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An	
  attributed	
  Daguerre	
  “daguerreotype”:	
  	
  French	
  collection	
  
(2007)	
  

What	
  do	
  	
  people	
  sometimes	
  see	
  today?	
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Resolution	
  of	
  the	
  daguerreotype	
  in	
  an	
  American	
  iconic	
  treasure	
  

2	
  meters	
  

The	
  Cincinnati	
  waterfront	
  daguerreotype	
  panorama	
  
Made	
  by	
  Fontayne	
  and	
  Porter;	
  1848	
  

	
  
Owned	
  by	
  the	
  Library	
  of	
  Cincinnati	
  and	
  Hamilton	
  county	
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1000 μ 



3	
  Research	
  Themes	
  
1.  The	
  long-­‐term	
  preservation	
  and	
  conservation	
  

of	
  the	
  daguerreotype	
  for	
  its	
  cultural,	
  artistic,	
  
and	
  historic	
  value	
  	
  

2.  Material	
  science	
  research	
  to	
  serve	
  the	
  above	
  
goal	
  and	
  to	
  explain	
  the	
  material	
  science	
  of	
  the	
  
daguerreotype	
  process,	
  and	
  its	
  physical	
  
responses	
  over	
  time	
  

3.  To	
  unlock	
  historical	
  content	
  that	
  is	
  in	
  the	
  
material	
  structure	
  of	
  the	
  daguerreotype,	
  and	
  
correlate	
  forensic	
  data	
  to	
  the	
  historical	
  record	
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Emission	
  colors	
  of	
  different	
  molar	
  ra/o	
  
solu/ons	
  of	
  gold	
  chloride	
  and	
  sodium	
  
thiosulfate,	
  indica/ng	
  different	
  size,	
  
shape	
  and	
  stability	
  of	
  gold	
  nanopar/cles	
  
over	
  24	
  hours	
  	
  

University	
  of	
  Louisville	
   George	
  Eastman	
  House	
  

	
  	
  	
  Fizeau’s	
  Recipe	
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#6:	
  8	
  drops	
  gilding	
  solution	
  over	
  8	
  minutes,	
  over	
  heat	
  
–then	
  immersed	
  in	
  distilled	
  H2O,	
  rinsed	
  and	
  dried	
  

Loss of 
superlayers 
exposing  sub-
surface Ag 

Curled up 
superlayer –
often termed 
exfoliation 



0AD+7%.(5'1+'<+,%#5'1+b+++

Note the full separation of superlayer 1 between the base silver layer and the 
Ag-Au layer above. Superlayer 2 with separation shows a possible repeat of 
the same phenomenon –with an increase in the Au content.  

Ag 

Ag-Au 



FIB	
  –EDX	
  analysis	
  of	
  	
  ROI	
  6	
  	
  

Location of FIB cut  
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Research	
  on	
  the	
  cause	
  of	
  exfoliation,	
  as	
  seen	
  	
  on	
  
Southworth	
  &	
  Hawes	
  plates,	
  and	
  many	
  others….	
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The	
  superlayer	
  is	
  completely	
  disassociated	
  
from	
  the	
  silver	
  base	
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•  A	
  web	
  of	
  bio-­‐organic	
  
growth	
  500X	
  darkfield	
  
microscopy	
  

•  Note	
  the	
  reflective	
  fibrous	
  
structures	
  due	
  to	
  internal	
  
organo-­‐metallic	
  mediation	
  

•  The	
  strong	
  color	
  emissions	
  
are	
  localized	
  plasmon	
  
resonance	
  effects	
  of	
  Ag/Au	
  
nanoparticles	
  	
  incorporated	
  
into	
  biofibers	
  

50	
  µm	
  

The	
  gold-­‐silver-­‐sulfur	
  complex	
  as	
  a	
  substrate	
  
for	
  self	
  assembling	
  organo-­‐metallic	
  structures	
  



40	
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Area	
  of	
  biological	
  growth	
  and	
  interactions	
  with	
  the	
  gold-­‐silver-­‐
mercury	
  plate	
  nano	
  structure	
  



SEM	
  image	
  of	
  a	
  bio-­‐formation	
  within	
  ROI	
  



Detail	
  view	
  of	
  structure	
  –note	
  distinctive	
  bio-­‐forms;	
  white	
  circle	
  is	
  
an	
  image	
  particle	
  	
  



Large	
  (micro)	
  flat	
  laminate	
  crystalline	
  structure	
  populated	
  
with	
  nano-­‐features	
  on	
  surface;	
  appears	
  joined	
  between	
  two	
  
bio-­‐fibers	
  



Evidence	
  of	
  biological	
  interaction	
  has	
  been	
  documented	
  on	
  every	
  
daguerreotype	
  examined	
  by	
  SEM	
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Fiber	
  terminus;	
  note	
  the	
  large	
  aggregate	
  par/cles	
  and	
  the	
  extending	
  surface	
  
bio-­‐film	
  ,	
  perhaps	
  	
  indica/ve	
  of	
  the	
  	
  linear	
  propaga/on	
  of	
  the	
  bio-­‐fiber.	
  



