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Supporting	  Methods	  
	  
Electrochemical	   Characterization.	   	   All	   electrochemical	   tests	   (CVs,	   EIS,	   and	   LP)	  
were	  performed	   in	  0.5	  M	  H2SO4	  using	  a	  BioLogic	  SP300	  potentiostat.	  Solutions	  
were	  purged	  with	  argon	  gas	  (99.99999%)	  for	  at	  least	  20	  minutes	  before	  testing	  
and	   for	   the	   duration	   of	   the	   measurements.	   All	   measurements	   used	   iR	  
compensation.	   Typical	   resistances	   were	   4-‐6	   ohms.	   In	   addition,	   non-‐faradaic	  
contributions	   to	   the	   current	   are	   estimated	   for	   the	   monolith	   samples	   and	  
subtracted	   before	   extracting	   performance	   metrics.	   The	   working	   electrodes,	  
counter	  electrodes	  and	  reference	  electrodes	  are	  described	  below.	  
	  
Note:	   Only	   the	   monoliths	   prepared	   on	   a	   graphene	   backbone	   are	   sufficiently	  
conductive	   to	   perform	   electrochemical	   testing	   while	   in	   the	   monolithic	   form.	  
Below	   we	   describe	   cyclic	   voltammetry	   (CV),	   impedance	   (EIS),	   and	   linear	  
polarization	   stability	   tests	   (LP)	   on	   the	   MoS2/GMA	   monolith.	   To	   compare	   the	  
conductive	  MoS2/GMA	  with	  non-‐conductive	  MoS2	  and	  WS2	  materials,	  all	  aerogels	  
were	  made	   into	   inks	   and	  dispersed	   as	   thin	   layers	   on	   a	   rotating	   disk	   electrode	  
(RDE).	  These	  thin	  layers	  delaminated	  over	  time	  due	  to	  the	  mechanical	  action	  of	  
the	  hydrogen	  bubbles	  and	  did	  not	  perform	  well	  in	  stability	  tests	  likely	  due	  to	  the	  
very	   small	   loading.	   For	   this	   reason	   only	   CVs,	   impedance	   and	   initial	   linear	  
polarization	  data	  are	  shown	  for	  these	  materials.	  	  	  
	  
Working	  Electrodes:	  Thin	  films	  for	  RDE.	  Four	  inks	  (graphene	  aerogel,	  MoS2/GMA,	  
MoS2	   aerogel,	   and	   WS2	   aerogel)	   were	   made	   using	   5	   mg	   aerogel	   per	   5	   ml	  
dimethylformamide	  with	  20	  µl	  5%	  Nafion	  (Aldrich	  117	  Solution).	  	  Inks	  were	  tip	  
sonicated	  for	  1	  minute	  at	  20%	  power	  level.	  	  A	  total	  of	  20	  µl	  of	  ink	  was	  allowed	  to	  
dry	   under	   vacuum	   on	   a	   5mm	   diameter	   glassy	   carbon	   (GC)	   electrode	   (Pine	  
Instruments).	  Glassy	  carbon	  electrodes	  (Pine	  Instruments)	  were	  polished	  using	  
0.05	  µm	  colloidal	  silica	  and	  sonicated	  in	  ethanol	  between	  each	  use.	  	  This	  process	  
creates	   thin	   film	   electrodes	   with	   12	   µg	   of	   aerogel	   over	   an	   area	   of	   0.196	   cm2,	  
corresponding	   to	   a	   loading	  of	   	  ~60	  µg/cm2.	   	   	  A	  polished	  platinum	  disk	   (5	  mm	  
diameter)	   electrode	   (Pine	   Instruments	   AFE5T050PT)	  was	   used	   the	   Pt	   catalyst	  
sample.	  



