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Document 1 – Chemistry of Photography 
Credits: this document consists of excerpts from the article Chemistry of Photography 

published on the website cheresources.com and reproduced with the kind authorization of its 

author, Chris Haslego. 

Photochemistry of Silver Salts 

To understand the fundamental chemistry of silver-based photography, we must look at the 

photochemistry of silver salts. A typical photographic film contains tiny crystals of very 

slightly soluble silver halide salts such as silver bromide (AgBr) commonly referred to as 

"grains." The grains are suspended in a gelatin matrix and the resulting gelatin dispersion, 

incorrectly (from a physical chemistry standpoint), but traditionally referred to as an 

"emulsion," is melted and applied as a thin coating on a polymer base or, as in older 

applications, on a glass plate. 

Figure 1 shows a schematic representation of the silver halide process. When light or radiation 

of appropriate wavelength strikes one of the silver halide crystals, a series of reactions begins 

that produces a small amount of free silver in the grain. Initially, a free bromine atom is 

produced when the bromide ion absorbs the photon of light: 
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+
Br

-
 (crystal) + hv (radiation) --> Ag

+
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-
 

The silver ion can then combine with the electron to produce a silver atom. 
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Figure 1: A Simplified Schematic 

Representation of the  

Silver Halide Process 

http://www.cheresources.com/
http://www.cheresources.com/invision/uploads/images/articles/photochem1.gif
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Association within the grains produces species such as Ag2
+
, Ag2

0
, Ag3

+
, Ag3

0
, Ag4

+, and 

Ag4
0
. The free silver produced in the exposed silver halide grains constitutes what is referred 

to as the "latent image," which is later amplified by the development process. 

 The grains containing the free silver in the form of Ag4º are readily reduced by chemicals 

referred to as "developers" forming relatively large amounts of free silver; that deposit of free 

silver produces a dark area in that section of the film. The developer under the same 

conditions does not significantly affect the unexposed grains. 

The radiation or light sensitivity of a silver halide film (referred to in the trade as its "speed" 

and denoted on commercial film as its ASA in the United States or DIN in Europe) is related 

to the size of the grain and to the specific halide composition employed. In general, as the 

grain size in the emulsion increases, the effective light sensitivity of the film increases - up to 

a point. An optimum value of grain size for a given sensitivity is found to exist because the 

same number of silver atoms are needed to initiate reduction of the entire grain by the 

developer despite the grain size, so that producing larger grains reaches a point of diminishing 

returns and no further benefit is obtained. 

All photographic emulsions contain crystals of varying sizes, but within a given emulsion the 

range is from less than 0.1 micron in slow emulsions (e.g., for paper prints) to a few microns 

in "fast" negative emulsions. 

An interesting modern innovation in photographic emulsion technology is related to the basic 

concept of silver halide grain geometry. In a classical silver halide crystal, typically a cubic 

crystal lattice, the structure will be relatively symmetrical in that the orientation of the crystal 

in the coated film will always present the same approximate surface area to be exposed. 

Extensive research efforts led to the development of grain precipitation processes that 

produced flatter "tablet" grains in which the crystals possessed a more asymmetric geometry, 

and in which a larger surface area was presented for exposure for the same given weight of 

silver halide (Fig. 2). That development resulted in significant improvements in film 

sensitivity and reductions in the amount of silver needed to obtain a given sensitivity – and a 

potentially important reduction in the cost of the film. 

The Latent Image and Image Development 

The silver halide process is by far the most important of all of the radiation-sensitive 

photographic systems in use today. The principal reason for this superiority is the high 

sensitivity of the system - the amount of radiant energy required to produce a useful image – 

and the extreme flexibility of the system in terms of adjusting sensitivity, contrast, tonal range 

and other such aspects of the product. The impact of a single photon on a silver halide grain, 

for example, produces a nucleus of at least four silver atoms, and that effect can be amplified 

as much as a billion times by the action of a properly chosen reducing agent or "developer." 
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The silver halides employed are silver bromide, silver chloride and silver iodide. The first two 

may be used separately or combined, depending on the sensitivity and tonal qualities desired 

in the product. Silver iodide is always combined with silver bromide or silver chloride. 

 

 

 

 

 

 

 

 

As already noted, the silver halides used in photography are dispersions of microscopic 

crystals in a colloidal binder that is usually bone gelatin. Although such dispersions are 

referred to as emulsions or photographic emulsions, they are really dispersions. 

