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The quasi-2D nickelate La4Ni3O8 (La-438), consisting of trilayer
networks of square planar Ni ions, is a member of the so-called
T′ family, which is derived from the Ruddlesden–Popper (R-P) par-
ent compound La4Ni3O10−x by removing two oxygen atoms and
rearranging the rock salt layers to fluorite-type layers. Although
previous studies on polycrystalline samples have identified a
105-K phase transition with a pronounced electronic and mag-
netic response but weak lattice character, no consensus on the
origin of this transition has been reached. Here, we show using
synchrotron X-ray diffraction on high-pO2 floating zone-grown
single crystals that this transition is associated with a real space
ordering of charge into a quasi-2D charge stripe ground state. The
charge stripe superlattice propagation vector, q = (2/3, 0, 1),
corresponds with that found in the related 1/3-hole doped sin-
gle-layer R-P nickelate, La5/3Sr1/3NiO4 (LSNO-1/3; Ni2.33+), with ori-
entation at 45° to the Ni-O bonds. The charge stripes in La-438 are
weakly correlated along c to form a staggered ABAB stacking
that reduces the Coulomb repulsion among the stripes. Surprisingly,
however, we find that the charge stripes within each trilayer of
La-438 are stacked in phase from one layer to the next, at odds with
any simple Coulomb repulsion argument.
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Competition between localized and itinerant electron behavior
is an organizing construct in our understanding of correlated

electron transition metal oxide (TMO) physics (1–4). Some of
the most compelling phenomenology in these materials occurs in
the mixed valent state for the transition metal, which is set by
composition, doping, and anion coordination of the metal. Many
mixed valent TMOs adopt insulating “charge ordered” states, in
which an inhomogeneous but long-range ordered configuration
of the charge density condenses from a uniform metallic state
(5). The real space pattern of charge order varies by material (6–9),
but a typically observed motif is some variety of charge stripes.
Such stripes have been observed in cobaltites (10–12), cuprates
(13–15), nickelates (16–19), and manganites (20–22), albeit with
highly materials-dependent configurations that hinge on a balance
among Coulomb, lattice, and magnetic exchange energies. For
instance, charge stripes in layered nickelates typically stagger
themselves from layer to layer to reduce the collective electrostatic
energy arising from the charge disproportionation (9, 18).
Indeed, the case of nickelates plays a prominent role in charge

stripe physics (6–9, 16–19, 23–28), because mixed valent Ni2+ (d8) and
Ni3+ (d7) compounds, such as La2 − xSrxNiO4 (LSNO), are structur-
ally and electronically related to high Tc superconductors and thus,
have been targeted as potential alternatives to the cuprates. Instead
of superconductivity, however, the ground state of such quasi-2D,
octahedrally coordinated nickelates is marked by static charge and
spin stripes, with a threefold superlattice (SL) periodicity for com-
positions near x = 1/3 [La5/3Sr1/3NiO4 (LSNO-1/3)] found to be
particularly stable (7). Despite this ubiquitous behavior for octa-
hedrally coordinated nickelates, Anisimov et al. (29) have suggested
that Ni1+ in a square planar coordination with O ions can form an
S = 1/2 antiferromagnetic (AFM) insulator that may be doped with
low-spin (S = 0) Ni2+ holes to yield a superconductor.

To test such ideas, a series of T′ phases Rn + 1NinO2n + 2 (R =
La, n = 2; R = La, Pr, and Nd, n = 3) with a square planar Ni-O
environment was synthesized and studied in polycrystalline form
(30–37). None of these materials superconduct. However, one of
the members of the series, La4Ni3O8 (La-438), undergoes a still
incompletely understood phase transition on cooling through
105 K (Fig. 1) accompanied by a dramatic increase in resistivity
and a discontinuity in magnetization (35). Based on a range of
theoretical treatments (35, 38–43), the transition has been at-
tributed to a spin density wave (SDW) (35) or a low spin- to high
spin-driven (LS-HS) metal to insulator transition (37, 38, 41, 44),
possibly accompanied by charge disproportionation into two Ni1+

