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Interstitial Oxygen Acts as Electronic Buffer Stabilizing
High-Entropy Alloys for Trifunctional Electrocatalysis

Xiaoxiao Zou, Xinyu Zhao, Bohuai Pang, Hang Ma, Kun Zeng, Songsong Zhi,*
and Hong Guo*

Understanding the effect of elements’ oxygen affinity is essential for
comprehending high-entropy alloys’ (HEAs) complete properties. However,
the origin of HEAs’ oxygen-containing structure and stability remains poorly
understood, primarily due to their diverse components, hindering synthesis
and analysis. Herein, the O-doping HEAs (HEA-O) have demonstrated
outstanding performance and stability in electrolyzed water and Zinc–air
batteries which can be reassembled after being stable for more than 1600 h
when the zinc consumption is over. The experiment and DFT simulation
demonstrate that Cr with strong oxygen affinity can introduce more oxygen
into the system of HEAs. Consequently, interstitial oxygens act as electronic
buffers making the binding energy of other metal elements move to a higher
level. Additionally, O-doping lowers the d-band center promoting
electrochemical activity and increasing vacancy formation energies of metal
active sites leading to super stability. The study provides significant insights
into the design and comprehension of interstitial oxygen-doped HEAs.

1. Introduction

High-entropy alloys (HEAs) showing strong benefits in electro-
catalysis are candidates for industrial applications with high ac-
tivity and enhanced durability due to their significant virtues.[1–5]
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Most recently, interstitial O-doping pene-
trating the lattice gap improved the ten-
sile strength and plasticity of HEAs signif-
icantly, providing a fresh understanding of
interstitial oxygen reinforcement.[6] The in-
terstitial oxygen does not occupy the lat-
tice sites, resulting in the original struc-
ture of HEAs, which maintains its excellent
characteristics. Additionally, understanding
the role of interstitial oxygen doping is
essential for comprehending HEAs’ com-
plete properties.[7,8] However, it is difficult
to pay attention to interstitial oxygen doping
because of the complex composition and
synthesis of HEAs, especially the effect of
strong oxygen-affinity elements on intersti-
tial oxygen doping in HEAs is less reported.

The reasons for interstitial oxygen in-
corporation being inevitable yet often over-
looked are as follows: First, common meth-
ods used to mitigate ineffective oxidation

are through ultrahigh vacuum or protective gas atmosphere due
to oxygen being omnipresent, but perfection rarely attainable.
Second, oxygen has small atomic radii that easily infiltrate the
lattice in interstitial doping, resulting in an interstitial solid so-
lution and not easily detected. Third, clean materials are prone
to oxygen functional group adsorption on the surface upon expo-
sure to air, leading to oxygen error in instrument analysis.[6,9–11]

Consequently, most work has focused on the change in active
sites brought about by HEAs’ element type shifts and superior
performance by its high-entropy effects, especially in the field of
electrocatalysis,[12,13] with minimal attention paid to the presence
of oxygen in the HEAs system.

Herein, we ingeniously integrate a unique self-supporting tri-
functional catalytic electrode with Cr, Mn, Fe, Ni, and Pt HEAs
nanoparticles (HEA-O) as Scheme 1. The Cr with strong oxygen-
affinity makes more oxygen atoms acting as electronic buffers
in HEAs resulting in the binding energy of each element mov-
ing higher than MnFeNiPt. Furthermore, X-ray absorption fine
structure (XAFS) characterization and density functional theo-
ries (DFT) simulation findings demonstrate Cr’s superior ability
to bond and engage oxygen, making it an ideal candidate for sta-
ble O-doped HEAs. Electrons of the HEA-O metal atoms are re-
distributed due to varying degrees of migration to the O atom and
providing vacant orbitals. Therefore, the inclusion of O-doping
contributes to lowering the d-band center and promoting elec-
trochemical activity. In addition, O-doping increased vacancy for-
mation energies of metal active sites for HEA-O, which has the
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Scheme 1. Schematic illustration of the synthesis process and mechanism of HEA-O.

potential to enhance stability by reducing element leaching mi-
gration. Finally, all of these make HEA-O have excellent proper-
ties and enhanced stability of oxygen evolution (OER), hydrogen
evolution (HER), and oxygen reduction (ORR) reactions under
alkaline conditions, which has demonstrated outstanding perfor-
mance and stability in electrolyzed water and Zinc–air batteries
(ZABs). Thus, the results of the work prove that the introduction
of pro-oxy elements into HEAs resulted in interstitial O-doping.
As O atoms possess strong electronegativity, their introduction
can act as an electronic buffer, enabling the redistribution of
charges in the HEAs system, reinforcing bonding between ad-
jacent elements, and realizing interstitial solid solution strength-
ening. The study provides significant insights into the design and
comprehension of interstitial oxygen-doped HEAs.

