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Arising from their unrivalled optoelectronic properties, two-dimensional (2D) metal halide 
perovskites (MHPs) have paved new paths forward as tailor-made semiconductors for solar 
cell applications. Their enhanced thermal stability as compared to their three-dimensional 
counterparts positions them as the next generation materials to revolutionize energy storage 
and conversion. However, still one of the biggest challenges for their large scale 
incorporation in photovoltaic devices is the issue of their proper thermal management, 
which arises from their inherently ultralow thermal conductivities and the limited 
understanding of the heat transfer processes in these novel materials. Herein, we provide a 
detailed analysis of the thermal transport mechanisms in 2D MHPs through both 
experimental and computational approaches demonstrating a novel strategy to engineer 
enhanced thermal conductivities in these materials. In contrast to conventional approaches 
utilized to increase thermal conductivity in layered materials (such as by decreasing 
interfacial scattering of phonons via reducing the interface density), we show that 
decreasing the distance between adjacent organic cations can lead to more than four-fold  
increase in thermal conductivity, thus facilitating the potential use of these materials for 
wide-spread applications in solar cells with enhanced efficiencies.  
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Proper thermal management of solar cells based on metal halide perovskites (MHPs) is key to in-
creasing their efficiency as well as their durability. Although two-dimensional (2D) MHPs possess
enhanced thermal stability as compared to their three-dimensional (3D) counterparts, the lack of com-
prehensive knowledge of the heat transfer mechanisms dictating their ultralow thermal conductivities
is a bottleneck for further improvements in their thermal performance. Here, we experimentally
and computationally study the Dion-Jacobson (DJ) and Ruddlesden-Popper (RP) phases of MHPs
(n=1) to demonstrate that the length of the organic spacers has a negligible influence on their thermal
transport properties; we experimentally measure thermal conductivities of 0.19±0.03 W m−1 K−1

and 0.18±0.03 W m−1 K−1 for the RP and DJ phases with 13.6 Å and 6.3 Å interlayer inorganic
separations, respectively. In contrast, we show that thermal conductivity is mainly dependent on
the separation between the adjacent organic cations. Decreasing the intermolecular distance (by
up to 40%) leads to drastically enhanced overall heat conduction (with monotonically increasing
thermal conductivity by more than threefold) which is mainly driven by the vibrational hardening of
the organic spacers. Although these 2D layered materials constitute a high density of hybrid organic-
inorganic interfaces, our results also show that a substantial portion of heat is conducted through
coherent phonon transport and that the thermal conductivity of these materials is not solely limited
by incoherent interfacial scattering.

Metal halide perovskites (MHPs) such as methylammonium lead
iodide (MAPbI3) have emerged as game-changing materials for a
plethora of applications in the next generation of photovoltaics,
light-emitting diodes, photodetectors, optoelectronics, and ther-
moelectrics due to their remarkable physical properties.1–6 Most
notably, their enhanced carrier lifetimes,7–10 facile processabil-
ity,11–15 and high absorption coefficients16 have been exploited
to increase their power conversion efficiencies to greater than
25% in MAPbI3-based solar cells.17 However, one of the major
bottlenecks for their large-scale incorporation in devices (such as
in solar cell applications) is the issue of their instability, where
these materials rapidly degrade under exposure to moisture, oxy-
gen, light, or elevated temperatures.18 In this regard, the two-
dimensional (2D) versions of MHPs such as the Ruddlesden-
Popper (RP) phases have recently garnered much attention due
to their enhanced stability as compared to their 3D counter-
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parts.19,20 These layered MHPs exhibit many of the superior op-
toelectronic properties of their 3D cousins, all the while demon-
strating some of the exceptional qualities that accompany 2D
semiconductors, such as possessing quantum confinement char-
acteristics.21 Although 2D MHPs mark a drastic improvement in
terms of thermal stability, their exceptionally low thermal con-
ductivities (reported to be in the 0.12-0.37 W m−1 K−1 range for
2D alkylammonium lead iodide,22–25 for example) makes their
proper thermal management and the complete understanding
of their heat transfer mechanisms quintessential for further im-
provements in their thermal stability and their usage in current
technology.

