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ABSTRACT
Associative polymers (APs) with reversible, specific interactions between “sticker” sites exhibit a phase behavior that depends on a delicate
balance between distinct contributions controlling the binding. For highly bonded systems, it is entropy that mostly determines whether,
upon increasing concentration, the network forms progressively or via a first-order transition. With the aim of introducing an experimentally
viable system tailored to test the subtle dependence of the phase behavior on binding site topology, we numerically investigate APs made
of DNA, where “sticker” sites formed by short DNA sequences are interspersed in a flexible backbone of poly-T spacers. Due to their self-
complementarity, each binding sequence can associate with another identical sticky sequence. We compare two architectures: one with a
single sticker type, (AA)6, and the other with two distinct alternating types, (AB)6. At low temperatures, when most of the stickers are
involved in a bond, the (AA)6 system remains homogeneous, while the (AB)6 system exhibits phase separation, driven primarily by entropic
factors, mirroring predictions from simpler bead–spring models. Analysis of bond distributions and polymer conformations confirms that
the predominantly entropic driving force behind this separation arises from the different topological constraints associated with intra- vs
inter-molecular bonding. Our results establish DNA APs as a controllable and realistic platform for studying in the laboratory how the
thermodynamics of associative polymer networks depend on the bonding site architecture in a clean and controlled manner.

Published under an exclusive license by AIP Publishing. https://doi.org/10.1063/5.0279969

I. INTRODUCTION

Associative polymers (APs) are a class of macromolecules that
contain specific interaction sites, often referred to as “stickers,”
distributed along an otherwise inert polymeric backbone.1,2 The
stickers can reversibly bind to each other, giving rise to a wide
range of physical behaviors, including self-assembly, phase separa-
tion, and the formation of transient networks.3–5 Such dynamic and
tunable properties make associative polymers highly relevant both
in materials science and in the study of biological systems.6–10

In recent years, associative polymers have been extensively
employed as model systems to understand the behavior of a diverse
range of biopolymers comprising nucleic acids and proteins that
can bind through both specific and non-specific multivalent inter-
actions, which have been shown to be able to drive phase separa-
tion and compartmentalization without membranes.11,12 To capture
these complex behaviors, associative polymers are typically mod-
eled using coarse-grained representations, where the backbone is
treated as a polymer chain and the stickers as discrete sites capable of

specific pairwise interactions.1,2 In the case of simple models, where
chains are flexible, spacers interact through excluded volume only,
and each sticker can be involved in no more than one bond, there
is theoretical,3 numerical,13–15 and experimental7,16 evidence that
no thermodynamic instability is encountered upon increasing con-
centration. Indeed, in the dilute regime, most of the bonds involve
stickers belonging to the same chain (intra-molecular bonds), which
therefore resembles a single-chain nanoparticle.17 However, as con-
centration increases, chains start to interact more strongly with each
other, forming inter-molecular connections that are entropically
favored,18,19 and therefore progressively replace the intra-molecular
bonds, thereby giving rise to a network-like structure without any
phase separation occurring. However, it has recently been shown
that in simple bead–spring models, the different entropic contri-
butions that control the overall bonding process can be manipu-
lated by introducing multiple sticker types, with the constraint that
only like stickers can bind to each other. Interestingly, as soon
as there are at least two sticker types alternating along the back-
bone, an entropy-driven phase separation appears for a wide range
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of system parameters,20,21 akin to other soft-matter phase tran-
sitions induced by entropy, such as those due to depletion,22,23

combinatorial,24 and shape-driven25,26 interactions. The main con-
tribution dictating the phase behavior is due to the much larger
entropic cost of closing an intra-molecular bond compared to an
inter-molecular bond, effectively enhancing the number of inter-
molecular contacts and, therefore, the overall tendency to phase
separate.

