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I -  Background and Introduction 

Thiourea  and m i n e r a l  a c i d  s i l v e r - d i p  s o l u t i o n s  were f i r s t  
described by Howard Ereriner i n  1953 f o r  t h e  c l e a n i n g  of  f r a g i l e  
s i l v e r  o b j e c t s  unab le  w i t h s t a n d  a b r a s i v e  c l e a n e r s . '  The o r i g i n a l  
fo rmulas  recommended by Brenner  were mad i f i ed  and adap ted  f o r  
c l e a n i n g  d a g u e r r e o t y p e s  by Mrs. Ruth K .  F i e l d ,  a s s i s t a n t  c u r a t o r  
of t h e  M i s s o u r i  H i s t o r i c a l  S o c i e t y ,  and h e r  formula  was f i r s t  
p u b l i s h e d  by C h a r l e s  van Ravensway i n  1956. '  
H i s t o r i c a l  S o c i e t y  formula  and i t s  v a r i a t i o n s  were wide ly  used 
and were thought,  t o  be  perfect ly  safe  and f o o l - p r o o f  t r e a t m e n t s  
f o r  d a g u e r r e o t y p e  c l e a n i n g .  However, by t h e  ear ly  1970s some 
r?pc,rt,s about, problems a s s o c i a t e d  w i t h  t h i o u r e a  c l e a n e r s  began t o  
appear.  T'1 sac: .-.- problems i n c l u d e d  i n d i c a t i o n s  t h a t  d a g u e r r e o t y p e s  
~ C J U l c ?  n o t  be r e p e a t e d l y  c l e a n e d  i n  t h i o u r e a  s o l u t i o n s  a s  had been 
p r e v i o u s l y  t h o u g h t ,  t h a t ,  some t h i o u r e a - c l e a n e d  d a g u e r r e o t y p e s  
deve loped  mi lky-whi te  c o a t i n g s  o v e r  t i m e ,  and t h a t ,  sume 
d a g u e r r e o t y p e s  deve loped  "measles ' ' 3  The i n c r e a s i n g  alarm ove r  
t h e  p o s s i b l e  a d v e r s e  e f fec ts  of  t h i o u r e a  c l e a n e r s  w a s  a d d r e s s e d  
by the f l e d g l i n g  F h o t o g r a p h i c  M a t e r i a l s  Group (PMG) of t h e  
American I n s t i t u t e  f o r  Conse rva t ion  and i n  1979, t h e  membership 
of t h e  PMG agreed  t o  a moratorium on t h e  c l e a n i n g  o f  t h e  
daguerreotypes u n t i l  more r e s e a r c h  c o u l d  be done ~ 

The M i s s o u r i  

A few papers were p u b l i s h e d  d e s c r i b i n  r e s e a r c h  t o  improve 
t h i o u r e a  d a g u e r r e o t y p e  c l e a n i n g  s i > l u t i o n s , '  however,  v e r y  l i t t l e  
r e s e a r c h  w a s  done i n  l o o k i n g  f o r  a l t e r n a t i v e s  t o  th iOurea  
c l e a n e r s .  Threz  g roups  shed  r e s u l t s  on t h e  use o f  plasmas 
f o r  c l e a n i n g  daguerreoty$::!' A method f o r  e l e c t r o c l e a n i n g  
d a g u e r r e o t y p e s  w a s  p u b l i s h e d  i n  1986.6 I n  t h e  l a t t e r  paper,  it 
w a s  r e p o r t e d  t h a t  surface c h a r a c t e r i z a t i o n  o f  d a g u e r r e o t y p e s  

To whom cor re spondence  shou ld  be a d d r e s s e d  

2 On l e a v e  from: Department. o f  Materials S c i e n c e  and 
E n g i n e e r i n g ,  Johns  Hopkins U n i v e r s i t y ,  B a l t i m o r e l  MD 21218.  
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showed t h a t  t h i o u r e a - s i l v e r  complexes remain on t h e  sur face  o f  
t h i o u r e a - c l e a n e d  d a g u e r r e o t y p e s  and t h a t  t h e s e  byproduc t s  a re  n o t  
removed by washing.  