Recently, a number of reports have focused on describing
thermal transport in 2D MHPs. Christodoulides et al.,23 mea-
sured the through-plane thermal conductivity of MAPbI3-based
RP phase perovskites to be 0.37±0.13 W m−1 K−1, a value
comparable to their 3D counterparts.26,27 However, increasing
the number of inorganic layers (n) separated by organic spac-
ers was shown to drastically reduce the thermal conductivity (to
∼0.06±0.03 W m−1 K−1), which they attributed to a reduction
in coherent phonon transport that limits heat transfer in the RP
phase perovskites with thicker inorganic layers. Considering the
high density of inorganic-organic interfaces, along with the re-
duced sound speeds and elastic constants in the through-plane
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Fig. 1 (a) Crystal structure of the DJ phase
(

(4AMP)PbI4 ) and RP phase
(

(PEA)2PbI4
)

MHPs showing the unit cells. The unit cell for the DJ
phase is substantially smaller as compared to the RP phase due to the pairs of interdigitated interlayer organic spacers in the RP phase. (b) Schematic
of our thermal measurements via TDTR experiments on our three layered system (glass/Al/hybrid perovskite film). A pump laser (blue) heats the
Al transducer layer while a probe (red) beam measures the temperature changes on the surface of the transducer as a function of pump-probe time
delay to accurately measure the thermal conductivity of the 2D perovskite film. (c) Sensitivities of the ratio of the in-phase (Vin) and out-of-phase
(Vout) signals to the parameters used in the thermal model as a function of delay time. (d) Representative TDTR data for the (PEA)2PbI4 (green
squares) and (4AMP)PbI4 (red circles) thin films and their corresponding best fit thermal models. The TDTR data of our calibration sample (without
the perovskite thin film) is also shown for comparison, which is used to accurately determine the thermal conductivity of the glass substrate used as
an input parameter in our three-layer thermal model.

direction (perpendicular to the layers), it might be expected that
the thermal conductivity of the 2D MHPs would be lower in com-
parison to their 3D counterparts. However, crystal imperfections
such as grain boundaries and defects in 3D MAPbI3 that scatter
phonons and lower the thermal conductivity could be one of the
causes for the similarity in the thermal conductivities between
the single crystal 2D RP phase measured by Christodoulides et
al.23 and the 3D counterparts.26,27 In contrast, three other re-
ports have independently measured lower values of thermal con-
ductivity in the 0.13-0.2 W m−1 K−1 range for the MAPbI3-based
RP phase perovskites.22,24,25 The discrepancies between the mea-
surements in the various aforementioned works may have arisen
due to variations in film preparation procedures and conditions
such as the use of different solvents and substrate temperatures
during deposition that have been shown to impact film morpholo-