2. Results and Discussion

As shown in Scheme 1, the carbon cloth (CC) was pretreated
by the joule heating to surface enrichment with oxygen-bearing
functional groups elevating salt dispersion, and then the joule-
treated CC(JCC) was immersed in various chloride solutions, af-

ter drying, the JCC was subjected to joule heat treatment under
protective gas, a self-supporting electrode loaded with HEA-O on
CC was obtained. Figure S1 (Supporting Information) compar-
ison of scanning electron microscope (SEM) of different mag-
nification and contact angle measurements of CC under differ-
ent treatment conditions shows that the CC pretreated by the
Joule method has stronger hydrophilicity than the CC pretreated
by strong acid.[14] Figure S2a (Supporting Information) shows
the four-probe resistance test of CC under different treatment
conditions. It can be seen that the CC pretreated by strong acid
and joule method has no direct effect on the electrical conduc-
tivity of CC, but still maintains good electrical conductivity. The
ID(defect)/IG(graphite) value of the Raman in Figure S2b (Support-
ing Information) also shows that the JCC has more defects than
the strong acid-treated CC, demonstrating that the joule heating
method is faster and safer than the strong acid pretreatment.

Figure 1a is a spherical aberration-corrected transmission
electron microscopy(AC-TEM) image and corresponding geo-
metric phase analysis (GPA) of HEA-O particles, which shows
both shear strain and axial strain (compression strain or ten-
sile strain) occur in HEA-O.[15,16] Figure 1b of energy dispersive
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Figure 1. a) AC-STEM image of HEA-O and corresponding GPA images, and b) EDS maps of Cr, Mn, Fe, Ni, and Pt, c) XRD of CC, JCC, and HEA-O, d)
HRTEM images (insert FFT patterns of the relevant parts), and e) EDS mapping of C, O, Cr, Mn, Fe, Ni, and Pt, f) the image of HEA-O under a Raman
microscope (the right diagram shows the Raman spectra of the points labeled 1–4 and g) Diagram of the model structure for HEA-O.

spectroscopy (EDS) shows that the HEA-O nanoparticles are
evenly formed by Cr, Mn, Fe, Ni, and Pt. Figure 1c shows the X-ray
diffraction (XRD) of CC, JCC, and HEA-O. It can be seen that the
HEA-O has an obvious Face Center Cubic (FCC) structure peak
and is a single-phase solid solution. Figure 1d shows a higher
magnification transmission electron microscope (TEM) image of
HEA-O, inset with a Fast Fourier transform (FFT) dot image of
the corresponding portion, and the lattice spacing (0.23 nm) is
the same as Figure 1a. These results are consistent with the XRD

results indicating the HEAs structure of HEA-O.[17] Figure 1e is
the dark-field EDS of the various elements in a large range, show-
ing that the HEA-O has very little carbon and that the other el-
ements are evenly distributed. In addition, O, and Cr elements
have a strong association. Figure 1f the image of HEA-O under a
Raman microscope shows a relatively compact reflective surface,
the inset shows the Raman spectra of the points labeled 1–4, in-
dicating the presence of a small number of oxygen-containing
bonds in HEA-O,[18] which also corresponds to the EDS of O

Adv. Mater. 2024, 2412954 © 2024 Wiley-VCH GmbH2412954 (3 of 10)