11.  Treatment and Retreatment of Daguerreotypes 

I n  1 9 7 7 ,  Thomas M .  Edmondson t r e a t e d  a set. o f  e igh t ,  
d a g u e r r e o t y p e s  from t h e  c o l l e c t i o n  of t h e  T o r r i n g t o n  
( C o n n e c t i c u t )  His tor ica l  S o c i e t y  u s i n g  t h e  s t a n d a r d  M i s s o u r i  
H i s t o r i c a l  S o c i e t y  f o r m u l a t i o n  t h i o u r e a  c l e a n e r .  The photo-  
documentat ion and r e p o r t s  on t h e  t r e a t m e n t  have been misp laced  i n  
t h e  H i s t o r i c a l  S o c i e t y - s  f i l e s  and o n l y  Edmondson's p e r s o n a l  
n o t e s  w r i t t e n  on t h e  seals of t h e  d a g u e r r e o t y p e s  are c u r r e n t l y  
a v a i l a b l e .  After c l e a n i n g ,  t h e  d a g u e r r e o t y p e s  were r e s e a l e d  
u s i n g  P e r m a l i f e  paper w i t h  an a d h e s i v e  made o f  s t a r c h  paste ,  and 
s e a l e d  w i t h  a c o a t i n g  o f  B-72 .  The d a g u e r r e o t y p e s  were r e c a s e d  
and s u b s e q u e n t l y  s t o r e d  i n  a c i d - f r e e  s t o r a g e  boxes i n  t h e  
basement of t h e  H o t c h k i s s - F y l e r  House which is  t h e  main l o c a t i o n  
of  t h e  T o r r i n g t o n  H i s t o r i c a l  S o c i e t y ' s  c o l l e c t i o n s .  The house 
museum does  n o t  have  a h e a t i n g - v e n t i l a t i n g - a i r  c o n d i t i o n i n g  
( H V A C )  sys t em,  however t h e  basement s t o r a g e  area is  a f a i r l y  
s t a b l e  envi ronment  wi th  o n l y  o c c a s i o n a l  e x c u r s i o n s  of t e m p e r a t u r e  
o r  humid i ty  d u r i n g  ex t reme c o n d i t i o n s  i n  t h e  summer and w i n t e r  
s e a s o n s .  

I n  December 1990,  Edmondson re-examined t h e  T o r r i n g t o n  
d a g u e r r e o t y p e s  and found t h a t  s even  of t h e  e i g h t  were showing 
s i g n s  of  d e t e r i o r a t i o n  r e l a t e d  t o  t h e i r  p r e v i o u s  t h i o u r e a  
t rea tment ,  : t h e  images were c l o u d i n g  o v e r  and some dague r reo types  
had developed  " m e a s l e s .  I '  Recogniz ing  t h a t '  t h e  o p p o r t u n i t y  t o  
s t u d y  t h i s  se t  o f  d a g u e r r e o t y p e s  o f f e r e d  t h e  p n s s i b i l i t y  o f  
v e r i f y i n g  previi=Lzsly r e p o r t e d  results oii t h e  ef fects i>f t h i o u r e a  
c l e a n e r s ,  he  o b t a i n e d  p e r m i s s i o n  t o  have  t h e  d a g u e r r e o t y p e s  
s u b m i t t e d  f o r  surface a n a l y s i s ,  r e - t r e a t m e n t  u s i n g  
e l e c t r o c l e a n i n g ,  and fcjllow-up surface a n a l y s i s ' .  