sheets sandwiching an Ni2+ sheet in the trilayer (Fig. 2A) (42).
Difficulties remain with each of these potential explanations, and
although NMR measurements (36) reveal strongly 2D AFM spin
fluctuations developing eventually into long-range order, the
nature of the low-temperature magnetic state remains open;
neutron powder diffraction shows no magnetic peaks (35). Other
fundamental issues connected to nickelate physics are also rel-
evant to La-438, including homogeneity of the hole concentra-
tion in the symmetry-inequivalent layers (i.e., layered charge
segregation that must be present to some extent because of the
different environments of the outer and inner layers); the ap-
propriateness of a mixed valent Ni1+/Ni2+ description; the role of
ligand holes vis-à-vis more highly oxidized Ni3+-containing oxides,
such as LSNO and LaNiO3; 3z

2 − r2/x2 − y2 orbital polarization;
and ultimately, the potential for unconventional superconduc-
tivity (45). [Lee and Pickett (45) argue that the weaker d-p hy-
bridization in nickelates renders any such Cu2+-Ni1+ analogy
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moot.] Unfortunately, a lack of single crystals to date has chal-
lenged definitive experimental tests and impeded progress on all
of these issues.
Here, we present a fresh view of La-438 physics made possible

by our newly found ability to grow single crystals of this com-
pound. In particular, using single-crystal synchrotron X-ray dif-
fraction, we find evidence of an SL below the 105-K transition
and argue that it is associated with real space ordering of charge.
Our results reveal a close connection between La-438 (Ni1.33+)
and LSNO-1/3 (Ni2.33+), including a shared propagation wave
vector q = (2/3, 0, 1), ordering of the stripes at 45° to the Ni-O
bonds, and a weak coupling along the c axis in a staggered
configuration that minimizes Coulomb repulsion between adja-
cent trilayer blocks separated by ∼6.5 Å. Remarkably, however,
our data show that, within the trilayer itself, the charge stripes
are stacked in phase with one another, violating the Coulomb
repulsion argument at this much shorter (∼3.25 Å) length scale.

Results and Discussion
La-438 single crystals (∼1–2 mm2 × ∼0.5 mm) were obtained by
reducing (4 mol % H2/Ar gas; 350 °C; 5 d) specimens cleaved
from a boule of La4Ni3O10 that was grown at pO2 = 20 bar in an
optical image floating zone furnace (HKZ-1; SciDre GmbH).
The crystals are fragile, likely because of strains and microcracks
that develop during the reduction process. Indeed, the structure
undergoes a large, highly anisotropic expansion: Δa ∼ Δb ∼ +3.0%
and Δc ∼ −6.6% (34, 46). Nonetheless, La-438 specimens mea-
sured at 15-ID-B of the Advanced Photon Source (APS) defin-
itively showed that they are well-defined single crystals, from
which the structure of La-438 was determined (SI Text, Single-
Crystal X-Ray Diffraction and Tables S1 and S2).
At room temperature, La-438 crystallizes in the tetragonal

I4/mmm (no. 139) space group with unit cell parameters aI =
3.9700(5) Å, cI = 26.092(3) Å, and Z = 2 in agreement with the
structure reported by Poltavets et al. (34) from Rietveld
refinement on powder neutron data. For consistency with the
body of literature on LSNO (18, 47), we henceforth adopt the
F4/mmm (

ffiffiffi

2
p

aI ×
ffiffiffi

2
p

aI × cI) description of this high T phase,
with the principal axes rotated 45° from the Ni-O bonds (Fig.
2A). All Ni atoms are in square planar coordination with Ni-O
bond lengths 1.9850(2) Å for Ni(1)-O and 1.9852(3) Å for Ni(2)-O,
which are slightly longer than those reported for the n = 2 La3Ni2O6
(30) and n = ∞ LaNiO2 (48) phases. Nominally, the average
Ni1.33+ oxidation state can be apportioned as Ni+ and Ni2+ in the
outer and inner layers, respectively. However, first principles theo-
retical considerations argue against this picture (41) along with our
experimental data presented below.
Based on single-crystal diffraction measurements, we argue that