	  
Reference	  and	  Counter	  Electrodes:	  RDE	  studies.	  	  RDE	  studies	  we	  used	  a	  99.9995%	  
graphite	   counter	  electrode	   (Alfa	  Aesar	  14738)	  and	  a	   single	   junction	  Hg/HgSO4	  
reference	  electrode	  (Hach	  XR200)	  with	  0.5M	  H2SO4	  fill	  solution.	  The	  Hg/HgSO4	  
reference	  was	  checked	  against	  an	  unused	  set	  of	  electrodes	  before	  and	  after	  each	  
run	   to	   ensure	   that	   the	   value	   did	   not	   drift	   more	   than	   +-‐	   0.0015	   V.	   Plots	   are	  
referenced	  with	   respect	   to	   the	   reversible	  hydrogen	  electrode	   (RHE).	   	  The	  RHE	  
offset	   was	   measured	   as	   the	   open	   circuit	   potential	   difference	   between	   the	  
Hg/HgSO4	   electrode	   and	   a	   Pt	   electrode	   in	   0.5	   M	   H2SO4	   solution	   purged	   with	  
100%	   H2.	   	   The	   offset	   with	   respect	   to	   normal	   hydrogen	   electrode	   (NHE)	   was	  
estimated	  from	  the	  solution	  pH	  =	  0.44+-‐0.02	  using,	  VRHE=	  VNHE	  –	  0.059	  *	  pH.	  
The	   pH	   was	   measured	   using	   a	   freshly	   calibrated	   double	   junction	   pH	   probe	  
(Accumet	  model	  13-‐620-‐183a).	  Numerically,	  V(RHE)	  =	  V(Hg/HgSO4)	  +	  0.683	  and	  
V(RHE)	  =	  VNHE	   -‐	   0.026	  +-‐0.001.	   (The	  pH	   is	   shifted	   compared	   to	   the	  monolith	  
studies	  due	  to	  batch-‐to-‐batch	  variation	  in	  preparing	  the	  solution).	  
	  
Note:	  High	   surface	   area	   aerogel	   foams	   are	   efficient	   getters	   and	   readily	   adsorb	  
metal	  ions	  from	  solution.	  We	  found	  that	  if	  we	  used	  a	  platinum	  counter	  electrode	  
or	  a	  single	   junction	  reference	  electrode	  we	  had	  ~10	  atomic	  percent	  Pt	  and	  ~5	  
atomic	  percent	  Hg	  after	  48	  hours	  of	  cycling	  (as	  measured	  by	  XPS).	  The	  platinum	  
adsorption	   led	   to	   artificially	   high	   HER	   activity.	   We	   note	   that	   it	   is	   standard	  
practice	   to	  exchange	  solutions	   for	   fresh	  solution	  at	   the	  end	  of	  a	  stability/aging	  
experiment	   to	   ensure	   that	   changes	   to	   the	   solution	   are	   not	   responsible	   for	  
electrochemical	  response.	  This	  is	  not	  a	  sufficient	  test	  for	  these	  high	  surface	  area	  
materials	   as	   they	   adsorb	   contaminates	   leaving	   the	   solution	   free	   of	   metal	  
contaminants.	  Due	  to	  these	  issues,	  all	  data	  shown	  in	  this	  paper	  used	  a	  graphite	  
counter	   electrode	   and	   are	   free	   from	   possible	   platinum	   contamination.	   	   In	  
addition,	  for	  stability	  tests	  we	  use	  a	  double	  junction	  reference	  electrode	  to	  avoid	  
Hg	  contamination.	  
	  
Supporting	  Figures	  
	  



	  
Figure	  S1.	  	  Representative	  load	  vs.	  displacement	  plot	  for	  dichalcogenide	  aerogels	  
(54	  mg/cm3	  WS2	  aerogel).	  
	  



	  
Figure	  S2.	  	  XPS	  spectra	  for	  a)	  Mo	  3d	  peaks	  (MoS2),	  b)	  S	  2p	  peaks	  (MoS2),	  d)	  4f	  peaks	  (WS2),	  e)	  S	  
2p	  peaks	  (WS2),	  h)	  Mo	  3d	  peaks	  (MoS2/GMA)	  and	  i)	  S	  2p	  (MoS2/GMA).	  XPS	  survey	  spectra	  for	  
c)	  MoS2,	  f)	  WS2,	  and	  j)	  MoS2/GMA	  aerogels.	  
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Figure	  S3.	  Raman	  spectra	  with	  633nm	  excitation	  for	  a)	  WS2	  aerogel	  and	  b)	  MoS2	  
aerogel.	  MoS2	  resonant	  modes	  are	  consistent	  with	  LA(M)	  233	  cm-‐1	  coupled	  with	  
A1g(M)	   (408	   cm-‐1),	   E1g	  (M)	   (286	   cm-‐1),	   and	   E2g1(M)	   	  (383	   cm-‐1).	   WS2	   resonant	  
modes	  as	   identified	   in	   figure	  are	  consistent	  with	  LA(M)	  175	  cm-‐1	  coupled	  with	  
A1g(M)	  (406	  cm-‐1),	  E1g	  (M)	  (320	  cm-‐1),	  and	  E2g1(M)	  	  (345	  cm-‐1).	  