IIa. Surface Analysis 

A l l  e i g h t  d a g u e r r e o t y p e s  were s u b m i t t e d  f G r  s u r f a c f :  analysis 
t o  U r .  M. Susan Barger ( U n i v e r s i t y  o f  N e w  Mexico 7 ) .  The 
d a g u e r r e o t y p e s  were ailalyzei? w i t h  t h e  a s s i s t a n c e  of D i r k  K u r t h  
( U n i v e r s i t y  o f  N e w  Mexico8) u s i n g  a n i t r o g e n  purged Mattson 
P o l a r i s  F o u r i e r  t ra i i s form i n f r a r e d  s p e c t r o m e t e r  w i th  a narrow 
Sand 1 i q  u i d - n i t. r ogen - coo 1 e d m e r c u r y - cadm i u m - t e 1 1 u r i d  e M C T ) 
d e t e c t o r .  The p o l a r i z e d  l i g h t  from t h e  s p e c t r o m e t e r  was i nc ide r i t  
on t h e  sample a t  a n  a n g l e  of 75' from normal t C J  t h e  s u r f a c e .  
After t r i a n g u l a r  apodiza t , io i i  t h e  spect.ra1 r e s o l t i t i o n  was e q u a l  + <..a 
4 cm- l  o r  4 wavenumbers. 
cent,imeters pe r  seci>rid and 250  ti:) 1, 0C:O scans were reciI>rded fi;r 
each  spec t r a .  A l l  spectra were r e p o r t e d  i n  l o g ( K / R g ) ,  where R i s  
t h e  r e f l e c t i v i t y  o f  t h e  sample and Rg is  t h e  r e f l e c t i v i t y  o f  t h e  
r e fe ren i j e  surface,  Evaporated gold-on-glass slides were ~ ~ e d  a s  

The moving m i r r o r  v e l o c i t y  w a s  1 . 2 6 4  

15 



reference sur faces .  I n  some cases, t h e  spectra were 
e l e c t r o n i c a l l y  c o r r e c t e d  i n  t h e  b a s e l i n e  u s i n g  two p o i n t s  a t  t h e  
o u t e r  edges  of t h e  bands o f  i n t e r e s t .  

T h i s  e x p e r i m e n t a l  se t - -up  g i v e s  spect,ra c a l l e d  ref l e c t a i o n -  
a b s o r p t i o n  i n f r a r e d  ( R A I R )  spectra because t h e  i n f r a r e d  beam 
r e f l e c t e d  from t h e  sample surface makes a doub le  pass ( i n  and 
cJut,) t h rough  a n y  a b s o r b i n g  surface f i l m s  . The R A I R  t e c h n i q u e  is 
c1sed p r i m a r i l y  t o  o b t a i n  spectra o f  t h i n  su r f ace  f i l m s  l i k e  t h e  
c o r r o s i o n  f i l m s  found on daguer reo t ,ype  surfaces .  I n  t h e  
d a g u e r r e o t y p e  case, i n f r a r e d  s p e c t r o s c o p y  is  a pa r t i cu la r ly  good 
t e c h n i q u e  f o r  a n a l y z i n g  c o r r o s i o n  f i l m s  because  s i l v e r  is  a 
perfect ref l e c t o r  i n  t,he i n f r a r e d ,  it t h e r e f o r e  c o n t r i b u t e s  
n o t h i n g  t o  t h e  i n f r a r e d  spectra o b t a i n e d  from t h e  p l a t e  s u r f a c e .  
However, p r e v i o u s  i n f r a r e d  e x a m i n a t i o n s  o f  d a g u e r r e o t y p e  surfaces  
m e r e l y  i n d i c a t e d  t h a t  t h i o u r e a  is  p r e s e n t  on t h e  sur face  o f  
t h i o u r e a - c l e a n e d  d a g u e r r e o t y p e s ,  b u t  no o t h e r  i n f o r m a t i o n  c o u l d  
be d e r i v e d  from t h e  ear l ie r  spectra . '  I n  t h o s e  cases, t h e  
d a g u e r r e o t y p e  p l a t e  c o u l d  o n l y  be p o s i t i o n e d  p e r p e n d i c u l a r  t o  t h e  
i n f r a r e d  beam and so t h e  pathway o f  t h e  beam i n  t h e  c o r r o s i o n  
f i l m  was v e r y   short.^ The i n s t r u m e n t a t i o n  a v a i l a b l e  f o r  t h e  
c u r r e n t  examina t ion  allclwed t h e  d a g u e r r e o t y p e  t o  be p o s i t i o n e d  a t  
an  o b l i q u e  a n g l e  t o  t h e  i n f r a r e d  beam and t h u s ,  t h e  beam had a 
l o n g e r  pathway i n  and a u t  o f  t h e  c o r r o s i o n  f i l m s  r u s u l t i n g  i n  an  
e f f e c t i v e l y  t h i c k e r  sample .  

