
HAL Id: hal-02360363
https://hal.science/hal-02360363v1

Submitted on 12 Nov 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Correction to “Unraveling the Role of Base and Catalyst
Polarization in Alcohol Oxidation on Au and Pt in

Water”
Qingyi Gu, Philippe Sautet, Carine Michel

To cite this version:
Qingyi Gu, Philippe Sautet, Carine Michel. Correction to “Unraveling the Role of Base and Catalyst
Polarization in Alcohol Oxidation on Au and Pt in Water”. ACS Catalysis, 2019, 9 (7), pp.6541-6542.
�10.1021/acscatal.9b02367�. �hal-02360363�

https://hal.science/hal-02360363v1
https://hal.archives-ouvertes.fr


 

Correction to Unraveling the role of base and catalyst polarization in 
alcohol oxidation on Au and Pt in water 
Qingyi	  Gu,	  a	  Philippe	  Sautet	  b,c	  and	  Carine	  Michel	  *a	  

a.	  Univ	  Lyon,	  Ens	  de	  Lyon,	  CNRS	  UMR	  5182,	  Université	  Claude	  Bernard	  Lyon	  1,	  Laboratoire	  de	  Chimie,	  F69342,	  
Lyon,	  France	  	  
b.	  Department	  of	  Chemical	  and	  Biomolecular	  Engineering,	  University	  of	  California,	  Los	  Angeles,	  Los	  Angeles,	  Cali-‐
fornia	  90095,	  United	  States	  Department	  
c.	  Department	  of	  Chemistry	  and	  Biochemistry,	  University	  of	  California,	  Los	  Angeles,	  Los	  Angeles,	  California	  90095,	  
United	  States	  
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The	  authors	  regret	  that	  the	  above	  paper	  contains	  physi-‐
cally	   spurious	   data,	   undetected	   before	   publication.	   The	  
present	  correction	  does	  not	  change	  the	  qualitative	  results	  
of	   the	   original	   article,	   and	   the	   proposed	   role	   of	   chemi-‐
sorbed	  OH-‐	   species	   on	   the	   catalytic	   oxidation	   of	   alcohol	  
on	   Au	   and	   Pt	   surfaces.	   The	   correction	   however	   changes	  
the	  adsorption	  strength	  of	  OH-‐	  and	  its	  coverage:	  Adsorp-‐
tion	   is	   thermodynamically	   stable	  only	   for	   a	   coverage	  be-‐
low	   1/16	   ML.	   This	   however	   does	   not	   modify	   the	   role	   of	  
OH-‐	  to	  polarize	  the	  metal	  surface.	  	  

On	   January	   30th,	   2019,	   the	   developer	   of	   VASPsol	   an-‐
nounced	  an	  inconsistency	  between	  the	  electrostatic	  refer-‐
ence	  potential	  between	  the	  VASPsol	  module	  (i.e.	  the	  line-‐
ar	   Poisson-‐Boltzmann	   model)	   and	   the	   standard	   VASP	  
code,	   impacting	  how	  to	  obtain	  the	  physically	  meaningful	  
energies	  based	  on	  the	  output.	  The	  solution	  of	  the	   linear-‐
ized	  Poisson-‐Boltzmann	   equation	  provides	   a	   natural	   ref-‐
erence	   electrostatic	   potential	   by	   setting	   the	   potential	   to	  
zero	   in	   the	  bulk	  of	   the	   electrolyte.	  However,	   plane-‐wave	  
DFT	  codes,	  such	  as	  VASP,	  implicitly	  set	  the	  average	  elec-‐
trostatic	  potential	   in	   the	   simulation	   cell	   to	   zero,	  not	   the	  
potential	  in	  the	  electrolyte	  region.	  To	  keep	  the	  consisten-‐
cy	  of	  the	  reference	  potential	  between	  VASPsol	  and	  VASP,	  
a	  shift	  in	  reference	  potential	  is	  needed	  to	  be	  added	  to	  the	  
Kohn	   Sham	   eigenvalues	   and	   the	   Fermi	   level.	   The	   corre-‐
sponding	   electronic	   energy	   correction	   is	   given	   by	  
∆𝐸!!!"# =   𝑛!!"!𝑉!!!"# ,	   where	  𝑛!!"! 	  is	   the	   net	   charge	   of	   the	  
simulation	   cell	   and	  𝑉!!!"#	  is	   the	   shift	   in	   reference	   poten-‐
tial,	  e.g.,	  the	  shift	  to	  align	  the	  potential	  in	  the	  electrolyte	  
region	  to	  zero.	  The	  problem	  hence	  only	  affects	  the	  energy	  
of	  net	  charged	  electronic	  systems.	  This	  𝑉!!!"#	  correction	  is	  
in	   the	   range	   of	   1.33-‐1.36eV	   on	   charged	   Au(111)	   and	   1.31-‐
1.34eV	  on	  Pt.	  As	  a	  consequence,	  this	  correction	  makes	  no	  
difference	  in	  the	  surface	  chemistry	  described	  in	  the	  origi-‐
nal	   communication.	   But	   when	   the	   step	   involves	   adsorp-‐
tion	  of	   charged	   species	  on	  a	  neutral	   surface,	   like	   the	  ad-‐
sorption	   of	  OH-‐	   in	   our	   study,	   this	   correction	   is	   not	   sys-‐
tematic	   anymore.	   The	   adsorption	   free	   energy	   of	  OH-‐	   on	  