To verify that the unexpected results reported in recent numer-
ical studies20,21—based on coarse-grained polymer models—are
indeed accurate, it is essential to reproduce them using a realistic
polymer system that can be tested experimentally. To this end, we
propose a model that, although still investigated numerically, closely
mirrors a system that can be realized in the laboratory. In partic-
ular, we represent associative polymers using a carefully designed
single-stranded DNA. This is achieved by leveraging the selectivity
of short base-pair binding sequences embedded within an otherwise
inert poly-thymine (poly-T) strand to encode the desired binding
architecture. As a result of this design, each DNA polymer (sin-
gle strand) consists of several short self-complementary sequences
acting as stickers, separated by poly-thymine spacers that provide
flexibility and steric separation. This architecture allows precise

control over valency and interaction specificity, making it an ideal
platform for probing the phase behavior and network formation of
associative polymers at the molecular level. In particular, we design
DNA strands that mimic APs decorated with one or two types of
stickers in order to provide an experimentally amenable realization
of the entropic phase separation reported in Refs. 20 and 21. We find
that, as for the bead–spring model, DNA APs with a single sticker
type do not phase separate, whereas phase separation is observed for
two-sticker-type DNA strands. We also find that in the DNA model,
despite the presence of electrostatic, excluded volume, and bending
energy contributions, the observed phase separation still retains a
large favorable entropic term arising from the competition between
intra- and inter-molecular bonds, as seen in the simple bead–spring
model.

II. METHODS
We simulate two one-component model systems made of sin-

gle strand DNA in solution that we will call (AA)6 and (AB)6.
Each DNA strand is composed of Nnucl = 158 nucleotides, with
a backbone of thymine bases (the spacers) in which are inserted
M = 12 self-complementary regions (the stickers), as shown in Fig. 1,

FIG. 1. (a) Sequences of the (top) (AA)6 and (bottom) (AB)6 DNA strands. (b) and (c) Sequences of the A and B stickers. (d) Conformation of an (AA)6 strand extracted
from a simulation, together with two other strands that are bonded to it, colored in semi-transparent gray. The spacers and stickers of the main strand are depicted in dark
gray and green, respectively, while the orange and blue circles highlight an intra-molecular and an inter-molecular bond, respectively. (e) Same as (d) but for an (AB)6
strand; in this case, there are two types of stickers, which are colored in green and violet as in (b) and (c).
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which also reports the full sequences of the strands used through-
out this work. In the (AA)6 systems, the stickers have all the same
sequence (TCGA), while in the (AB)6 systems, the stickers have
alternating TCGA and GTAC sequences. The two sequences are self-
complementary so that only stickers of the same type can bind to
each other.

The DNA strands are modeled using oxDNA27,28 and investi-
gated by running molecular dynamics simulations with the oxDNA
standalone package.29,30 oxDNA is a coarse-grained model specif-
ically designed to simulate the behavior of DNA at the nucleotide
level. In the model, each nucleotide is represented as a rigid body
with effective interactions that capture essential structural, mechan-
ical, and thermodynamic properties, enabling the study of large-
scale nucleic acid systems with high computational efficiency while
maintaining physical realism. For all simulations, we used the

sequence-dependent version of the oxDNA2 model,27 with the
salt concentration set to S = 0.5M and the integration step set to
δt = 0.002 in reduced oxDNA units, corresponding to ≈6 fs.28 In
the following, we use the oxDNA length unit σ = 0.8518 nm to
rescale lengths and related quantities (e.g., density). In particu-
lar, density is expressed as the dimensionless nucleotide number
density ρσ3 = NnuclNsσ3�V , where Ns is the number of strands
and V is the volume of the simulation box. We note for conve-
nience that ρ can be converted to a strand molar concentration
Cmol/l = ρσ3 ⋅ 2.69�Nnucl or to a mass concentration Cmg/ml = Cmol/l⋅ MW , with the molecular weight (MW) being 48 370 g�mol for both
strand types.

We run NVT homogeneous simulations at several temper-
atures and densities starting from an initial configuration where
Ns = 128 strands are placed randomly in the box. To test for the

FIG. 2. Fraction of hydrogen bonds (HBs) between nucleotides belonging to stickers involved in total, intra-molecular, or inter-molecular bonds for the (left) (AA)6 and (right)(AB)6 systems. The top to bottom rows correspond to densities ρσ3 = 0.57, ρσ3 = 0.31, and ρσ3 = 0.16.
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presence of a phase separation, we also perform direct-coexistence
simulations by taking an equilibrium configuration of a homoge-
neous simulation and elongating the box size along the x direction
by a factor of 4, effectively reducing the average valence by the same
factor. We then let the system evolve, monitoring the behavior of the
two initial interfaces.

