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MICHAEL JOHN McDERMOTT JOHN GRAHAM ALLEN (54) DEVICES (71)   We IMPERIAL
CHEMICAL INDUS- tion of the reduced N(p-cyanophenyl) com- TRIES LIMITED
Imperial Chemical House, pound upon a pre-selected pattern of said
Millbank, London SW1P 3JE, a British  electrodes, a pattern for example a
numeral Company, do hereby declare the invention, or letter, will become
visible either by in- 5 for which we pray that a patent may be  creased
light absorption by a transparent 50 granted to us, and the method by which
or translucent working electrode, or reduced it is to be performed, to be
particularly de- reflectivity of a radiation reflecting working scribed in
and by the following statement:- electrode. This invention relates to
display devices.    Each of the working electrodes may be 10  Our British
Patent No. 1,314,049 describes provided with a separate counter electrode,
55 the preparation of devices for control of although this is not
essential, since a single light transmission or reflection which com-
counter electrode, for example in the form prise a working electrode having
radiation  of a wire or gauze around the periphery of transmission or
reflection properties; an  the device comprising a plurality of the elec-
15 active material comprising an N(p-cyano- trodes, may be quite
satisfactory. Enhanced 60 phenyl) substituted derivative of a com- speed of
response to passage of a current is pound, usually bicyclic having two
conju- given when  the surface area of the counter gated
nitrogen-containing rings, in contact electrode is greater than that of the
working with the working electrode surface; a counter electrodes. 20
electrode, also in contact with the active   In the attached drawing a
plurality of 65 material, the counter electrode being so dis- working
electrodes (1 to 7), each with its posed with respect to the working
electrode  own lead (la to 7a) are disposed in a pat- that the passage of
radiation through the  tern capable of representing any numeral device is
not materially affected by reactions from 0 to 9 by selective deposition
upon a 25 occurring at the counter electrode. In the  preselected group of
the electrodes. The 70 context of the application, "through the de- counter
electrode (8) is represented by a vice " includes the case where the
radiation  wire, disposed around the perimeter of the is reflected
partially or wholly by the work- device (9). Figure 2 represents a section
ing electrode surface.                  along the line A-A. 30  We have
found that for extended life an    Alternative arrangements of the
electrodes 75 auxiliary redox system is preferably em- will be apparent to
the skilled man. For ployed which is relatively stable to acciden- example
the electrodes could be deposited tal oxidation and we have found,
therefore, on the larger surfaces of an insulating sheet that it is
advantageous to include in the  of material both of which, in the completed
35 device, together with the active material, a  device, are in contact
with the active 80 second reversibly oxidisable species-ferrous material,
conveniently plastics or glass, so ammonium  sulphate-which  provides a
that one surface forms the working electrode, ferrous [err] ferric ion
combination in a  the other the counter electrode. Such a particularly
suitable form.            system would be particularly convenient in 40
One embodiment of the present invention  a reflecting device, for example a
clock face. 85 also provides a development of the inven-   In a preferred
embodiment the working tion described in the aforementioned patents and
counter electrodes are inert metal sheets in that there is provided a
display device e.g. of gold or platinum, or sheets of glass comprising a
plurality of working electrodes or plastics material having a very thin
con- 45 disposed in such a manner that by deposi- ductive layer e.g of
metal deposited thereon, 90 [Price 33p] 
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2 and the active compounds are of materials  preferred  concentration  of
the  active as disclosed in the specification 1314049. material is between
about .0005 and .02 M Gold and platinum  electrodes even when  and more
preferably from 0.001 to 0.01 M. very thin, e.g. of the order of 100 A de-
The concentration of ferrous ammonium 5 posited on glass to give a
transparent com. sulphate employed will be limited by its 70 posite, have
been found particularly useful. solubility in the solvent under the
operating The N(p-cyanophenyl) compound is re- conditions employed, but it
will usually be versibly electrolytically reduced in the de- from 0.1 M to
0.6 M, and preferably about vice to a radical species which is coloured,
0.5 M. The use of acid conditions, usually 10 usually green, while the
parent compound is pH 1 to 3 preferably about pH 2 may be 75 colourless or
pale yellow.              advantageous in stabilising the Fe++ [err] The
working electrode surface must ob- [err] reaction. Such conditions may be
viously be conducting, but a high degree of attained by the presence of an
appropriate conductivity is not essential. For a device  quantity of acid,
preferably sulphuric acid. 15 in which light is transmitted through the
In some circumstances we prefer to em- 80 electrode, the electrode must be
transparent ploy a small 'holding voltage' of the order or transducent, for
which purpose a glass of 0.2 to 0.4 v. Deposition is conveniently with a
coating of a conducting oxide or a  effected by increasing the voltage to
0.8 to very thin metal film is required. For re- 1.25 v for 100
milliseconds. Colouring of 20   flective devices, a metal surface may be
the electrode usually commences 20 ms after 85 used, or a transparent or
translucent elec  application of the pulse. trode may be backed by an
reflecting sur-   It is most desirable to exclude molecular face, e.g.