Au(111)	   surfaces	   on	   different	   sizes	   with	   different	   correc-‐
tions	  is	  shown	  in	  Table	  A.	  

Table	  A.	  Adsorption free energies of OH- on different sizes of 
Au(111) surfaces	  

Gads(OH-‐)/eV	   p(3×3)	   p(4×4)	   p(5×5)	  

No	  ZPE	  and	  no	  ∆𝐸!!!"#*	   -‐1.02	   -‐1.26	   -‐1.40	  

No	  ZPE	  and	  no	  ∆𝐸!!!"#	   -‐0.94	   -‐1.18	   -‐1.34	  

No	  ZPE	  but	  with	  ∆𝐸!!!"#	   +0.39	   +0.14	   -‐0.02	  

with	  ZPE	  and	  with	  ∆𝐸!!!"#	   +0.25	   +0.01	   -‐0.16	  

*It	  is	  noted	  that	  in	  the	  original	  paper,	  no	  frequency	  calcu-‐
lations	  were	  done	  for	  the	  adsorbed	  molecules,	  thus	  here	  the	  
vibration	  entropy	  of	  adsorbates	  is	  approximated	  to	  the	  vibra-‐
tion	  entropy	  of	  molecules	  in	  solvent.	  This	  line	  is	  shown	  here	  
to	  keep	  a	  consistency	  with	  the	  paper.	  In	  the	  other	  lines,	  con-‐
sidering	   the	   frequencies	   of	   all	   the	   species	   were	   calculated,	  
including	  the	  adsorbed	  molecules	  and	  molecules	  in	  solution,	  
we	   directly	   used	   the	   surface	   molecular	   entropy	   correction	  
which	  is	  detailed	  in	  the	  last	  paragraph.	  