Interpreta/on:	
  the	
  primary	
  
cons/tuent	
  of	
  these	
  par/cles	
  	
  is	
  
silver	
  sulfide,	
  they	
  also	
  contain	
  
chlorine,	
  gold,	
  and	
  copper	
  
components	
  –assuming	
  the	
  
electron	
  beam	
  was	
  isolated	
  on	
  
the	
  par/cle.	
  Unfortunately	
  the	
  
spectrum	
  was	
  cut	
  off	
  on	
  the	
  
lower	
  end	
  so	
  there	
  is	
  not	
  signal	
  
for	
  oxygen	
  and	
  carbon	
  and	
  lighter	
  
elements	
  

Large	
  sulfur	
  rich	
  particles	
  accumulate	
  at	
  the	
  bio-­‐
fiber	
  perimeter	
  	
  



Subsurface	
  biological	
  interactions	
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Scientific	
  rationale	
  to	
  pursue	
  the	
  nano-­‐biological	
  
research	
  of	
  self-­‐assembling	
  organo-­‐metallic	
  structures	
  	
  	
  	
  



Single	
  organism	
  nano-­‐metallic	
  formation	
  

Approximate	
  aspect	
  ratio	
  of	
  1:1760	
  



Maintains	
  a	
  preferred	
  distance	
  above	
  the	
  
daguerreotype	
  surface	
  of	
  ~250nm	
  



Appears	
  to	
  have	
  macro	
  mechanical	
  properties	
  

1	
  
Magnification	
  =	
  153Kx	
  



Nano-­‐fiber	
  encounters	
  surface	
  

Dispersion	
  of	
  cytoplasmic	
  contents	
  –and	
  then	
  re-­‐emergence	
  
and	
  continuation	
  of	
  the	
  50nm	
  diameter	
  linear	
  formation	
  



Daniel	
  Webster	
  	
  
Albert	
  Southworth	
  &	
  Josiah	
  Hawes	
  

George	
  Eastman	
  House	
  International	
  Museum	
  of	
  Photography	
  &	
  Film	
  

Whole	
  plate	
  daguerreotype:	
  8.5”	
  x	
  6.5”	
  in	
  herme/cally	
  sealed	
  argon	
  enclosure	
  

Promising	
  new	
  methods	
  to	
  preserve	
  daguerreotypes	
  



New	
  research	
  techniques	
  for	
  studying	
  daguerreotypes	
  

Making	
  daguerreotypes	
  directly	
  on	
  a	
  transmission	
  electron	
  
(TEM)	
  microscope	
  grid	
  



Grid	
  square	
  chosen	
  for	
  FIB	
  analysis	
  



100	
  nm	
  Ag	
  vacuum	
  sputter	
  coated	
  onto	
  a	
  “lacey	
  carbon”	
  TEM	
  grid	
  



Thickness	
  of	
  the	
  silver	
  deposition	
  after	
  gilding:	
  92.40	
  nm	
  
The	
  lower	
  stratum	
  is	
  a	
  section	
  of	
  the	
  carbon	
  grid,	
  

measuring	
  	
  42.91nm	
  



Location	
  of	
  FIB	
  cuts	
  into	
  the	
  iodized,	
  fixed,	
  and	
  
gilded	
  “Tem-­‐grid-­‐otype”	
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•  XPS	
  is	
  the	
  newest	
  instrument	
  in	
  the	
  URNanocenter.	
  It	
  has	
  the	
  	
  
capacity	
  to	
  analyze	
  the	
  top	
  few	
  nanometers	
  of	
  a	
  surface	
  
elementally	
  and	
  compositionally	
  by	
  determining	
  binding	
  
energies	
  that	
  characterize	
  the	
  molecular	
  structures	
  

•  XPS	
  (which	
  is	
  a	
  destructive	
  technique),	
  gathers	
  tomographical	
  
data	
  by	
  progressive	
  plasma	
  etching	
  and	
  layer	
  by	
  layer	
  analysis	
  	
  

•  Using	
  TEM	
  grids	
  as	
  surrogate	
  daguerreotypes	
  we	
  will	
  be	
  able	
  
to	
  collect	
  spatially	
  resolved	
  	
  elemental	
  data	
  by	
  TEM	
  at	
  the	
  
molecular	
  level,	
  and	
  analyze	
  the	
  molecular	
  structures	
  by	
  XPS	
  

Application	
  of	
  new	
  analytical	
  tools	
  to	
  characterize	
  
the	
  daguerreotype;	
  good	
  for	
  the	
  daguerreotype	
  –
good	
  for	
  science!	
  



Research	
  into	
  the	
  properties	
  of	
  gold	
  and	
  silver	
  complexes,	
  or	
  
superclusters	
  for	
  their	
  extraordinary	
  optical	
  and	
  electronic	
  
properties,	
  may	
  help	
  our	
  research	
  into	
  gilding.	
  	
  	
  

Electronic	
  Structure	
  and	
  Bonding	
  of	
  Icosahedral	
  Core-­‐Shell	
  Gold-­‐Silver	
  Nanoalloy	
  
Clusters	
  Au144-­‐xAgx(SR)60	
  
Sami	
  Malola	
  and	
  Hannu	
  Häkkinen*	
  
Departments	
  of	
  Chemistry	
  and	
  Physics,	
  Nanoscience	
  Center	
  
University	
  of	
  Jyväskylä,	
  FI-­‐40014	
  Jyväskylä,	
  Finland	
  



Thank	
  you	
  !	
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