charge stripe ordering is the underlying mechanism of the semi-
conductor to insulator transition in La-438. We also find similar
signatures in transport, magnetic, and thermodynamic data mea-
sured on La-438 crystals as those reported in the unambiguously
identified charge stripe phase LSNO-1/3 (7, 16, 27, 49). Fig. 1
shows the temperature dependence of the transport and magnetic
properties of as-prepared La-438 single crystals, which are similar
to those reported in the works by Poltavets et al. (35) and Cheng
et al. (37). [Poltavets et al. (34) pointed out that the La-438
structure does not allow oxygen vacancies, despite its preparation
by oxygen deintercalation. The transport, magnetic, and thermo-
dynamic data collected on our La-438 single crystals are in ex-
cellent agreement with those reported by Poltavets et al. (35) and
Cheng et al. (37), confirming that our samples are oxygen stoi-
chiometric.] The in-plane resistivity (Fig. 1A) reveals a semi-
conducting behavior above a transition at 105 K and a highly
insulating behavior below this transition. The abrupt localization
of charge below the transition is qualitatively similar to that ob-
served in LSNO-1/3 (16) with the onset of charge stripes. We note
that Cheng et al. (37) suggest that poor grain connectivity in their
cold-pressed polycrystalline La-438 samples leads to an anoma-
lously high resistance for T > 105 K and argue from thermopower
measurements that the true state in this high T regime is metallic.

Our data show a similar high resistance, which could result from
poor connectivity across a strain-induced network of microcracks
created during the reduction process. Nonetheless, the temper-
ature dependence is not that of a metal. The semiconducting
behavior above the charge stripe ordering transition may signify
the presence of short-range correlations among localized elec-
trons, and such behavior is also observed in LSNO-1/3 (27). For
instance, Abeykoon et al. (23) have reported that dynamic
charge stripe correlations in LSNO-1/3 can survive up to ∼2TCO
(∼480 K). The magnetic susceptibility (Fig. 1B) shows a step
at 105 K, which is again qualitatively similar to that observed
in LSNO-1/3 (49). Although LSNO-1/3 shows a slope change in
dχ/dT at TSO ∼ 194 K < TCO ∼ 239 K (49), we find no evidence for
such in La-438 below 105 K. It is possible that La-438 does not
have such a spin ordering transition or that it is coincident with the
localization transition at 105 K. A Curie–Weiss analysis of the
high-temperature data can be found in SI Text, Magnetization and
Figs. S1 and S2.

Fig. 1. Temperature dependence of selected physical properties of La-438.
(A) Electrical resistivity in the ab plane. (B) In-plane magnetic susceptibility
for 5 T. B, Inset shows the details around the transition. FC-C, data collected
on cooling under field (black curve); ZFC-W, data collected on warming after
zero field cooling (red circles). (C) Heat capacity Cp/T vs. T in zero field.
C, Inset shows the λ-like shape of the 105-K anomaly in Cp. Open blue circles,
difference between the data and the fit; red curve, polynomial background
fit; solid back points, data.
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The heat capacity of an La-438 single crystal is presented in
Fig. 1C; the phase transition at TCO is clearly indicated by a
prominent anomaly. Cp/T is independent of the magnetic field up
to 9 T within the experimental resolution (SI Text, Heat Capacity
and Fig. S3), a behavior similar to that reported for LSNO-1/3
(49). The λ-like shape of the anomaly in Cp (Fig. 1C, Inset) and
the absence of thermal hysteresis in the magnetic susceptibility
(Fig. 1B, Inset) evidence a second-order phase transition, as was
reported for charge stripe formation in LSNO-1/3 (49). To es-
timate the entropy change of the transition, we have phenome-
nologically fit the behavior above and below with a fifth-order
polynomial and subtracted this background (SI Text, Heat Ca-
pacity). Integrating the area under the resultant peak yields ΔS =
5.93 J mol−1 K−1 (1.98 J mol−1 K−1 Ni−1), which agrees well with
that found by Poltavets et al. (35) (5.96 J mol−1 K−1). The entropy
change per Ni in La-438 is identical to that found by Klingeler
et al. (49) in LSNO-1/3 (2.0 ± 0.3 J mol−1 K−1 Ni−1), which has
been attributed to the condensation of the short-range, fluctuating
charge stripes that exist above TCO. Alternative explanations that
ignore the potential influence of short-range order, such as a 3D
Néel transition (ΔS = 3.84 J mol−1 K−1 Ni−1), an SDW transition
(ΔS ∼ TCO/TF ∼ 0.08 J mol−1 K−1) (50, 51), or an LS-HS transition
(ΔS = 1.63 J mol−1 K−1 Ni−1), are not supported by the data
(SI Text, Heat Capacity). The agreement of the entropy changes
through the transition in La-438 and stripe ordered LSNO-1/3 is
hardly a coincidence, and we will show below compelling evidence
for charge stripe formation in La-438.
Fig. 2 B–D shows the temperature dependence of the unit cell