To identify the gas and liquid regions in the density profile,
we fit 10 equilibrium profiles extracted at regular intervals along
the trajectory with a smooth analytical function based on hyperbolic
tangent transitions, which are well-suited for describing diffuse one-
dimensional interfaces in finite systems. In particular, we model the
density profile as

ρ(x) = ρliq + ρgas

2
− ρliq − ρgas

2
�tanh�x − x0

ξ
� − tanh�x − x1

ξ
��

× �tanh�x − x2

ξ
� − tanh�x − x3

ξ
��, (1)

where ρliq and ρgas are the liquid and gas densities, respectively, ξ
is the interfacial width, and the positions x0 < x1 < x2 < x3 define
the boundaries of the interfaces. In particular, x < x0 and x > x3 are
classified as gas regions, x1 < x < x2 as liquid, while the segments
between x0 and x1 and between x2 and x3 correspond to the two
interfaces.

During all simulations, we keep track of pairs of nucleotides
sharing hydrogen bonds (HBs), where two nucleotides are consid-
ered bonded if their hydrogen bond interaction energy is lower
than −0.1 in oxDNA internal units, classifying the bond as intra-
or inter-molecular if the two nucleotides belong to the same strand
or different strands, respectively. We then consider two stickers
as bonded if their nucleotides are involved in at least two bonds.
We thus obtain the total number of stickers involved in intra- and
inter-molecular bonds, N intra and N inter, and define the fraction of
stickers involved in intra- and inter-molecular as fintra = N intra�Nmax
and finter = N inter�Nmax, respectively, where Nmax =MNs is the total
number of stickers. We also define the fraction of bonded stickers as
ftot = (N intra +N inter)�Nmax.

III. RESULTS
We start by characterizing the bonding process in the two

systems as functions of temperature and density. Figure 2 shows
the temperature dependence of the fractions of hydrogen-bonded
nucleotides belonging to stickers of the (AA)6 and (AB)6 homo-
geneous systems, classified according to the type of bond (inter- or
intra-molecular), as well as the sum of the two, for three different
densities.

These melting curves exhibit the well-known sigmoidal shape
typical of DNA pairing, characterized by a density dependent melt-
ing temperature, which decreases as the density decreases. In almost
all simulations, the fraction of bonded nucleotides reaches 90%,
signaling the extensive bonding process that takes place in both sys-
tems. Consistent with previous results derived for a bead–spring
model,20,21 we observe a striking difference in the fraction of intra-
strand bonds between the (AA)6 and (AB)6 systems. In the (AB)6
case, the majority of the bonds are formed between sticky sequences
of different strands, and the fraction of intra-strand bonds never

exceeds 15%. Differently, in the case of the (AA)6 system, the frac-
tion of intra-strand bonds is enhanced, becoming dominating at the
lowest densities.

We also note on passing that the fraction of intra-molecular
bonds nearly always displays a maximum at some intermediate tem-
peratures. We posit that this non-monotonic behavior is due to the
finite flexibility of the strands: indeed, as temperature decreases,
nucleotides in the spacer regions tend to stack more, making the
strands less flexible, thereby effectively hindering the formation of
intra-molecular bonds.

In order to understand how the interplay between total, inter-
molecular, and intra-molecular bonds affects the conformation of
the strands, we report in Fig. 3 the average end-to-end distance of
the low-temperature systems.

For the (AA)6 systems, the end-to-end distance ree displays a
minimal dependence on temperature and only a weak dependence
on density. In particular, ree increases slightly with increasing ρ,
which we attribute to a gradual shift from intra-to inter-molecular
bonding as the system becomes denser.

The behavior of the (AB)6 systems is somewhat more nuanced.
While temperature again has a weak effect, ree decreases significantly
with increasing ρ. This trend is likely driven by the growing total
number of bonds as ρ increases (see Fig. 2), which leads to a more
compact molecular conformation.

Notably, at the highest density considered, the end-to-end dis-
tance of the (AA)6 systems exceeds that of the (AB)6 systems. As
shown in Fig. 2, the total number of bonds is nearly identical for
both strand types at this density. Therefore, the observed difference
in ree can be attributed to the nature of the intra-molecular bonding:
in (AB)6 systems, these bonds result in more compact configura-
tions, indicating a higher entropic cost compared to their (AA)6
counterparts.

