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Chiral environments can bias the diffusion of enantiomers, a phenomenon known as chiral diffusive asymme-
try (CDA). Such asymmetry provides a potential route to chiral symmetry breaking (CSB), a central process in
deracemization and the emergence of homochirality. Here, we combine a Kondepudi-type reaction scheme with
reaction-diffusion simulations to demonstrate that CDA, when coupled to a spatially nonuniform concentration
of an achiral precursor, can induce CSB even in the absence of an initial enantiomeric excess. The resulting
handedness is determined by the precursor distribution, providing a control parameter that is more experimentally
accessible than diffusion asymmetry itself. We identify a mechanism in which CSB arises through the nucleation
and growth of chiral domains, fueled by the mean precursor concentration and guided by its gradient. We further
show that a linear relation captures the balance between CDA and precursor distribution, enabling predictive
control of CSB.
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I. INTRODUCTION

Chirality plays a fundamental role in various physical,
chemical, and biological processes, influencing phenomena
such as advection, diffusion, and self-organization. A key
concept in this context is Chiral Symmetry Breaking (CSB),
a process whereby an initially symmetric system evolves into
an asymmetric state, favoring one enantiomer [1–7]. CSB
can occur either under the influence of external factors, such
as light or magnetic fields, or spontaneously, where a minor
imbalance in enantiomer concentrations is amplified through
autocatalytic feedback mechanisms [8]. Understanding CSB
is crucial for elucidating the origins of homochirality, a state
in which only one chiral form persists within a system, a
feature observed in biomolecular asymmetry and prebiotic
chemistry [8].

Despite extensive research, the precise mechanisms
underlying CSB remain elusive. Experimental studies have
provided valuable insights into how CSB can be triggered. For
example, Viedma’s deracemization demonstrates the crucial
role played by grinding in the resolution of racemic mixtures
[9–11] and Soai’s reaction points to the idea that autocatalytic
asymmetric synthesis can lead to extreme chiral amplification
[12–14]. Diffusion is also known to play a pivotal role in CSB,
particularly in spatially extended reaction-diffusion systems.
Theoretical models for autocatalytic chemical networks
show that diffusion can give rise to spatially heterogeneous
chirality, where distinct regions exhibit opposite enantiomeric
excess rather than achieving a globally homochiralar state
[15–19]. In this context, the presence of achiral precursors
is especially significant: on one hand, they can facilitate
CSB but on the other hand, they can also delay or inhibit the
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transition to a homochiral phase when their concentration
is too high [20]. Recent studies have also highlighted
the influence of Chiral Diffusive Asymmetry (CDA)—the
phenomenon where enantiomers exhibit different diffusion
coefficients [21–23]—on the emergence of chirality [24].
CDA has been shown to drive deracemization in initially
racemic mixtures, with the enantiomer that diffuses faster
often dictating the system’s final chiral outcome [24]. These
results suggest a complex interplay between CDA and achiral
precursors, raising fundamental questions about how the
precursor influences the trajectory of CSB.

While our previous work investigated (i) spatial nonuni-
formities in the absence of diffusion asymmetry [20] and
(ii) diffusion asymmetry without imposed gradients [24], the
present study focuses on their interplay. In particular, we show
that introducing a controlled gradient of the achiral precursor,
together with CDA, suppresses long-lived domain coexistence
and enables a systematic (or quasisystematic) control of the
final chiral state through the precursor distribution, the diffu-
sion asymmetry, and the system size.

In this study, we investigate how CDA impacts CSB under
different spatial distributions of achiral precursor concentra-
tion. Using reaction-diffusion simulations in both one - and
two-dimensional systems, as in previous works [20,24], we
explore the conditions under which CDA, in combination with
precursor inhomogeneities, affects the emergence of chirality.
The article is structured as follows. Section II presents the
model and governing equations. Section III discusses the main
results, followed by a broader analysis in Sec. IV. Finally,
conclusions are drawn in Sec. V, and the Appendix provides
details on numerical methods and mathematical formulations.

II. MODEL & EQUATIONS

Theoretical models inspired by Frank’s pioneering work
[25] have been instrumental in elucidating the mechanisms of
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CSB in experimental systems [26–32]. These models incorpo-
rate key features such as autocatalysis, where each enantiomer
promotes its own production, and enantiomeric antagonism,
where irreversible mutual inhibition prevent the system from
reaching equilibrium. By capturing the essential dynamics of
CSB, these theoretical frameworks provide insight into the
conditions necessary to induce and control chiral asymmetry,
particularly in far-from-equilibrium systems.

