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Structural	  and	  electronic	  properties	  of	  alkali	  metal	  peroxides	  at	  
high	  pressures	  	  

Naihang	  Denga,	  Wenyong	  Wanga,	  Guochun	  Yanga,b*,	  and	  Yongqing	  Qiua*	  

Alkali	  metal	  peroxides	  have	  a	  wide	  range	  of	  industrial	  applications	  (e.g.,	  energy	  storage	  and	  oxygen	  source).	  It	  is	  well	  
known	  that	  pressure	  can	  cause	  profound	  structural	  and	  electronic	  changes,	  leading	  to	  the	  fundamental	  modification	  of	  the	  
physical	  properties.	  Here,	  we	  reported	  the	  structural	  phase	  transition,	  lattice	  dynamics,	  and	  electronic	  property	  of	  alkali	  
metal	  (Li,	  Na,	  K,	  and	  Rb)	  peroxides	  by	  using	  the	  unbiased	  structure	  searching	  techniques	  and	  first-‐principles	  density	  
functional	  calculations	  in	  the	  pressure	  range	  of	  0-‐100	  GPa.	  The	  predicted	  first-‐order	  phase	  transitions	  pressures	  in	  Li2O2,	  
Na2O2,	  K2O2	  and	  Rb2O2	  occur	  at	  ~84,	  28,	  7	  and	  6	  GPa,	  respectively,	  which	  closely	  correlates	  with	  the	  electronegativity	  of	  
alkali	  metals.	  Different	  phase	  transition	  mechanisms	  and	  complex	  phase	  transition	  structures	  have	  been	  observed	  for	  
these	  alkali	  metal	  peroxide	  compounds.	  These	  predicated	  high-‐pressure	  phases	  are	  thermodynamically	  stable	  against	  
decomposition	  into	  alkali	  metal	  oxides	  plus	  O2	  or	  alkali	  metals	  plus	  O2.	  Interesting,	  the	  character	  of	  the	  peroxide	  group	  
(O2

2-‐)	  is	  maintained	  under	  the	  considered	  pressure	  range.	  Phonon	  calculations	  using	  the	  quasiharmonic	  approximation	  
confirm	  that	  these	  structures	  are	  dynamically	  stable.	  The	  band	  gaps	  for	  the	  studied	  alkali	  metal	  peroxides	  increase	  with	  
increasing	  pressure.	  This	  work	  provides	  an	  opportunity	  for	  understanding	  the	  structures	  and	  electron	  properties	  of	  alkali	  
metal	  peroxides	  at	  high	  pressures.

1	  Introduction	  	  	  

Peroxide	   is	   a	   compound	  containing	  an	  oxygen-‐oxygen	   (O-‐O)	   single	  
bond,1	  which	  is	  named	  as	  the	  peroxide	  group	  (O2

2-‐)	  or	  peroxo	  group.	  
The	  oxygen	  atoms	  in	  the	  peroxide	  ion	  have	  an	  oxidation	  state	  of	  −1.	  
In	   general,	   peroxide	   compounds	   can	   be	   divided	   into	   organic	   and	  
inorganic	  ones.	  Most	  of	  the	  inorganic	  peroxides	  have	  an	  ionic,	  salt-‐
like	   character,	   while	   the	   organic	   peroxides	   are	   dominated	   by	   the	  
covalent	   bonds.	   Peroxide	   compounds	   are	   of	   great	   significance	   in	  
diverse	   fields	   such	   as	   chemistry,	   medicine,	   material	   science,	   and	  
energy	  storage.	  For	  example,	  hydrogen	  peroxide	  is	  broadly	  used	  as	  
a	   strong	   oxidizer,	   bleaching	   agent,	   and	   disinfectant.2,	   3	   Calcium	  
peroxide	   (CaO2)	   can	   be	   used	   as	   a	   source	   of	   chemically	   bound	   but	  
easily	   evolved	   oxygen	   in	   fertilisers,	   in	   soil	   remediation,	   and	   for	  
oxygenation	   and	   disinfection	   of	   water.4,	   5	   Lithium	   peroxide	   (Li2O2)	  
acts	  as	  the	  main	  discharge	  product	  in	  the	  Li-‐air	  battery	  with	  greatly	  
high	   energy	   density.6-‐8	   Li2O2	   is	   also	   used	   as	   the	   oxygen	   source	   by	  
reacting	   them	  with	   carbon	  dioxide	   to	  produce	  oxygen	  and	   lithium	  
carbonate.9	  Sodium	  peroxide	   (Na2O2)	  also	   functions	  as	  a	  discharge	  