gies.28–31

Rasel et al.25 experimentally demonstrated that vary-
ing the chain length of the alkylammonium cations from
13.8 to 18.03 Å range did not significantly alter the thermal con-
ductivity of 2D MHPs. Similarly, Giri et al.22 measured the ther-
mal conductivities of eight different 2D MHPs with varying or-
ganic cations (that have chain lengths in the 13.07 to 16.67 Å
range) and found that the thermal conductivity did not depend
on the organic cation species, but rather depended on the ori-
entation and arrangement of the organic spacers in the films.
These results suggest that the thermal conductivities in these RP
phase perovskites are not limited by incoherent scattering of vi-
brations at the hybrid inorganic-organic interface because one
would expect a linearly increasing thermal conductivity with in-
creasing chain length. Therefore, the lack of chain length de-
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pendence could in part be due to coherent phonon transport (in-
line with the findings of Christodoulides et al.23). It could also
arise, however, from the fact that the change in thermal conduc-
tivity by varying the length of the organic spacers by ∼4 Å (and
considering the fact that the organic cations in the RP phase are
comprised of pairs of interdigitated interlayer organic spacers)
in these works, might not be discernible within the experimental
uncertainties. In other words, along with vibrational scattering at
the hybrid interfaces (estimated to reduce the thermal conductiv-
ity by ∼30% when the organic chain length is increased from 13.8
to 18.03 Å),25 the thermal conductivity in these materials could
also likely be limited by scattering at the organic-organic inter-
faces; in the RP phases, the organic cations only interact with the
negatively charged halides in the inorganic layers at one end of
their chain forming a weak van der Waals gap between the or-
ganic cations in the adjacent layers (see Fig. 1a). Thus, if it is
expected that considerable vibrational scattering occurs at these
weak van der Waals interfaces, a small increase in the length of
the organic spacers might not translate to an observable change
in thermal conductivity within the typical uncertainties in time-
domain thermoreflectance (TDTR) experiments. Taken together,
although the aforementioned studies suggest that there are sig-
natures of coherent phonon transport in the through-plane direc-
tion of the various RP phase perovskites, the intrinsic mechanism
of heat transfer in 2D MHPs is still unclear with several ques-
tions, such as the role of the weak van der Waals gap between
the adjacent organic cations in influencing their overall thermal
conductivities, left unanswered.

Herein, we experimentally and computationally study the heat
transfer mechanisms across 2D MHPs (n=1) to elucidate the role
of the weak van der Waals gap between the adjacent organic lay-
ers and to rationalize a strategy to efficiently tailor their thermal
properties across a wide range. We do so by conducting TDTR
experiments and performing molecular dynamics (MD) simula-
tions on the Dion-Jacobson (DJ) phase ((4AMP)PbI4; AMP =
aminomethyl piperidinium) and RP phase ((PEA)2PbI4; PEA =
phenylethyl ammonium) MHPs. The comparison between the RP
phase and the DJ phase (without the van der Waals gap as il-
lustrated in Fig. 1a), allows us to examine the role of the weak
organic-organic interactions in dictating their thermal conductiv-
ity. It also allows us to compare the effect of the much shorter
organic spacers in between the 2D inorganic layers (which is
∼6.3 Å for the DJ phase as opposed to the ∼13.1 to 16.8 Å or-
ganic spacer lengths studied in prior works for the RP phases) on
the heat transfer mechanisms in these MHPs. Our results from the
TDTR experiments and MD simulations unequivocally show that
both the length of the organic spacer and the van der Waals gap
between the organic cations have negligible effect on the ther-
mal conductivity of these 2D perovskites as demonstrated by the
similarity in the thermal conductivities of the DJ and RP phases.
Our atomistic simulations reveal that coherent phonons can carry
an appreciable portion of heat across the interfaces without scat-
tering at the high density of interfaces. However, our results also
suggest that scattering due to disorder and imperfections (such as
scattering at the hybrid interfaces) in these MHPs can also influ-
ence their thermal conductivity. We show that rather than chang-

ing the organic spacer length, decreasing the distance between
the adjacent organic cations can result in drastic enhancements in
their thermal conductivity. We attribute this to vibrational hard-
ening of the organic species due to reduction in the lateral spac-
ing between the organic chains that drives the increase in both
the in-plane and through-plane thermal conductivities.

We study the thermal properties of DJ phase (4AMP)PbI4 and
RP phase (PEA)2PbI4 thin films with ∼600 nm thickness that are
deposited on top of a 100 nm thick Al film on glass substrate. The
details of the sample fabrication and characterization are given
in the Supporting Information. Figures S1a and S1b show the
X-ray diffraction (XRD) patterns of our RP and DJ phase hybrid
perovskite films which highlight their excellent crystallinity and
layered structure with respect to the substrate.

