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ANALYSIS AND RESTORATION OF NEGATIVES 
INTENSIFIED WITH MERCURIC IODIDE 

Bertrand Lavedrine, Chantal Garnier, 
C e n t r e  de Recherches s u r  l a  Conservat ion des 
Documents Graphiques 

ABSTRACT: Mercuric iodide i n t e n s i f i c a t i o n  of s i l v e r  
g e l a t i n  negatives produces unstable  negatives which 
over t i m e  take on a more or  l e s s  uniform lemon-yellow 
co lo ra t ion  accompanied by a l o s s  of c o n t r a s t .  After 
having found evidence of mercury and s i l v e r  iodide 
s a l t s  i n  de t e r io ra t ed  o r i g i n a l  negatives,  t h e  author 
reproduced t h e  d e t e r i o r a t i o n  on modern f l e x i b l e  
support  negat ives  and g l a s s  p l a t e  negat ives  u s i n g  
acce lera ted  aging techniques. A method of r e s to ra t ion  
through development produced t h e  r e t u r n  of image 
con t r a s t ,  a s  well  a s  s t a b i l i z i n g  t h e  image. The r i s k  
of delamination of t h e  binder  l a y e r  from t h e  g l a s s  
supports was minimized by con t ro l l i ng  t h e  pH of the  
re-development ba th .  Measurements were taken of t he  
swelling induced i n  t h e  g e l a t i n  layer  by the  various 
procedures. 

I" 

The condi t ions  of photograph t a k i n g  a t  t h e  t u r n  of t he  
century  o f t e n  i n c i t e d  photographers t o  p r a c t i c e  chemical 
t reatments  so a s  t o  co r rec t  t h e  dens i ty  of t h e i r  negatives.  
I n  f a c t  photographic p l a t e s  were not very s e n s i t i v e  and l i g h t  
meters and a r t i f i c i a l  l i g h t i n g  were non-existent.  I n  addition 
t h e  use  of p r i n t i n g  out  paper  known a s  a r i s t o t y p e s ,  
necess i ta ted  high cont ras t  negatives.  

When a negative was underexposed t h e  photographer applied a 
i n t e n s i f i c a t i o n  t rea tment  .The mercuric iod ide  t reatment  
provided somewhat of an advantage i n  t h a t  it was easy t o  
p repa re ,  and allowed f o r  a p rogres s ive  i n t e n s i f i c a t i o n  
process t h a t  could be stopped when t he  des i red  i n t e n s i t y  was 
reached. 

However, t h e  image obtained i n  t h i s  manner was i n s t a b l e  and 
prone t o  yellowing. I n  order t o  avoid t h i s  a l t e r a t i o n ,  it was 
c o n s i d e r e d  a d v i s a b l e  t o  r e d e v e l o p  t h e  pho tograph .  
Unfortunately it seems t h a t  t h i s  bath was of ten  forgot ten.  

So a s  t o  b e t t e r  understand t h e  mechanisms of a l t e r a t i o n  we 
appl ied  t h e  same t reatments  both t o  modern supports and t o  
o ld  g l a s s  p l a t e  nega t ives .  These were analyzed so  t h a t  we 
could develop a method f o r  conservation treatment.  
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S I S  OF W I D U A L  CO- 

Several a n a l y t i c a l  techniques were employed t o  permit u s  t o  
i d e n t i f y  t h e  r e s i d u a l  chemical compounds p resen t  i n  t h e  
yellowed p l a t e s  of t h e  co l l ec t ion .  

Energie d i s p e r s i v e  X-ray s p e c t r a  f o r  a fragment of a 
d e t e r i o r a t e d  p l a t e  revealed t h e  presence of s i l v e r ,  iodine 
and mercury. ( f i g  .1) 

These preliminary analyses confirmed e a r l i e r  i n t e n s i f i c a t i o n  
of these negatives w i t h  mercury iodide.  

We then appl ied t h i s  treatment t o  s i l v e r  g e l a t i n  negatives,in 
the  form of e i t h e r  g l a s s  p l a t e s  o r  gray sca l e s  on f i lm.  Two 
formulas were used : t h e  f i r s t ,  known as  K i r c h o f f ' s ( 5 ) ,  i s  a 
mercuric c h l o r i d e ,  sodium t h i o s u l f a t e ,  potassium iodide  
so lu t ion .  The second, recommended by t h e  LumiGre Brothers, i s  
a mercuric iodide,  sodium s u l f i t e  so lu t ion .  