product	   in	   the	  Na-‐air	  battery	  or	   the	  oxygen	   source.	  Very	   recently,	  
peroxide	  ion	  observed	  in	  ionic	  crystals	  might	  have	  a	  large	  impact	  on	  
a	  range	  of	  industrial	  applications	  including	  solid	  oxide	  fuel	  cells.10,	  11	  

	  	  	  	  It	   is	   well	   known	   that	   pressure	   can	   cause	   profound	   structural	  
change,	  tune	  the	  band	  gap	  or	  induce	  insulator	  or	  semiconductor	  to	  
metal	   phase	   transition.12-‐14	   As	   far	   as	   we	   known,	   the	   electronic	  
structure	  and	  phase	  transition	  of	  alkali	  metal	  peroxides	  under	  high	  
pressure	   have	   not	   been	   investigated.	   Moreover,	   specific	   energy	  
density	  of	  the	  Li-‐air	  or	  Na-‐air	  battery	  greatly	  exceeds	  that	  of	  a	  Li	  ion	  
battery	  and	   is	  aimed	  as	   the	  next-‐generation	  battery.15-‐18	  However,	  
the	  high	  resistance	  of	  Li2O2	  greatly	  limits	  the	  rate	  capacity,	  leads	  to	  
high	  charge	  overpotential,	  and	  obstructs	  the	  rechargeability	  of	  the	  
Li-‐air	   battery.19-‐22	   Up	   to	   now,	   only	   two	   examples	   of	   peroxide	  
compounds	  were	  used	  to	  investigate	  the	  high	  pressure	  behavior	  of	  
peroxide	   group	   (e.g.	   hydrogen	   peroxide	   (H2O2)

23	   and	   calcium	  
peroxide	   (CaO2)

24,25.	   It	   is	   found	   that	   the	   behaviour	   of	   peroxide	  
group	   under	   pressure	   strongly	   correlates	   with	   the	   component	  
element.	  Specifically,	  H2O2	  gradually	  decomposes	  into	  a	  mixture	  of	  
H2O	   and	   O2	   above	   18	   GPa,	   while	   peroxide	   (O2

2-‐)	   and	   electronic	  
insulating	  nature	  in	  CaO2	  can	  be	  kept	  in	  the	  pressure	  range	  of	  0-‐200	  
GPa.	   Thus,	   the	   investigation	   of	   alkali	   metal	   peroxides	   under	   high	  
pressure	  also	  represents	  a	  step	  forward	  toward	  the	  understanding	  
of	  structure	  and	  property	  of	  peroxide	  group.	  

	  	  	  	  In	   this	   work,	   we	   investigated	   the	   high-‐pressure	   phases	   of	   alkali	  
metal	   peroxides	   by	   using	   unbiased	   structure	   searching	   techniques	  
and	   first-‐principles	   density	   functional	   calculations.	   It	   is	   found	   that	  
the	   phase	   transition	   pressures	   and	   structures	   of	   alkali	   metal	  
peroxides	  strongly	  depend	  on	  electronegativity	  of	  alkali	  metals.	  The	  
peroxide	  groups	   for	   the	  studied	  compounds	  are	  maintained	  under	  
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the	  considered	  pressure	  range.	  Increasing	  the	  pressure	  enlarges	  the	  
band	  gaps	  of	  the	  considered	  compounds.	  