 15214095, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/adm

a.202412954 by Shanxi U
niversity, W

iley O
nline L

ibrary on [29/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.advancedsciencenews.com
http://www.advmat.de
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Fadma.202412954&mode=


www.advancedsciencenews.com www.advmat.de

Figure 2. a) EELS spectrum for Cr and b) XAS spectra and corresponding derivative curves for Cr K-edge, c) FT-EXAFS spectra d–f) wavelet transform of
Cr-foil, HEA-O, and Cr2O3. g)COHP analysis for Cr-O, Mn-O, and Fe─O of the HEA-O Molde h) The bulk structure of HEA-O is colored by atom charge
(negative charge is colored in blue and positive charge is colored in red).

species. It is inferred that the introduction of Cr causes O to enter
into the lattice gap of HEAs. Therefore, 100 random theoretical
structures of HEA were generated and the most thermodynam-
ically stable model was selected for doping with O atom as the
structure of HEA-O to DFT simulation. (Figure 1g; Figures S12
and S13, Supporting Information).

To gain a better understanding of the changes in the local elec-
tronic structure and coordination environment of Cr atoms in
highly heterogeneous elements in HEAs, electron energy loss
spectroscopy (EELS) and synchrotron radiation XAFS of HEA-
O were measured.[19] As can be seen from the EELS spectra
(Figure 2a) of different parts of HEA-O particles, the peaks of
Cr L3, and Cr L2 move toward the high-energy direction closer
to the particle edge, indicating the appearance of more external
oxidation states. Figure 2b shows the fine XAS of Cr-foil, HEA-
O, and Cr2O3, it can be seen that Cr in HEA-O has a different

absorption spectrum from that of Cr-foil and Cr2O3, but has a
strong similarity to Cr-foil.[20] Figure 2c shows the contrast R-
space information and map of wavelet transform based on Mor-
let wavelet signal (Figure 2d–f) is extended obtained by Fourier
transform X-ray absorption fine structure (FT-EXAFS), indicat-
ing the presence of both Cr─Cr and Cr─O bonds.[21] From the
above results of EELS and XAS, it can be concluded that Cr with
strong oxygen affinity will bring O atoms into the HEAs system.
Furthermore, we employed crystal orbital Hamiltonian popula-
tions (COHP) to investigate the interaction of metal-O (M─O)
bonds in HEA-O by DFT simulation in Figure 2g. The result re-
vealed that hybridized electrons occupy predominantly bonding
orbitals, indicating the formation of stable interstitial HEAs. Ad-
ditionally, negative integrated COHP (ICOHP) values signify a
stronger Cr─O (−1.26458) bond than Mn─O (−1.03434) or Fe─O
(−0.69285).[22,23] The diagram in Figure 2h exemplifies O’s potent
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Figure 3. XPS analysis a) O1s spectrum of CC, JCC, and HEA-O, b) Cr 2p spectrum of HEA-O. c)Mn 2p spectrum, d)Fe 2p spectrum, e)Ni 2p spectrum,
and f) Pt 4f spectrum of HEA-O and MnFeNiPt. g,h) LDOS for O atoms near differing site elements in the model of HEA and HEA-O. i) the d-band
center of HEA and HEA-O, and inset featuring a model diagram with the value of bond length.

electron donor capacity. As we can see, the electron migration
from the six first shell metal atoms induce charge redistribution
and creates vacant orbitals at metallic sites for additional elec-
trons within the octahedron. This change in the electronic state
suggested that the introduction of Cr has led to electronically
strong interactions with electron transfer between O and first-
shell metal.

Figure 3a shows the X-ray photoelectron spectroscopy (XPS)
fine spectra of O1s in CC, JCC, and HEA-O, respectively. The re-
sults demonstrate a significantly enhanced M─O bond energy in
HEA-O compared to CC and JCC.[24] From the peak-splitting re-
sults in Figure 3b–f, it can be shown that each element will have

the corresponding oxidation valence state because XPS is a sur-
face test, this phenomenon is quite common corresponding to
the previous results.[25,26] In addition, we compared the peak po-
sition shift of the samples without adding Cr. We can see that
the metal valence states of Mn, Fe, and Ni in HEA-O move to-
ward high binding energy after adding Cr, which means the loss
of electrons.[27] For Pt, the peak strength of the directly oxidized
state is higher than the peak strength of the metallic state, further
indicating that the binding energy moves toward the higher bind-
ing energy. This indicated that Cr can bring Oxygen to the HEAs
and affect the electronic structure of the nanoparticles. Because
the intrinsic activity of the catalyst is related to the change of the
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Figure 4. a–c) HER, OER and ORR polarization LSV curves, d) Tafel plots and Ej = 100 in HER, e) Tafel plots and Ej = 100 in OER, and f) Tafel plots and
onset potential for HEA-O and commercial catalyst, g– i) in situ infrared 2D contour image for the HER, OER and ORR.