As	   is	   shown	   in	  Table	  A,	   the	   inclusion	  of	   the	  electronic	  
energy	   correction	  ∆𝐸!!!"# 	  causes	   an	   increase	   on	   the	   ad-‐
sorption	  energy	  of	   around	   1.30	  eV,	  which	  corresponds	   to	  
the	   value	   of	   the	   electronic	   energy	   correction	   we	   men-‐
tioned	   before.	   Then,	   the	   adsorption	   of	   OH-‐	   is	   not	   exer-‐
gonic	  anymore	  on	  a	  p(3×3)	  cell.	  However,	  the	  adsorption	  
of	   this	   anion	   is	   still	   feasible,	   but	   at	   a	   lower	   coverage.	   It	  
becomes	   athermic	   for	   a	   coverage	   around	   1/25ML	   if	   the	  
ZPE	  is	  not	  included.	  	  The	  inclusion	  of	  the	  ZPE	  correction	  
renders	   adsorption	   more	   favorable	   by	   0.14	   eV,	   then	   the	  
adsorption	   of	   OH-‐	   becomes	   favorable	   at	   a	   coverage	   of	  
1/16ML.	   Hence,	   in	   the	   following	   computation,	   the	   ZPE	  
correction	   is	   taken	   into	   consideration	   to	   avoid	   the	   high	  
CPU	   cost	   of	   a	   p(5×5)	   supercell	   and	   reach	   an	   improved	  
Gibbs	  Free	  energy	  profile	  using	  a	  p(4×4)	  cell.	  The	  correct-‐
ed	   schemes	   and	   tables	   appear	   below	   along	   with	   the	   ac-‐
companying	  caption.	  Also,	  the	  description	  of	  the	  schemes	  
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and	  the	  table	  are	  needed	  to	  be	  changed	  in	  text	  according	  
to	  the	  corresponding	  values.	  
Page	  11717:	  Scheme	  1.	  

Scheme	  1.	  O2	  activation	  in	  presence	  of	  water.	  

	  
aGibbs free energy profiles (in eV) at 25°C are shown on 

Au(111) (in blue) and on Pt(111) (in red) in absence (straight 
lines) and in presence (dashed lines) of a basic environment. All 
proton transfers are “barrier-less” (with the energy of transition 
states not higher than the reaction energy, or the barrier is lower 
than 0.05eV) and thus are indicated by a curved arrow. O2 adsorp-
tion is shown with a straight arrow. 

Page	  11718:	  Scheme	  2.	  

Scheme	   2.	   Ethanol	  oxidation	   into	   carboxylic	   acid	  by	  
OH*	  

	  
aGibbs	   free	   energy	   profile	   (in	   eV)	   at	   25°C	   are	   shown	   on	  

Au(111)	  (in	  blue)	  and	  Pt(111)	  (in	  red)	  in	  absence	  (straight	  lines)	  
and	  in	  presence	  (dashed	  lines)	  of	  a	  basic	  environment.	  Most	  
steps	   are	   barrier-‐less	   except	   the	   C-‐H	   bond	   breaking	   in	   the	  
ethoxy	  inter-‐mediate.	  

Page	  11719:	  Scheme	  3.	  

Scheme	   3.	   Competition	   between	   over-‐oxidation	   of	  
acetic	   acid	   by	   OH*	   and	   desorption	   into	   the	   water	  
solution.	  
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aGibbs	  free	  energy	  profile	  (in	  eV)	  at	  25°C	  are	  shown	  in	  ab-‐
sence	   (straight	   line)	   and	   in	   presence	   (dashed	   line)	   of	   basic	  
conditions,	  using	  CH3COO*	  acid	  and	  OH*	  as	  a	  reference.	  

Page	  11719:	  Table	  1.	  

Table	  1.	  Energetic	  Span	  (δG,	  eV),	  reaction	  Gibbs	  Free	  
energy	  at	  25°C	  (ΔG,	  eV)	  TOF-‐Determining	  intermedi-‐
ate	   (TD-‐Int)	   and	   TOF-‐Determining	   Transition	   State	  
(TD-‐TS)	  in	  different	  conditions.	  

Conditions	   Metal	   δG	   ΔG	   TD-‐Inta	   TD-‐TSb	  

Neutral	   Au	   1.58	  	   -‐
4.47	  

CH3COO*	   TS(O-‐OH)	  

	   Pt	   1.74	   -‐
4.47	  

CH3COO*	   Desorption	  

Basic	   Au	   0.97	   -‐
4.92	  

solutes	   TS(O-‐OH)	  	  

	   Pt	   0.78	   -‐
4.92	  

CH3COO*	   Desorption	  

aCH3COO*:	   chemisorbed	   carboxylate;	   solutes	   =	   unad-‐
sorbed	   species	   in	   solution	   bTS(O-‐OH):	   O-‐O	   scission	   in	   the	  
OOH	  fragment	  

Due	   to	   the	   change	   of	   surface	   cell	   size	   (from	   p3×3	   to	  
p4×4),	  there	  appears	  some	  changes	  in	  the	  energy	  profiles	  
and	   energetic	   span	   above	   even	   when	   only	   surface	   reac-‐
tions	   taken	   into	   consideration,	   but	   the	  main	   conclusion	  
that	  alcohol	  oxidation	  works	  better	   in	   the	  basic	  environ-‐
ment	   than	   in	   the	   neutral	   environment	   has	   not	   been	   af-‐
fected.	  	  