2	  Computational	  details 

The	  structural	  optimization	  and	  electron	  property	  calculations	  were	  
performed	  in	  the	  framework	  of	  density	  functional	  theory	  within	  the	  
Perdew–Burke–Ernzerhof	  parameterization26	  as	  implemented	  in	  the	  
VASP	  (Vienna	  ab	  initio	  simulation	  package)	  code.27	  The	  electron-‐ion	  
interaction	  was	  described	  by	  projected-‐augmented-‐wave	  potentials	  
with	   2s1p0,	   3s1p0,	   4s1p0,	   5s1p0	   and	   2s22p4and	   as	   valence	   electrons	  
for	   Li,	   Na,	   K,	   Rb	   and	   O,	   respectively.	   The	   use	   of	   the	   plane-‐wave	  
kinetic	  energy	  cutoff	  of	  600	  eV	  and	  Monkhorst−Pack	  k-‐meshes	  with	  
grid	   spacing	   of	   2π	   ×	   0.015	   Å-‐1	  were	   chosen	   to	   ensure	   that	   all	   the	  
enthalpy	   calculations	   are	   well	   converged	   to	   better	   than	   1	  
meV/atom.	  The	  phonon	  calculations	  were	  performed	  to	  determine	  
the	   dynamical	   stability	   through	   supercell	  method	   as	   implemented	  
in	  the	  PHONOPY	  code.28	  

	  	  To	  search	  for	  the	  possible	  structures	  under	  high	  pressure,	  we	  used	  
the	   unbiased	   structure	   prediction	   method	   based	   on	   a	   particles	  
warm	   optimization	   algorithm	   as	   implemented	   in	   the	   CALYPSO	  
code.29,	  30	   The	  most	   significant	   feature	   of	   this	  methodology	   is	   the	  
capability	   of	   predicting	   the	   stable	   structure	   with	   only	   the	  

knowledge	   of	   the	   chemical	   composition.	   This	   method	   has	   been	  
bench	  marked	  on	  various	  known	  systems,	  ranging	  from	  elements	  to	  
binary	  and	  ternary	  compounds.31-‐35	  We	  perform	  structure	  searching	  
with	  simulation	  cell	  sizes	  of	  1	  -‐	  4	  formula	  units	  at	  pressure	  of	  0,	  25,	  
50,	   and	   100	   GPa,	   respectively.	   The	   structure	   search	   for	   the	  
considered	  compounds	  converged	  (evidenced	  by	  no	  structure	  with	  
the	   lower	   enthalpy	   emerging)	   after	   1000	   ~	   1200	   structures	  
investigated	  (i.e.	  in	  about	  20	  ~	  30	  generations).	  Detailed	  description	  
of	   the	   structural	   predictions	   can	   be	   found	   in	   the	   Supporting	  
Information.	  We	   used	   the	   VESTA	   program	   to	   illustrate	   the	   crystal	  
structures.36	  	  

3	  Results	  and	  discussion	  

Structure	  predictions	  with	  1	   -‐	   4	   formula	  units	   (f.u.)	   per	   simulation	  
cell	   were	   carried	   out	   at	   pressure	   range	   of	   0	   ~	   100	   GPa	   as	  
implemented	  in	  the	  CALYPSO	  code.	  The	  experimental	  structures	  at	  
ambient	   pressure	   were	   all	   successfully	   reproduced,	   validating	   our	  
methodology	  in	  application	  to	  alkali	  metal	  peroxides.	  	  For	  example,	  
experimental	  hexagonal	  structure	  of	  Li2O2	  (space	  group	  P63/mmc,	  2	  
f.u.	  per	  cell)	  was	  successfully	  reproduced.	  Moreover,	  the	  optimized	  
lattice	   parameters	   are	   a	   =	   3.16	   Å	   and	   c	   =	   7.68	   Å,	   respectively,

	  

	  

