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Abstract

In the present study, the effects of chain length variation of Poly(3-hexyl) thiophene polymer, which is
one of the appropriate alternatives of Spiro-O-MeTAD used as a hole transfer layer (HTL) in perovskite-
based solar cells (PSC), on thin-film morphology and device performance were investigated. Furthermore,
nanowires of long (UZ) and short-chain (KZ) P3HT were obtained in the solution phase and then
comparative photovoltaic performance analyses were carried out by fabricating PSC devices. As a result,
it was determined that the morphological changes resulting from the polymer chain length directly affect
the charge transfer between the active layer and HTL. KZ-P3HT presented better performance than both
standard P3HT (5.99) and UZ-P3HT (2.68) polymers with a power conversion efficiency (PCE) of 7.74%.
It was demonstrated that the main reason for this is that the fringed structure, detected by AFM images,
increases the contact ratio at the perovskite/HTM interface. In addition, thanks to the morphological
improvements in nano-wire studies, it was observed that the photovoltaic performance of the PSC device
containing UZ-P3HT increased by 5.51%. Contrary to UZ-P3HT, it was determined that after the
conversion of KZ-P3HT to the nanowire, the fringed structure on the surface disappeared and therefore

the efficiency decreased to 5.81%.
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1. Introduction

Solar energy is one of the most important and promising
types of renewable energy sources. Today, a power
conversion efficiency (PCE) of 26.1% has been
achieved with silicon-based solar cells that convert solar
energy into electrical energy and dominate the market
commercially [1]. New photovoltaic (PV) technologies
need to be developed because of the high energy
consumption during the production of silicon-based
solar cells and their rigid structure, making them
unsuitable for some energy applications [2],[3].
Perovskite solar cells, which are among the photovoltaic
technologies defined as third generation or emerging
technologies, have reached an energy conversion
efficiency of 25.5% with the structural development
they have demonstrated in recent years [1].

Planar multi-junction perovskite solar cells (PSC) have
great potential in the production of high-efficiency, low-
cost and flexible photovoltaic devices [4]. Planar PSCs
have a perovskite active layer placed between the hole
and electron transfer layers. Interlayers that provide
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charge transfer play an important role in charge
collection, extraction and transport. Small molecules
and polymeric structures that can be used at these
interfaces offer advantages such as being able to prepare
solutions at low temperatures, thanks to their adjustable
chemical and electronic structures [5]. In addition, high-
performance PSCs have obvious advantages over other
devices with their electrical and optical properties such
as wide carrier diffusion length, direct Bandgap, high
absorption coefficient in the visible near-infrared
region, and high charge carrier mobility. PSCs can be
produced with n-i-p or p-i-n (inverted) device structures.
Vapor phase deposition techniques, vapor assisted
solution treatment and annealing procedures have made
significant progress in the improvement of the
perovskite film [3], [6], [7]. High-efficiency PSCs use
mesoporous or compact metal oxides as the electron
conduction layer (ETL) under the perovskite layer.
Among these materials, semiconductor oxides such as
TiO, and SnO, are the most well-known and used ones
in PSC devices [8], [9]. The stable structure and
sufficient electron mobility of TiO, provide advantages
for PSC applications [10]-[12]. On the other hand, the
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hole transfer layer (HTL) acts as a barrier, preventing
electron transfer between the anode and the perovskite
layer. It is an effective method to increase the efficiency
of the hole transport process, improve the Voc value,
and to prevent possible degradation at the perovskite-
contact interface [13]. By using HTMs with high hole
mobility, high efficiencies can be achieved with
compatible ionization potentials (or energy levels), high
thermal stability, and resistance to external degradation
factors (such as oxygen and moisture) [14]-[16]. Spiro-
0O-MeTAD is the most widely used molecular structure
in the literature as HTM. Thanks to its three-
dimensional structure, it covers the perovskite surface
very well. In addition, it fills the cracks on the surface
and reduces the load trapping at the interfaces [17].
Despite its important advantages, The high cost due to
the multi-step and complexity of the synthesis
procedure of Spiro-O-MeTAD is still an important issue
to be overcome. In addition, the necessity of doping to
increase its low hole mobility and low conductivity
complicates the device manufacturing process.
Therefore, the HTM layer becomes an important
problem for the commercialization of PSC devices [18].
In the doping process of the HTM layer, lithium
bis(trifluoromethane sulfonyl)imide (Li-TFSI) increases
the majority of charge carriers by oxidation and thereby
increases the conductivity of the HTM layer. In
addition, tert-butyl pyridine (TBP) regulates the
morphology by  reorganizing  Spiro-O-MeTAD
molecules oxidized with Li-TFSI and helps to adjust the
energy levels with its basic character [17]. Despite the
record yields achieved by doping, using additives is a
factor that increases the difficulty level of cell
production and the total cost. From these points of view,
developing new types of HTMs, which can be
synthesized easily and do not need to be doped, have a
relatively low cost, high operating stability is an
important subject for studying.