To answer the question whether the difference in sequences
has, indeed, a relevant role in controlling the phase behavior of
associative polymers in the limit of extensive bonding, we per-
form direct-coexistence simulations for temperatures lower than

FIG. 3. Average end-to-end distance of homogeneous (AA)6 (full symbols joined
by solid lines) and (AB)6 (empty symbols joined by dashed lines) systems as a
function of ρ, for the three lowest temperatures simulated. The error bars have
been estimated by dividing the standard deviation of the mean by

√
Ns =√128,

which provides an upper bound for the error.
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≈20○ C, starting from initial configurations based on the equilibrated
homogeneous samples as detailed in Sec. II.

As shown in the Appendix, the characteristic bond–bond auto-
correlation time is ≈109 time steps at 15 ○C, and therefore, we run
simulations that span longer time frames (up to ≈3 × 1010 simu-
lation steps, corresponding to 2–3 months of simulation time on
a NVIDIA A100 GPU). We use the fraction of inter- and intra-
molecular bonds as a proxy for equilibration, which we assume
to be attained once these fractions reach a plateau value. We
then compute density profiles along the elongated box and clas-
sify each system as phase separated or homogeneous depending on
whether the equilibrated profiles show the presence of interfaces
or not.

Figure 4(b) shows the initial and final (equilibrium) density
profiles for the (AA)6 system, for which the direct coexistence sim-
ulations evolve toward an homogeneous configuration, providing
strong evidence of the absence of phase separation in favor of a
continuous crossover from the dilute to the network state on increas-
ing density. By contrast, Fig. 4(c) shows that in the (AB)6 case
and at low temperatures, the density of the dense phase progres-
sively relaxes to an equilibrium value, but in this case retains a clear
interface with a lower-density phase, indicating that a dilute solution
of intra-bonded strands coexists with a network of mostly inter-
bonded strands. Only at T = 17.5 ○C and above, the (AB)6 system
approaches a homogeneous state for all densities.

From the value of the density in the dense and in the dilute
phases at equilibrium, it is possible to estimate the two coexist-
ing densities. To do so, in the phase-separated samples, we classify
DNA strands as belonging to the interface, gas, or liquid phase,
making it possible to draw a phase diagram of the system, as

shown in Fig. 5, which also shows studied state points where the
interfaces melted and the density became homogeneous during the
course of the direct-coexistence simulation (green points labeled as
“fluid”). As the temperature increases, the density of the coexisting
phases approaches each other, and from the absence of interfaces at
T = 17.5 ○C, we can predict the critical temperature of the (AB)6
system to lie between 15 ○C and 17.5 ○C. By evaluating the aver-
age between the two coexisting densities at T = 15 ○C, we can also

FIG. 5. Phase diagram of the (AB)6 system, displaying the density of the fluid (i.e.,
state points where phase separation does not occur), gas, and liquid phases as
extracted from direct-coexistence simulations. Note that the density of the gas at
the lowest temperature (10 ○C) is approximated to zero, since no strand detached
from the interfaces throughout the simulation. Note that the names “gas phase” and
“liquid phase” are the “implicit solvent” analog of polymer-poor and polymer-rich
(network) phases.

FIG. 4. (a) Graphic representation of the system in a direct-coexistence simulation at the beginning of the calculation. (b) Density profiles at the start of the simulation (black
dashed curve) and at the end of the simulation, when the system has reached equilibrium (orange solid curve), for the (AA)6 system at two different temperatures. (c)
Analogous results for the (AB)6 systems for four different temperatures. In panels (b) and (c), characteristic snapshots of the final configurations are also shown as insets.
All the direct-coexistence simulations shown here have been initialized from homogeneous starting configurations with ρσ3 = 0.57.

J. Chem. Phys. 163, 094902 (2025); doi: 10.1063/5.0279969 163, 094902-5

Published under an exclusive license by AIP Publishing

 06 Septem
ber 2025 14:30:58

https://pubs.aip.org/aip/jcp


The Journal
of Chemical Physics ARTICLE pubs.aip.org/aip/jcp

provide a rough estimate for the critical density, ρcσ
3 = 0.06, corre-

sponding to a strand concentration of ≈1 mM or a weight density
of ≈49 mg/ml. This value is of the same order of magnitude of the
overlap concentration ρ∗σ3 = Nnucl�R3

g ≈ 0.18 (i.e., ≈3 mM strand
concentration), as estimated by using the data of the coexisting liq-
uid phase at T = 15 ○C (see below for a more thorough discussion),
for which we find Rg ≈ 9.5σ. This is in line with expectations, since
in associative polymer systems, chain–chain interactions become
important around the overlap concentration.3

As shown in Fig. 5, for T = 15 ○C, the fraction of DNA strands
in the gas is not negligible. This makes it possible to compare the
properties of the single strands that make up the two phases for this
particular state point. In particular, we investigate the difference in
binding properties of the two phases. While the current number of
gas-phase strands provides only preliminary statistical insights, we
aim to enhance these results in future work by performing targeted
simulations of the two phases.