d-band center caused by the change of its electronic structure
to a great extent. Subsequently, the local density of state (LDOS)
changes before and after doping O was calculated. Obvious from
Figure 3g,h, HEA-O’s d-band center significantly drops, signify-
ing weak bonding with the reaction intermediate, facilitating the
desorption and mass transfer of these intermediates for boosted
catalytic activity.[28] Figure 3i illustrations depict the Cr─O (1.887
Å) bond possessing the shortest length, lower than Mn─O (1.971
Å) and Fe─O (1.974 Å) average bond lengths. The experimental
characterization and theoretical evidence reiterate Cr’s superior
affinity for oxygen and its bonding potential. Consequently, the
incorporation of Cr positively influences O-doped interstitial sta-
bility within HEAs systems.

To gain a better understanding of the performance of the dif-
ferent element combinations of the self-supporting electrode pre-

pared by this method. As shown in Figure 4a–c are the polar-
ization curves by linear scanning voltammetry (LSV) of HEA-O
self-supporting electrode and commercial catalyst in 1 m KOH in
HER, OER, and ORR, respectively.[29] It can be seen that the HEA-
O self-supporting electrode has good performance and strong
cyclic stability. Figure 4d shows a potential value of 100 mA cm−2

and a Tafel slope value for the pre-and post-cyclic current density
of HEA-O and commercial Pt/C during HER, further demon-
strating the good cyclic stability of HEA-O. Figure 4e shows
a potential value and a Tafel slope value of 100 mA cm−2 for
both HEA-O and commercial RuO2 before and after cycling
in the OER potential, again illustrating the superior OER per-
formance of HEA-O over commercial RuO2. Figure 4f shows
the pre-and post-cyclic onset potential and Tafel slope values of
HEA-O and commercial Pt/C during ORR, illustrating the good
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cyclic stability of HEA-O in ORR. At the same time, the per-
formance of HER, OER, and ORR of self-supporting electrodes
of four metals and three metal combinations is compared in
Figure S8a–f (Supporting Information), it is further proved that
the high-entropy combination of HEA-O can bring the best
trifunctional performance. Mass transfer is an important fac-
tor that should be considered when designing electrocatalysts.
Figure S8g (Supporting Information) shows the electrochemi-
cal impedance spectroscopy (EIS) measurements of the different
electrodes showing that the prepared HEA-O electrode has a min-
imum charge transfer resistance, speeding up the slow chemi-
cal kinetics step, the important role of self-supporting in the cat-
alytic process is further explained. Figures S9a–c (Supporting In-
formation) are the CV curves tested for the non-faraday region
of the different electrodes, and Figure S9d (Supporting Infor-
mation) is the contrast value of the ECSA calculated from the
above double-layer capacitance (Cdl, Cdl was the slope to reveal
ECSA) from the calculated values in the figures, it can be seen
that commercial Pt/C has the largest ECSA and RuO2 has the
smallest ECSA. From this result, it can be compared that HEA-O
has higher catalytic activity although ECSA is smaller than Pt/C,
which shows that the catalytic activity of HEA-O is higher per unit
area.