Our study extends a Kondepudi-like reaction network
[20,33,34] to investigate the chemical interactions driving
CSB. The network in question includes the following pro-
cesses:

(1) Spontaneous production of enantiomers:

2 A
k1−⇀↽−

k−1

R ; 2 A
k1−⇀↽−

k−1

S (1)

(2) Autocatalytic production of enantiomers:

2 A + R
k2−⇀↽−

k−2

2 R ; 2 A + S
k2−⇀↽−

k−2

2 S (2)

(3) Enantiomeric antagonism:

R + S
ks−→ C. (3)

Enantiomers R and S can be produced either spontaneously
from achiral precursors [Eq. (1)] or by enantioselective au-
tocatalysis [Eq. (2)]. Enantiomers are irreversibly removed
from the system through reaction (3), which mimics a mutual
antagonism between species R and S. The direct and reverse
rate constants are denoted ki and k−i, respectively.

Considering an ideal system, the reaction-diffusion equa-
tions for the concentrations of enantiomers R and S,
respectively denoted as r and s, are given by

∂r

∂t
= k1 a2 − k−1 r + k2 a2 r − k−2 r2 − ks r s + DR ∇2 r,

(4)

∂s

∂t
= k1 a2 − k−1 s + k2 a2 s − k−2 s2 − ks r s + DS ∇2 s,

(5)

where a is the achiral reactant concentration. We introduce a
CDA (i.e., enantiomers diffusing at different rates) by defining
a parameter γ such that the diffusion coefficients are:

DR = D + γ (6)

DS = D − γ , (7)

with D being the average diffusion coefficient of enantiomers.
From Eqs. (6) and (7), we have D = (DR + DS )/2 and γ =
(DR − DS )/2.

To facilitate analysis, we introduce dimensionless vari-
ables a′ = a ε, r′ = r ε, and s′ = s ε, where ε = ki/k−i (see
Ref. [20]). Nondimensional time and space coordinates are
defined as t ′ = t/τ with τ = ε2/k2, and (x′, y′) = (x/Lc, y/
Lc), where Lc = √

D τ . Using dimensionless parameters α =
k1 ε/k2, β = ks ε/k2, and γ ′ = γ /D, the evolution equa-
tions becomes

∂r

∂t
= α a2 − α r + a2 r − r2 − β r s + (1 + γ ) ∇2 r, (8)

∂s

∂t
= α a2 − α s + a2 s − s2 − β r s + (1 + γ ) ∇2 s, (9)

where we omit primes for clarity.
By definition, 0 � |γ | � 1 and a nonzero γ means that

enantiomers diffuse at different rates; for instance, R diffuses
faster than S whenever γ > 0. Such situations could for exam-
ple correspond to diffusion in chiral media, where the mobility
of enantiomers would be different. Experiments show that
|γ | may range from ≈0.09 up to ≈0.81 [21–23]. For the
purpose of this study, we therefore set an interval of interest
from |γ | = 1.0 × 10−3 to |γ | = 1.0, in order to cover relevant
orders of magnitude.

When considering the homogeneous limit (∇2 r = ∇2 s =
0), Eqs. (8) and (9) can yield up to three different steady
states: two nonracemic states (rs �= ss) and one racemic state
(rs = ss). The stability of these states is controlled by the
concentration a. At low a values, only the racemic state exists.
It is stable up to a critical value ac, beyond which it becomes
unstable and the two nonracemic states emerge through a
pitchfork bifurcation (see Ref. [20] for more details). As ac is
the threshold of the homogeneous system, it does not depend
on the diffusion asymmetry parameter γ . In what follows, we
will often use the Enantiomeric Excess EE = (r − s)/(r + s)
to track the evolution and propagation of chirality in the
system.

III. RESULTS

In this section, we present the results of the numerical
integrations of Eqs. (8) and (9), aimed at investigating the
interplay between CDA and the concentration of achiral pre-
cursors in determining the system’s final chiral state. Details
on the numerical procedure are given in Appendix A. The
initial condition consists of local values of r and s that are
randomly distributed around a mean r = s, producing local
and symmetric fluctuations of the enantiomeric excess around
zero—a behavior commonly observed in experiments [15].
The concentration of the achiral reactant a was either set to
be constant in space or defined by a linear gradient along the
xdirection:

a(x) = a0 + aL − a0

L
x, (10)

where L is the system size, a0 = a(0), and aL = a(L). Fig-
ures 1–4 illustrate the behavior under stochastic perturbations,
while later figures use deterministic initial conditions to elu-
cidate the underlying reaction-diffusion mechanisms more
cleanly.