In the literature, there are studies on the use of
semiconductor small molecules or polymers, which are
already tried in many opto-electronic applications,
without using chemical doping. In those investigations,
the solvent engineering method was used to adjust the
morphological properties of the HTM layer for efficient
charge transfer [19]. The regioregular isomer of poly(3-
hexyl)thiophene (P3HT) has been extensively used as a
standard in the active layer in organic solar cells (OSC).
In addition to this, P3HT has been involved in the PSC
applications as the HTM layer. It is well known in the
literature that the chain length of P3HT has significant
effects on film morphology [20]-[22]. It has been
reported that a smooth morphology is obtained with
chain lengths over 85,000D used in the active layer in
OSC applications, while the morphology is impaired
and the charge transport decreases with shorter chain
lengths [20], [23]. For PSC applications where P3HT is
used as HTM, studies on PCE changes depending on
chain length have been carried out, and it has been
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reported that higher yields are achieved with an increase
in chain length [24]. On the other hand, to increase the
charge carrying capacity of P3HT, which has mobility
of 0.1 cszflsfl, and to extend the absorption band,
converting it into a nanowire is a method used in the
literature. In OSC applications with nanowire P3HTs,
which were grown by optimizing solvent polarity,
temperature and time parameters, a mobility of 1.44
m?V's™ and a PCE of 2.40% were achieved [24].

In the presented article, two fractions of P3HT with
short (KZ) and long-chain (UZ) lengths and nanowire
structures of these fractions were used as HTM in PSC
and PV performance comparisons of these polymers
were carried out. In addition, both Spiro-O-MeTAD and
mixed P3HT were used as standard. Furthermore,
morphological properties of both perovskite and HTM
thin film have been investigated by SEM and AFM
analyses in order to express the photovoltaic
performance changes of PSC devices.

2. Materials and Methods
2.1 Materials

Glasses with fluorine-doped tin oxide (FTO) as the
conductive oxide layer were supplied from Pilkington
company in 2.5 cm x 2.5 cm dimensions. The surface
resistivity levels are 13 Q/sq and the FTO layer
thickness is 450nm. The materials used for the triple
cation Perovskite active layer solution were obtained
from different companies: lead iodide (Pbl,) from TCI,
methyl ammonium bromide (MABr,) from Lumtec,
cesium iodide (Csl) from Acros, lead bromide (PbBr,)
from Aldrich tan and formamidinium iodide (FAI) were
purchased from Lumtec.

The starting material, titanium isopropoxy (TiOPr,)
used for the compact titanium dioxide (TiO,) layer
solution as the electron transfer material was obtained
from Aldrich company. Hollow carrier materials, Spiro-
O-MeTAD and poly(3-hexyl) thiophene (P3HT) were
obtained from Lumtec. In addition, Lithium
bis(trifluoromethanesulfonyl)imide  (Li-TFSI)  was
purchased from Lumtec and 4-t-butyl pyridine (4-TBP)
was purchased from Aldrich companies. Contact
material silver, locally sourced. Zinc (Zn) powder and
hydrochloric acid (HCI) used for etching the FTO from
the glass substrate surface were obtained from VWR
companies. Solvents used in the experiments were
purchased from different companies: hexane from
Fisher, isopropyl alcohol (IPA), acetone and
chlorobenzene from Sigma-Aldrich, acetonitrile from
Riedel, dimethyl sulfoxide (DMSO) from Merck, and
dimethylformamide (DMF) from Sigma. Pure water, on
the other hand, was used from the GFL brand ultrapure
water device within the institute.
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2.2 Device preparation

