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INTRODUCTION.

generale

In spite of the mass of experimental evidence
coneerning latent image formation in silver halides
it had not been possidle, until recently, to correlate
the facts into a satisfactorily consistent theory,

In 1938, however, Gurney & Nott >’ “*proposed, on
theoretical grounds, a mechanism of latent image
formation which has been very successful in explaining
the observed effects.

Briefly, two essential processes are recognised;
one the lideration of electrons from lattice bromide
ions by illumination and their subsequent trapping by
certain sensitivity specks in or on the crystal; and
the other the movement of the positively charged silver
ions to these negatively charged centres. The net
result of suitable illuminations is thus the
production of small specks of silver and the
1iberation of bromine.
| Under ordinary conditions of illumination and
of temperature, the electronic and ionic processes
proceed simultaneously at rates such that experimental
separation of their effects is not casily demonstrated.
In this respect, however, considerable evidence in
support of the Gurney-lMott theory has been provided .
by experiments at low temporaturu"'. at which ionie
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 movement 18 considerebly reduced while electronie
movenent remains practically unaffaected. Also, at
very high intensitice of 1llumination conditions may
be reached where, in comparison with the rate of the
ionic process, the rate of electron release may de
considered instantanesuss Under such extreme
conditions however other circunstances arise which
introduce complexity in the tpplicttioh of the theory.
The darkening, under the action of light, of
metalliec halides other than silver has been known for
many years, but i1t was not until 1936 that Farrer“'s'
‘described the formation of e latent imege in thallous
bromide, closely similer to that in siiver bromide,
While the absolute sensitivity was much lese, wedge
spectrograns showed a somewhat similar region of
spectral sensitivity which could be extended into the
red by suitable dye sensitisations Characteristic
H & D curves (8ee ps!d) were obtained of similer form, .
and in certain other respects also a comparable
similayity to the silver btcmido aysten was in evidence.
The latent image 80 produced, while capable of
development in a physical developer, could not be
developed by & normal photographic developer, a
difficulty overcome by Farrer by double decomposition
in eilver nitrate solution. The thallous bromide
grain with 1ts latent image was thus converted into a
corresponding silver system which could, after removal
of excess silver nitrate by washing, be developed in

the usual manner,
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1t seemed prodadble that further examination of
this syatem in relation to the Gurney-liott theory might
prove profitable from two points of view., First, the
essential difference between silver and thallous systems
is the replacement of the silver ioms by the
relatively larger thallcus ions which, under similar
conditions, have a lower ionic mobilitys The system
might on this aceount be expected to approximate to
the low temperature silver conditions, with a partial
separation, at ordinary temperatures, of the
electronic and ionic processes, and a consequent
accentuation of the problem of disposal of surplus
electrons and bromine atomes If a general similarity
between the thallous and the silver systems can be
esteblished any divergence depending on the
substitution of thallium for the silver of tho latent
image may be expected to yield information regarding
both systems, Secondly, the technique of development
allows in some respects a differentiation between
latent image and developed product which ie absent
in the silver system; ..‘.‘ fog associated with the
latent image may be distinguished from that produced
by overlong development,

Purther, thallium is above silver in the
electropotential series and will thus tend to lose
electrons more easily by reverting to thallous ions.
Regression of any latent image will thus take place
more readily. In as uuch as reveraion of the silver
imege by 'non~actinic' red and green light (Hersohel

serect®) 1e well Xmown, parallel effects of a
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greater magnitude may be expected in the thallous
bromide system.