Fig.	   1	   The	   relative	   enthalpy	   per	   formula	   unit	   as	   a	   function	   of	   pressure	  within	   PBE	   calculations	   at	   T	   =	   0	   K	   for	   the	   studied	   alkali	  metal	  
peroxides.	  (a)	  Li2O2	  with	  respect	  to	  P63/mmc	  structure	  in	  the	  pressure	  range	  of	  0-‐100	  GPa.	  (b)	  Na2O2	  is	  relative	  to	  P-‐62m	  structure	  for	  the	  
pressure	   regime	   between	   0	   and	   50	   GPa.	   (c)	   and	   (d).	   K2O2	   and	   Rb2O2	   with	   respect	   to	   Cmca	   and	   Immm	   structures,	   respectively.	   Other	  
structures	   with	   relative	   lower	   enthalpies	   can	   be	   found	   in	   the	   supporting	   information	   (Fig.	   S2-‐S5.).	  
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which	   are	   in	   excellent	   agreement	  with	   the	   experimental	   values	  of	  
3.14	   and	   7.65	   Å,37	   and	   3.16	   and	   7.69	   Å	   from	   other	   theoretical	  
calculations,21	  giving	  a	  strong	  support	  on	  the	  validity	  of	  our	  adopted	  
pseudopotential	   and	   functional.	   The	   calculated	   enthalpies	   per	  
formula	   unit	   as	   a	   function	   of	   pressure	   were	   shown	   in	   Fig.	   1.	   The	  
specific	  phase	  transition	  structures	  and	  properties	  will	  be	  discussed	  
individually,	  but	   it	   is	  first	  desirable	  to	  make	  general	  description	  for	  
all	  the	  considered	  compounds.	  It	  is	  found	  that	  the	  first-‐order	  phase	  
transitions	  pressures	  have	  been	  found	  for	  Li2O2	  (84	  GPa),	  Na2O2	  (28	  
GPa)	  K2O2	  (7	  GPa)	  and	  Rb2O2	  (6	  GPa),	  respectively,	  which	  decreases	  
with	   decreasing	   the	   electronegativity	   of	   alkali	  metals.	   That	   is,	   the	  
smaller	  electronegativity,	   the	   lower	  phase	   transition	  pressure	   (Fig.	  
S1).	  With	  decreasing	  the	  electronegativity,	  atomic	  nucleus	  gradually	  
weakens	   the	   attractive	  of	   the	  outer	   electrons.	   Thus,	   the	  elements	  
with	   smaller	   electronegativity	   are	   easier	   compressed	   and	   have	  
higher	   compressibility.	   Similar	   trends	   have	   been	   observed	   in	   the	  

IIIA–VA	   compounds38	   and	   alkali	   metal	   hydrides.39,40	   The	   peroxide	  
groups	   for	   all	   considered	   compounds	   are	   maintained	   in	   the	  
pressure	   range	   of	   0-‐100	  GPa.	   In	   addition,	   the	   studied	   compounds	  
upon	  phase	   transition	  exhibit	  complex	  structural	  characters	  as	  will	  
be	   discussed	   later.	   It	   should	   be	   noted	   that	   these	   structures	   are	  
thermodynamically	   stable	   with	   respect	   to	   the	   decomposition	   into	  
alkali	  metal	  oxides	  +	  O2	  or	  alkali	  metals	  +O2	  (Fig.	  1).	  	  	  	  	  	  	  

	  	  	  	  Li2O2	   has	   the	   hexagonal	   structure	   (space	   group	   P63/mmc)	   at	  
ambient	  pressure.	  This	  hexagonal	  phase	  transforms	  to	  a	  monoclinic	  
(space	   group	   P21/c)	   form	   at	   84	   GPa.	   The	   O-‐O	   bond	   length	   in	   the	  
peroxide	  group	   is	  1.45	  Å	  at	  the	  phase	  transition	  pressure,	  which	   is	  
slightly	   shorter	   the	  distance	   (1.55	  Å)	  at	  ambient	  pressure,	  while	   is	  
greatly	  longer	  than	  that	  of	  superoxide	  (1.33	  Å).41	  This	  indicates	  that	  
the	  peroxide	  group	  is	  maintained	  upon	  the	  pressure-‐induced	  phase	  
transition.	   Although	   the	   two	   phases	   have	   the	   same	   Li-‐O