FTO glasses were used as both the substrate and the
anode of the solar cell. In accordance with the geometry
of the solar cell, one side of the FTO (~1.2 cm wide)
was etched. The process was carried out by applying
zinc (Zn) powder and 4 M HCI (hydrochloric) acid
solution to the FTO. Afterwards, purified water,
acetone, and isopropyl alcohol (IPA) were used for
cleaning, respectively. The glasses were placed on the
glass cleaning rack and sonicated in an ultrasonic bath
for 5 minutes in those solvents. In the final stage of the
cleaning process, substrates were dried with a nitrogen
gun and exposed to oxygen plasma for 7 minutes to get
rid of organic impurities on the surface and activate the
surface. Compact TiO, was used as the electron transfer
layer. The preparation of compact TiO, solution was
carried out in two steps. In the first step, mixtures of
IPA (2.53 ml)-HCI acid (35 pl) and IPA (2.53 ml)-
TiOPr4 (0.369 ml) were placed in two separate vials. A
compact TiO, solution was prepared by adding the
solution containing TiOPr4 to the other solution. The
substrates, whose surfaces were cleaned of organic
residues with oxygen plasma, were coated with compact
TiO,. The coating process was carried out in the spin
coater at 2000 rpm in 20 seconds. Then this layer was
sintered at 460 °C for 1 hour.

Triple cation perovskite was used as the active layer.
During the preparation of triple cation Perovskite
(Cs0.15 FA0.81 MAO.14 Pbl2.53 Br0.45) solution, PbI2
(470 mg), PbBr2 (66 mg), MABr2 (18.81 mg), FAI
(167 mg) and Csl (15 mg) was mixed stoichiometrically
into 1 mL of DMF:DMSO in a 4:1 ratio [2]. During the
coating process of the perovskite active layer, 80 puL of
the mixture was used and the process was carried out at
2000-4000 rpm (10-20 seconds). Washing was
performed with 100 pL of chlorobenzene in the last 10
seconds of the coating process. Finally, in order for the
perovskite active layer to crystallize and get rid of
chlorobenzene (1 hour at 100 °C), annealing was
applied. Spiro-O-MeTAD and P3HT were used as hole
transfer layer for standard devices. The P3HT polymer
was used both as purchased without any pre-treatment
and after it was separated into two fractions as high
molecular weight and low molecular weight by
preparative high-performance liquid chromatography
(P-HPLC) system.

A chlorobenzene solution of Spiro-O-MeTAD (76
mg/ml) was prepared for the films obtained with the
spin coating system. 16 pL of 4-TBP and 30 uL of Li-
TFSI were added to the mixture prepared for doping the
HTM layer. During the Spiro-O-MeTAD coating, 60 pL
of the solution was used for each device and the coating
process was carried out with a program consisting of 20
s rotation at 4000 rpm. For the coating of P3HT HTMs,
solutions of 10 mg/mL in chlorobenzene were prepared
without adding any additives. In these mixtures, 80 pL
was taken for each film, and the coating process was
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carried out at a rotational speed of 2000 rpm for 20 s of
rotation. P3HT coated films were then dried (5 min at
80 °C) [25]. After the HTM layers were coated, silver
(Ag) contacts were coated on the FTO/compact
TiO2/ABX3/HTM structure. By using suitable masks,
evaporation process was carried out with a thermal
evaporation system in a pressure environment of ~
4x10-6 mbar so that contact can be made from both
FTO and HTM. Ag contact thickness was determined as
100 nm. Another hole transfer layer application is the
P3HT nanowire application. P3HT nanowires were
formed by adding KZ and UZ-P3HT materials obtained
from P-HPLC to 10 mg/ml chlorobenzene: hexane
(ratio: 6:4) solution and then keeping those solutions at
room temperature for 1 h without stirring. The resulting
solutions were filmed with the same coating and drying
process as P3HT mixtures [26].

2.3 Analysis Methods
2.3.1 Characterization of Materials

X-ray diffraction (XRD) technique (Rigaku Ultima IV
multi-mode XRD, Cug,1.54 A) was used for the
structural characterization of the triple cation perovskite
active layer. All XRD analyses were performed using
the CBO (cross-beam-optics) multilayer mirror system
as a monochromator, with tube voltage and current of
40 V and 40 mA, respectively, from 10° to 60° (20)
with 0.5° scanning range and a scanning speed of
2°/min. In addition, atomic force microscope (AFM,
Park AFM NX20) and scanning electron microscope
(SEM, Zeiss VP 300) images were used for the surface
analyses of the obtained perovskite and HTM layers.
AFM analyses were performed using silicon nitride
(Si3Ny) tips smaller than 7 nm in “tapping-mode”.