-The slow development of a consistent theory
which would correlate the mass of experimental
evidence on latent image formation and development
has been largely due to the lack of a proper
recognition of the processes following illumination
of erystals. This branch of physical chemistry had
to await the remarkable advances in physice in the
last two or three decades, which followed upon the
introduction by Planck’/ in 1900 of the concept of
'atomicity' in the realm of energy changes In order
to account theoretically for the experimentally
established laws of heat radiation Planck postulated

.mt an oscillator of a frequency v ean only absord
or radiate in units,®or quanta, of energy hv where h ia
e universal constant (‘'Planck's constant')

The application of the extended quantum theory £0
the problem of the origin of spectral lines and bands
initiated new conceptions of atomic and molccular
structure which now furnish the necessary background
for the modern thc_ow of latent inmage formation,

While Planck had, strictly speaking, postulated
only a discontinuous interchange of energy in ite
relation with matter by which it was radiated or
absorbed, Einstein® in 1905 suggested that radistion
energy iteelf could be profitably considered,
particularly from the photochemical point of view, s
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discontinuous and in the nature of similar quanta
of the magnitude hv = BE., Where ¢ 1s the
velocity of light and ) is the wavelength of the
radiation in questions Photochemical problems
to-day are in general examined on the basis of the
Einstein Law of Photochemical Equivalence, firat
enunciated in 1909, and later re-emphasised by
Planck in 1913, According to this law, one
light-absorbing molecule should react per quantum
of radiation sbsorbed. Exhaustive examination of
numerous photochemical reactions has shown that the
law is seldom obeyed as Jjudged by the net oversll
chemiecal result of illumination’s Its application
mst be limited to the initiel physical process
following light absorption, wherebdy one light
activated molecule may be said to be produced per
quantum absorbeds The chemical examination of
quantum efficiency, i.e« the nuber of molecules
chemically affected by the absorption of one guantum,
has naturslly been most exhaustively applied to the
smpl.oé gaseous ‘molecules which present relatively
few complications, Essentially such examinations
have dealt with isolated molecules, On the other
hand, in a crystal such as the alkali or silver
halides, the identity of the single molecule is
largely lost and thus necessitates the introduetion
of certain conceptions which are peculiar to the
ionie crystal lattices These conceptions have made
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posaible the modern theory of latent image formation,

The essential feature of such a orystal from
the quantum standpoint may be emphasised by considerw
ation of the potential energy of an electron moving
within the crystal lattices The potential energy
curve for an electron moving in the field of a single
silver atom has the form shown in figure 1.
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| The potential energy approaches an infinite

. negative value as the electron approaches the nucleus
and rises to the value zero at large distances from
the nucleus. The horizontal lines shown in the
diagram repreasent two permissible energy levels of
electrons in the atoms The level marked Se
represents the level occupied by the single valence
electron in the outermost O-shell of the silver atom.
The level of the electrons in the next lowest shell
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(4e€s the LA level of the N-shell) is represented

iLby the lower hoﬂ.amﬁal line 4d.

| This treatment can be extended to a onoe
aimensional crystal lattices Consider an arvay of
silver and bromine fons arranged alternately es in a
!omtal. The potential energy curve for an electron }
constrained to move along & straight 1in¢ pessing |
through the nmeled will be of the form shown in figure 2.
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Pigure 2,
An eleotron leaving a bromine nucleuws doss not
"Looe its potential energy entirely before enocoumtering

| ;
the "ield of the neighbouring silver nucleus. The

!amrw eurve thus takes the form of a aarieal of humpse
In the formation of thel erystal of silver
bromide the loosaly bound 58 electron of the ailver
atom transfers to the bromine atom to accupy the one
lvwant space in the 4p level. The 58 level 1s thus
completely empty while the Lp level io completely full.
This is true only at the absolute sero of temperature
since at normal temperature thermal agitation will
excite a few electronas into the upper level.

It has besn shown mthmftcauyg that the
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permissible levels of an eleetron in & periodle foree
field (such as a crystal lattice) broaden out into
bands. Thulth@ﬁaand}mlewlnammm

figure 2 a8 bands of finite widthe An electron
moving in a discrete level of a potential valley will
- have a certain probability of appearing at the
corresponding energy level of the neighbouring valley,
provided the energy barrier bDetween theu is not too
high nor too wide. (Tunnel effect).