We start by considering the simple case of a homogeneous
achiral precursor concentration (a0 = aL). In such situations,
diffusion asymmetry (γ �= 0) plays a central role in determin-
ing the chirality of the system’s final state. This is illustrated
in Fig. 1, where we show the time evolution of the spatially
averaged enantiomeric excess,

ξ = 1

L

∫
EE(x) dx,

for one-dimensional systems with identical initial conditions
but different positive values of γ (i.e., R diffuses faster than
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FIG. 1. Representative single realizations. Evolution of the av-
erage EE of the system in time. The results shown are obtained
from one-dimensional simulations of Eqs. (8) and (9) with identical
initial conditions, but with different values of γ . The total simula-
tion time is t = 5.0 and system size is L = 0.1; r = s = 1.0. The
following parameter values were used: α = 50, β = 250, and a0 =
aL = 75. For these values, the pitchfork bifurcation occurs at ac =√

(αβ + 2 α
√

β + α)/(β − 1) ≈ 7.53 (see Ref. [20] for details).

S). The system can reach either R- or S-enriched final states,
depending on the magnitude of γ . For small or vanishing
diffusion asymmetry, the system tends toward an S-rich state,
given the particular initial condition. However, this trend can
be reversed at large γ , leading to an R-rich final state. It should
be noted that a minimum precursor concentration a is required
for CDA to effectively control chirality, as can be seen in
Fig. 2, which shows the percentage of simulations reaching an
R-rich state when performing statistical analyses over many
realizations with stochastic initial conditions. In the present
work, we focus on values of a far from criticality, since under
such conditions the effect of CDA appears on a reasonable
time scale.

Imposing a linear profile for a, as given in Eq. (10), also
strongly affects the system’s dynamics and final chirality. To
compare various linear profiles, we introduce two parameters:
the normalized difference p = (aL − a0)/aL, and the aver-
age achiral reactant concentration aavg = (aL + a0)/2. Note
that we consider here profiles with a positive slope, such
that p � 0. Systems with a negative slope exhibit similar
behavior, owing to the symmetry of the initial and boundary
conditions.

The influence of these parameters is illustrated in Fig. 3,
which shows spatiotemporal maps of the EE for different
values of p and aavg in one-dimensional systems, all with the
same value of γ . A general pattern emerges across all cases:
the system initially evolves through a racemic phase, after
which two chiral domains of opposite sign appear. A competi-
tion ensues between these domains, ultimately resulting in one

FIG. 2. Ensemble statistics over many independent stochastic
realizations. Evolution of the percentage of 1000 simulations that
reached an R-enriched steady state as a function of the achiral
reactant concentration, for different values of the CDA parameter
γ . R-rich versus S-rich outcomes are classified based on the sign
(and magnitude) of the final spatially averaged enantiomeric excess
ξ defined in the main text. Simulation and kinetic parameters are the
same as in Fig. 1.

of the enantiomers dominating the entire system. Both aavg

and p control the time scale of these stages, with higher values
accelerating the dynamics. While the detailed timing depends
on the stochastic initial conditions, the qualitative features
are robust. In particular, the imposed gradient enforces the
creation of R-rich and S-rich domains at predictable spatial
locations, making their formation and subsequent propagation
nearly deterministic.

Interestingly, these parameters also influence which chiral-
ity dominates. At constant aavg, increasing p tends to favor
the S enantiomer. Conversely, increasing aavg at fixed p shifts
the outcome toward R-rich states. These trends are confirmed
by a systematic exploration of the parameter space. Figure 4
shows the percentage of systems that evolve to an R-rich state
as a function of both p and aavg, for various values of γ . The
results demonstrate that the final chirality is governed by a
complex interplay between p, aavg and γ . To better understand
the underlying mechanisms of this parameter dependence, we
now focus on simulations with spatially uniform initial con-
ditions for r and s. Although this setup is less representative
of experimental conditions than stochastic initial conditions,
it eliminates random biases in the initial enantiomeric excess
and allows a more direct examination of the role played by
model parameters.