	  
Figure	  S4.	  Linear	  polarization	  curves	  (current	  density	  normalized	  by	  geometric	  
area	  versus	  potential)	  of	  the	  (a)	  thin	  film	  and	  (b)	  monoliths.	  The	  thin	  films	  have	  
substantially	  higher	  onset	  potentials	  than	  the	  monoliths.	  WS2	  changes	  within	  the	  
first	   few	  scans;	  the	  first	  (dotted)	  and	  fifth	  (solid)	  scan	  are	  shown.	  (b)	  The	  non-‐
faradaic	   corrections	   (dashed	   lines	  near	  horizontal)	   are	   shown	   for	   each	   sample	  
along	  with	  the	  extrapolation	  (near	  vertical)	  used	  to	  estimate	  the	  onset	  voltage.	  	  
	  

	  
Figure	   S5:	   (a)	   Cyclic	   voltammograms	   of	   the	   thin	   film	   electrodes	  with	   12	   µg	   of	  
material	  rotating	  at	  2500	  RPM.	  Scan	  rates	  were	  2	  mV/s	  except	  the	  MoS2	  sample,	  
which	  was	  10	  mV/s.	  The	  MoS2/GMA	  sample	   is	  noisy	  due	   to	   trapped	  hydrogen	  
bubbles.	   (b)	  CVs	  of	  monoliths	  performed	  at	   2	  mV/s	   scan	   rate.	   Current	  density	  
normalized	  to	  geometric	  area.	  
	  



	  
Figure	  S6:	  (a)	  Bode	  plots	  of	  four	  films	  are	  composed	  of	  graphene	  aerogel	  (black)	  
MoS2/GMA	   (brown),	   MoS2	   (red)	   and	   WS2	   (blue)	   measured	   at	   0.56	   V	   vs.	   RHE.	  
Dashed	   lines	   and	   grid	   indicate	   a	   slope	   of	   1/f.	   (b)	   Bode	   plots	   of	   the	   two	  
conductive	  monoliths,	  GMA	   (black)	   and	  MoS2/GMA	   (brown)	   at	   0.56	  V	  vs.	   RHE.	  	  
Bode	   plots	   before	   (solid)	   and	   after	   (dashed)	   cycling	   have	   similar	   capacitances	  
indicating	   that	   the	   surface	   area	   is	   not	   changing	   significantly.	   	   Corresponding	  
Nyquist	  plots	  of	  (c)	  thin	  films	  and	  (d)	  monoliths.	  
	  
Discussion	  
	  
Nanoindentation.	  A	  representative	  load	  vs.	  displacement	  plot	  for	  dichalcogenide	  
aerogels	  is	  shown	  in	  Figure	  S1.	  Note	  that	  indentation	  was	  held	  at	  maximum	  load	  
for	  10	  seconds	  to	  minimize	  time	  dependent	  plastic	  effects	  in	  unloading	  curve.	  1	  	  
Calculated	   Young’s	   modulus	   is	   35±5	   MPa,	   which	   is	   comparable	   to	   values	  
reported	   in	   analogous	   graphene	   aerogels.2	   Large	   residual	   impression	   after	   the	  
loading	   cycle	   and	   creep	   during	   the	   hold	   period	   indicate	   plastic	   deformations	  
occur	  and	  some	  of	  them	  are	  time	  dependent.	  The	  deformation	  mechanism	  could	  
involve	  dislocation	  motions,	  which	  are	  commonly	  observed	  in	  full	  density	  metals	  
such	   as	   aluminum	   and	   tungsten1	   and	   brittle	   fracture	   of	   the	   ligaments	  



accompanied	   by	   pore	   collapse,	   which	   is	   dominant	   in	   low-‐density	   brittle	  
nanoporous	  solids.	  3	  
	  