We use TDTR to measure the thermal conductivities of our thin
films at room temperature. The details of the experimental setup
and the analysis procedure are given elsewhere,32–34 and the
specifics of our experiments are given in the Supporting Infor-
mation. Briefly, TDTR is a non-contact, pump-probe technique
that utilizes a modulated short pulse laser (with ∼100 fs pulse
width) to create a periodic heating event (pump) on the surface
of a transducer layer (that is the 100 nm Al thin film in our ex-
periments). A time-delayed probe pulse monitors the change in
reflectivity that is related to the change in temperature of the
transducer layer at the modulation frequency of the pump, which
is detected by a lock-in amplifier. For our experiments, we focus
the pump and probe pulses through the transparent glass sub-
strate on the Al transducer layer as illustrated in the schematic in
Fig. 1b.

A three-layer thermal model is used to predict the tempera-
ture change on the surface of the Al transducer, which is related
to the thermal conductivity, heat capacity of the composite slabs
and the thermal boundary conductance across each interface be-
tween the slabs. Figure 1c shows the sensitivities of the various
thermophysical parameters in our thermal model to our TDTR
data. In our experimental configuration, the most sensitive pa-
rameter is the thermal conductivity of the glass substrate. There-
fore, to accurately determine the thermal conductivity of our hy-
brid perovskite films, we first measure the thermal conductivity
of our glass substrate with a control sample (without the hybrid
perovskite film). As shown in Fig. 1d, we accurately measure
the thermal conductivity of the glass substrate (which agrees well
with prior literature value)35 by fitting a two-layer thermal model
shown as the solid line to our TDTR data taken on the control
sample. We use this as an input parameter in the three-layer ther-
mal model to measure the thermal conductivities of our DJ phase
and RP phase thin films as shown in Fig. 1d. For both phases,
we measure a thermal conductivity of ∼0.19 W m−1 K−1 much
lower than the 0.34 to 0.73 W m−1 K−1measured for their 3D
counterparts using a similar pump-probe metrology.27

The similarity in the measured thermal conductivities for the
two different phases is surprising since the RP phase is comprised
of pairs of interdigitated interlayer organic spacers, while the DJ
phase only has one cation per formula unit, which leads to a re-
duced separation between the inorganic layers in the DJ phase
(see Fig. 1a).22,36 If the hybrid interfaces are expected to limit

Journal Name, [year], [vol.],1–8 | 3

Page 4 of 9Materials Horizons



L

(a) DJ phase

RP phase

Fig. 2 (a) Schematics of our computational domains for the DJ and RP phases showing the relatively higher hybrid interface densities in the DJ phase
compared to the RP phase. (b) An example of the temperature gradient profile for a computational domain of the DJ phase obtained with the NEMD
approach where a heat flux is applied in the through-plane direction. By invoking the Fourier’s law, we can determine the thermal conductivity in the
direction of the applied heat flux. (c) To predict the ‘bulk’ thermal conductivities of the RP and DJ phases, we plot the inverse of κ as a function of the
inverse of the computational domain length (L) in the direction of heat flux applied. The extrapolation of the linear fits to 1/L →0 predicts the thermal
conductivity of the ‘bulk’ system. (d) NEMD-predicted thermal conductivities of our DJ and RP phases (normalized by the thermal conductivity of
the DJ phase at 300 K) in the through-plane direction as a function of temperature. The thermal conductivity follows a crystalline-like temperature
dependence where the thermal conductivity decreases with temperature, which is mainly attributed to anharmonic phonon-phonon scattering. This
shows that for both phases, substantial amount of heat is carried by coherent phonon transport across the inorganic and organic layers.