parameters in the range 82–120 K extracted from Rietveld re-
finement of high-resolution X-ray powder diffraction data
(SI Text, High-Resolution Powder X-Ray Diffraction and Fig. S4).
No symmetry change was observed in the powder data below the
transition in this temperature range. However, a clear increase of
the a-axis length (∼0.029%) and unit cell volume (∼0.02%) and
a decrease of the c-axis length (∼0.038%) are observed when
cooling through the 105-K transition, with a concomitant drop in
c/a (∼0.068%). Our data are consistent with those published by

Cheng et al. (37) and reflect a weak lattice contribution to the
transition. Fig. 2 E–G shows the La-O and Ni-O bond lengths as
a function of temperature. Pronounced but smooth changes in
the bond lengths of La1-O1 (∼0.003 Å), Ni1-O1 (<0.001 Å), and
Ni2-O2 (<0.001 Å) are observed, but no changes outside the
noise are observed in La1-O2, La2-O2, and La2-O3. This be-
havior shows that the structural changes that occur through the
transition are isolated to the Ni-O trilayer blocks, with the rock
salt LaO layers acting as weak structural links between these
blocks. We note that the sign of the change in unit cell param-
eters and Ni-O bond distance on cooling is consistent with the
spin-state transition model proposed by Lokshin and Egami (44)
and developed theoretically by Pardo and Pickett (41), in which
x2 − y2 orbitals become more electron-rich. If such a picture
is correct, however, the charge redistribution is associated with a
remarkably small magnitude of the lattice response.
With an average oxidation state of 1.33+, square planar-

coordinated La-438 is separated by an integral charge from the
average oxidation state of 2.33+ in octahedrally coordinated
LSNO-1/3, which develops a charge and spin stripe-ordered
ground state. It is, thus, intriguing to consider that analogous
ordering of charges and spins could be occurring in this square
planar coordinated trilayer system electronically controlled by a
1/3-hole doping beyond a uniform Ni1+ background. We now
provide synchrotron X-ray diffraction evidence that supports
such a picture and argue that real space ordering of charge is the
cause of the semiconductor to insulator transition in La-438.
Fig. 3A shows an hk0 plane measured at 95 K. In addition to

the fundamentals at (2, −4, 0), (4, −4, 0), (2, −6, 0), etc., sharp
SL reflections are observed between these fundamentals spaced
evenly at an interval of a*/3. Refinement of the positions against
∼400 SL reflections (I ≥ 3σ) gives q = 0.333(1). SL spots are
observed along both a* and b*, reflecting the mixture of two 90°-
oriented orthorhombic domains expected on lowering of sym-
metry from tetragonal to orthorhombic. The presence of such
distinct stripe domains rotated by 90° with respect to one another
has also been observed in the single-layer Ruddlesden–Popper

Fig. 2. Crystal structure of La-438. (A) The I4/mmm unit cell is highlighted with solid lines, and the F4/mmm setting used in this work is identified by the
lattice vectors a, b, and c. Temperature dependence of the (B–D) unit cell parameters and (E–G) bond distances extracted from Rietveld refinement on high-
resolution synchrotron X-ray powder diffraction data. Error bars represent the estimated SD from the refinement, and they are smaller than symbols for the
unit cell parameters (a, c, and V).
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(R-P) phases (47). The resulting pattern in the hk0 layer, thus,
appears as squares of SL peaks along the zone edge, corre-
sponding to the [100] direction in real space, or 45° to the Ni-O
bonds. A line cut along (h, −3, 0) (Fig. 3I) shows that these SL
reflections are absent above the 105-K transition. In contrast to
the sharp reflections seen in the hk0 projection, the SL peaks
become broadened along c* as shown in the (h + 8/3, h − 8/3, l)
plane (Fig. 3C). Because the widths of the main peaks and SL
peaks are similar in the ab plane, one cannot differentiate a finite
correlation length from long-range order. Along c*, however, the
SL peaks are significantly broader than the main Bragg peaks.
Analysis of the peak width (SI Text, Correlation Length and Fig.
S6) yields a finite correlation length of ∼8 Å along the c direction,
which is the same order as the distance between neighboring tri-
layer blocks. Thus, the qualitative appearance is consistent with
the expected ξab >> ξc, which was likewise found in LSNO-1/3
(19). We might expect that short-range fluctuating stripes will