	  
X-ray	  Photoelectron	  Spectroscopy.	   	  XPS	  results	  (Figure	  S2)	   for	  the	  S	  2p	  peaks	   in	  
MoS2	   and	   WS2	   aerogels	   are	   consistent	   with	   S2-‐	   typical	   of	   MoS2	   and	   WS2.	  
According	  to	  XPS	  analysis,	  86%	  of	  the	  Mo	  3d	  signal	  in	  the	  hybrid	  aerogel	  is	  due	  
to	  Mo(IV)	  species	   in	  MoS2	  (Mo	  3d5/2,	  BE	  =	  229.4	  eV).	   	  The	  remainder	   is	  due	  to	  
MoO3,	   likely	   from	  oxidation	  upon	  exposure	   to	  air.	  Nearly	  100%	  of	   the	  sulfur	   is	  
due	  to	  S2-‐	  (S	  2p3/2,	  BE	  =	  162.2	  eV)	  typical	  of	  MoS2.	  
	  
Raman	   Spectroscopy.	   	   The	   aerogels	   were	   examined	   by	   resonant	   Raman	  
spectroscopy	   (Figure	   S3).	   Spectra	   are	   consistent	   with	   randomly	   oriented	  
nanocrystalline	  MoS2	  and	  WS2	   composed	  of	  multiple	   layers	  of	  MoS2	  and	   single	  
(or	  decoupled)	  layers	  of	  WS2.	  
	  
Bulk	   MoS2	   and	   WS2	   are	   in	   the	   hexagonal	   crystal	   system	   with	   space	   group	  
P63/mmc	  and	  international	  point	  group	  6/mmm	  (Schonflies	  point	  group	  D6h).	  
Materials	  with	  this	  symmetry	  can	  have	  first	  order	  Raman	  processes	  designated	  
as	   A1g,	   E1g,	   E2g1,	   and	   E2g2	   as	  well	   as	   acoustic	  modes.4	   	   The	   A-‐modes	   represent	  
vibrations	  perpendicular	  to	  the	  basal	  plane	  whereas	  the	  E-‐modes	  are	  vibrations	  
within	  the	  basal	  plane.	  In	  addition	  to	  the	  primary	  modes,	  resonant	  Raman	  effects	  
are	  observed	  due	  to	  the	  coupling	  of	  these	  modes	  with	  the	  longitudinal	  acoustic	  
mode,	   which	   previous	   studies	   identify	   as	   LA(M),	   	   an	   acoustic	  mode	   in	   the	  M-‐
direction	  of	  the	  Brillouin	  zone.5	  	  	  
	  
MoS2	   Aerogel:	   The	   literature	   describes	   MoS2	   Raman	   spectra	   for	   bulk	   single	  
crystals	   as	  well	   as	   spectral	   changes	   due	   to	   small	   domain	   size	   and	   small	   layer	  
thickness.	   The	  major	   peaks	   found	   for	   the	  MoS2	   aerogel	   are	  A1g	   (407	   cm-‐1),	   E1g	  
(284	   cm-‐1),	   E2g1	   (374	   cm-‐1)	   along	   with	   2xLA(M)	   at	   ~450	   cm-‐1.	   These	   peak	  
positions	  are	  in	  good	  agreement	  with	  literature	  values	  for	  nanoparticulate	  MoS2	  
that	  is	  composed	  of	  multiple	  layers	  (rather	  than	  monolayer).	  	  
	  
Small	   basal	   domain	   size	   and	  disorder	   tend	   to	   broaden	   and	   soften	   in-‐plane	   (E)	  
phonon	  modes	  and	  to	  increase	  acoustic	  scattering	  at	  grain	  boundaries	  compared	  
to	  bulk	  values.	  	  All	  of	  these	  effects	  are	  apparent	  in	  the	  aerogel	  spectra.	  First,	  the	  
symmetric	   bending	   mode,	   E2g1	   measured	   at	   374	   cm-‐1	   is	   red-‐shifted	   by	   9	   cm-‐1	  
from	  the	  bulk	  value	  at	  383	  cm-‐1.	  Second,	  we	  observe	  a	  strong	  2xLA(M),	  which	  is	  
associated	  with	  disorder	  in	  the	  basal	  plane.	  Lastly	  the	  relative	  amplitude	  ratio	  of	  
the	  A1g/	  E2g1	  is	  2.2	  for	  the	  aerogels	  compared	  with	  <1.5	  for	  bulk	  crystals,	  a	  trend	  
that	   has	   been	   demonstrated	   for	   nanoparticles.6	   The	   primary	   signature	   of	  
monolayer	   versus	  multilayer	   films	   is	   a	   softening	   of	   the	   A1g	  mode.	   The	   aerogel	  
values	  are	   intermediate	  between	  bulk	  values	   (408	  cm-‐1)	  and	  monolayer	  values	  
(405	  cm-‐1),	  i.e	  in	  the	  range	  of	  2-‐10.	  TEM	  images	  confirm	  nanoparticles	  with	  a	  5-‐
10	  nm	  domain	  size	  and	  2-‐8	  monolayers	  thick.	  	  
	  