The spectra o b t a i n e d  from all e i g h t  o f  t h e  u n t r e a t e d  
d a g u e r r e o t y p e s  was t h a t  o f  t h e  t h i o u r e a  breakdown p r o d u c t ,  
d i c y a n d i ~ m i d i n s u l f a t e .  The i n t e n s i t y  ( p e a k  h e i g h t )  of t h e  
spectra is  i n d i c a t i v e  o f  t h e  amount o f  d i c y a n d i a m i d i n s u l f a t e  
p r e s e n t  on t h e  d a g u e r r e o t y p e  su r face  and t h i s  amount. v a r i e d  from 
d a g u e r r e a t y p e  t o  d a g u e r r e o t y p e ,  however,  it was n o t  p o s s i b l e  t o  
d e t e r m i n e  t h e  e x a c t  amount of breakdown product ,  present.  on each  
d a g u e r r e o t y p e .  T h i s  is because  t h e  i n t e n s i t y  of t h e  spec t rum f o r  
v e r y  t h i n  f i l m s  is h i g h l y  dependent. on h o t h  t h e  f l a t n e s s  and t h e  
p o s i t i o n  of t h e  sample. S i n c e  t h e  d a g u e r r e o t y p e s  were n o t  
abSCi lUte ly  f l a t  and t h e r e  w a s  also no way t o  assure  t h a t  each  
d a g u e r r e o t y p e  w a s  p o s i t i o n e d  i n  e x a c t l y  t h e  same way a s  t h e  
o t h e r s ,  spectral  i n t e n s i t y  had some v a r i a t i o n .  Tha t  
n o t w i t h s t a n d i n g ,  t h e  breakdown f i l m s  appea red  t o  h e  on t h e  o r d e r  
of 50 t o  100 nanometers  t h i c k .  

T o  v e r i f y  t h e  compos i t ion  of any t h i o u r e a  breakdown 
p r o d u c t s ,  p o l i s h e d ,  b l ank  d a g u e r r e o t y p e  p l a t e s  were dipped  i n  a 
s t a n d a r d  t h i o u r e a  c l e a n i n g  s o l u t i c ~ n ,  r i n s e d  i n  water and d r i e d  i n  
a s t r o n g  stream o f  n i t r o g e n  gas.  The spectra obt>ained  from t h e s e  
e x p e r i m e n t a l  p l a t e s  a f t e r  d r y i n g  w a s  t h e  same spectra as f o r  a 
s imple  s i l v e r - t h i o u r e a  complex. T h i s  is  t h e  i n i t i a l  complex 
formed d u r i n g  t h i o u r e a  c l ean ing  and it is n o t  water soluble .  
These e x p e r i m e n t a l  plates were p l a c e d  i n  a d r y i n g  oven a t  90' F 
i n  t h e  ambient  a tmosphere  f o r  4 t o  5 d a y s .  R A I R  s p e c t r a  were 
t a k e n  p e r i o d i c a l l y .  After t h e  ag ing  p e r i o d ,  t h e  spectra o b t a i n e d  
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t h e  s u r f a c e  f i l m s  on t h e  e x p e r i m e n t a l  p l a t e s  c o u l d  be 
super imposed  w i t h  t h e  R A I R  spectra o b t a i n e d  from t h e  
d a g u e r r e o t y p e s  ( F i g u r e  1) . A d d i t i o n a l l y ,  t h e  i n f r a r e d  spectrum 
of a p u r e  sample of d i c y a n d i a m i d i n s u l f a t e  was a l s o  compared wi th  
spectra t a k e n  f rom +he d a g u e r r e o t y p e s  and t h e s e  s p e c t r a  cou ld  
also be supe r imposed .  We “recl isar ied” some o f  t h e  experimeilt ,al  
p la tes  i n  t h i o u r e a  s o l u t i o n  and fi>Und t h a t  t h e  second “ c l e a n i n g ”  
does  n o t  remove a l l  of t h e  d i c y a n d i a m i d i n s u l f a t e  breakdown 
p r o d u c t  and t h a t  t , h i s  breakdown prizduct a c t u a l l y  ac t s  as  a 
c a t a l y s t  f o r  t h e  breakdown o f  any  new s u r f a c e  f i lms .  