Zero level

A

Diskance

Energy

thure 3 .

The energy bands are thus shown in figure 2 as
' continuous bands extending throughout the crystal.
In the case of the 58 band the energy 'hump' for an
electron in the lowey part of the band is quite low
and the probability of this electron penetrating this
obatacle is correspondingly highs For electrons in
the upper part of the 58 band the obstacle has entirely
disappeared and such an electron is free to move
unhindered throughout the lattice, This energy level
is usually referréed to ae the conductivity level of
the crystal.

The formation of the latent image is coneidered
to involve the transferense under the action of suitable
light of an electron from the L4p band to the 58 band,
webb'” 1dentified the latent image with the electron
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concentration thus formed in the upper conductivity
level of the crystale This view has undergone
considerable modification (notably by Gurney and Mott)
but the electronic transference ﬁiutnrtd above is
8till considered to ‘be the firet stage in the series
' of processes initiated by iight absorption. |
In the 1ight of the sbove discuseion, absorption
should show as a well defined band in the absorption
'spectrume While this ies 20 in most ionic crystals,
the absorption spectrum of silver bromide shows &
‘marked 'absorption tail' in which absorption falls off
slowly towards longer wavelengths,.  The presence of
'this absorption tail is of very great importance from
the point of view of photographic latent image
formatione It is accounted for by the assumption
that 1% 1s due to surface ions only'? which assumption
is supported by the fact that the tail is easily
altered by impurities, presumably sisorbed at the
surface of the grains These surface ions are not 8o
fimmly bound by lattice forces as are those in the
interiores The elactrons will therefore occupy
‘aifferent levels depending upon their actusl situation
at the surface and the proximity of neighbouring ioms,
and their elevation to the conductivity level of the
orystal will include transitions over a wide range of
enorgies. - It 1s this range of energies of the
absorbed quanta which gives rise to the absorption tail,
Practically this means that latent image formation can
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occur over a wide range of wavelengths inctead of
being confined to monochromatic absorption, which in
pleture making would reader true representation
impossibles The marked nature of the absorption
tail in the case of silver bromide has been accounted
. for by the assumption that e normeal crystel is duilt
up of a mosaic of small idesl crystals with thus a
greatly increased number of surface imy

Any theory of latent image formation must take
into laeemt two main faets, First, the silver
formed in the photodecomposition of silver bromide
is always found in colloidal specks or aggregates of
silver atoms, whereas the light is absorbed unifomly |

throughout, or over the surface of the greine Second,
as shown by Eggert and Noddack' the quantity of

halogen set free during photolysis indicated that the
 Einstein Law of Photochemical Hquivalence is obeyed,

Certain experimental observations on pure silver
bromide erystals have furnished information useful in
' the elucidation of the mechemism of latent image
formation, and two of these will nov be discussed in
more details F
Photogondugtivity,

At a sufficiently low temperature, and in the
absence of light, silver bromide will not conduet an
electric current’? If illuminated by light of a
suitable wavelength (e.gs, within the region of the
absorption tail) conductivity appears., This may then
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be identified with the production of free electrons
in the conductivity level of the crystal, If the
applied potential is sufficiently high it is found
that for each guantum absorbed one electron is
Idtuhauod at the mf‘ For lower potentials
‘this unit guantum efficiency drops off markedly,
showing that some of the electrons are trapped in
some waye This trapping of electrons is very much
moye pronounced when the crystal contains small
‘colloidal particles of silvers The conduction levels
‘of metallic silver are thus regarded as below those
‘of the silver dromide,l’
Zonic Conduotivitys