form above 105 K before condensing, again like LSNO-1/3 (23).
The close agreement of the entropy changes through the transition
to long-range order between La-438 and LSNO-1/3 corroborates
this supposition.
The distribution of positions and intensities of the SL reflec-

tions provides a means to assess the real space arrangement of
the stripes (i.e., the intra- and interlayer charge stacking). Con-
sider first the stacking of charges within the trilayer, a unique
feature of La-438 vis-à-vis LSNO-1/3. Although Coulomb re-
pulsion arguments favor a staggering of the charge from layer to
layer, our diffraction data conclusively show that the charges are
stacked in phase within the trilayer. Fig. 3 B and D shows simu-
lations of the scattering from a stacked charge trilayer model as-
suming q = (2/3, 0, 1). This propagation vector produces a
threefold diagonal stripe pattern in the ab plane oriented at 45° to
the Ni-O bonds, which is in agreement with the observations. In-
tensity variation along c* takes maximum values at positions

Fig. 3. Charge stripe ordering in La-438. (A and C) Reconstructed (hk0) and (h + 8/3, h − 8/3, l) planes (F4/mmm notation) measured below 105 K at 15-ID-B.
Note that intensity at the forbidden peaks [e.g., (1, −5, 0), (3, −5, 0), (5, −3, 0), . . .], as indicated by yellow arrows in A, results from leakage of intensity from
allowed Bragg reflections at positions (h, k, ±1) (SI Text, Diffuse Scattering Along c* and Fig. S5). (E and G) Measured SL peaks at (1, −4.333, 0) and (2, −3.333,
0) as indicated by dashed yellow rectangles in C. (B, D, F, and H) Simulated diffraction patterns based on the charge stripe model shown in J. The size of the
spots in B indicates the intensity. (I) Intensity along the line (h, −3, 0) at 95 K (blue circles) and 120 K (red squares). (J) Charge stripe model in real space. Yellow
spheres represent areas of higher valence than the average 1.33+, and blue spheres represent areas of lower valence than the average 1.33+. Solid rectangles
denote the charge stripe supercell.
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spaced by Δl = 8, a consequence of the c/8 spacing of the layers
within a trilayer. Importantly, the maxima along c* appear at l =
8n, in agreement with the data presented in Fig. 3C. In contrast, a
model in which the charges are staggered within the trilayer yields
intensity maxima at l = 4 + 8n (SI Text, Charge Stripe Stacking
Models and Fig. S7), inconsistent with the experimental data.
Other stacking models were tested (SI Text, Charge Stripe Stacking
Models and Figs. S8 and S9) but likewise, failed to match the
observed scattering. Stacking of charge is counterintuitive within a
framework of a simple electrostatic model. Indeed, charge stack-
ing in manganites adopting the zig-zag CE charge, orbital, and
magnetic ordered state was explained by invoking an intersite
Coulomb repulsion of lesser importance than the kinetic energy
(double exchange) and magnetic interactions along the Mn3+/
Mn4+ stripes (21). In the case of the La-438 nickelate, a similar
mechanism might apply. A free energy gain is possible from the d8
sites if they stack on top of one another, because their partially
occupied 3z2 − r2 orbitals would generate a net bonding interaction
along c. A related bonding picture was suggested by Pardo and
Pickett (38), although their particular model should not exhibit the
charge modulation found here.
We turn now to the intertrilayer stacking of charges, which in

