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Chemist,	  physicist,	  inventor,	  visionary	  

	  
	  





The	  enduring	  mystery	  of	  brilliant	  minds	  
	  
	  

What	  transcendent	  ideas	  led	  M.	  Fizeau	  to	  
prepare	  solutions	  that	  formed	  gold	  nanoparticles	  

of	  consistent	  size,	  shape,	  and	  stability?	  
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0.2%	  gold	  chloride	  in	  dis=lled	  
water	  

Gold	  chloride	  solu=on	  mixed	  
1:1	  with	  dilute	  sodium	  
thiosulfate	  solu=on	  
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FIB	  trench	  at	  0˚	  =lt	  is	  nestled	  beneath	  an	  organic	  structure	  engaging	  with	  
the	  daguerreotype	  surface;	  magnifica=on	  is	  453	  =mes	  
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Gilded	  or	  ungilded?	  

•  No	  plate	  maker’s	  mark	  
•  Faint	  octagonal	  mat	  mark	  
•  Pose	  and	  clothing	  1830’s	  –early	  1840’s	  (?)	  
•  Adhesive	  residues/silver	  loss	  around	  perimeter	  –perhaps	  an	  early	  moun=ng	  
similar	  to	  Cornelius	  (?)	  

•  Very	  weak	  –if	  at	  all-‐	  significant	  AuM	  EDX	  signal;	  no	  L	  line	  signal	  at	  20	  kV	  



	  
	  

	  
	  

Ungilded	  Becquerel	  sample	  	  
–no	  image	  par=cles	  

Gilded	  Becquerel	  sample	  
-‐	  with	  image	  par=cle	  

Confirming	  tests	  to	  verify	  the	  hypothesis:	  
	  

The	  Fizeau	  gilding	  recipe	  causes	  the	  forma=on	  of	  a	  gold-‐silver-‐
sulfur	  	  complex	  by	  energe=c	  mass	  transport	  of	  underlying	  
silver	  into	  a	  discrete	  surface	  structure	  or	  “superlayer”	  
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L+"12+M+

1 drop of gilding solution followed by distilled water to keep the area 
from going to dryness during the experiment 



N+"12+O+

3 drops gilding solution over 4 minutes followed for by distilled water 
for the additional 4 minutes to keep the area from going to dryness 



5	  and	  6	  

7-8  drops gilding solution over 8 minutes followed by the coupon 
being immersed for a final rinse and air dry.   

The uppermost surface began to delaminate and curl up just before 
termination of the experiment 



6:	  	  the	  extended	  gilding	  resulting	  in	  the	  
superlayer	  delaminating	  and	  curling	  	  up	  

Loss of 
superlayers 
exposing  sub-
surface Ag 

Curled up 
superlayer –
often termed 
exfoliation 
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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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Ag	  coated	  grid	  on	  SEM	  stub	  



Grid	  square	  chosen	  for	  FIB	  analysis	  





Fib	  cuts	  in	  the	  100nm	  Ag	  coated	  grid.	  The	  FIB	  beam	  was	  
operated	  at	  30kV	  and	  2-‐5	  pAmps	  @20-‐30	  sec	  to	  cut	  through	  



Thickness	  of	  the	  silver	  deposi=on	  ater	  gilding:	  
92.40	  nm	  

The	  lower	  stratum	  is	  a	  sec=on	  of	  the	  carbon	  grid,	  
measuring	  	  42.91nm	  



EDX	  of	  edge	  of	  FIB	  cut:	  	  the	  FIB	  beam	  may	  have	  caused	  the	  edge	  
to	  deform.	  The	  EDX	  spectrum	  shows	  a	  proper	  propor=on	  of	  Ag	  
to	  Au	  expected	  in	  a	  gilded	  daguerreotype.	  The	  Al	  signal	  is	  a	  
result	  of	  scauer	  –all	  surrounding	  metal	  is	  Al.	  The	  Cu	  signal	  is	  
from	  the	  grid	  structure.	  Both	  the	  Al	  and	  Cu	  are	  to	  be	  discounted.	  



EDX	  of	  the	  sub	  stratum:	  no	  coating	  or	  gilding	  evident	  



EDX	  spectrum	  of	  top	  surface:	  lower	  in	  Au	  than	  expected	  



EDX	  of	  the	  Ag	  –Au	  surface	  on	  the	  webbing.	  


