity curves at different temperature. Inset: The p,, is decomposed into a normal and an anomalous
part at 2 K. (b) Fitting of the ratio of anomalous Hall resistivity to longitudinal resistivity (,0;‘: / Pxx) VEISUS py, curve at the temperature range
of 2-12 K. Inset: Temperature dependence of the carrier concentration n and mobility p. (c) Different contributions in ,0A with temperature

are plotted on the same scale. (d) Field-dependent Hall conductivity
curve. Inset: —o as a function of temperature. (f) The Hall resistivity

by ,ofz = RyuuoM, in which M is taken from the intercept of
the linear fit of M(H) curves from 3 T to 7 T. Furthermore,
R, reaches a minimum value 3.84 uQ2cm/T at 2 K, which
is still one order of magnitude larger than Ry, indicating
that the normal Hall effect is negligible compared to AHE
in CeGaSi.

In general, there exist three kinds of mechanisms con-
tributing to the origin of AHE: skew scattering, side jump,
and intrinsic Berry curvature [9,21-23]. For the skew scat-
tering the anomalous Hall resistivity should be proportional
to the longitudinal resistivity [,ojjz X pyy Orn=11in pg/B =
f(py.M/B)], while the side jump and the intrinsic mecha-
nism show the same relationship between anomalous Hall
resistivity and the longitudinal resistivity (o2 oc pZ, or n =
2 in py/B = f(pyM/B) [67,68]). In fact, the mechanism
of AHE in real material would arise from the interplay
of multiple mechanisms and requires further research. In
order to understand the mechanism of AHE in CeGaSi,
the ,ofz /Pxx Versus py, curve is fitted by the following
relation,

p;?z/pxx = a+ bpu, 3)
where the parameters a and b contain information about skew
scattering and both side-jump and intrinsic contribution, re-
spectively. The fitting results are shown in Fig. 5(b), in which
the skew scattering term (apy,) and side-jump plus intrinsic
term (b,ofx) are obtained. The values are plotted in the same
scale in Fig. 5(c). Therefore, the skew scattering mechanism is
dominant in CeGaSi, while the side-jump and intrinsic mecha-
nism also play an important role, which cannot be completely
ignored in CeGaSi.

crA (e) Linear fitting of anomalous Hall conductivity J . versus 0'
of CeGaSi with the magnetic field applied along the ¢ axis.

The anomalous Hall conductivity (AHC) 0;; can be calcu-
lated from pfz and p,, through the relation

A
Pz

P 4
Py @

Oxz =

The field-dependent AHC for each temperature is displayed in
Fig. 5(d) and the temperature-dependent AHC (a}é at B=0)
is plotted in the inset of Fig. 5(e), which reaches the maximum
value 128 Q~'cm~! at 2 K and disappears above 20 K. In
order to extract the contribution of the intrinsic mechanism,
the AHC can be further analyzed by the scaling behavior,

—of = (a0
where « is the skew constant, o, is the residual conductivity
at 2 K, and m is the intrinsic AHC [69]. The —UA versus
oxx along with the fit to Eq. (5) are shown in Frg 5(e).
From the fitting, the component of skew scattering plus side
jump are attained with the positive value of 192 Q~'cm™',
and the intrinsic component is obtained with the negative
value of m = —62 Q~!cm™!, indicating that the intrinsic
contribution is opposite to extrinsic ones. Combined with
fitting results in resistivity as analyzed above, three individual

0 + /3 xxO)zex +m, (5)

values sz @~ 350 em ™!, sz,sj ~ —158 Q@ 'em™!, and
ol ~ —62 Q 'em™! are roughly separated, as suggested

in previous literature [69,70]. By comparing the magnitude,
this points to the conclusion that the mechanism of AHE in
CeGaSi is primarily governed by skew scattering, while the
contribution of the side-jump and intrinsic mechanism cannot
be ignored. This conclusion is consistent with that obtained
from the analysis of anomalous Hall resistivity.
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The field-dependent Hall measurement with B || ¢,I L cis
also conducted and displayed in Fig. 5(f). Different from the
case with B || ab, I 1 c, a weak normal Hall effect is observed
at 2 K (below Ty) and 15 K (above Ty) [61,71,72]. The carrier
concentration and mobility at 2 K are 5.8x10?' cm~ and
4.1 cm?/V's. The anisotropy of skew scattering and Berry
curvature may result in the disappearance of AHE in this
direction. On one hand, the skew scattering is an anisotropic
scattering when the conducting electrons are passing through
imperfections of the lattice, which may contribute to a smaller
value or even leads to the absence of AHE in different di-
rections. On the other hand, the AHC induced by the Berry
curvature in CeGaSi may be anisotropic along different lattice
axes, which may contribute to the opposite sign and equivalent
values of AHC with that of extrinsic mechanism, ultimately
leading to the cancellation of AHC. The anisotropic magne-
toresistance and Hall resistivity establish the material CeGaSi
as an interesting platform to study the novel magnetic and
magnetotransport properties.

IV. CONCLUSIONS

In summary, we systematically investigated the magnetic
and electrical transport properties of the AFM material
CeGaSi with LaPtSi-type structure (space group [4;md).

Specific heat measurements indicate a doublet ground
state due to the crystalline electric field. The magnetic
measurements on CeGaSi present the magnetic anisotropy,
which orders ferromagnetically within the ab plane and
antiferromagnetically along the c¢ axis. The initially negative
MR at low temperature with B || ab changes sign and becomes
positive with further increasing B as it reaches the saturation.
When the field is applied along the ¢ axis, the MR remains
negative, as a result of the suppression of spin scattering in the
antiferromagnetic state. It is noteworthy that the prominent
AHE is observed with B || ab, which is mainly attributed to
the contribution of skew scattering. Meanwhile, the AHE is
absent with the field applied along the ¢ axis. The MR and Hall
measurements in two directions both indicate the anisotropic
magnetotransport properties. Further theoretic calculations
and neutron diffraction experiments will be useful to fully
map out the detailed magnetic structure of CeGaSi and
comprehend the mechanism of AHE in this fascinating
compound.
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