single-layer LSNO-1/3, follows a body-centering pattern sche-
matically shown in figure 3 in ref. 9 and figure 10C in ref. 18. This
arrangement minimizes the Coulomb repulsion among the
stripes. Our data indicate that La-438 adopts a competing ABAB
stacking (A and B represent a trilayer) shown schematically in
Fig. 3J. Fig. 3A shows that the SL spots in the hk0 plane have a
nonuniform intensity distribution with reflections (h ± 1/3, k ± 1,
0) (and equivalents for the 90° rotated domain), where (h, k, 0) is
an allowed reflection of F4/mmm, appearing more intense than
those with index (h ± 2/3, k, 0). This distribution of intensity can
be reproduced (Fig. 3B) by a model with ABAB stacking of the
stripes along c, akin to that shown in figure 10B in ref. 18. Note
that this ABAB stacking sequence permits even l reflections and
thus, differs from the LSNO-1/3 stacking pattern in which bond-
and site-centered stripes alternate along c, for which odd l re-
flections only are observed.
Additional support for the ABAB model can be found by in-

terrogating the l dependence of the peak intensities. Fig. 3 E and
G shows intensity plots along c* in the vicinity of the (1, −4.333,
0) and (2, −3.333, 0) SL reflections, respectively. Although both
are broad, there is a clear qualitative difference in the appear-
ance of these peaks: the former consists of a single maximum,
whereas the latter appears as a poorly resolved doublet. The
simulated patterns for these reflections are shown in Fig. 3 F
and H and in good agreement with the corresponding data. In-
spection of the simulated data in the absence of broadening
shows that each peak is actually a triplet with intensity centered
at l= −1, 0, 1. In the case of (1, −4.333, 0) and its equivalent SL
reflections, the maximum intensity is located at l = 0, whereas for
(2, −3.333, 0), the maximum intensity is located at l= −1 and 1.
Hücker et al. (18) have pointed out that the difference between a
double-period ABAB and a triple-period ABCABC stacking is set
by the second neighbor interaction, which is expected to be weak.
Because of the short correlation length of the charge stripes
along c, it is almost certain that La-438 contains alternative
stacking sequence faults (e.g., ABC and AA); the observed SL
pattern in the (hk0) plane, however, guarantees that ABAB
dominates. Although La-438 adopts a different stacking than that
found in LSNO-1/3, the stacking of charge from trilayer to trilayer
in the observed pattern likewise minimizes the Coulomb repulsion.
We have established that a real space ordering of charge is the

underlying mechanism of the semiconductor to insulator transi-
tion in La-438. We also note that the related single-layer R-P
nickelates as well as the cuprates typically exhibit spin stripes in
addition to the charge stripes. Thus, it is reasonable to speculate
that La-438 would likewise show similar behavior. In LSNO-1/3,
the spins order at a lower temperature than the charge, which
was evidenced by a signature in the magnetic susceptibility. The
absence of such a signature in La-438 suggests that spin stripes, if

they exist, order at the same temperature as the charge stripes.
Testing for spin stripe ordering will require spin-polarized neu-
tron measurements, because the in-plane wave vectors of the two
orders are coincident for this three period case (6).

Conclusion
Our observations offer a fresh perspective on the ground state
and origin of the phase transition in La-438. Primarily, we find
that the low-temperature ground state of La-438 is a charge
stripe ordered insulator, akin to those found in LSNO-1/3, and
that this real space order into charge stripes is the cause of the
semiconductor to insulator transition at 105 K. We find that
this inhomogeneous charge distribution takes the form of
stacked charge stripes within the trilayer, which then stagger
between trilayers along c in an ABAB sequence. Thus, when
framed solely within the context of a simple inverse-square
law, La-438 adopts a paradoxical ground state, in which the
Coulomb interaction is minimized at long distances but not
at short range. Although a full quantitative understanding of
this stripe organization will require theoretical in-
put, one possibility is that bonding among partially occupied 3z2 − r2

orbitals within the trilayer, which favors locking the charge into this
stacked pattern, outweighs the short-range electrostatic energy.
Additional confirmation of the connection between La-438

and LSNO nickelate physics will require understanding of the
magnetic ground state of La-438, which should likewise exhibit
the same in-plane wave vector; neutron and magnetic X-ray
scattering measurements are planned to test this possibility. Fi-
nally, our single crystals provide a platform to address a broader
set of questions about La-438, including orbital polarization and
related questions regarding spin-state and ligand hole contribu-
tion. It may also be possible to dope electrons into these crystals
to explore the impact on the charge ordered ground state.

