
Introducing	
  Students	
  to	
  	
  
Transdisciplinary	
  Educa5onal	
  and	
  Research	
  Experiences	
  

	
  
Overcoming	
  Bias	
  To	
  Solve	
  Problems	
  

	
  
	
  

Darryl	
  P.	
  Bu=	
  
Dept.	
  of	
  Materials	
  Science	
  and	
  Engineering	
  

	
  
	
  



The	
  VIP	
  Concept:	
  Science	
  of	
  Art	
  
	
  
	
  

Preserva'on	
  and	
  Reverse	
  Engineering	
  of	
  Cultural	
  Heritage	
  I:	
  	
  
Theme:	
  The	
  Science,	
  History,	
  and	
  Psychology	
  of	
  Color	
  in	
  Art	
  
Book:	
  Color	
  by	
  V.	
  Finley	
  and	
  Literature	
  
	
  	
  
Preserva'on	
  and	
  Reverse	
  Engineering	
  of	
  Cultural	
  Heritage	
  II:	
  	
  
Theme:	
  Archeometry—Methods	
  of	
  Analyzing	
  Materials	
  in	
  Art	
  and	
  Culture	
  
Book:	
  Scien8fic	
  Methods	
  and	
  Cultural	
  Heritage	
  by	
  G.	
  Ar5oli	
  and	
  Literature	
  
	
  	
  
Preserva'on	
  and	
  Reverse	
  Engineering	
  of	
  Cultural	
  Heritage	
  III:	
  	
  
Theme:	
  Case	
  Studies	
  in	
  the	
  Forgery,	
  Preserva5on,	
  and	
  Interpreta5on	
  of	
  
Art	
  and	
  Materials	
  of	
  Cultural	
  Heritage	
  
Book:	
  Caveat	
  Emptor	
  by	
  Ken	
  Perenyl	
  and	
  Literature	
  
	
  	
  
Preserva'on	
  and	
  Reverse	
  Engineering	
  of	
  Cultural	
  Heritage	
  IV:	
  	
  
Theme:	
  Internship	
  or	
  Focused	
  Undergraduate	
  Research	
  Experience	
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✓	
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“Reverse	
  Engineering”-­‐Discovery	
  
Through	
  Analysis	
  of	
  Structure,	
  
Func5on,	
  Purpose,	
  Opera5on,	
  
Provenance*,	
  Provenience*…	
  

*contrary	
  to	
  some	
  dic5onaries…	
  Provenance	
  ≠	
  Provenience	
  



“Reverse	
  Engineering”	
  

Forensics	
  

Archeometry	
  

Dissec5on	
  

Cultural	
  Heritage	
  

Ar5st	
  Purpose	
  

Provenance	
  

History	
  

Cri5cal	
  Infrastructure	
   Product	
  Development	
  

Archeology	
  

Geology	
  

Materials	
  Characteriza5on	
  

Petrography	
  

Microscopy	
  

Forgery	
  

Sustainability	
  

Preserva5on	
  

Biomime5cs	
  

Chemical	
  Analysis	
  

Surface	
  Analysis	
  

Anthropology	
  

Provenience	
  

Restora5on	
  

Pathology	
  



The	
  VIP	
  (Transdisciplinary)	
  Concept:	
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Discipline 1 

Discipline 2 

Discipline 3 

Discipline 4 

Discipline 5 

Discipline 6 

Discipline 7 

Discipline 8 

Discipline 9….. 



Material Science 

Sociology 

Philosophy 

Art History 
Art Conservation 

Public Policy 

Chemistry 

Visual Arts Psychology 

The	
  VIP	
  (Transdisciplinary)	
  Concept:	
  

Ve
r5
ca
lly
	
  In
te
gr
at
ed

	
  P
ro
je
ct
/R
es
ea
rc
h	
  
Pr
ob

le
m
	
  



Leonardo	
  Da	
  Vinci:	
  Savant	
  
1452-­‐1519	
  

	
  
	
  

Personality/Experiences:	
  
Son	
  of	
  a	
  Slave	
  
Son	
  of	
  a	
  Notary	
  
Perfec5onist	
  
Procras5nator	
  

Uncompromising	
  
Compulsive	
  

Slow	
  and	
  Deliberate	
  
No	
  Fear	
  of	
  Failure	
  

Disastrous	
  Experimenter	
  
No	
  University	
  Educa5on	
  
Student	
  of	
  Verrocchio	
  
Employee	
  of	
  Lodovico	
  
“Colorful”	
  Dresser	
  

Led	
  Handed	
  (Mancino)	
  