metal or other opaque reflecting  oxygen from within the device (e g.
dissolved material, e.g. white pigmented thermoplastic  in the liquid
medium) since this tends to 25 sheet.
promote the formation of hydroxides of iron. 90 Examples of active
materials are simple  Example 1 salts or polymeric forms of
di-N-substituted    A device according to the invention was 4-4' bipyridyls
at least one substituent being  prepared as follows. Seven working elec-
p-cyanophenyl. The preferred compound is trodes (gold), arranged as shown
in Figure 1, 30 NN'-di(p-cyanophenyl)4,4'-bipyridilium  di- were deposited
upon a glass plate 1" square 95 chloride. If a simple salt is used
deposition  and [err] thick. The metal deposit forming of the insoluble
coloured radical cation  the electrode was about 1000 A thick. The species
occurs over the plane surface of the  plate was located within a cell and
around working electrode. As the simple radical the periphery of the plate
was positioned a 35 cation is insoluble it does not diffuse away  counter
electrode in the form of a spiral 100 from  the electrode surface, and is
easily  wire. Connections to the electrodes were reoxidised to the
colourless form by reversal made as appropriate so that current could of
the applied potential.               be passed to all or some of them as
re- Alternatively the active material may con-  quired. 40 tain the
(p-cyano-phenyl) group attached to    The active component was N,N'-di(p-
105 a polymeric structure. For example a 4-(4'-
cyanophenyl)4,4'-bipyrridilium dichloride in pyridyl)N-p-cyanophenyl
pyridinium   salt aqueous solution as a concentration of 0.01 reacts with
the polymer of vinyl chloracetate  M.  The solution also contained ferrous
or copolymers thereof with polyvinyl alco- ammonium sulphate in 0.5 M
concentration, 45 hol to form an active material for use in the  and was
acidified using dilute sulphuric acid 110 invention. If polyvinyl alcohol
units are  to pH 2. present these may be cross-linked, e.g. with    A
potential of 0.8 v was employed to glyoxal, to give a gelled active
material.    opreate the device, which was cycled at [err] The active
material usually used in the  (by reversing the polarity of the working and
50 presence of an aqueous medium, e.g. water  counter electrodes) 1 x [err]
times without 115 or a water soluble polymer such as agar, apparent
deterioration. gelatine, methyl cellulose, polyvinyl alcohol Example 2 



or polyvinyl-pyrrolidone. An inert electro-   Three devices were prepared
as in Ex- lyte may be added to the medium to increase  ample 1. A potential
of 0.8 v was employed 55 conductivity. Alkali metal salts, such as to
operate the devices which were cycled at 120 halides or fluoroborates are
preferred.    [err] respectively 1 x [err] Examples of anions which may be
asso- times without apparent deterioration. ciated with the active
materials are halides, Example 3 especialy chloride,  [err],     A device
similar to that of Example I 60 (where R is an alkyl group) [err] or [err]
was prepared using ferrous sulphate instead 125 The concentration of the
active material of ferrous ammonium sulphate and deterio- may be as
described in our earlier applica- ration of the system led to failure
within a tion, that is, of the order of .001 M, but few hundred cycles.
there may be some advantage in increasing    WHAT WE CLAIM IS:- 65 it
somewhat, say to about .01 M so that our    1. A device for the control of
light trans- 130    2                                     1407133
2 and the active compounds are of materials preferred  concentration  of
the  active as disclosed in the specification 1314049. material is between
about .0005 and .02 M Gold and platinum  electrodes even when  and more
preferably from 0.001 to 0.01 M. very thin, e.g. of the order of 100 A de-
The concentration of ferrous ammonium 5 posited on glass to give a
transparent com- sulphate employed will be limited by its 70 posite, have
been found particularly useful.  solubility in the solvent under the
operating The  N(p-cyanophenyl) compound is re-  conditions employed, but
it will usually be versibly electrolytically reduced in the  de- from 0.1 M
to 0.6 M, and preferably about vice to a radical species which is coloured,
0.5 M. The use of acid conditions, usually 10 usually green, while the
parent compound is pH 1 to 3 preferably about pH 2 may be 75 colourless or
pale yellow.              advantageous in stabilising the [err] The working
electrode surface must ob- [err] reaction. Such conditions may be viously
be conducting, but a high degree of attained by the presence of an
appropriate conductivity is not essential. For a device  quantity of acid,
preferably sulphuric acid. 15 in which light is transmitted through the
In some circumstances we prefer to em- 80 electrode, the electrode must be
transparent ploy a small 'holding voltage of the order or transducent, for
which purpose a glass of 0.2 to 0.4 v. Deposition is conveniently with a
coating of a conducting oxide or a  effected by increasing the voltage to
0.8 to very thin metal film is required. For re-  1.25 v for 100
milliseconds. Colouring of 20 flective devices, a metal surface may be  the
electrode usually commences 20 ms after 85 used, or a transparent or
translucent elec- application of the pulse. trode may be backed by an
reflecting sur-   It is most desirable to exclude molecular face, e g.