[111]

+ Perovskit
#FTO

Intensity (a.u.)

10 20 30 40 50 60 70 80 90
20 (Degree)

Figure 1. XRD pattern of triple cation perovskite coated
on FTO glass.

Furthermore, SEM analyses were carried out at an
accelerating voltage of 3 kV and magnification of 25kX
and 100kX.
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2.3.2 Photovoltaic (PV) Performance Analyses

The PV performances of prepared PSC devices were
determined by extracting the current-voltage curves
(scanning speed: 0.1 Vs') under AM 1.5 standard
radiation in an inert atmosphere, and the incident photon
to current conversion efficiency (IPCE) analyses was
taken under monochromatic light (scanning range: 1
nm).

3. Results and Discussion

The perovskite active layer was prepared as reported in
previous studies [2]. The pattern of the XRD analysis
performed for the structural analysis of the perovskite
layer is shown in Figure 1. The characteristic XRD
peaks of triple cation perovskite were observed at ~14°,
24°,31° and 43°. These peaks belong to structures (111),
(003), (123), and (015), respectively, and are in good
agreement with the literature [27]. However, a Pbl, peak
around 12° was observed, albeit in a small amount. In
addition, AFM and SEM analyses were performed to
examine the morphological properties of the prepared
perovskite layers (Figure 2-3).

image in Figure 3(b). These defects would affect the
charge transfer between the active layer and the HTM
layer by increasing the trap states in the same way as
grain boundaries. On the other hand, from the
2um*2pm image obtained by the AFM technique,
which allows us to obtain a three-dimensional (3D)
image of the surface, it is seen that the crystals do not
have a flat surface, unlike the two-dimensional (2D)
SEM image. It has been determined that perovskite
crystals are located on the film as mounds with sharp or
pointed peaks. In contrast to the SEM image, the
presence of smaller crystals was detected by the AFM
image. Due to the determined morphology of the
perovskite, the small molecular size of the HTM
material and its amorphous state in the film phase
increase the contact points at the perovskite/HTM
interface and initiate charge transfer at the interface
[28]. The absorption spectrum of the perovskite film is
in the range of 300-750 nm (Figure 4.). In other words,
it covers almost the entire visible region. In addition, the
absorption band of P3HT in the solution
(chlorobenzene) phase is in the range of 300-550nm
(Amax=453nm) and that of Spiro-O-MeTAD is in the
range of 360-420nm (A,,x=389nm).

Figure 2. (a) 50um and (b) Sum AFM images of triple
cation perovskite thin film.

In perovskite crystals, the grain boundaries of the
crystal particles are act as trap states for charges [28].
Therefore, small particle sizes or wide intersection
distances cause ascending of charge trap levels and
descending in current density in device applications. It
has been reported in many publications that annealing of
perovskite thin films at 100 °C for 1 hour provides
optimized crystal structure [29]. In both SEM and AFM
images, it is observed that the size of the crystal
domains is close to each other, indicating a
homogeneous crystal growth on the compact TiO, layer.
Furthermore, as can be seen from the 50um*50um
AFM image in Figure 2(a), the distance between the
deepest point and the highest point on the film is 100
nm, and this roughness is homogeneously distributed on
the surface. A similar situation exists in the 25k X SEM
image in Figure 3(a). The sizes of the crystal particles
and the distances between the particles show a regular
distribution throughout the thin film and support the
AFM image. However, crystal defects marked with red
rings are observed, especially in the 100.00KX SEM
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Figure 3. (a) 25kX and (b) 100kX SEM images of triple
cation perovskite thin film.
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Figure 4. Absorption spectra of perovskit and HTM
materials.
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Figure 5. AFM images of different HTLs. Here (a) 50um and (b) Sum Spiro-O-MeTAD, (¢) 50um and (d) Spm
P3HT, (e) 50um and (f) Spum UZ- P3HT, (g) 50 um and (h) 5 pm UZ-P3HT nanowire, (i) 50 um and (j) 5 pm KZ-

P3HT, (k) 50pm and (1) Sum KZ-P3HT nanowire.