When initial conditions are perfectly homogeneous, the
gradients ∇r and ∇s in Eqs. (8) and (9) are initially zero
and remain so unless the system is subjected to an external
source of spatial asymmetry. Since CDA alone cannot induce
such symmetry breaking, diffusive asymmetry by itself can-
not control the emergence of specific chiral domains in the
absence of spatial gradients in a. Nevertheless, we observe
that the resulting dynamics from flat initial conditions are ef-
fectively identical to those shown in Fig. 3, except in the case
where p = 0, as previously discussed. A systematic analysis
of the roles played by γ , aavg, and p can also be performed

035409-3



GILLET, RONGY, AND DE DECKER PHYSICAL REVIEW E 113, 035409 (2026)

FIG. 3. Space-time plots of the enantiomeric excess EE for increasing values of the average achiral reactant concentration aavg (left to
right) and difference p (top to bottom). These results are based on simulations with stochastic initial conditions. The CDA parameter is fixed at
γ = 0.5. Final chiral compositions vary depending on the values of aavg and p. Total simulation time: 0.005; system size: 0.1. All parameters
are the same as before.

under these conditions, yielding diagrams that resemble those
in Fig. 4. However, a key distinction emerges: because the
initial conditions are spatially uniform and deterministic, all
realizations using the same parameter set converge to the same

final steady state. Thus, the relevant information is not the
probability of reaching an R- or S-rich state, but rather the
boundary separating the parameter regions associated with
each outcome. These boundaries are illustrated in Fig. 5 for

FIG. 4. Percentage of simulations that reach an R-rich steady state as a function of p and aavg, for different values of the diffusion
asymmetry parameter γ . System size, simulation time and parameters are the same as in Fig. 2.
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FIG. 5. Transition between S-rich states (below the curves) and R-rich states (above the curves) in one-dimensional systems, as a function
of p, average achiral reactant concentration aavg, and γ . All the other parameters are identical to those in previous figures.

different system sizes and values of aavg. For each set of
parameters, all simulations above the transition curve result
in R-rich steady states, while those below it yield S-rich final
states.

The location and shape of these curves highlight a com-
petition between two key factors: the reactive contribution
driven by the achiral precursor and the diffusive contribu-
tion associated with the diffusion asymmetry parameter γ .
As p increases, larger values of γ are required to switch
the final chirality from S to R rich. Likewise, decreasing the
average concentration aavg or the system size L favors the
slower-diffusing enantiomer (S). Conversely, stronger CDA
and larger systems favor the faster-diffusing R enantiomer.
The deterministic nature of the “phase diagrams” in Fig. 5
facilitates more direct comparison with analytical predictions
than the statistical outcomes shown in Fig. 4, as we will
explore below.

IV. DISCUSSION

Numerical simulations indicate that the normalized dif-
ference p, the average concentration aavg, and the CDA
parameter γ all play significant roles in determining the chiral
outcome of the system. In this section, we examine the mech-
anisms behind these influences: first by providing an intuitive
but qualitative explanation, and then by developing a more
formal analysis based on the normal form of the evolution
equations near the pitchfork bifurcation. The requirement of
a sufficiently high precursor concentration to activate collec-
tive dynamics is reminiscent of dynamical quorum sensing in
chemical systems [37].

A. An intuitive explanation for the formation of domains

The emergence and selection of homogeneous chiral states
can be understood as the result of two sequential processes:

(i) the spontaneous formation of chiral domains with opposite
handedness, and (ii) a competition between these domains,
ultimately leading to the dominance of one enantiomer at the
system scale. Domain formation occurs both under stochastic
and constant initial conditions. An example of this process is
shown in Fig. 6, where spatial profiles of the enantiomeric
excess and the concentrations r and s are plotted at different
times. The system, initially achiral, develops local enan-
tiomeric excesses of opposite sign at its two ends. These local
imbalances rapidly increase in amplitude and a “front” forms,
separating the two domains. For a > ac, the homogeneous
racemic state becomes linearly unstable, and arbitrarily small
perturbations are amplified; consequently, reducing the noise
amplitude chiefly prolongs the time to symmetry breaking
rather than restoring long-term stability.