Figure 6 shows the histograms of the inter-strand, intra-strand,
and total sticky sequences involved in bonds. The zig-zag pattern in
the intra-strand histogram originates from the fact that each intra-
strand bond involves two sticky sequences. As expected, the low
density phase is rich in intra-molecular bonds and poor in inter-
molecular bonds, while the reverse is true for the high density phase.
At this temperature, which is the only one for which we have a suffi-
cient number of gas strands to analyze, the two phases slightly differ

in the total number of bonds (≈9 and ≈7.5 average bonded stick-
ers for the liquid and gas strands, respectively), signaling a weak
energetic contribution to the difference in chemical potential. Since,
as shown in Fig. 2, the fraction of formed bonds increases upon
decreasing temperature regardless of the density, we expect that the
observed small difference in the number of bonds will vanish at
temperatures lower than those investigated here, strongly suggesting
that the two phases will have the same energy and, thus, that the sep-
aration is, indeed, driven (especially at low temperatures) by a strong
entropic component stemming from the different conformations
and different topology of the bonds adopted by the strands in the two
phases.

To support this claim, we investigate the conformation of the
strands extracted from the homogeneous simulations. Figure 7(a)
shows a comparison between the average end-to-end distance of(AA)6 and (AB)6 strands, ree, as a function of the number of stickers
involved in inter-molecular bonds. Since both the systems investi-
gated are almost fully bonded, more inter-molecular bonds means
fewer intra-molecular bonds (which are the ones that compact the
strands). As a result, we observe that ree increases monotonically
with N inter. The roughly linear behavior can be explained by assum-
ing that each additional broken intra-molecular bond contributes to
the end-to-end distance by the same amount, since each bond con-
strains portion of the strands that are approximately the same length.
As expected, (AB)6 strands are always smaller than (AA)6 strands,

FIG. 6. Normalized histograms of the bonds found in the phase-separating (AB)6 system simulated at T = 15 ○C for strands belonging to the gas and liquid phases (see
the text for definitions). Panels (a)–(c) show the one-dimensional histograms for the intra-molecular, inter-molecular, and total bonds, respectively. Panels (d) and (e) show
the two-dimensional histograms for the intra- and inter-molecular bonds of the strands found in the gas and liquid phases, respectively.
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FIG. 7. (a) Average end-to-end distance, ree, as a function of the number of stickers involved in inter-molecular bonds, Ninter, for the (AA)6 and (AB)6 homogeneous
systems simulated at T = 15 ○C and ρσ3 = 0.16. (b) ree as a function of Ninter for the gas and liquid phases found in the direct-coexistence (AB)6 system simulated
at T = 15 ○C. In both panels, error bars show the mean-squared error and are, therefore, absent for points obtained from single measurements [see, for example, the
Ninter = 10 point in (b)].

since each intra-molecular bond closes a loop that is at least twice in
size that of an (AA)6 strand. It is this entropic penalty that shifts the
balance toward inter-molecular bonds, in line with previous results
on bead–spring models.20

If we now focus on the phase-separated (AB)6 system sim-
ulated at T = 15 ○C, we see in Fig. 7(b) that, as expected, in the
gas the small number of inter-molecular bonds leads to compact
conformations, whereas the liquid, with its higher inter-molecular
connectivity, features larger end-to-end distances. Such a large dif-
ference in the conformational freedom of the strands tips the balance
toward phase separation in the (AB)6 system, providing a real-
istic example of the fully entropic phase separation observed in
bead–spring models.

IV. CONCLUSIONS

In this work, we have presented a computational study of
DNA-based associative polymers, designed to emulate the behav-
ior of idealized APs, while at the same time providing an exper-
imentally realizable system. The capacity to design sticky-end
DNA sequences that are simultaneously self-complementary and
mutually orthogonal makes this fully DNA-based associative poly-
mer a versatile and powerful platform for encoding diverse bond
architectures.