metal or other opaque reflecting  oxygen from within the device (e.g.
dissolved material, e.g. white pigmented thermoplastic  in the liquid
medium) since this tends to 25 sheet.
promote the formation of hydroxides of iron. 90 Examples of active
materials are simple  Example 1 salts or polymeric forms of
di-N-substituted    A device according to the invention was 44' bipyridyls
at least one substituent being  prepared as follows. Seven working elec-
p-cyanophenyl. The p referred compound is trodes (gold), arranged as shown
in Figure 1, 30 N,N'-di(p-cyanohenyl)4.4'-bipyrdilium  di- were deposited
upon a glass plate 1" square 95 chloride. If a simple salt is used
deposition  and [err] thick. The metal deposit forming of the insoluble
coloured radical cation  the electrode was about 1000 A thick. The species
occurs over the plane surface of the  plate was located within a cell and
around working electrode. As the simple radical the periphery of the plate
was positioned a 35 cation is insoluble it does not diffuse away  counter
electrode in the form of a spiral 100 from  the electrode surface, and is
easily  wire. Connections to the electrodes were reoxidised to the
colourless form by reversal made as appropriate so that current could of
the applied potential.               be passed to all or some of them as
re- Alternatively the active material may con- quired. 



40 tain the (p-cyano-phenyl) group attached to    The active component was
N,N'-di(p- 105 a polymeric structure. For example a 4-(4'-
cyanophenyl)4,4'-bipyrridilium dichloride in pyridyl)N-p-cyanophenyl
pyridinium   salt aqueous solution as a concentration of 0.01 reacts with
the polymer of vinyl chloracetate  M. The solution also contained ferrous
or copolymers thereof with polyvinyl alco- ammonium sulphate in 0.5 M
concentration, 45 hol to form an active material for use in the  and was
acidified using dilute sulphuric acid 110 invention.  If polyvinyl alcohol
units are  to pH 2. present these may be cross-linked, e.g. with A
potential of 0.8 v was employed to glyoxal, to give a gelled active
material.    opreate the device, which was cycled at [err] The active
material usually used in the  (by reversing the polarity of the working and
50 presence of an aqueous medium, e.g. water counter electrodes) 1 x [err]
times without 115 or a water soluble polymer such as agar, apparent
deterioration. gelatine, methyl cellulose, polyvinyl alcohol Example 2 or
polyvinyl-pyrrolidone. An inert electro-   Three devices were prepared as
in Ex- lyte may be added to the medium to increase  ample 1. A potential of
0.8 v was employed 55 conductivity. Alkali metal salts, such as to operate
the devices which were cycled at 120 halides or fluoroborates are
preferred.   [err]  respectively 1 x [err] Examples of anions which may be
asso- times without apparent deterioration. ciated with the active
materials are halides, Example 3 especialy chloride,   [err]    A device
similar to that of Example 1 60  (where R is an alkyl group) [err] or [err]
was prepared using ferrous sulphate instead 125 The concentration of the
active material of ferrous ammonium sulphate and deterio- may be as
described in our earlier applica- ration of the system led to failure
within a tion, that is, of the order of .001  M, but few hundred cycles.
there may be some advantage in increasing    WHAT WE CLAIM IS:- 65 it
somewhat, say to about .01 M so that our   1. A device for the control of
light trans- 130    3                                      1 407 133
3 mission or reflection which comprises a  ceding claims in which the
concentration of working electrode having radiation trans- the active
material is within the range mission or reflection properties; an active
0.0005 to 0.02 M.                  20 material comprising a
N(p-cyanophenyl) sub-   5. A device according to claim 4 in which 5
stituted derivative of a compound, usually  the concentration of the active
material is bicyclic, having two conjugated nitrogen- within the range
0.001 to 0.01 M. containing rings in contact with the working    6. A
device according to any of the pre- electrode surface; a counter electrode,
also  ceding claims in which the concentration of 25 in contact with the
active material; and fer- the ferrous ammonium sulphate is 0.1 M to 10 rous
ammonium sulphate.                 .5 M. 2. A device according to claim 1
in which    7. A device according to any of the pre- the active material is
a N,N'di(p-cyano- ceding claims in which the pH of the elec-
pheyl)4,'-bipyridyl salt                trolyte is between 1 and 3.
30 3. A device according to claim  1 or 2    8. A device substantially as
hereinbefore 15 which comprises a plurality of working  described with
reference to Example 1. electrodes disposed to form a display.
B. J. BATE, 4. A device according to any of the pre-        Agent for
Applicants. Printed for Her Majesty's Stationery Office by The Tweeddale
Press Ltd., Berwick-upon-Tweed, 1975. Published at the Patent Office, 25
Southampton Buildings London, WC2A 1AY, from which copies may be obtained.