The mechanism of domain formation proceeds as illus-
trated in Fig. 7. Initially, both enantiomers are produced in
equal proportions, governed by the local concentration a(x)
of the achiral reactant. As reactions proceed, concentration
gradients ∇r and ∇s arise from the linear spatial profile
of a(x). However, because of CDA, enantiomers diffuse
at different rates: the faster-diffusing enantiomer is trans-
ported more rapidly throughout the system, while the slower
one accumulates in regions with high a. Together with the
mutual antagonism [Eq. (3)], this process leads to an ac-
cumulation of R in regions of low a, and of S in regions
of high a. These imbalances are then amplified by the un-
derlying autocatalytic network, resulting in the formation of
chiral domains of opposite handedness at each end of the
system.

B. Competition between Sub-domains: An analytical approach

The chiral domains described above cannot stably coexist
indefinitely. Due to the presence of concentration gradients,
a competition arises between the domains, and the front
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FIG. 6. Evolution of the spatial profiles of the enantiomeric excess and the concentrations r and s over time. Starting from achiral initial
conditions, local enantiomeric excesses form at opposite ends of the system, eventually giving rise to distinct chiral domains. Simulation
parameters: ttot = 0.01, L = 0.1, γ = 0.75, aavg = 100, p = 0.3. Other parameters as the same as before.

separating them is expected to propagate. As we show below,
the direction and dynamics of this front are determined by a
balance between p and the strength of CDA, as quantified by
the parameter γ .

We have previously analyzed a similar scenario for a con-
stant concentration of achiral precursor [24], and we follow
a comparable approach here. For brevity, we present only the
main steps of the derivation; additional details are provided
in Appendixes B to D. Let us introduce two new variables:
the enantiomeric composition u = r − s, and the total con-
centration v = r + s. Using Eqs. (8) and (9), the evolution
equations for these variables are

∂u

∂t
= f (u, v) + ∇2 u + γ ∇2 v, (11)

∂v

∂t
= g(u, v) + ∇2 v + γ ∇2 u, (12)

where

f (u, v) = a2 u − α u − u v, (13)

g(u, v) = 2 α a2 + a2 v − α v − 1

2
(v2 + u2) − β

2
(v2 − u2).

(14)

We now focus on systems close to the pitchfork bifurca-
tion where stable nonracemic states emerge. In this regime,
the variables u and v evolve on different time scales. The
fast variable v can be adiabatically eliminated by assum-
ing g(u, v) ≈ 0 (see Ref. [24] for justification). This leads
to an approximate solution ṽ(u), which is substituted into
Eq. (11). After suitable rescaling of u, t , and x, we arrive at the

FIG. 7. Illustration of chiral domain formation and chiral symmetry breaking (CSB) triggered by CDA in the presence of a gradient
of achiral precursor (higher concentration on the right). (1) The system starts from achiral initial conditions. (2) In each spatial element,
enantiomers are produced in equal proportion according to the local achiral reactant concentration a(x), while diffusion asymmetry acts. (3)
Due to diffusion asymmetry, local enantiomeric excesses emerge. (4)–(7) Autocatalysis and mutual antagonism amplify the local enantiomeric
excesses. (8) Iterative cycles of amplification, mutual annihilation, and diffusion lead to the emergence of well-defined chiral domains.
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following normal form:

∂u

∂t
= λ u − u3 + ∇ · [(1 + 2 γ u) ∇u], (15)

where λ(a) is a function of the local achiral reactant concen-
tration (see Appendix B). For any given value of λ, Eq. (15)
admits three homogeneous steady states: u0 = 0, and u± =
±√

λ, with the latter two existing only when λ � 0. The
pitchfork bifurcation occurs at λ = 0. Beyond this point,
the symmetric state u = 0 becomes unstable and the system
evolves towards one of the chiral states u±.

V. CONCLUSION

The diffusion of chiral molecules in chiral or self-oriented
media plays a central role in processes such as enantiomer
separation and chiral transport in biological systems. It also
provides insight into the early stages of life, where chiral sym-
metry breaking (CSB) may have occurred on crystal surfaces
[35]. Our results show that the concentration of the achiral
precursor strongly influences the development of chiral do-
mains. In particular, simulations reveal that a sufficiently high
concentration of achiral precursor is required for chirality to
emerge in systems with initially random fluctuations. Intro-
ducing concentration gradients allows for systematic control
of the chiral outcome, supporting our hypothesis that chirality
in chemical systems arises through a two-step process medi-
ated by achiral species.