Fig.	  2	  Crystal	  structures	  at	  ambient	  pressure	  (left)	  and	  first-‐order	  phase	  transition	  pressure	  (right).	  (a)	  Li2O2	  in	  P63/mmc	  structure	  at	  0	  GPa.	  
(b)	  Li2O2	   in	  P21/c	  structure	  at	  84GPa.	   (c)	  Na2O2	  in	  P-‐62m	  structure	  at	  0	  GPa.	   (d)	  Na2O2	  in	  Pbam	  structure	  at	  28GPa.	   (e)	  K2O2	   in	  Cmca	  
structure	  at	  0	  GPa.	  (f)	  K2O2	  in	  Pbam	  structure	  at	  7GPa.	  (g)	  Rb2O2	  in	  Immm	  structure	  at	  0	  GPa.	  (h)	  Rb2O2	  in	  C2/m	  structure	  at	  6GPa.	  
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coordination	  number	  of	   six,	   the	  average	   Li-‐O	  distance	  1.809	  Å	   in	  
P21/c	   structure	   is	   greatly	   shortened	   compared	   with	   2.081	   Å	   in	  
P63/mmc	   structure.	   Atomic	   charges	   obtained	   from	   the	   Bader	   or	  
Mulliken	  charge	  analysis	  are	  nearly	  same	  between	  the	  two	  phases	  
(Table	   S1.).	   In	   other	   words,	   there	   is	   little	   effect	   on	   the	   charge	  
distribution	   upon	   this	   phase	   transition.	   As	   a	   consequence,	  
coulomb	  interactions	  are	  strengthened	  in	  the	  high	  pressure	  phase.	  
In	   addition,	   this	   phase	   transition	   reduces	   the	   volume	   by	   ~2.9	   %	  
relative	  to	  the	  P63/mmc	  structure	  (Fig.	  S6),	  which	  also	  lowers	  the	  
enthalpy.	   Based	   above	   analysis,	   this	   phase	   transition	  mechanism	  
can	   attribute	   to	   the	   increase	   of	   coulomb	   interaction	   between	   Li	  
and	  O	  atoms	  and	  the	  decrease	  of	  the	  volume.	  	  

	  

	  

Fig.	  3	  Phonon	  dispersion	  curve	  (blue)	  and	  partial	  phonon	  density	  
of	  states	  (PDOS)	  for	  Li2O2	  (top)	  in	  the	  P21/c	  structure	  and	  Na2O2	  
(bottom)	  in	  the	  Pbam	  structure,	  respectively.	  	  

	  	  	  	  	  Although	  Na2O2	  and	  K2O2	  have	  different	   structures	   (hexagonal	  
and	   tetragonal)	   at	   ambient	   pressure,	   they	   are	   transformed	   to	  

orthogonal	   structures	   (space	   group	   Pbam)	   under	   pressures.	   The	  
distances	   between	   the	   two	  nearest	   oxygen	   atoms	   for	  Na2O2	   and	  
K2O2	  are	  1.510	  and	  1.531	  Å	  at	  phase	  transition	  pressure,	  which	  are	  
comparable	   to	   1.515	   and	   1.525	   Å	   at	   ambient	   pressure,	  
respectively.	   It	   is	   mentioned	   that	   the	   peroxide	   groups	   are	   also	  
maintained	  in	  the	  two	  compounds.	  It	  is	  found	  that	  the	  average	  Na-‐
O	  distance	  2.215	  Å	  in	  orthogonal	  structure	  is	  only	  slightly	  shorter	  
than	   2.226	   Å	   of	   the	   hexagonal	   structure,	   which	   is	   obviously	  
different	   from	   the	   observation	   in	   Li2O2.	   The	   Na-‐O	   coordination	  
number	   is	  changed	  from	  6	  to	  8	  and	  volume	  is	  greatly	  reduced	  by	  
~12.47	  %	   upon	   the	   phase	   transition	   (Fig.	   S6).	   The	   similar	   results	  
can	  be	  found	  in	  K2O2.	  Therefore,	  this	  phase	  transition	  mechanism	  
is	   attributed	   to	   the	   higher	   coordination	   and	   denser	   polyhedral	  
packing.	  	  	  	  	  