A uniform increase i n  densi ty  and a dark green colorat ion of 
t he  image were observed on i n t e n s i f i e d  s a m p l e s ( f i g . 2 ) .  These 
negatives were then a r t i f i c i a l l y  aged i n  an oven a t  7OoC and 
a t  d i f f e r e n t  l e v e l s  of r e l a t i v e  humidity (50  % and 90 % R H ) .  

The color  of t h e  sample evolved w i t h  t i m e  from dark green t o  
p a l e  yellow, i r r e l a t i v e  t o  t h e  i n t e n s i f i c a t i o n  formula 
used. ( f i g  .3 )  
The densi ty  decreased progressively.  ( f i g . 4 )  
The r a t e  of degradation, a f t e r  a r t i f i c i a l  ageing, increases 
w i t h  t he  duration of i n t e n s i f i c a t i o n  t r e a t m e n t . ( f i g . 5 )  
Humidity accelerated t h i s  phenomenon.(fig.6) 

Before,  du r ing  and a f t e r  a c c e l e r a t e d  ageing we analyzed 
samples by X-Ray Di f f r ac t ion  Spectrometry (TABLE 1 ) .  After 
mercuric i od ide  t rea tment  we found mercurous iod ide  and 
s i l v e r  iodide on the  samples(f ig .7) .During accelerated ageing 
mercurous iod ide  disappeared progressively(fig.8).After 15 
days a t  7OoC and 90 % (percent )  RH only t r a c e s  of mercurous 
iod ide  remained while t h e  amount of s i l v e r  iodide was very 
s i g n i f i c a n t ( f i g . 9 )  . An i d e n t i c a l  spectrum was obtained from 
a de t e r io ra t ing  g l a s s  p l a t e  i n  t he  c o l l e c t i o n ( f i g . 1 0 ) .  

When a negat ive i s  immersed i n  a i n t ens i fy ing  so lu t ion ,  the  
s i l v e r  t h a t  makes up t h e  image i s  p a r t i a l l y  transformed i n t o  
s i l v e r  iodide which i s  yellow, and i n t o  a dark green mixture 
of mercury and mercurous iodide (1) . 
These compounds notably increase  t h e  dens i ty  of t h e  image. 
However, t h e  mercurous iodide i s  not s t a b l e  : it decomposes 
i n t o  mercury and mercuric iodide with heat  and l i g h t  ( 6 )  .The 
mercuric iod ide  t h u s  formed can once again r e a c t  w i t h  the  
s i l v e r  : 



This cyc le  probably cont inues  t o  renew i t s e l f  u n t i l  t h e  
deplet ion of one of t h e  compounds:silver or  mercuric iodide.  

Since de t e r io ra t ion  r e s u l t s  from t h e  transformation of s i l v e r  
i n t o  s i l v e r  iodide,  t he  image j u s t  has t o  be redevelopped i n  
o rde r  t o  r eve r se  t h e  process  by reduct ion  of t h e  s i l v e r  
iodide i n t o  me ta l l i c  s i l v e r .  

Several  techniques f o r  t h e  conservation of these negatives 
have already been proposed(3) .  W e  have not t r i e d  t h e  bleach 
and redevelopment method used by M r  JOHNSEN ( 4 ) .  

Dektol develoDDe r :  

We f i r s t  t e s t e d  t h e  e f f e c t  of d i l u t e  Dektol (1 : 1) on glass  
p l a t e s  a s  wel l  a s  on f i l m ,  i n t e n s i f i e d  then a r t i f i c i a l l y  
aged. 

So a s  t o  improve t h e  a c t i o n  of t h e  developer it proved 
ind i spensab le  t o  expose t h e  image during t rea tment  t o  a 
s t rong  l i g h t  source ( s o l a r  l i g h t ,  xenon lamp).  Without t h i s  
exposure it i s  d i f f i c u l t  t o  obtain cor rec t  d e n s i t i e s  and the 
negative r e t a i n s  a brown colora t ion .  