IIb. Electrocleaning and Re-Analysis 

Fol lowing  R A I R  a n a l y s i s ,  t h e  d a g u e r r e o t y p e s  were s e n t  back 
t o  Edmondson who e l e c t r o c l e a n e d  t h r e e  of t h e  d a g u e r r e o t y p e s  and 
r e t u r n e d  them f o r  a fo l low-up  a n a l y s i s  i n  o r d e r  t o  see i f  
e l e c t r o c l e a n i n g  removes t h i o u r e a  breakdown p r o d u c t s ,  These  
d a g u e r r e o t y p e s  were numbers 1, 5 ,  and 5 .  After e l e c t r m l e a n i n g ,  
o n l y  number 5 was “ c l e a n “  and free of s u r f a c e  f i l m s  ( F i g u r e  2 ) .  
T h i s  w a s  s u r p r i s i n g  b e c a u s e  w h i l e  t h e  s i l v e r - t h i o u r e a  complex is  
i n s o l u b l e  i n  w a t e r ,  t h e  i n t e r m e d i a t e s  and t h e  f i n a l  breakdown 
p r o d u c t  a re  modera te  t o  v e r y  s o l u b l e  i n  water. The s o l u b i l i t y  gf 
t h e  i n t e r m e d i a t e s  and t h e  f i n a l  p roduct , ,  d i c y a n d i a m i d i n s u l f a t e ,  
would be a l t e r e d  i f  t h e  c o r r o s i o n  f i l m  formed is a polymer 
i n s t e a d  o f  a monomer o r  i f  a metal s a l t  is  formed.  

I n  a n  e f f o r t  t o  d e t e r m i n e  i f  h o t  water would remove t h e  
d i c y a n d i a m i d i n s u l f a t e ,  d a g u e r r e o t y p e s  1 and 5 were d i p p e d  f i v e  
and one  m i n u t e s  r e s p e c t i v e l y  i n  h o t  (200°  F )  d e i o n i z e d  water and 
d r i e d .  These  t w o  d a g i ~ e r r e o t ~ y p e s  were t h e n  re-examined and i n  
b o t h  cases t h e  s u r f a c e  were found t o  be c lean  ( F i g u r e  3 ) .  

I1 c. Experimental Conclusions 

A great d e a l  is  known a b e u t  t h e  c h e m i s t r y  and r e a c t i v i t y  o f  
t h i o u r e a  w i t h  s i l v e r .  However, much of t h i s  i n f o r m a t i o n  was n o t  
c o n s i d e r e d  i n  t h e  a p p l i c a t i o n  of t h i o u r e a  c l e a n i n g  s o l u t i o n s  f o r  
d a g u e r r e o t y p e s .  I n  t h e  development  o f  a s u r f a c e  c h a r a c t e r i z a t i o n  
t oo l  c a l l e d  ” S u r f a c e  Enhanced Raman S p e c t r o s c o p y ”  o r  SERS, s i l v e r  
plates d i p p e d  i n  t h i o u r e a  s o l u t i o n s  were used  to ca l ib ra t e  
i n s t r u m e n t s  b e c a u s e  t h i o u r e a  forms a c h a r a c t e r i s t i c  comples t h a t ,  
c a n  be eas i ly  d e t e c t e d  and t h a t  c a n n o t  be removed from a s i l v e r  
s u r f a c e  by s i m p l e  washing .  lo T h i o u r e a - s i l v e r  complexes have  been 
used  as  a p h o t o - o x i d a n t  f o r  one t y p e  of a c t i n o m e t e r . l l  
c o n t e x t ,  t h i o u r e a  h a s  1 ng been used a s  a s t a b i l i z i n g  a g e n t  i n  
p h o t o g r a p h i c  c h e m i s t r y . t i  
f o r m u l a t i o n s  i n  l i e u  of a f i x a t i v e  such  as sodium t h i o s u l f a t e  
( h y p o ) ,  The pr imary  drawback t o  t h e  u s e  of t h i o u r e a  as a 
s t a b i l i z e r  is t h a t  t h e  s i l v e r - t h i o u r e a  complexes formed i n  t h e s e  
t r e a t m e n t s  d e g r a d e  t o  s i l v e r  s u l f i d e .  A d d i t i o n a l l y ,  i n  t h e  
p r e s e n c e  of oxygen,  t h i o u r e a  is  s t r o n g l y  c o r r o s i v e  t o  s i l v e r .  
Thus ,  when t h i o u r e a  is used  as a s t a b i l i z e r  f o r  monobath 