For	   the	   Rb2O2,	   tetragonal	   structure	   (Immm)	   is	   transformed	   to	  
monoclinic	   one	   (space	   group	   C2/m)	   at	   6	   GPa.	   Upon	   these	  
transitions,	   the	   O-‐O	   distance	   in	   the	   peroxide	   group	   becomes	  
slightly	  shorter	  than	  that	  of	  ambient	  pressure	  structure,	  but	  is	  still	  
longer	   than	   that	   of	   superoxide	   group.	   The	   Rb-‐O	   coordination	  
number	  is	  changed	  from	  6	  to	  7	  and	  volume	  is	  reduced	  by	  ~7.85	  %	  
upon	   this	  phase	   transition	   (Fig.	   S6).	  Moreover,	   the	  average	  Rb-‐O	  
distance	  is	  comparable	  to	  that	  of	  ambient	  pressure	  structure.	  Thus,	  
this	  phase	  transition	  mechanism	  is	  similar	  to	  that	  of	  Na2O2	  or	  K2O2.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

To	   assess	   the	   dynamic	   stability	   of	   the	   predicted	   phases,	   the	  
quasi-‐harmonic	   model	   was	   adopted	   to	   calculate	   the	   phonon	  
spectra	   using	   the	   supercell	   method.	   No	   imaginary	   phonon	  
frequency	   confirms	   the	   dynamic	   stability	   of	   these	   predicted	  
phases	  (Fig.	  3	  and	  Fig.	  S7).	  For	  the	  Li2O2	  in	  the	  P21/c	  structure,	  the	  
motion	   of	   the	   O	   ions	  mainly	   dominates	   the	   vibrational	   states	   in	  
the	  high	  and	  low	  frequency	  regimes,	  while	  the	  coupling	  Li-‐O	  paris	  
in	  the	  lattices	  contributes	  to	  the	  middle	  frequency	  regimes,	  which	  
is	   similar	   to	   the	   vibrational	   character	   of	   Li2O2	   in	   the	   P63/mmc	  
structure	   at	   ambient	   pressure.42	   For	   the	   highest	   vibrational	  
frequency	   (~35	   THz),	   the	   strong	   and	   sharp	   peak	   of	   the	  O	   partial	  
phonon	  density	  of	  states	  appears	  to	  be	  due	  to	  the	  O-‐O	  stretching	  
mode,	  which	  again	   indicated	   its	  existence	   the	  peroxide	  group.	   In	  
addition,	   the	   phonon	   bands	   in	   the	   low	   frequency	   region	  
substantially	  broaden	  as	  a	  result	  of	  the	  shorter	  Li-‐O	  distance.	  The	  
vibrational	   characters	   of	   Na2O2,	   K2O2,	   and	   Rb2O2	   (Fig.	   S7)	   are	  
similar	   to	   those	   of	   Li2O2	   in	   the	   P21/c	   structure,	   while	   the	  
vibrational	   frequency	  of	  Na2O2	  and	  K2O2	   is	  much	   lower	   than	   that	  
of	   Li2O2.	   This	  might	   originate	   from	   the	   heavier	   atomic	  mass	   and	  
longer	  O-‐O	  distances	  in	  Na2O2,	  K2O2,	  and	  Rb2O2.	  	  	  	  	  	  	  	  	  	  	  	  	  	  