Wrote	
  Script	
  in	
  Reverse	
  
Popular	
  and	
  Famous	
  

Vegetarian	
  
Devout	
  Chris5an	
  

An5-­‐Clergy	
  
Humorist	
  
Prankster	
  

Master	
  of	
  Yogi-­‐isms	
  
Passionate,	
  Life-­‐Long	
  Learner	
  	
  

	
  
	
  
	
  
	
  

Scholarship/Occupa7ons:	
  
Ar5st	
  
Painter	
  
Colorist	
  
Sculpture	
  	
  
Metal	
  Smith	
  
Inventor	
  
Alchemist	
  
Botanist	
  

Pathologist	
  
Mathema5cian	
  

Materials	
  Scien5st	
  
Mechanical	
  Scien5st	
  
Military	
  Engineer	
  
Military	
  Architect	
  

Hydrodynamic	
  Engineer	
  
Military	
  Spy	
  
Mountaineer	
  
Set	
  Designer	
  
Event	
  Planner	
  

Writer	
  
Musician	
  

	
  
	
  

Quote:	
  “Men	
  of	
  Genius	
  Some5mes	
  Accomplish	
  Most	
  When	
  They	
  Work	
  the	
  Least…”	
  
-­‐Da	
  Vinci	
  to	
  his	
  employer,	
  Lodovico,	
  ref.:	
  G.	
  Vasari,	
  et	
  al.,	
  Lives	
  of	
  Ar8sts,	
  pp	
  262-­‐263.	
  

Red	
  Pastel	
  Portrait	
  by	
  Da	
  Vinci,	
  ~149X?,	
  speculated	
  
to	
  be	
  a	
  self-­‐portrait.	
  



“Reverse	
  Engineering”	
  the	
  Effects	
  of	
  “Entropy”	
  

Ref.:	
  A.	
  Mosca	
  Conte,	
  O.	
  Pulci,	
  M.	
  C.	
  Misi5,	
  J.	
  Lojewska,	
  L.	
  Teodonio,	
  C.	
  Violante,	
  and	
  M.	
  Missori,	
  Appl.	
  Phys.	
  LeE.,	
  104,	
  2241010	
  (2014).	
  

Oxidized	
  Groups	
  
Of	
  Cellulose	
  

	
  
TD	
  DFT	
  Simula5ons	
  

Diffuse	
  Absolute	
  Reflectance	
  
Spectroscopy	
  

Image	
  Source:	
  ARTstor	
  

Red	
  Chalk	
  

Post	
  World	
  War	
  II	
  Image	
  

Currently	
  stored	
  at	
  22°C,	
  55%	
  RH,	
  behind	
  security	
  	
  
cameras	
  and	
  light	
  absorbing	
  glass.	
  

Severe	
  “foxing”	
  

Oxida5on	
  (yellowing)	
  
of	
  the	
  parchment	
  

The	
  inscrip5on,	
  	
  
“Leonardus	
  Vincius”	
  
has	
  vanished	
  

Embri=lement	
  



Proof	
  of	
  	
  __________	
  is	
  	
  
Less	
  Like	
  a	
  Mathema5cal	
  Proof	
  

Than	
  it	
  is	
  Like	
  a	
  Proof	
  in	
  a	
  	
  
Court	
  of	
  Law	
  

Fill	
  in	
  the	
  Blank*	
  

*Provenance,	
  Provenience,	
  a	
  Theory,	
  	
  a	
  Hypothesis,	
  a	
  Mechanism,	
  a	
  Scien5fic	
  Concept…	
  	
  



The	
  Color	
  Purple	
   400	
  nm	
  

700	
  nm	
  





Which	
  is	
  longer?	
  	
  Which	
  is	
  wider?	
  

“The	
  greatest	
  decep5on	
  men	
  suffer	
  is	
  from	
  their	
  own	
  opinions.”—The	
  Notebooks	
  of	
  	
  
Leonardo	
  Da	
  Vinci.	
  



Oil	
  on	
  Linen,	
  in	
  the	
  style	
  of	
  the	
  Hudson	
  River	
  School,	
  D.	
  P.	
  Bu=,	
  2012.	
  

Construc5on	
  of	
  a	
  Pain5ng	
  



Materials	
  and	
  Limited	
  Pale=e	
  

Oil	
  on	
  Linen,	
  in	
  the	
  style	
  of	
  the	
  Hudson	
  River	
  School,	
  D.	
  P.	
  Bu=,	
  2012.	
  