When an exposed film is placed in a developer solution, the grains that contain silver nuclei 

are reduced much faster than those that do not. The more nuclei present in a given grain (i.e., 

the greater the exposure of that grain), the faster the reaction with developer and the darker 

the image at that site in the film. Factors such as temperature, concentration of the developer, 

pH, and the total number of nuclei in each grain determine the extent of development and the 

intensity of free silver (blackness) deposited in the film emulsion in a given time. 

Not only must the developer be capable of reducing silver ions to free silver, but it must be 

selective enough not to reduce the unexposed grains, a process known as "fogging," within 

the time frame of the development process. Some substances that are commonly used as silver 

halide developers are listed in Table 1. 

The developer is oxidized in the process. If not properly protected it can also be oxidized by 

air, a process that, if not prevented, will result in the loss of developer activity. 

 

Figure 2: A Schematic  

Representation of Cubic  

and "Tablet" Silver  

Halide Grains 

http://www.cheresources.com/invision/uploads/images/articles/photochem2.gif


 
 

The Chemistry of Photography – http://www.emilangues.education.fr/  
 

Common Silver Halide Developers 

 

Halting Development - The Stop Bath 
Once the exposed image has been developed to the desired degree, it is necessary to halt the 

chemical process quickly to prevent over development and the production of fog. The solution 

used to that end is referred to as the "stop" bath. Since developers function a relatively high 

pH’s, the typical stop bath is simply a solution of acetic or some other weak acid. The action 

of the acid is so rapid it usually requires only seconds for the process to be effectively halted. 

The Fixing Process 
Once the developed image is obtained, a large amount of unexposed and undeveloped silver 

halide remains in the emulsion. If that silver halide is not removed before the image is 

exposed to radiation capable of producing a latent image, the image will continue to darken. 

The process of removing the residual silver halide from the image is called "fixing." 

The silver halides are only slightly soluble in water; therefore, to remove the material 

remaining after development it is necessary to convert it to soluble complexes which can he 
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removed by washing. Sodium thiosulfate, commonly termed "hypo," has been used for this 

purpose since 1839. 

The reactions in fixing can be written as follows: 

AgBr + S2O3
-2 

--> AgS2O3
-
 + Br

- 
(adsorption complex) 

which is followed by 

AgS2O3- + S2O3
-2

 --> Ag(S203)2-
3 

(desorbed) 

and by 

Ag(S203)2
-3 

<--> AgS2O3
-
 + S2O3 

-2
; AgS2O3 <--> Ag

+
 + S2O3

-2
 

Within limits, the rate of fixation is indicated by the clearing time, i.e., the time required to 

remove all visible traces of silver halide from the image. This time depends on the 

concentration of thiosulfate, the temperature, the agitation of the solution, but more 

particularly on the emulsion and the extent to which the fixing bath has been used. Fine-grain 

emulsions fix in less time than those of larger grains, and paper emulsions of silver chloride 

fix faster than bromo-iodide negative emulsions. Thickly coated films, other things being 

equal, fix more slowly than those with a thin emulsion coating. The fixing time increases 

appreciably as the solution becomes depleted. 
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Document 2 
This document consists of excerpts from two different websites: 

Part 1 
Excerpt from the blog http://photossu.blogspot.fr by bordog.  

Students will work on the first part of the article Film development - What happens during 

development, posted on February 4th, 2009. (From the beginning to “After washing, the film must 

dry.”) 

The article is located at the following URL: http://photossu.blogspot.fr/2009/02/film-

development.html .  

Part 2 
Except from the website http://chemicalland21.com 

Student will read the last paragraph (General Description of Quinone) of the article dedicated to p-

QUINONE DIOXIME located at the following URL: 

http://chemicalland21.com/specialtychem/perchem/p-quinone%20dioxime.htm  

Document 3 
The Photochemistry of Film Photography. Video hosted on YouTube located at the following URL: 

www.youtube.com/watch?v=5mr1ToHHNbE 

Document 4 
Cool Science: Silver Chloride Photochemistry.  Video hosted on YouTube located at the following URL: 

www.youtube.com/watch?v=8e0-AbwBDYM 

http://photossu.blogspot.fr/
http://photossu.blogspot.fr/2009/02/film-development.html
http://photossu.blogspot.fr/2009/02/film-development.html
http://chemicalland21.com/
http://chemicalland21.com/specialtychem/perchem/p-quinone%20dioxime.htm
http://www.youtube.com/watch?v=5mr1ToHHNbE
http://www.youtube.com/watch?v=5mr1ToHHNbE
http://www.youtube.com/watch?v=8e0-AbwBDYM