I n  a n o t h e r  

I t  h a s  been  used  i n  some monobath 

17 



processing, the resulting image eventually disappears because of 
the corrosive action of thiourea on silver, the formation of 
silver sulfide on the surface of image particles as result of the 
thiourea breakdown cycle and the ultimate conversion of the 
image to silver sulfide.* Thiourea has also been used on silver 
bromide crystals to form a silver sulfide surface layer that can 
then be used to further adsorb certain kinds of sensitizing dyes 
used in making photographic emulsions. 14 

Thiourea (I) is known to undergo a photochemical degradation 
in.thfi,lpresence of oxygen to form cyanamid (11) and sulfuric 
acid. Thiourea-silver complexes undergo imilar reaction 
upon treatment with a base, such as ammonia. 74~i 
cyanam'd is not stable but undergoes dimerization to dicyanamid 
(111) ,' 
undergoes hydrolysis forming dicyandiamidinsulfate (IV). The 
reaction scheme is shown below: 

The formed 

In the presence of sulfuric acid, the dicyanamid 

I II 

l i l  I V  
We concluded from the R A I R  spectra that the decomposition of 

the thiourea-silver complex left on daguerreotype surfaces after 
cleaning is as outlined above. Basically, the chemistry of the 
thiourea-silver system is well known and the chemistry of the 
corrosion cycle of the thiourea-cleaned daguerreotype is no 
different from that already published in the literature. 
Further, re-cleaning a thiourea-cleaned daguerreotype in thiourea 
does not remove the corrosion breakdown products from the 
previous cleaning. These residual products act as catalysts to 
speed the degradation of new silver-thiourea complexes on the 
daguerreotype surface. 

Lastly, when a daguerreotype is cleaned in thiourea, the 
thiourea corrosion cycle is initiated and it will continue until 
the surface is covered with dicyandiamidinsulfate. The rate of 
the corrosion cycle is dependent upon many factors including 
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storage conditions, the effectiveness of the daguerreotype seal, 
and whether or not the daguerreotype is displayed. The corrosion 
products found on a thiourea-cleaned daguerreotype are not 
limited to the thiourea breakdown products, but they also include 
silver phosphate, silver oxides, and sulfuric acid. Thus, 
attempting to remove the thiourea breakdown products using a hot 
water wash will have limited effect. A daguerreotype needs to be 
treated in a way that will remove all of the corrosion products 
no matter what the source. 

111. Implications for Conservation 

This project underscores how important it is for 
conservators to revaluate treatments and their application. It 
is imperative that conservators keep an open mind and that they 
be willing to examine not only their procedures and materials, 
but also their philosophical perspective towards their work. 
Thus, it is important that conservators be certain that 
treatments are as appropriate and safe for objects as is possible 
to determine, and it is equally as important that the conservator 
be clear about their objectives in treatment. 