Good r e s u l t s  were obtained, u s i n g  t h i s  method, f o r  modern 
f i l m s .  T h e  f i l m  regains i t s  neut ra l  tone.  

For g l a s s  p l a t e s  r e s u l t s  a r e  less conclusive,  t h e  p l a t e  i s  
i n t e n s i f i e d  a f t e r  having been immersed i n  t h e  developer.  
Unfortunately t h e r e  i s  a tendency f o r  t h e  g e l a t i n  t o  f r i l  
from t h e  support during r in s ing .  The severe va r i a t ion  of the 
pH value between t h e  developer bath and the  r i n s e  water seems 
t o  be t h e  p r inc ipa l  cause of t h i s  a l t e r a t i o n .  

I t  i s  important  t o  note  t h a t  these f i r s t  conserva t ion  
at tempts  were made on a r t i f i c i a l l y  aged negat ives  on g lass  
p l a t e s ,  but t h e  g e l a t i n  undergoing these severe conditions i s  
made f r a g i l i z e  t o  a much g r e a t e r  ex ten t  than it would have 
had it undergone na tu ra l  ageing. 

We t r e a t e d  i n  t h i s  way turn-of-the-century negatives i n  the  
co l l ec t ion  present ing t h i s  type of yellowing. 

Although t h e  g e l a t i n  sometimes tends t o  f r i l l  a t  t h e  edges, 
it remains securely adhered t o  t h e  p l a t e .  

We sought nevertheless  t o  f ind  an a c t i v e  developer w i t h  a pH 
value close t o  neu t r a l .  



Hais t ' s  de veloppe r; 

The formula proposed by H A I S T  ( 2 )  i s  p a r t i c u l a r l y  well  
adapted t o  t h e  development of s i l v e r  i o d i d e  emulsions.  
Moreover it can be used f o r  a wide range of pH values.  

The ion complex developer i s  a c t i v e  on a r t i f i c i a l l y  a l t e r e d  
gray s c a l e s  ( f i g .  11) .The c h a r a c t e r i s t i c  curve was more or  
l e s s  res tored .  

Analysis  by X-Ray D i f f r a c t i o n  Spectrometry revea led  t h e  
disappearance of s i l v e r  iod ide ,  transformed i n t o  m e t a l l i c  
s i l v e r  by t h e  developper. 

We app l i ed  t h i s  t reatment  t o  seve ra l  g l a s s  p l a t e  negatives 
from t h e  t u r n  of the  century.  The image was i n t e n s i f i e d ,  the 
yellow co lo r  disappeared,and there was no separa t ion  of t he  
image layer  from the  g lass  support during washing. 

During t h e  conservat ion t reatment  of t h e  g l a s s  p l a t e s ,  we 
made a point  of c lose ly  observing t h e  swelling of t he  ge l a t in  
i n  t h e  developer  and t h e  r i n s e  b a t h s .  O u r  measurements 
i nd ica t e  t h a t  by using a developer w i t h  a c lose  - to  -neutral  
pH value w e  can l i m i t  t h e  swel l ing of t h e  g e l a t i n  during 
treatment ( f i g  .12) . 

S-TY AFTER C O N m V A T I O N  T- 

To as su re  t h e  long-term innocuousness of t h i s  conservation 
t reatment ,  t h e  images t r e a t e d  w i t h  t h e  developer w e r e  placed 
i n  an aging oven. Since thermo-hygrometric condi t ions were 
severe .After  15 days a t  7OoC and 90 % R . H .  no a l t e r a t i o n  was 
v i s u a l l y  discernable .The dens i ty  measurement w i t h  a Visual 
F i l t e r  i n d i c a t e  a v a r i a t i o n  i n  dens i ty  of about 5 % and the  
d e n s i t y  measurement w i t h  t h e  B l u e  F i l t e r  revealed an 8 % 
var i a t ion  f o r  maximum d e n s i t i e s  . 