By leveraging the oxDNA model, we simulated single-stranded
DNA constructs featuring either one or two types of self-
complementary sticky sequences, separated by flexible poly-T spac-
ers. Our findings show that at low temperatures, upon increasing
concentration, systems with a single sticker type progressively form
highly bonded, homogeneous networks, while those with alter-
nating sticker types undergo a sharp first-order phase separation,
nucleating a connected network of polymers.

This phase separation arises from an entropic driving force
associated with the suppression of intra-molecular bonding in favor
of more flexible inter-molecular connections. The presence of phase

separation in strands decorated with two types of stickers mir-
rors predictions from coarse-grained bead–spring models20 and
demonstrates that similar principles can be realized in realistic,
sequence-programmable systems.

The results here presented not only validate previous work
but also highlight the utility of DNA as a tunable platform
for investigating the thermodynamics of associative networks.
Our approach opens the door to the experimental realization of
entropy-driven phase behavior in all-DNA systems, with potential
implications for the design of responsive materials and hopefully for
a deeper understanding of systems where the phase separation of
biomacromolecules is considered to be important.9,31

ACKNOWLEDGMENTS

We acknowledge the support provided by ICSC - Centro
Nazionale di Ricerca in High Performance Computing, Big Data
and Quantum Computing, funded by European Union - NextGen-
erationEU, and CINECA-ISCRA for HPC resources. L.R. acknowl-
edges the support from MUR-PRIN under Grant Nos. 20225NPY8P
and P2022JZEJR, funded by European Union - NextGenerationEU,
Missione 4 Componente 2 - CUP B53D23028570001.

AUTHOR DECLARATIONS

Conflict of Interest

The authors have no conflicts to disclose.

Author Contributions

Francesco Tosti Guerra: Conceptualization (equal); Data cura-
tion (equal); Formal analysis (equal); Funding acquisition (equal);

J. Chem. Phys. 163, 094902 (2025); doi: 10.1063/5.0279969 163, 094902-7

Published under an exclusive license by AIP Publishing

 06 Septem
ber 2025 14:30:58

https://pubs.aip.org/aip/jcp


The Journal
of Chemical Physics ARTICLE pubs.aip.org/aip/jcp

Investigation (equal); Methodology (equal); Project administration
(equal); Resources (equal); Software (equal); Validation (equal);
Visualization (equal); Writing – original draft (equal); Writing –
review & editing (equal). Federico Marini: Conceptualization
(equal); Investigation (equal); Validation (equal); Writing – review
& editing (equal). Francesco Sciortino: Conceptualization (equal);
Data curation (equal); Formal analysis (equal); Funding acquisition
(equal); Investigation (equal); Methodology (equal); Project admin-
istration (equal); Resources (equal); Software (equal); Supervision
(equal); Validation (equal); Visualization (equal); Writing – original
draft (equal); Writing – review & editing (equal). Lorenzo Rovigatti:
Conceptualization (equal); Data curation (equal); Formal analysis
(equal); Funding acquisition (equal); Investigation (equal); Method-
ology (equal); Project administration (equal); Resources (equal);
Software (equal); Supervision (equal); Validation (equal); Visualiza-
tion (equal); Writing – original draft (equal); Writing – review &
editing (equal).

DATA AVAILABILITY
The data that support the findings of this study are available

from the corresponding author upon reasonable request.

APPENDIX: THE BOND–BOND AUTOCORRELATION
FUNCTION

Figure 8 shows the bond–bond autocorrelation function B(t),
which quantifies the fraction of bonds that were present at time t0
and are still present at time t0 + t, averaged over t0. This figure shows
that at T = 15 ○C, for which we can compare results from the homo-
geneous and phase-separated samples, the characteristic time scale
associated with bonding, defined as the time at which B(t) = 1�e, is
of the order of ≈109 time steps.

FIG. 8. Bond–bond autocorrelation function for the (AA)6 and (AB)6 systems in an
homogeneous state point (for densities listed in the label) and for the liquid com-
ponent of (AB)6 in the direct-coexistence simulation. All data refer to T = 15 ○C.
The crossing between the data and the horizontal orange dashed line (drawn at a
value 1�e) is the conventional estimate for the decorrelation time.
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