Separation of P3HT into low and high molecular
weights did not cause differences in the maximum
wavelengths (M) in the absorption spectra. This is an
expected situation. Because after the critical chain
length is exceeded, the optical properties of
semiconductor polymers do not show any change in the
solution phase in the absence of any stereochemical
differences (such as regioregular-regiorandom). This is
because the resulting physical properties become
ineffective as the chain length increases, as the
intermolecular interactions in the solution phase are
almost non-existent. However, in the solid phase, since
the chain length change of the polymers leads to
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changes in the morphology of the thin films, it also
directly affects the charge transfer processes. Thin-film
morphology directly influences charge transport and
interfacial charge transfer processes [24].

The structural properties and stereochemistry of the
molecules used in the HTM layer are also factors that
directly affect the morphology of the film. For these
reasons, film morphologies were investigated by AFM
analysis in order to determine the physical changes that
appeared by the changes in the polymer chain length. In
Figure 5, AFM images of bare P3HT, long-chain P3HT
(UZ-P3HT) and short-chain P3HT (KZ-P3HT) films
coated on perovskite layer are presented together with
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that of Spiro-O-MeTAD. As can be understood from the
AFM images, it is observed that the HTMs are in an
amorphous structure. However, it can be claimed that
nanowires have a more regular morphology. After the
P3HT polymer is dissolved in its solvent
(chlorobenzene), a weak solvent (hexane) is added to it.
The weak solvent interacts with the alkyl chains of
P3HT after the addition, reducing the vibrational motion
of the chains and allowing m-orbitals of neighbouring
polymers to overlap with its own m-orbitals. After that,
n-n stacking takes place along the entire chain and
forms the nanowire structure [24].

Table 1 Morphology properties of HTM thin films.

RMS Avarage Areal
HTL roughness height Avarage
(nm) (nm) roughness
(nm)
Spiro-O-
MeTAD 8.09 59.91 6.60
P3HT 10.62 79.77 8.50
KZ-P3HT 57.35 541.88 42.99
KZP3HT 13.64 126.89 10.74
Nano wire
UZ-P3HT 72.60 222.20 64.20
UZP3HT - 45 74.08 7.62
Nano wire

Although nanowire formation causes a redshift in the
absorption spectrum, its more dominant effect in device
applications is due to the film morphology. According
to the performance parameters in Table 2, the device
with the highest efficiency is Spiro-O-MeTAD.
However, no doping was applied to he P3HT layers and
an efficiency of 5.99% was obtained. In the literature, it
has been stated that relatively higher efficiency is
obtained from the devices for polymeric HTMs when
the polydispersity is low and the chain length is high
[23]. However, contrary to the literature, in this study,
KZ-P3HT with low molecular weight showed higher
performance thanks to its morphological features. As
seen in Figure 5, the AFM image of KZ-P3HT is
distinctly different from other images with the nano-
spots on it, while it is almost the same for all other films
obtained with P3HT in 50pm images. In the Sum
images taken for further examination, it is observed that
the KZ-P3HT chains form films in heaps, and also, due
to the short-chain size, the ends of some chains are seen
to protrude out of the stacks and form fringes. It is
possible for this structure to improve the
perovskite/HTM interface by penetrating into the crystal
defects on the perovskite surface like the Spiro-O-
MeTAD structure. Thus, the charge transfer increases
and also the short-circuit currents obtained from the
device containing the KZ-P3HT HTM increase (Table
2).
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Figure 6. I-V curves of PSC devices with various HTM
materials.

In order to examine the morphology of the films coated
with nanowires of UZ-P3HT and KZ-P3HT polymers,
Sum and 50 pum AFM images were taken. It is observed
that narrower peaks are formed as a result of the
transformation of the UZ-P3HT structure into
nanowires. Looking at the 5 pm images, it is seen that
the islets on the surface of the UZ-P3HT film have
turned into smaller and more prominent indentations
and protrusions, while the RMS roughness has
decreased (Table 1). It is thought that the increase in the
short-circuit current and filling factor in the devices
produced with UZ-P3HT nanowires is due to the
mentioned changes in the nanowire morphology. While
the nanowires forming the HTM layer increase the
amount of contact at the perovskite-HTM interface, on
the other hand, the charge transport within the HTM
layer increases thanks to the nano-wire structure [24].
The same situation could not be observed in the
transition of KZ-P3HT to the nanowire structure. As
seen from the AFM images, because of KZ-P3HT's
transition to the nanowire structure, the fringed
structures on the film disappeared and the morphology
became completely the same as the other P3HT
structures. As a result, device efficiency has decreased
to the level of device efficiency based on P3HT and UZ-
P3HT.