Materials and Methods
Physical Properties. Magnetic susceptibility measurements were performed
on single crystals using a Quantum Design MPMS3 SQUID Magnetometer.
Zero-field cooled and field cooled data in the ab plane and out of plane were
collected between 1.8 and 300 K under an external field of 0.01, 0.1, 1.0, and
5.0 T. High-temperature (300–795 K) magnetic susceptibility data were col-
lected on MPMS3 equipped with an oven under a magnetic field of 1.0 T.
The electrical resistivity was measured in the ab plane of the La-438 single
crystals under zero applied magnetic field using the standard four-probe al-
ternating current (AC) technique on a Quantum Design Physical Properties
Measurement System (PPMS). The heat capacity measurements were carried out
in the PPMS using the relaxation method under magnetic fields of 0 and 9 T.

X-Ray Diffraction Experiments. Single-crystal X-ray diffractiondatawere collected
with an APEX2 Area Detector using synchrotron radiation (λ = 0.41328 Å) at
beamline 15-ID-B at the APS, Argonne National Laboratory. A single crystal with
dimensions of ∼5 μm on an edge was used to determine the structure at room
temperature. To observe the SL peaks below the 105-K transition clearly, larger
single crystals (∼20 μm on edge) and longer exposure times (e.g., 2.0 s/0.2°) were
used. In this case, many Bragg peaks were found to overflow because of the
limited dynamic range of the CCD detector (maximum 65,536) and the extreme
intensity ratio of the Bragg/SL peaks (∼105). Several single crystals were used in
this experiment, and the SL peaks are reproducible. Data were collected at room
temperature first, and then, the samples weremeasured in the range of 90–200 K
by flowing nitrogen gas and the range of 15–70 K by flowing helium gas; Φ
scans were used, and 1,800 frames were collected for q-vector refinements.

Variable Temperature High-Resolution Powder X-Ray Diffraction. High-resolu-
tionpowderX-raydiffractiondatawere collectedonpulverizedLa-438 crystals at
beamline 11-BM (APS) in the range of 0.5° ≤ 2θ ≤ 36°, with a step size of 0.001°
and step time of 0.2 s (SI Text, High-Resolution Powder X-Ray Diffraction).

Charge Stripe Ordering Simulations. The structure factors for SL reflections
were calculated by construction of SL unit cells with a modulation of charge
imposed on the nickel sites, such that a charge disproportionation results in
the ab plane. The stacking of stripes along the c axis is usually controlled by
minimization of the Coulomb repulsion between the charge stripes (52, 53),
leading to staggering, although other factors could lead to an alignment
instead (21). Therefore, in the case of La-438, we tested the four most
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reasonable models: stacked/staggered stripes within a trilayer and stacked/
staggered stripes between the trilayers (SI Text, Charge Stripe Stacking
Models). Within each plane, we heuristically assign a valence of +1 or +2 for
the nickel sites; thus, charge stripes run parallel to the b axis and perpen-
dicular to the a axis with a . . . +1/+1/+2/+1/+1/+2 . . . pattern. Although only
an approximation of the true charge state of the stripes, this approach al-
lows for a qualitative comparison with the observed pattern of SL reflections
and thus, provides insight into which models are consistent with experi-
mental data and which can be eliminated. It is worth noting that the actual
charge difference is almost certainly not one but rather, much smaller. This
approximation only influences the scale factor linking the intensities of the
main Bragg peaks and the SL peaks; it does not change the relative intensity
distribution of the pattern, including the position of the maxima. We have
applied a Lorentzian broadening along c* using the finite correlation length
discussed in SI Text, Correlation Length. The following simplifications have
been used: we have not included any lattice response, a real scattering length

has been considered for each atom, no effort has been made to correct for the
energy- or momentum-dependent scattering length, and Debye–Waller factors
were not incorporated.
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