To monitor the generation of intermediates in different re-
action processes under primary reaction conditions and to fur-
ther understand the catalytic process mechanism of the high-
entropy self-supporting electrode, Figure 4g–i are counter graphs
of in situ infrared signals of HEA-O self-supporting in HER,
OER, and ORR reaction regions.[30] Figure 4g, for the HER, the
H2O peaks at 3000–4000− and 1600–1800 cm−1 became weaker
when the potential decreased, and stronger when the potential
increased, the results show that the water consumption process
in alkaline.[31] At 1290 cm−1, the strong peaks were also cap-
tured, which further indicated that the HER process in an al-
kaline environment was a weak bonding peak of dissociation
and collision with water.[32] The complementary changes of ORR
and OER can be seen in Figures 4h,i, which confirm the re-
verse process of the two reactions. The H2O peaks at 3000–
4000− and 1600–1800 cm−1 in the ORR reaction range were
the weakening mode, which indicated that the alkaline ORR
was a process of water consumption. With the oxygen reduc-
tion process, a small peak appeared at 1280 cm−1, which was
classified as *OOH.[33] For the OER reaction range, the peak
height of H2O at 3000-4000− and 1600–1800 cm−1 increased
significantly, which indicated the formation of surface water
in the alkaline OER process, the enhancement of *OOH peak
was also observed at 1111–1250 cm−1. The different peak posi-
tions of *OOH in the two reaction processes also indicated the
opposite process of ORR and OER, the bond length becomes
shorter to generate O2, while the OER peak moves to a lower
wavenumber, and the bond length becomes longer, causing O2
bonds to open and consume O2. The above changes were ob-
served by the in situ infrared experiment under the condition
of simulating the in situ conditions, which reflected the forma-
tion and consumption of substances in the three reactions more
truly.

To investigate the origin of HEA-O’s stability, we initially ana-
lyzed its electronic structure’s impact on stability.[34] As shown in
Figure 5a, the electronic localization function (ELF) before and af-

ter O-doping was compared to assess the effect of this doping on
HEAs systems. This analysis revealed enhanced electron local-
ization around the O dopant, inducing varying degrees of elec-
tron density alterations in adjacent elements. According to the
calculated results, the charge density tends to accumulate around
the O-doping sites in HEA-O. Furthermore, vacancy formation
energy (Evacancy) emerges as a powerful indicator of system sta-
bility due to element dissolution capacity being a determinant
of material stability. The Evacancy for various sites before and af-
ter O-doping – clearly shows that HEA-O boasts higher Evacancy
than HEA does, reinforcing the structural robustness of HEA-O
(Figure 5b).

We finally verified the stability of HEA-O on a device through
experimentation. As shown in Figure 5c by comparing the
LSV of the assembled water electrolysis device, it can be seen
that HEA-O is superior to the commercial catalyst and main-
tains good stability. Figure 5d shows the performance of HEA-
O during the long cycle of electrolyzing water. It can be seen
that HEA-O performs better when the cathode and anode are
exchanged and remain stable after a while, stable electrolytic
potential was maintained over 20 days. Figure 5e shows that
the assembled liquid ZABs show that HEA-O can maintain
good charge–discharge performance after cycling for 1600 h,
and ΔE is almost always maintained at 0.72 V, Figure S10b
(Supporting Information) is a cyclic test of HEA-O assem-
bled liquid ZAB at 10 mA cm−2, showing that its ΔE is
maintained at ≈0.86 V and is stable. At the end of the cy-
cle, replace the zinc with a new one, as shown in Figure
S10c (Supporting Information), the ZABs of the secondary
cycle can still maintain a certain degree of cycling stabil-
ity. The solid-state ZABs were then assembled, as shown in
Figure 5f, also showing that HEA-O has good cyclic stabil-
ity after 33 h of solid electrolyte breakdown, the cathode elec-
trode can be reassembled into a solid-state ZABs as shown in
Figure S10d (Supporting Information), and the cycle perfor-
mance can still be maintained. From the above cycle test re-
sults, it can be seen that the HEA-O self-supporting electrode
has excellent cycle stability, which is due to the strong stabil-
ity of high-entropy and the characteristics of a self-supporting
process.

To further understand the source of the stability of HEA-O,
XRD tests were carried out on the electrodes after different cat-
alysts as shown in Figure S11a (Supporting Information), after
each catalytic reaction, the FCC peak of HEA-O became narrower,
which indicated that the particle size of HEA-O became larger
after recycling.[35] The electrode was then sonicated and the ma-
terial was tested by TEM, as shown in Figure S11b (Supporting
Information). The high-entropy particles were tightly coated with
carbon, and some of the particles became larger, this corresponds
to the XRD results after cycling. Figure S11c (Supporting Infor-
mation) is an EDS test of the post-cycling sample, which fur-
ther reveals the carbon layer signal, indicating that the carbon
is tightly packed with HEAs after the catalytic cycling and that
the various elements in the particles are remarkably evenly dis-
tributed, you can see that the particles are getting larger. From
the test results of the above cycles, it can be concluded that the
self-supporting high-entropy electrode made by this method can
bond more firmly with the carbon carrier after a long cycle, the
method makes the active material not easy to fall off.
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Figure 5. a) ELF for HEA and HEA-O, b) Vacancy formation energy (Evacancy) for different sites of HEA and HEA-O c)Polarization curves for water
splitting, and (d)water splitting stability test of HEA-O and (-) Pt/C||RuO2(+). Discharge–charge cycling curves of the e) liquid ZAB and f) solid ZAB for
HEA-O and Pt/C+ RuO2.