The experiment was repeated on Dektol- t reated f i l m s  ; the  
r e s u l t s  a r e  s imi la r  . 
CONCLUSION 

T h i s  s tudy confirms t h e  i n s t a b i l i t y  of images t h a t  have 
undergone mercuric iodide i n t e n s i f i c a t i o n .  Residual products 
slowly oxid ize  t h e  s i l v e r  t o  form s i l v e r  iodide,  giving a 
yellow c o l o r  t o  t h e  image. T h i s  a l t e r a t i o n  seems t o  be 
s t a b i l i z e d  once a l l  of one reagent has been transformed. 

The use of a Titane-Ethylendiaminetetraacetic s a l t  developer 
f o r  t h e  conservation treatment of these  negatives has proved 
e f f i c i e n t  i n  t h a t  no s i g n i f i c a n t  long term a l t e r a t i o n s  were 
produced. 

T h e  p o s s i b i l i t y  of working w i t h  a c lose  t o  n e u t r a l  pH value 
has l ed  u s  t o  recommend t h i s  technique . 



The g e n e r a l i z e d  u s e  of  such  chemical  c o n s e r v a t i o n  t r e a t m e n t s  
must,  however, be  avoided ,  e s p e c i a l l y  s i n c e  q u i t e  o f t e n  a 
s i m p l e  d u p l i c a t i o n  i s  a l l  it takes  t o  r e s t o r e  t h e  c o n t r a s t s  
of t h e  photo type  i f  t h e  a l t e r a t i o n  i s  a uniform one .  
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APPENDIX 
MATERIAL : 

-Silver gelatine glass plate negative from the 
turn-of-the-century. 
-Sensitometric gray scales ,21 areas,GEVAPAN 36 (negative 

-Variations in density were measured with a MACBETH TR 
T 195). 

924 densitometer.The HERAEUS VTKR 150 ovens were set at 
90 % R.H. (+ / -  5 % )  et 70°C (+/-0.5 "C). 

INTENSIFICATION TREATMENT: 

LUMIERE 'S FORMULA 

WATER 1000 ml 
SODIUM SULFITE 100 g 
MERCURIC IODIDE 1 0  9- 

KIRCHOFF'S FORMULA 

WATER 800 ml 
MERCURIC BICHLORIDE 10 g 

Then add: 

WATER 1000 ml 
POTASSIUM IODIDE 25 g 

A red precipitate forms which then dissolve in the 
excess reagent,then add: 

SODIUM THIOSULFATE 19 

The negative is gradually intensified,then washed . 

CONSERVATION OF YELLOWED NEGATIVES: 

During the developpment the samples were exposed at 
several different times to the light source to improve 
the action of the developper.After 5 to 10 mn at 24°C 
the negative acquires a neutral tonality.It was then 
washed for 10 mn in distilled water. 

HAIST'S developper: 

Titanium trichloride 20% solution 75 ml 
Na4EDTA 100 g 
Sodium acetate 20  9 
Potassium bromide 4 9  
Distilled water for 1000 ml 

When we prepared this solution its pH was found to be 
around 6.5.However it is possible to modify it by adding 
hydrochloric acid.This develop bath can not be conserved. 

DEKTOL developper: 
Commercial brand diluted (1 : 1) 



TABLE 1 XRD ANALYSIS 

Ag I Hg212 A d  fig.7 fig.8 fig.9 fig.10 
ASTM ASTM prolabo 
d(8) 111. d(8) 1/1. d(8) I d(8) I d(8) i d(8) I d(8) I 

4.54 3 4.58 3a 4.54 4a 4.58 
3.98 6 3.98 6 3.98 4b 3.94 4b 3.96 4b 3.99 4 
3.75 10 3.75 10 3.75 10b 3.73 10b 3.73 10b 3.78 10 
3.51 4 3.51 2 3.51 4b 3.49 4b 3.54 3 

3.49 10 3.51 10a 3.49 10a 
2.91 3 2.94 5a 2.95 4a 3.04 

2.47 3 2.45 3a 2.45 3a 

2.23 5 2.25 5a 2.23 3a 

2.73 2 2.73 1 

2.30 9 2.30 6 2.31 6b 2.28 8b 2.29 7b 2.30 4 

2.12 3 2.12 2 2.11 3b 2.10 3b 2.11 2.13 1 
1.96 5 1.96 4 1.96 4b 1.96 4b 1.95 3b 1.96 2 

XRD Agl ,Prolabo 21568 138 
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