WS2	  Aerogel:	  WS2	   is	   less	  well	   studied	   than	  MoS2	   but	   data	   from	   bulk	   and	   few-‐
layer	   films	  have	  been	   reported.7-‐10	  The	  major	  peaks	   found	   for	   the	  WS2	  aerogel	  
are	   A1g	   (415	   cm-‐1),	   E1g	   (tentatively	   at	   319	   cm-‐1),	   E2g1	   (353	   cm-‐1)	   and	   the	   2x	  
harmonic	  of	  LA(M)	  at	  ~340	  cm-‐1.	  In	  comparing	  with	  MoS2,	  E2g1,	  which	  involves	  a	  
M-‐S	  vibration,	  is	  lower	  due	  to	  the	  higher	  molecular	  weight	  of	  tungsten.	  Similarly	  
the	   longitudinal	  acoustic	  mode,	  which	  depends	  on	  the	  crystal	  effective	  mass,	   is	  
lower.	  By	  contrast,	  modes	  that	   involve	  vibrations	  between	  nearby	  sulfur	  atoms	  
(A1g	  and	  E1g)	  are	  stiffer	  for	  WS2.	  	  
	  
The	  peak	  position	  for	  the	  A1g	  mode,	  which	  is	  the	  strongest	  indicator	  of	  coupling	  
between	   layers,	   is	  consistent	  with	   literature	  reports	   for	  exfoliated	  (monolayer)	  
flakes.	   However,	   our	   TEM	   images	   suggest	   that	   particles	   are	   composed	   of	  
multiple	   layers.	  Together	   these	   findings	  are	  consistent	  with	  stacked	   flakes	   that	  
are	   less	   coupled	   (farther	   apart)	   than	   bulk.	   The	   peak	   assigned	   to	   A1g	  may	   also	  
have	   a	   B2u	   component.10	   This	   would	   explain	   the	   difference	   between	   the	   peak	  
value	  near	  415	  cm-‐1	  and	  the	  positions	  of	  the	  resonant	  peaks	  A1g	  +-‐	  LA(M),	  which	  
are	   consistent	   with	   a	   lower	   value	   (Figure	   S3).	   	   There	   are	   few	   experimental	  
reports11	   for	   the	   in	   plane,	   E1g	   mode	   of	   WS2	   because	   most	   studies	   have	   used	  
crystals	   oriented	   perpendicular	   to	   the	   laser	   beam,	   which	   does	   not	   excite	   this	  
mode.	  It	  has	  been	  calculated12	  to	  be	  near	  287	  cm-‐1.	  and	  measured11	  at	  306	  cm—1.	  
Our	  value	  at	  319	  cm-‐1	  is	  higher	  than	  predicted	  and	  because	  there	  are	  also	  small	  
resonant	  peaks	   in	   this	   region,5,	  13	  an	  off-‐resonance	  Raman	  spectra	   is	  needed	   to	  
conclusively	  assign	  this	  peak.	  
	  