The first step involves the amplification of small, local
enantiomeric excesses, leading to the formation of distinct
chiral domains. This process is driven by the average con-
centration of the achiral reactant and is closely linked to the
presence of chiral diffusive asymmetry (CDA). The second
step is the competition between these domains, ultimately
resulting in a system dominated by a single enantiomer. This
competitive phase is mainly controlled by the gradient of
the achiral reactant, quantified by the parameter p, which
reflects spatial asymmetry. While these two processes are
conceptually distinct, they often overlap in time, which ex-
plains the mixed influence of aavg and p on the final chiral
outcome. CDA contributes to both stages: initially by am-
plifying local differences, and later by interacting with the
concentration gradient to govern domain competition. Initial
conditions, whether achiral or slightly biased, further modu-
late the outcome, particularly in the presence of preexisting
chiral regions.

By explicitly combining precursor gradients and diffusion
asymmetry, this work reveals qualitatively new controllability:
the system reliably reaches a spatially homogeneous chiral
state and the final chirality can be tuned via the precursor
distribution (p and aavg), the CDA parameter γ , and the system
size.

This study offers new insights into how CSB can be
externally controlled. In practical terms, achiral reactant
concentration and distribution are likely to be more ac-
cessible tuning parameters than γ , which may depend on
fixed properties of the medium. These findings have broader
implications—for example, in prebiotic chemistry, where the
combination of CDA sources and natural concentration gra-
dients could have driven the emergence of homochirality.

More generally, the ability to steer symmetry breaking and
selectively amplify enantiomers via diffusion and spatial
asymmetries opens promising avenues for both fundamental
and applied research.
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APPENDIX A: NUMERICAL SIMULATIONS PROCEDURE

Simulations have been carried out considering only the
case where R diffuses faster than S (γ > 0). The opposite
case, where γ < 0, is symmetrical. Only one-dimensional
systems have been investigated. Linear profiles of a(x) char-
acterized by different values of p and aavg were studied.
Deterministic (r(x, t = 0) = s(x, t = 0) = 0) and stochastic
(r(x, t = 0) �= s(x, t = 0) �= 0 initial conditions were used.
For the latter, the concentrations r and s in each unit cell
were independently sampled from a Gaussian distribution
centered on a fixed value r0 and s0, respectively, such that
r0 = s0. The standard deviations were r0/100 and s0/100.
If an initially nonzero global enantiomeric excess was ob-
tained, the local concentrations were corrected so that ξ (0) =
0. Equations (8) and (9) have been integrated numerically
using a fourth-order Runge-Kutta scheme. Spatial discretiza-
tion was performed using finite differences. Typical values
for temporal (dt) and spatial (dx, dy) step sizes used are
dt = 5.0 × 10−8 and dx = dy = 5.0 × 10−4. Numerical in-
tegrations of Eq. (15) have been realized similarly. In this
case, each cell was independently sampled from a Gaussian
distribution centered on u = 0 and whose standard deviation
was 1/100. No-flux boundary conditions were used in all
cases.

APPENDIX B: CONNECTION BETWEEN OUR MODEL
AND THE NORMAL FORM

The new variables u and v represent the difference and
the sum of the concentrations of the two species r and s,
respectively. By introducing these new variables, Eqs. (8) and
(9) are transformed into a new set of equations (we denote
derivatives with subscripts for clarity of presentation)

ut = f (u, v) + uxx + γ vxx, (B1)

vt = g(u, v) + vxx + γ uxx (B2)
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that describe the evolution of the concentrations in terms of u
and v. The kinetics terms are regrouped in

f (u, v) = a2 u − α u − u v, (B3)

g(u, v) = 2 α a2 + a2 v − α v − 1

2
(v2 + u2)

− β

2
(v2 − u2). (B4)

The first step of the adiabatic elimination procedure is to solve
g(u, ṽ(u)) = 0 and then, insert the solution ṽ in Eq. (B1). We
find that

ṽ = a2 − α +
√

2 a2 (2 α β + α) + a4 + α2 + 4(β2 − 1) u2

2 (β + 1)
.

(B5)

This latter can be expanded for small values of u as follows:

ṽ =
√

4 α a2 β + 2 α a2 + a4 + α2 + a2 − α

2 (β + 1)
(B6)

+ (β − 1) u2√
4 α a2 β + 2 α a2 + a4 + α2

. (B7)

Inserting ṽ in Eq. (B3) gives a function f (u) which only
depends on u.