To	   understand	   the	   electronic	   structure	   and	   nature	   upon	   the	  
phase	  transition,	  we	  calculated	  the	  electronic	  band	  structure	  and	  
the	   projected	   density	   of	   states	   (PDOS).	   The	   ambient	   pressure	  
phases	   are	   also	   calculated	   for	   comparison	   (Fig.	   4).	   Firstly,	   Li2O2	  
was	  taken	  as	  an	  example	  to	   investigate	  the	  effect	  of	  pressure	  on	  
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the	  band	  gaps	  for	  P63/mmc	  and	  P21/c	  structures,	  respectively	  (Fig.	  
S8).	   It	   is	   noted	   that	   DFT	   calculation	   usually	   underestimates	   the	  
band	   gaps.	   The	   band	   gaps	   of	   both	   structures	   gradually	   increase	  
with	   increasing	   pressure.	   Thus,	   Li2O2	   remains	   the	   insulating	  
characters	   under	   the	   considered	   pressures	   range	   as	   observed	   in	  
CaO2.

25	   This	   character	   is	   not	   favorable	   to	   enhance	   the	   electrical	  
conductivity	   of	   Li2O2.	   The	   other	   studied	   compounds	   also	   exhibit	  
similar	  band	  gaps	  variable	  trend.	  In	  other	  words,	  the	  band	  gaps	  of	  
the	  studied	  compounds	   increases	  with	   increasing	   the	  pressure.	   It	  
is	   noted	   that	   the	   band	   gaps	   decrease	   with	   decreasing	   the	  
electronegativity	   of	   alkali	   metal	   (Li2O2	   ˂	   Na2O2	  ˂	   K2O2	   ˂	   Rb2O2).	  
There	  is	  a	  common	  character	  for	  the	  considered	  compounds:	  both	  
valence	   band	   and	   conduction	   band	   are	   predominantly	   O	   2p	   in	  
character,	  with	  a	  small	  contribution	  from	  the	  Li	  2p	  components.	  	  

	  

4	  Conclusions	  

Structural	   changes	   and	  electronic	   properties	   for	   alkali	  metal	  
peroxides	  (Li2O2,	  Na2O2,	  K2O2	  and	  Rb2O2)	  under	  pressure	  have	  
been	   explored	   over	   the	   pressure	   range	   0-‐100	   GPa.	   Their	  
phase	   transition	   pressures	   decrease	   with	   decreasing	   the	  
electronegativity	  of	   the	  alkali	  metals.	   It	   is	   interesting	   to	   find	  
that	   the	  peroxide	  group	   is	  maintained	  under	   the	  considered	  
pressure	   range,	  which	   is	   firstly	   reported	   in	   this	   study.	  These	  
predicated	   high-‐pressure	   phases	   are	   thermodynamically	  
stable	  against	  decomposition	  into	  alkali	  metal	  oxides	  plus	  O2	  
or	  alkali	  metals	  plus	  O2.	  Calculation	  of	  phonon	  frequencies	  of	  
these	   predicted	   phases	   confirm	   their	   dynamical	   stability.	  
Their	  band	  gaps	  become	   larger	  with	  the	  pressure.	  This	  work	  
might	  provide	  useful	  route	  for	  experimental	   investigation	  on	  
the	  structure	  and	  electron	  property	  of	  alkali	  metal	  peroxides	  
under	  high	  pressure.	  

	  

	  

	  

Fig.	  4	  Electronic	  band	  structure	  and	  projected	  density	  of	  states	  (DOS)	  at	  ambient	  pressure	  (left)	  and	  first-‐order	  phase	  transition	  pressure	  
(right).	  The	  dashed	  line	  indicates	  the	  calculated	  fermi	  energy.	  	  	  
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Text for TOC: Different phase transition mechanisms and complex phase transition 

structures have been observed for the alkali metal peroxide compounds (Li2O2, Na2O2, 

K2O2, and Rb2O2). Moreover, phase transition pressures of the studied metal peroxide 

compounds closely correlate with the electronegativity of alkali metals. This work provides an 

opportunity for fully understanding the structures and electron properties of alkali metal 

peroxides at high pressures. 
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