phonon transport through incoherent scattering, one would ex-
pect the DJ phase with the higher density of interfaces to possess
lower thermal conductivity in comparison to the RP phase. The
similarity in the measured thermal conductivity, however, sug-
gests that interfacial scattering may not be the dominant mecha-
nism dictating heat transfer in these materials. Along with the
hybrid interfaces, if the non-bonded interactions between the
pair of organic spacers in the RP phase is also expected to scat-
ter the phonons via interfacial scattering at the weak organic-
organic interfaces, the similarity in the measured thermal con-
ductivities could arise due to comparable interface densities in
the two phases. Therefore, to unravel these various scattering
mechanisms that dictate thermal conductivity in 2D MHPs, we
perform MD simulations on the two phases by utilizing the MYP
potential for hybrid perovskites that has been shown to replicate
the structural and elastic properties,37 as well as the ionic polar-
izations38,39 and mobilities40 in these materials (further details
of the simulations are given in the Supporting Information).41

Figure 2a shows example schematics of our MD computational
domains, where the dissimilarity in the length of the organic
spacers lead to interlayer distances of ∼6.3 Å and ∼13.6 Å for
the DJ and RP phases, respectively. These separations for our
relaxed structures are within 10% of the experimentally deter-
mined lengths, which further validates our use of the MYP po-
tential to describe the thermal properties of these hybrid per-
ovskites. To calculate their thermal conductivities, we perform
nonequilibrium MD (NEMD) simulations where we prescribe hot
and cold baths at opposite ends of the simulation domain to cre-
ate steady-state temperature profiles from which we predict the
thermal conductivity by invoking the Fourier’s law as shown in
Fig. 2b for our DJ phase computational domain. If longer wave-
length phonons scatter at and near the heat baths, the NEMD-

predicted thermal conductivities will be limited by the compu-
tational domain length (L) in the direction of the applied heat
flux.42 As shown in Fig. 2c, we plot the inverse of thermal conduc-
tivity (1/κ) versus 1/L to extract the ‘bulk’ thermal conductivity
(by extrapolating to 1/L=0). We observe a monotonic increase
in the thermal conductivity for both phases with increasing do-
main length suggesting that coherent phonons can carry a signif-
icant portion of heat in these hybrid materials. Moreover, similar
to our experimental results, we calculate similar values of ‘bulk’
thermal conductivities for the two phases. However, our NEMD
simulations predict a thermal conductivity of ∼0.38 W m−1 K−1,
which is higher than our TDTR measurements but agrees very
well with Christodoulides et al.’s23 measurement on single crys-
tals of the RP phase hybrid perovskite. The discrepancies between
our NEMD results and TDTR experiments could be due to the
crystalline imperfections such as grain boundaries that result in
additional phonon scattering leading to the lower thermal con-
ductivities measured by TDTR for these materials. We note that
our additional NEMD calculations on 3D MAPbI3 (which are in-
line with prior MD simulation results as detailed in the Supporting
Information) are also higher as compared to experimental mea-
surements,27 which is also most likely due to structural imperfec-
tions (defects, dislocations, etc.) lowering the measured thermal
conductivities in the experiments.

To further understand the phonon scattering mechanisms dic-
tating thermal transport in these hybrid perovskites, we calcu-
late the temperature-dependent thermal conductivities via NEMD
simulations as shown in Fig. 2d. For both phases, the thermal
conductivities show a crystalline-like behavior where the ther-
mal conductivity increases with decreasing temperature. This is
indicative of anharmonic phonon-phonon scattering mechanisms
dictating the temperature dependence, albeit with a weaker de-
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Fig. 3 (a) Schematic illustration showing the variation in organic spacing (d) that we simulate in our MD calculations. Normalized thermal conductivities
(with respect to the DJ phase) in the (b) through-plane (c) in-plane directions as a function of percentage decrease in d for our DJ phase. In both
directions, decreasing d leads to enhanced heat transfer mainly driven by the organic cations. (d) Vibrational density of states for the structures
with decreasing d as compared to that of the realistic DJ phase. Considerable vibrational hardening is observed with decreasing spacing between the
organic cations. (e) Calculated mean square displacements of the organic cations as a function of decreasing distance between the organic cations.
(f) Normalized through-plane thermal conductivities (with respect to the DJ phase) as a function of increasing inorganic interlayer distances (blue;
bottom axis) and decreasing distance between organic layers (red; top axis). The red hollow square symbols are results from our NEMD simulations
while the blue hollow circle symbols are our TDTR measurements. The other symbols represent experimental measurements taken from Ref. 22
(hollow triangles), Ref. 24 (solid circle), and Ref. 25 (solid square). Changing the inorganic layer separation has negligible effect, while decreasing the
separation between adjacent organic cations can drastically increase the thermal conductivity of 2D MHPs.