Table	   S1.	   Comparison	   between	   Raman	   modes	   of	   aerogels	   and	   literature	  
bulk	  values	  

Primary	  
Mode	  

MoS2	  
Aerogel	  

MoS2	  
(Bulk)4,	   6,	   9,	  
14-17	  

MoS2	  
Monolayer7,	  
13,	  18	  	  

WS2	  
Aerogel	  

WS2	  
(Bulk)8,	  
11	  

WS2	   Monolayer5,	  
7,	  10,	  19	  

E2g2(G)	   	   32	   	   	   27	   	  

LA(M)	   223	   233	   	   172	   176	   176	  

E1g	   284	   286	   	   319	   	   	  

E2g1	   374	   383	   377-‐385	   353	   355-‐
356	  

350-‐356	  

A1g	   407	   408	   405	   415	   420	   415-‐418	  

	  
	  
Electrochemical	   Characterization.	   	  Linear	   polarization	   curves	   (Figure	   S4)	   were	  
used	   to	   extract	   performance	  metrics	   such	   as	   the	   onset	   potential	   for	   hydrogen	  



evolution	  and	   the	  potential	  needed	   to	  achieve	  specific	   current	  densities.	  These	  
are	   provided	   in	   Table	   S2.	   The	   presence	   of	   a	   redox	   peak	   near	   the	   onset	   of	  
hydrogen	  evolution	  prevented	  a	  Tafel	  representation	  of	  the	  data.	  
	  
Although	   all	   data	   is	   iR-‐corrected	   (during	   data	   collection)	   to	   compensate	   for	  
solution	   and	   instrumentation	   effects,	   additional	   corrections	   are	   needed	   to	  
account	  for	  non-‐Faradiac	  contributions	  of	  the	  monolithic	  samples.	  Non-‐faradaic	  
contributions	   to	   the	   current	   were	   estimated	   and	   subtracted	   from	   the	   total	  
current	  to	  provide	  performance	  metrics.	  The	  subtracted	  current	  was	  estimated	  
as	   	  where	  C	  is	  the	  capacitance,	  V	  is	  the	  applied	  potential,	  VOCP	  
is	   the	   open	   circuit	   potential,	   R2	   is	   a	   resistor	   in	   parallel	  with	   the	   capacitor	   and	  
dV/dt	   is	   the	   scan	   rate	   (and	   is	   negative	   for	   data	   shown).	   This	   analysis	   uses	  
impedance	   data	   and	   assumes	   a	   Randles	   circuit	   where	   the	   capacitance	   and	  
resistance	   are	   independent	   of	   voltage	   (Table	   S2).	   For	   the	   monoliths,	   JNF~10	  
mA/cm2	  at	  the	  onset	  of	  hydrogen	  evolution.	  	  These	  effects	  are	  much	  smaller	  and	  
ignored	   for	   the	   thin	   film	  samples.	  After	  subtracting	  non-‐faradaic	  contributions,	  
the	  voltage	  needed	  to	  generate	  10	  mA/cm2	  is	  -‐0.12	  V	  and	  the	  voltage	  needed	  to	  
generate	   100	  mA/cm2	   is	   -‐0.26	   V	   vs.	   RHE	   (Table	   S2).	   Due	   to	   the	   presence	   of	   a	  
redox	  peak	  near	  the	  onset	  of	  hydrogen	  evolution	  the	  onset	  potential	  was	  chosen	  
by	  extrapolation	  from	  the	  near	  vertical	  portion	  of	  the	  curve	  rather	  than	  the	  near	  
horizontal	   curve	   (as	   is	   more	   common	   in	   the	   literature).	   This	   shifts	   the	   onset	  
potential	  to	  a	  more	  negative	  value.	  The	  same	  procedure	  was	  used	  for	  both	  RDE	  
and	  monolithic	  samples	  to	  aid	  comparison.	  The	  peaks	  may	  correspond	  to	  Mo	  or	  
S	  redox	  activity	  or	  H	  adsorption.	  	  
	  
Exemplary	  cyclic	  voltammograms	  of	  the	  four	  thin	  film	  electrodes	  within	  the	  first	  
10	  cycles.	  (Figure	  S5)	  	  The	  potential	  needed	  to	  generate	  a	  current	  density	  of	  10	  
mA/cm2	  was	  -‐0.73,	  -‐0.60,	  -‐0.50,	  and	  -‐0.34	  V	  vs.	  RHE	  for	  GMA,	  MoS2/GMA,	  MoS2,	  
and	   WS2	   electrodes,	   respectively.	   	   However	   this	   performance	   degraded	   over	  
time.	   	   The	   monoliths	   with	   higher	   loading	   and	   more	   mechanically	   robust	  
structures	  performed	  better	  with	  cycling.	  
	  