Page	   11717,	   paragraph	   1,	   line	   3:	   the	   adsorption	   energy	  
should	  be	  corrected	  to	  0.01	  eV.	  
Page	   11717,	   paragraph	   1,	   line	   13:	   should	   be	   corrected	   as	  

follows	  “Careful	  tests	  demonstrated	  that	  a	  p(4×4)	  surface	  
should	  be	  used	  for	  the	  system	  of	  interest	  here.”	  

Page	  11717,	  paragraph	  3,	  line	  7:	  the	  O-‐O	  distance	  should	  
be	  1.88	  Å.	  

Page	  11717,	  paragraph	  3,	  line	  12:	  the	  electron	  concentra-‐
tion	   should	   be	   changed	   to	   “one	   electron	   per	   16	   surface	  
atoms”.	  
Page	   11717,	   paragraph	   3,	   line	   17:	   the	   barrier	   range	   be	  

changed	  to	  0.6-‐0.7	  eV.	  

Page	   11717,	   paragraph	   4,	   line	   5:	   should	   be	   corrected	   as	  
follows	  “On	  Au,	  this	  reaction	  is	  strongly	  endergonic	  (1.47	  
eV)	  and	  is	  associated	  with	  a	  larger	  barrier	  (1.77	  eV).”	  

Page	  11719,	  paragraph	  2,	  line	  7:	  the	  sentence	  “In	  the	  ab-‐
sence	  of	  any	  hydroxide	  anion,	  Au	  is	  much	  less	  active	  than	  
Pt	  with	  an	  energetic	  span	  of	  1.38	  eV	  vs	  1.28	  eV.”	  should	  be	  
corrected	   as	   follows	   “In	   the	   absence	   of	   any	   hydroxide	  
anion,	  reactions	  are	  both	  difficult	  on	  Au	  and	  Pt.”	  

Page	  11719,	  paragraph	  3,	  line	  7:	  It	  should	  be	  corrected	  as	  
follows	  “Then,	   the	  cost	  of	  desorption	   is	  only	   1.04	  eV	  (see	  
Figure	  S9	  in	  the	  SI),	  instead	  of	  1.74	  eV	  on	  Pt	  under	  acidic	  
conditions.”	  

The	   vibrational	   contribution	   to	   the	   Gibbs	   Free	   energy	  
were	  fully	  taken	  into	  account	  using	  frequencies	  computed	  
in	  the	  harmonic	  approximation	  for	  the	  molecules	  and	  the	  
adsorbate.	   For	   linear	   molecules,	   there	   are	   in	   total	   3N-‐5	  
normal	  modes,	  and	  for	  non-‐linear	  molecules	  the	  numbers	  
of	  normal	  modes	  are	  in	  total	  3N-‐6,	  where	  N	  represents	  the	  
numbers	  of	  atoms	  in	  the	  molecule.	  A	  cut-‐off	  of	  50	  cm−1	  is	  
used	  to	  limit	  the	  evaluation	  of	  vibrational	  entropy	  to	  large	  
enough	  wavenumbers.	  	  For	  molecules	  on	  surface,	  the	  ZPE	  
correction	   is	   only	   done	   on	   the	   molecular	   part	   with	   the	  
surface	  atoms	  frozen.	  Similar	  to	  the	  molecules	  in	  solution,	  
the	   vibrational	   entropy	   of	   an	   adsorbate	   like	   OH*_e	   is	  
given	  by:	  

𝑆!" !"# 𝑂𝐻 ∗ _𝑒 ≈ 0.54  ×𝑆!"# !"# 𝑂𝐻 ∗ _𝑒 	  
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