pendence as compared to pure crystalline solids (i.e. κ∼T −1

driven by Umklapp scattering processes). The weaker depen-
dence indicates that along with anharmonic phonon-phonon scat-
tering, additional scattering through ‘disorder’ (such as interface
scattering and scattering due to heterogeneities in the force con-
stants between the various atoms) is also driving the temperature-
dependent thermal conductivities in these materials. Taken to-
gether, our NEMD results unequivocally show that along with in-
coherent scattering, significant amount of heat is also transported
by phonons that are coherent across the unit cell that scatter due
to anharmonic processes.

If we expect the weaker van der Waals interactions between
the pair of organic cations in the RP phase to significantly scatter
phonons, the cations will have a reduced contribution to the total
thermal conductivity when compared to the DJ phase. However,
for both phases we calculate ∼60% contribution from the organic
spacers (see Supporting Information for details) indicating that
the van der Waals interactions does not significantly affect the
thermal conductivity in these materials. Moreover, we calculate
similar thermal conductivities for our RP phase and a DJ phase

perovskite with an increased organic spacer length that matches
the spacer length in the RP phase (see Fig. S7 in the Supporting
Information). Although weaker van der Waals interactions exists
in the RP phase perovskite compared to the DJ phase, the sim-
ilarity in the thermal conductivities even with a longer organic
spacer for the DJ phase suggests that the van der Waals interac-
tions has negligible influence in dictating the thermal transport
properties in these hybrid perovskites. Furthermore, we summa-
rize prior measurements of thermal conductivity performed on
various 2D hybrid MHPs with varying interlayer distance between
the inorganic layers (such as BA2PbI4; BA = butyl ammonium),
and compare the results to our measurements on (4AMP)PbI4 and
(PEA)2PbI4 in Table 1. The similarity in the thermal conductiv-
ities for inorganic interlayer separation lengths in the range of
10.9-18.03 Å suggests that the organic spacer length has neg-
ligible effect on the thermal conductivities of these 2D MHPs.
Thus, if the distance between the interlayers do not affect the
through-plane thermal conductivity in these materials, the other
possibility could be that the distance between the adjacent or-
ganic cations limits heat conduction in these hybrid perovskites.
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To investigate the validity of this conjecture, we conduct addi-
tional simulations on our computational domains where we sys-
tematically decrease the distance between the organic spacers
as schematically illustrated in Fig. 3a, the results of which we
will discuss next. We note that the change in the separation be-
tween the organic cations (such as by manipulating the metal-
halide bond lengths) in MHPs can result in further structural
changes such as octahedral tilting and metal halide bond contrac-
tions.43–45 As such, this might influence other physical properties
such as their optical and photophysical characteristics.46 For ex-
ample, Jaffe et al.47 have summarized the effect of pressure (and
change in lattice constants) on the electronic landscape and ex-
cited state dynamics in MHPs. For hybrid perovskites, it has been
shown that pressures of > 50 GPa are required to change the ma-
terials from a semiconducting to a metallic state.48,49 We note
that the pressures induced in our NEMD simulations are less than
23 GPa, and so the thermal transport in these systems are still
vibrationally-driven, with negligible contributions from the elec-
tronic systems.

Table 1 Interlayer distance between the inorganic layers (d) and room
temperature thermal conductivity (κ) of various 2D MHPs.