PV performance tests were carried out under AM 1.5 G,
with the devices created as specified in the device
fabrication section. Before the PV performance analysis,
the light intensity of the simulator was calibrated with a
silicon solar cell with an area of 4 cm’. The resulting J-
V graphs are exhibited in Figure 6 and the performance
parameters are summarized in Table 2. Among the
devices prepared after annealing the perovskite active
layer at 100 °C, a power conversion efficiency of 8.69%
was obtained with the standard Spiro-O-MeTAD, while
a power conversion efficiency of 5.99% was obtained
with the standard P3HT.
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When the PV performances of UZ and KZ P3HT based
devices are evaluated, it is noticed that KZ-P3HT
exhibits higher power conversion efficiency (PCE)
(7.74%) than P3HT. As indicated in the AFM results, in
contrast to P3HT and UZ-P3HT, the fringed structure of
KZ-P3HT in the film phase increases the contact points
at the perovskite/HTM interface, thereby reducing trap
levels.

Table 2. PV performances of PSC devices with various

HTMs.

J SCMAX) Voc FF PCE
HTL (mAem™)  axy (MAX) (MAX)

(mV) (%)

Spiro-
OMeTAD 27.51 950 0.33 8.69
P3HT 18.11 850 0.39 5.99
KZ-P3HT 19.35 650 0.66 7.74
KZ-P3I.-IT 10.94 820 0.62 5.81
Nanowire
UZ-P3HT 10.70 800 0.31 2.68
UZ-P3HT 5 45 870 0.42 5.51
Nanowire

The relatively higher fill factor (FF) and short-circuit
current (Isc) observed in electrical measurements are
proof of this result. On the other hand, the PCE of the
device in which UZ-P3HT is used as HTM is far below
P3HT. The main reasons for the 2.68% efficiency
obtained from the KZ-P3HT are its low short-circuit
current (Isc) and fill factor (FF). This result shows that
electron-hole pairs (exciton) formed in the perovskite
layer are highly recombined (recombined) without
dissociation at the perovskite/HTM interface. If we look
at the PSC applications of nanowire structures of UZ
and KZ P3HTs, it is seen that both structures present
PCE values close to each other. As observed in the
AFM images, both nanowire thin films have the same
morphologies. In this case, due to the decrease in the
contact points of the KZ-P3HT nanowire at the
perovskite/HTM interface, a significant decrease in Isc
occurred.

4. Conclusion

As a result, the effects of chain length-dependent
morphology changes of P3HT, which is used as an
alternative to Spiro-O-MeTAD in PSC devices, on PCE
were determined comparatively. The PCEs of Spiro-O-
MeTAD and P3HT-based devices were 8.69% and
5.99%, respectively, while the PCEs of KZ-P3HT and
UZ-P3HT-based devices were 7.74% and 2.68%,
respectively. In particular, it is thought that the fringed
structure of KZ-P3HT, determined by AFM images,
increases the amount of contact by penetrating the
boundaries between the crystal particles observed on the
perovskite surface, thus improving the perovskite/HTM
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interface. Thus, it is understood from the increase of Igc
in the J-V characteristic of the device that higher charge
transfer is provided than the standard P3HT. In addition,
the effects of P3HT nanowire structures on device
performances were also revealed through morphology
and interface properties. In devices prepared with
nanowires of UZ-P3HT, PCE increased from 2.68% to
5.51%. This is thought to be due to the increased charge
transfer on the HTM layer via more ordered aggregation
of the P3HT chains. In particular, the increase in Isc and
FF values indicates an increase in charge transfer.
Contrary to UZ-P3HT nanowires, the efficiency of
devices containing KZ-P3HT nanowires decreased by
5.81%. In AFM images, it was observed that the fringed
structure of KZ-P3HT disappeared after conversion to
nanowire. For this reason, it was concluded that the
interfacial interactions decreased and thus the efficiency
decreased.
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