EIS	  measurements	  were	  used	  to	  characterize	  monolith	  and	  film	  capacitance.	  AC	  
impedance	  measurements	  were	  carried	  out	  at	  0.56	  V	  vs.	  RHE	  from	  20	  mHz	  to	  1	  
MHz	  with	  an	  AC	  voltage	  of	  10	  mV.	  Thin	  film	  samples	  were	  rotated	  at	  2500	  RPM.	  
	  
EIS	  data	  is	  shown	  in	  the	  form	  of	  a	  Bode	  and	  Nyquist	  plots	  at	  a	  potential	  of	  0.56	  
vs.	   RHE	   where	   no	   redox	   reactions	   are	   observed.	   (Figure	   S6)	   The	   GMA	   and	  
MoS2/GMA	   substrates	   are	   dominated	   by	   a	   capacitive	   impedance	   due	   to	   their	  
high	  surface	  areas	  and	  thus	  have	  slopes	  near	  1/f	  (dashed	   line).	  MoS2/GMA	  has	  
higher	   electron	   transfer	   resistance	   than	   pure	   GMA	   as	   demonstrated	   by	   the	  
higher	   impedance	   at	   low	   frequency	   and	   the	   right	   shift	   of	   the	   impedance	   node	  
near	  100	  Hz.	  These	  are	   consistent	  with	  a	  MoS2	   coating	  on	  graphene.	  The	  pure	  
MoS2	   and	   WS2	   aerogels	   have	   lower	   surface	   areas	   and	   corresponding	   lower	  
capacitance	  values.	  	  The	  MoS2	  aerogel	  sample	  has	  two	  slopes	  (near	  1/f	  and	  2/f)	  



indicating	  multiple	   types	   of	   active	   interfaces.	   The	   capacitance	   is	   estimated	   by	  
averaging	  over	  the	  1/f	  region	  of	  Bode	  plots	  using	   ,	  giving	  values	  of	  
2.7,	  0.6,	  and	  0.08	  mF/cm2	  for	  GMA,	  MoS2/GMA,	  and	  MoS2	  thin	  films	  respectively.	  
WS2	  has	  more	  complex	   impedance	  behavior	  and	  could	  not	  be	  estimated	   in	  this	  
manner.	  	  	  
	  
Figure	  S6	  also	  shows	  EIS	  data	  for	  monoliths,	  which	  have	  lower	  electron	  transfer	  
resistance	  and	  higher	  capacitance	  than	  the	  thin	  film	  samples.	  For	  monoliths	  CGA	  
=	  0.40+-‐	  0.04	  F	  and	  CMoS2-‐GMA	  =	  0.28	  +-‐	  0.04	  F	  averaged	  over	  the	  frequency	  range	  
0.004	   –	   0.04	   Hz.	   The	   capacitance	   is	   unchanged	   after	   300	   cycles.	   The	  
corresponding	  specific	  capacitances	  are	  Cs,GMA	  =	  2.0+-‐0.2	  F/cm2	  and	  Cs,	  MoS2/GMA	  =	  
1.4+-‐0.2	   F/cm2,	   respectively.	   	   These	   values	   are	   in	   agreement	   with	   best	   fits	  
assuming	  a	  Randles	  circuit.	  
	  
Table	  S2.	  Monolith	  performance	  metrics:	  Onset	  voltage,	  voltage	  needed	  to	  
achieve	  10	  and	  100	  mA/cm2.	  Lumped	  circuit	  values	  used	  to	  subtract	  the	  
non-faradaic	  contributions.	  Voltages	  provided	  versus	  RHE.	  

	   R1	  
(ohms)	  

R2	  
(ohms)	  

C	  (F)	   VOCP	   Vonset	  
	  

V10	   V100	  

GMA	  
Monolith	  

6	   460	   0.4	   0.09	   -‐0.31	   -‐0.33	   -‐0.50	  

MoS2/GMA	  
Monolith	  

8	   320	   0.31	   0.65	   -‐0.10	   -‐0.12	   -‐0.26	  

GMA	   	   	   	   	   -‐0.53	   -‐0.71	   	  
MoS2/GMA	   	   	   	   	   -‐0.47	   -‐0.60	   	  
MoS2	  	   	   	   	   	   -‐0.28	   -‐0.48	   	  
WS2	   	   	   	   	   -‐0.18/	  	  	  	  	  

-‐0.24	  
-‐0.34/	  	  	  
-‐0.70	  
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