Let us consider now the diffusive term uxx + γ vxx. We see
that

vx = vu ux (B8)

and

vxx = vuu (ux )2 + vu uxx. (B9)

Thus,

uxx + γ ṽxx = [(1 + γ ṽu) ux]x (B10)

where

ṽu = 2
(β − 1)u√

4 α a2 β + 2 αa2 + a4 + α2
. (B11)

Finally, we obtain the one-variable evolution equation

ut = u

(
−

√
4 α a2 β + 2 α a2 + a4 + α2 + a2 − α

β + 1

+ a2 − α

)
− (β − 1) u3√

4 α a2 β + 2 α a2 + a4 + α2

+
[(

1 + 2 γ
(β − 1) u√

4 α a2 β + 2 α a2 + a4 + α2

)
ux

]
x

.

(B12)

To find Eq. (15) of the main text, we rescale concentrations,
time, and space as follows:

u′ = u
(β − 1)√

4 α a2 β + 2 α a2 + a4 + α2
, (B13)

t ′ = t

√
4 α a2 β + 2 α a2 + a4 + α2

(β − 1)
, (B14)

x′ = x

√√
4 α a2 β + 2 α a2 + a4 + α2

(β − 1)
. (B15)

This leads to

u′
t = λ u′ − u′3 + [(1 + 2 γ u′) u′

x′ ]x′, (B16)

which, dropping the primes, yields Eq. (15), with

λ = − (β − 1)

2 (β + 1)
√

2 a2 (2 α β + α) + a4 + α2

× (
√

2 a2 (2 α β + α) + a4 + α2

− (a2 (2β + 1)) + 2 α β + α). (B17)

APPENDIX C: PROFILES OF u AND λ

To study front propagation, we introduce a frame moving
at a constant velocity c, whose coordinates are given by z =
x − c t . The evolution law (15) becomes

−c uz = λ u − u3 + [(1 + 2 γ u) uz]z. (C1)

When the diffusion coefficients of the enantiomers are equal,
i.e., γ = 0, this equations simplifies to

−c uz = λ u − u3 + uzz. (C2)

Starting from the following guess:

u0(z) = c1 + c2 eκ z

1 + c3 eκ z
(C3)

with the unknown coefficients ci [36], a stationary solution of
this equation is given by

u0(z) = u− + u+ eκ z

1 + eκ z
, (C4)

where κ = (u+ − u−)/
√

2, when u tends to u− as z → −∞
and to u+ as z → +∞ [24].

Introducing a linear profile

λ(x) = λ0 + (λL − λ0)
x

L
, (C5)

where L is the system’s size, λ0 = λ(x = 0) and λL = λ(x =
L), will have an impact on the shape of u(x). It is note-
worthy that by introducing such a profile, we break an
axis of reflection symmetry located at x = L/2. For sim-
plicity, we focus on the initial propagation direction of
the front, meaning that t = 0 and so z = x − c t = x and
hence,

−c0 ux = λ u − u3 + [(1 + γ ṽu) ux]x, (C6)

where c0 is the initial front speed. As for the achiral reac-
tant concentration, we introduce the normalized difference
p̃ = (λL − λ0)/λL as well as the average value λ̄, defined as

λ̄ = 1

L

∫ L

0
λ(x) dx = λ0 + λL

2
. (C7)

λ(x) can be now expressed as a function of p̃ and λ̄:

λ(x) = 2 λ̄ +
x
(

4 λ̄
2−p̃ − 2 λ̄

)
L

− 2 λ̄

2 − p̃
. (C8)

We consider a profile such that p̃ � 0, or λL � λ0. If we
consider that the profile is still of the same type as when λ
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is homogeneous, the equation to be solved to find u(x) is

c0 ux + u

(
2 λ̄ +

x
(

4 λ̄
2−p̃ − 2 λ̄

)
L

− 2 λ̄

2 − p̃

)
− u3

+ [(1 + 2 γ u) ux]x = 0, (C9)

where

u(x) = c̃1 + c̃2 eκ (x) (x− L
2 )

1 + c̃3 eκ (x) (x− L
2 )

. (C10)

The coefficients c̃i will be different from the coefficient ci in
Eq. (C4). κ is also expected to now become a function of the
coordinate x.