3. Conclusion

In this thesis, the self-supporting HEA-O synthesized by the
rapid joule heating method has good versatility and can be re-
peatedly and stably utilized in water electrolysis and ZABs de-
vices. From the experimental and theoretical calculations results,
it can be seen that the Cr element with strong oxygen affinity
can introduce oxygen atoms into the HEAs system. Interstitial

oxygen acts as an electronic buffer making the binding energy
of other metal elements move to a higher level and lower the d-
band center position. Therefore, the electronic structure of each
element is changed comprehensively, and the stability of the sys-
tem is enhanced. This study exhibits that new insight into the
elements with strong oxygen-affinity for O-doping in the HEAs
system have vital effects, and introduce practical ideas for HEAs’
application in electrocatalysis.
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4. Experimental Section
The Preparation of HEA-O and Other Samples: CC was ultrasonic

washed with deionized water before use and then ultrasonic washed in
ethanol. After drying, CC was cut to a size of 2 × 3 cm−1, CC is electrified in
a fast mode, and the surface of the electrified CC becomes hydrophilic. The
model of Joule heating equipment was CIS-JH3.3-P (In situ High-tech).
The Joule heat-treated CC (JCC) in the air was cut to a size of 1 × 3 cm−1,
the JCC was then placed in an ethanol solution of 0.1 m of CrCl2·6H2O,
MnCl2·4H2O, FeCl3, and NiCl2, and 0.05 m PtCl2 (Since Pt has a much
lower vapor pressure compared to others and JCC having a small specific
surface area and reacting on the surface), soaked for 1 min to remove and
dry. The Joule heat-treated CC was cut to a size of 1 × 1.5 cm−1 (the mass
had been weighed) and then placed between folded carbon paper, which
was sandwiched on either side of the graphite electrode, then, using a
pulse mode (One 40V 400A and 4 ms pulse), in a protected atmosphere,
a pulse was generated to obtain a high-entropy nanoparticle-loaded CC.
After washing and drying, the weight minus the mass of the treated CC
was the mass of the nanoparticles loaded on it (≈1 mg).

Strong Acid Pretreated CC: 2 g CC was added to the mixed solution
of 10 mL concentrated nitric acid and 30 mL concentrated sulfuric acid,
stirred at room temperature for 2 h, then slowly added deionized water to
the total volume of 120 mL while stirring, the CC was soaked and washed
with 5% hydrochloric acid. Then CC was soaked and washed with deion-
ized water, and finally soaked and washed with ethanol dried for use.

Theoretical Simulations: The DFT was carried out by using the Vienna
Ab initio Simulation Package.[36] To identify a reasonable geometry, a set
of 100 random geometries was scanned in terms of total energy. After this
screening, the bulk structure with the highest stability was selected for
further optimization. The Perdew–Burke–Ernzerh of generalized-gradient
approximation functional was used to describe the interaction between
electrons.[37] The energy cutoff was set to 500 eV. The Gamma-centered
k-points grid was set to be 3 × 3 × 3 for all the calculations. The conver-
gence threshold for energy and force was set to be less than 10−5 eV and
0.02 eV Å−1. The DFT-D3 method was adopted to evaluate the van der
Waals interaction.[38] Spin polarization was considered in all calculations.
The bonding/antibonding population between the metal and O-doping in
bulk structure was analyzed using the COHP.[39] The atomic structures
were visualized by the VESTA. program.[40] The charge density difference,
LDOS, and d-band center were calculated using the VASPKIT toolkit.[41]

The other experimental sections for characterization, in situ character-
ization, and electrochemical tests are shown in Supporting Information.
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Supporting Information is available from the Wiley Online Library or from
the author.
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