Type d (Å) κ (W m−1 K−1)

(4AMP)PbI4 10.9 0.18 ± 0.03
(C4H9NH3)2PbI4 13.8 0.125 ± 0.01 (Ref. 25)

nBA2PbI4 13.8 0.18 ± 0.04 (Ref. 22)
BA2PbI4 13.8 0.18 ± 0.01 (Ref. 24)

(PEA)PbI4 16.36 0.15 ± 0.03 (Ref. 22)
(PEA)2PbI4 16.5 0.19 ± 0.03

(C4H9NH3)2PbI4 18.03 0.099 ± 0.03 (Ref. 25)

Figures 3b and 3c show the normalized thermal conductivity
(with respect to the relaxed computational domain) of our DJ
phase in the through-plane and in-plane directions, respecitvely,
as the distance between the organic cations is decreased. For
both the through-plane and in-plane directions, we observe a
monotonic increase in thermal conductivity as the separation is
decreased. Furthermore, this increase is solely due to the in-
creasing contributions from the organic cations in both direc-
tions. The increase in thermal conductivity with decreasing sepa-
ration between the organic spacers can be ascribed to vibrational
hardening where the vibrational spectrum of the organic cations
are shifted to higher frequencies as shown in Fig. 3d. Further-
more, the mean square displacements of the atoms comprising
the organic spacers also decrease monotonically as the vibrations
harden (Fig. 3e), thus leading to an increase in the overall ther-
mal conductivity. These results emphasize the significant role of
organic cation separation more-so than the separation between
the inorganic layers in dictating the thermal conductivity of these
2D hybrid perovskites. Considering this, a strategy to increase
heat conduction in these materials would be to alter the organic-
inorganic interactions to dictate the separation between the adja-
cent organic spacers. We note that the increase in thermal con-
ductivity for the RP phase is even more pronounced than the
DJ phase with decreasing separation between adjacent organic

cations as the RP phase is comprised of pairs of organic cations as
opposed to the single cation in the DJ phase. Therefore, a more
pronounced effect is observed on the mean square displacements
and the vibrational spectrum of the organic spacers that control
the thermal conductivity in the RP phase (see Fig. S9 and Fig. S10
of the Supporting Information), which further solidifies our con-
jecture.

Experimentally, the distance between the adjacent organic
cations can be tuned either by synthetic manipulation, i.e., by ma-
nipulating the metal-halide bond lengths by varying the organic
cations (Cs+, MA+, or FA+) or inorganic elements (Pb2+, Sn2+,
Ge2+, Cu2+, Cd2+, Cl−, Br−, or I−), or by application of external
stimuli (such as pressure),47,50 which can change the inorganic
bond length and polyhedral distortions. This change can vary the
separation between the adjacent organic cations to maintain the
overall charge neutrality. For example, in prior literature,51 it
has been shown that the lattice parameter of (MA)2PbI2(SCN)2
changes by ∼8% at ∼3.9 GPa pressure, which can further be de-
creased with increasing pressure.47 As such, a detailed experi-
mental investigation on the effect of changing the metal-halide
bond length on the thermal conductivity deserves further investi-
gation, but is beyond the scope of the current work.

In summary, we comprehensively show that the interlayer dis-
tance between the inorganic layers have minimal effect on the
thermal conductivity of 2D hybrid perovskites as shown in Fig. 3f.
To tailor their thermal properties, however, a better strategy is to
decrease the spacing between the organic cations. We show that
decreasing the organic spacing by ∼40% can lead to ∼200% in-
crease in thermal conductivity of the DJ phase (4AMP)PbI4 (see
Fig. 3f). This is attributed to the enhancement in heat conduction
that is solely driven by the organic cations, which stiffen due to
the increasing interactions from the adjacent spacers. The effi-
cient tuning of their thermal properties can overcome the major
challenge of their proper thermal management that limits their
stability and prolonged use in devices.
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