Using the same procedure as for the stationary profile so-
lution in Ref. [24], we find a profile solution in presence of

linear profile of λ(x) given by

u(x) = −

√
2

√
λ̄ (L ( p̃−1)−p̃ x)

L ( p̃−2)

(
−1 + e(L−2 x)

√
λ̄ (L ( p̃−1)− p̃ x)

L ( p̃−2)

)

1 + e(L−2 x)
√

λ̄ (L ( p̃−1)− p̃ x)
L( p̃−2)

,

(C11)

which can also be expressed in terms of λ0 and λL:

u(x) = −√
λ0 + √

λL e(L−2 x)
√

λ̄ (L ( p̃−1)− p̃ x)
L ( p̃−2)

1 + e(L−2 x)
√

λ̄ (L ( p̃−1)− p̃ x)
L( p̃−2)

. (C12)

One can verify that setting p̃ = 0, we have λ̄ = λ and

u0(x) = −√
λ + √

λ e
√

2 λ (x− L
2 )

1 + e
√

2 λ (x− L
2 )

, (C13)

which is equivalent to the stationary profile solution found
previously.

APPENDIX D: INITIAL PROPAGATION VELOCITY AND γc

To find the initial propagation speed c0, we will use the same procedure used in Ref. [24]. We first perform an expansion in
series for λ(x) and u(x) for small values of p and stop at the linear terms:

λ(x) = λ̄ + p

(
λ̄ x

L
− λ̄

2

)
and, (D1)

u(x) = u0(x) + p u1(x), (D2)

where u1(x) is a correction term given by

u1(x) = − 1

4 L
(
e

√
λ̄(L−2x)√

2 + 1
)2

{√
λ̄(L − 2x)

( − 2
√

2
√

λ̄xe
√

λ̄(L−2x)√
2 +

√
2
√

λ̄Le
√

λ̄(L−2x)√
2 + e

√
2
√

λ̄(L−2x) − 1
)}

. (D3)

Inserting Eqs. (D1) and (D2) in Eq. (C9), the evolution equation for u reads

−c0 (u0 + p u1)x = λ̄ (u0 + p u1) + p

(
− λ̄

2
+ x

λ̄

L

)
(u0 + p u1) − (u0 + p u1)3 + [(1 + γ (u0 + p u1)) (u0 + p u1)x]x. (D4)

Note that ux = u0
x + p u1

x and uxx = u0
xx + p u1

xx. Neglecting higher-order terms (such as p2 and p3), this equation simplifies to

−c0 (u0 + p u1)x = λ̄ u0 − (u0)3 + p

{
λ̄ u1 + λ̄ u0

(
x

L
− 1

2

)
− 3 u1 (u0)2 + (

2 γ u1 u0
x

)
x + (

(1 + 2 γ u0) u1
x

)
x

}

+ [
(1 + 2 γ u0) u0

x

]
x. (D5)

To find c0, we multiply both sides of this equation by ux = u0
x + p u1

x and integrate over x. By doing so, we find for the initial
front propagation velocity c0:

c0 = −γ
A

σ
− p

B

σ
, (D6)

where

A(λ̄, L) ≡
∫ L

0

[
(1 + 2 γ u0) u0

x

]
x u0

x dx, (D7)

B(λ̄, L) ≡ [u0 u1]L
0 − [(u0)3 u1]L

0 + [
u1

x u0
x

]L

0 (D8)

+ λ̄

L

∫ L

0
x u0 u0

x dx and, (D9)

σ (λ̄, L) ≡
∫ L

0

(
u0

x

)2
dx. (D10)
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σ is always positive and when λ̄ � 0, this is also true for B. However, A can be negative depending on the initial structure of the
system, i.e., the position of the enantio-enriched domains. We did not note write the 0 superscript in the main text for clarity of
presentation.

Solving c0 = 0 gives the critical value γc that indicates when the two contributions balance each other such that the front
remains immobile:

γ = −B

A
p = −P (L, λ̄) p, (D11)

where

P = 1

λ̄ L(e
√

λ̄ L√
2 + 1)4

(
6 cosh

(√
λ̄ L√
2

) + cosh(
√

2
√

λ̄ L) + 8
)
{

15
( − 4

√
2 e

√
λ̄ L√
2 + 4

√
2 e

3
√

λ̄ L√
2 +

√
2 e2

√
2

√
λ̄L

+ 4
√

λ̄ Le
√

2
√

λ̄ L −
√

2
)

cosh4

(√
λ̄ L

2
√

2

)
coth

(√
λ̄ L

2
√

2

)}
. (D12)
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