-The object of this particular project was to establish that 
the use of thiourea cleaners for daguerreotypes presents real  
dangers to these objects, It was also hoped that electrocleaning 
would be shown to be a single, effective method to remove 
thiourea corrosion films from daguerreotype surfaces. The 
results show that the thiourea corrosion cycle is clearly a 
factor in the degradation of daguerreotypes previously cleaned in 
thiouorea silver dips. On the other hand, electrocleaning was 
effective in removing almost all of the thiourea corrosion 
products. In some cases, a barely detectable amount of thiourea 
breakdown products were left on the daguerreotype plates after 
electrocleaning. In all cases, a hot water rinse removed any 
trace amounts of thiourea breakdown products following 
electrocleaning. The daguerreotype cleaning problem is very 
complex and must be considered carefully. A conservator must 
decide on a course of action that is appropriate for each case. 
This means that it might not be appropriate to rely on a standard 
method that will be good in the general case and not be 
applicable in a specific situation. 

Thiourea cleaning treatments were once considered safe, 
effective, and accepted procedures for the care of 
daguerreotypes. No finger of blame can be pointed  at those who 
used this procedure before the Photographic Materials Group's 
moratorium on its use. Any uninformed dealer o r  collector today 
may be excused for its use, but they do need to be educated about 
the damage that this treatment inflicts on daguerreotypes. 
However, for any person who has been aware both of the concerns 
about this treatment that have been raised in many articles and 
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p r e s e r ~ t a t ~ i o n s  o v e r  t h e  last ,  t e n  years ,  t h e r e  c a n  be no  e x c u s e  f o r  
t h e  continLzed U E ~  of t h i o u r e a  c l e a n e r s .  Any d o u b t s  a s  t o  t h e  
damage c a u s e d  by these t , reatrr jents  s h o u l d  now be e r a s e d ,  and i t  
s h o u l d  tie clear t h a t .  it, is  no lo r ige r  acceptable u n d e r  a n y  
izircllmst,allces t,o Gorit,inue t,o use t h i o u r e a  t r e a t m e n t 6  o r  to 
sizggezt  t h e i r  u s e .  The informatii3ri  p r e s e n t e d  h e r e  c l ea r ly  shows 
t. ha t t h i o u  r ea t. rea t , m e r i  t. s (2 au 6 e i r re Par able . d a ~ a g 2  t o  a l l o w i n g  the 
dagllerreotypes alid t h a t  t h e r e  a r e  u c i r c u m s t a n c e s  when t h i s  
t r e a t , m e n t  ear: be cc jns ide red  e t , h i c a l .  
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Figure Captions (Edmondson and  Barger) 

F i g u r e  1 S t a c k e d  R A I R  spectra f o r  a t h i o u r e a - c l e a n e d  
d a g u e r r e o t y p e  ( d a g u e r r e o t y p e ) ,  t h e  i n i t i a l  s p e c t r u m  for 
a b l ank  d a g u e r r e o t y p e  p l a t e  d i p p e d  i n  t h i o u r e a  c l e a n e r  
( a g - t , h i s u r e a ) ,  and  t h e  same plate a f t e r  a g i n g  f o r  5 
d a y s  a t  90° C i n  ambient ,  c o n d i t i o n s  i n  a d r y i n g  oven 
( aged) . T h e  spect,r~m fijarked “ a g - - t h i a t i r e a ”  s h o n s  t h e  
c ha r a c t e r i s t i i j  s pe ij t. r um for t, h 2 s i 1 v e  I-- t> h i i> ti r e 
t h a t  is  i n i t , i a l : y  foriiied on a dZgIJerrei>t,ype i2late 
i3uring t,:iii>Lirea c l e a n i n g ,  The spectrum fi3.T bi>t,h t h e  
d a g u e r r e o t . y p e  arid t>he  a r t , i f  i c i a l l y  aged p l a t e  S ~ C W  t,he 
f i n a l  t h i o u r e a  breakdown p r o d u c t ,  
3 i c y a n d i a m i d i n a u l f a t e .  The i d e n t i f i e r s  for 
d i c y a n d i a m i d i n s u l f a t e  are  the q u a r t e t ,  of pealis located 
be tween  1400 and 1700 wavenumbers . Because t , hese  a r e  
s t a c k e d  spec t ra ,  the i n t e n s i t , i e s  of any i n d i v i d u a l  
s p e c t r u m  c a n n a t  be compared t o  t h e  o t h e r s .  

i7 ~ , l j  p 1 e>; 
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