Belgian	
  Linen,	
  Oil	
  
Primed	
  
#66	
  Median	
  Weave	
  
on	
  Kiln	
  Dried,	
  
Laminated	
  Bal5c	
  
Birch	
  (1/8x12x16”)	
  

Primary	
  Binder:	
  	
  
Viscosity	
  =	
  5	
  cPoise	
  
	
  
Mixture	
  of	
  	
  
	
  
Vegetable	
  Oil	
  
(Triester	
  derived	
  
from	
  linoleic	
  and	
  
oleic	
  acids)	
  
	
  
	
  
	
  
	
  
Sicca5ves	
  (lipophilic	
  
carboxylic	
  and	
  
naphthenic	
  acids)	
  	
  

Solvent:	
  Gamsol,	
  	
  a	
  	
  
mixture	
  of	
  aroma5c	
  
hydrocarbons	
  

Pigments:	
  
0.5-­‐5	
  μm	
  mineral	
  derived	
  
powders	
  or	
  organics	
  
	
  
Opaque	
  White:	
  Titanium	
  
Dioxide	
  (Ru5le)	
  or	
  TiO2	
  (n	
  =	
  
2.72)	
  
	
  
Cool	
  and	
  Warm	
  Blues:	
  	
  
Complex	
  Silicate	
  of	
  Sodium	
  
and	
  Aluminum	
  with	
  Sulfur	
  or	
  
Na8Al6Si6O24S4-­‐x	
  
	
  
Iron	
  Oxide	
  Mix	
  of	
  FeO	
  and	
  
Fe2O3	
  
	
  
Cool	
  and	
  Warm	
  Reds:	
  
1,2-­‐Dihydroxyantraquinone	
  
or	
  C14H8O4	
  
	
  
Iron	
  Oxides	
  including	
  FeO	
  and	
  
Fe2O3-­‐H2O	
  
	
  
Cool	
  and	
  Warm	
  Yellows:	
  
Mix	
  of	
  Zinc	
  Oxide,	
  Cadmium	
  
Zinc	
  Sulfide,	
  and	
  Iron	
  Oxide	
  or	
  
ZnO,	
  CdZnS,	
  and	
  Fe2O3-­‐H2O	
  
	
  
Hydrated	
  Iron(III)	
  Oxide	
  or	
  
Fe2O3-­‐H2O	
  
	
  
Azomethine	
  or	
  C16H19N5O6	
  

~12	
  Layers	
  of	
  Glaze	
  

Dark	
  
Light	
  

Cool	
  Warm	
  

Warm	
  

“The	
  surface	
  of	
  any	
  opaque	
  body	
  is	
  affected	
  by	
  the	
  color	
  of	
  surrounding	
  
objects…	
  colors	
  are	
  most	
  intense	
  when	
  surrounded	
  by	
  their	
  contrasts…”—
from	
  the	
  notebooks	
  of	
  Leonardo	
  Da	
  Vinci.	
  

Pain5ng	
  Cross	
  Sec5on	
  



Reverse	
  Engineer	
  This	
  



(“Fayum”)	
  Mummy	
  Portraits	
  and	
  the	
  Color	
  Purple	
  

Fusion	
  of	
  Egyp5an	
  religious	
  rites,	
  
Roman	
  ar5s5c	
  style,	
  and	
  Greek	
  
cultural	
  tradi5ons*	
  

*Ref.	
  C.	
  Cartwright	
  and	
  A.	
  Middleton,	
  Br.	
  Mus.	
  
Tech.	
  Res.	
  Bull.,	
  2,	
  59	
  (2008).	
  



Mummy	
  Sampling	
  for	
  the	
  APPEAR	
  Project	
  
	
  

APPEAR=Ancient	
  Panel	
  Pain5ngs:	
  Examina5on	
  Analysis	
  and	
  Research	
  



Pigment	
  par5cle	
  

A
C

E

TEM	
  sample	
  #1	
  

TEM	
  sample	
  #2	
  

LEAP	
  samples	
  

Pigment	
  par5cle	
  under	
  SEM.	
  Loca5ons	
  of	
  TEM	
  samples	
  are	
  in	
  
red	
  and	
  those	
  of	
  LEAP	
  samples	
  are	
  in	
  blue.	
  



Par5cle	
  



Par5ally	
  Machined	
  Pigment	
  Par5cle	
  

Quanta	
  3D	
  Dual	
  Beam	
  FIB	
  at	
  CAES	
  



Par5cle	
  
Machined	
  Sample	
  x10	
  



Cameca	
  4000X	
  HR	
  Local	
  Electrode	
  Atom	
  Probe	
  



VIP Topic and 
Motivation 

Cultural Studies + Materials Science Analyses 

Greco-Roman Egypt + Nanoscale pigment analyses 

Fayum mummy portraits + Materials for the color purple 



Methods 
	
  

c 



Types of Organic Pigments 
 

Madder Root 

Kermes Insect 
Lichen Indigo 

Cochineal Insect 



Color Shifting Techniques 
	
  





END	
  