While a erystal of silver bromide at low
temperatures is an insulator in the dark, at nomal
temperatures a conductivity is found of the order of
10 onn™ cm™, Tnis conductivity is regarded as
due to the passage of metallie tonst® A certain
fraction of the metallic ions is displaced from the
‘normal lattice positions into interstitial positions
where they are not nbjo_et to the nomal lattioce
forceas They are in fact mbil).c. requiring an
activation energy of some 85000 cdmuig A certain
amount of energy is aleo reguired to dbring these ions
into the interstitial positions, their concentration
being given by a formula of the type
C=aCpe wWik
where W for si_lvgs Bromide i@ of the order 20,000
calories per mol, A% room temperature the
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|
pmm:-atim of interstitial fons is thus very low} i
paleulation indicates that in an emlsion grain of |
rtﬁ fon paira, there are only 1,000 such iaterstitial
#umu,axﬁnmshimnusuneianhumiumsthwﬁ.tv:nmsua ;
of impurities, this figure ls rather to be yegardsd ‘
Bs A mintemm20 ‘

| When a normal ion moves into an interstitial |
sosition a "hole" is left in the lattice structuve.

#hta hole has also a certain mobility due to a
#-pxmnt mechanism, whereby a neighbouring ion
occupies the vacant spaces The activation energy

For this process is of the same order of magnitude as |
wmn;awsun.nnutun.tanuwmmuun,1unaasmnrun»mﬂuszw1
!im cantributing nearly the same amount to the ionie
eonductivity. Such movements under the inTinence of
;L:n appiied field are illustrated iu Tigure L.

Ag Br Ag Br Ag Br Ag
hg
Br Ag Br Ag Br Ag Br |
> |
Ag Br/ Br Ag Br Ag |
Br Ag' Br 4Ag Br Ag Br |
Ag '
|
Ag Br Ag Bp Ag By Ag |
Br Ag Br Ag Br Ag By

Figure L.
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It is possidble for the negative bromine ions to
ocoupy interstitial positions also, but in this case
the energy required is regarded as consideradbly
higher than that for the metallic ion, mainly because
of the greater sisze of the bromine ions The fraction
contributing to the ionic conductivity is thus
regarded as negligible,

~ The work of Sheppard and collaborators®’ has
shown that the sensitivity of en emmlsion depends
largely on the presence on the surface of the grain
of specks of silver sulphids, These sensitivity
specks are formed during digestion of the emmlsion
and are belisved to result from the decomposition
of various complexes of silver bromide and certain
sulphur compounds which are present in the gelatin
in minute gquantities. Notable among these ia allyl
thiocarbinide (CyHg=N=Ge8), of which 1 part in 10°
will activate inert gelatin. Other compounds, €.g.
silver selenides and tellurides®’ as well as
fmpurities or lattice imperfections in the grain are
similarly regarded as effective in mm
sensitivity., latent image silver is also found in
the interior of the grain®?123-45 well as on the
surfaces The formation of silver sulphide in the
interior of the grain is regarded as unlikely®

In the theory of latent image formation advanced
by Gurney and sgonl these sensitivity specks are
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agsumed to sot as elestron traps with energy levels below
that of the conductivity level of the lattice,
Electrons are liberated by the initial 1light
absorption and appear in the conductivity level wheye
they move about with thermal energy and have a cale
oulated velocity of 107om/secs Their rete of
diffusion through the crystal is of the order of

1 em/sec. The sensitivity specks now act by
trapping the mobile elsotrons, theredy becoming
negatively ocharged and attracting the interstitial
metallic ions whioh migvate towards the smpeck and are
there discharged. Metallic eilver is thus deposited
upen the centre and the resultant aggregation, if
sufficiently large, constitutes the latent image,
Sheppard®® gonoludes that the latent image as made
evident by development contains on an average some
few hundyed silver atoms and that the sensitivity
speck of silver sulphide consists of not more than
ten molecules. |

Resktive Ngles.
When the photoslectron leaves its bound atate in

the bromine i{on under the aotion of light, the
resulting bromine atom has a certain mobility due ¢o
the transference of an electron from a neighbouring
fon into the so-salled "positive hole” associated with
the atoms The ion in this case becomes an atom, the
effect being equivalent to the tranaport of a halogen
atom into an adjacent position. Because of the
wave-machanioal tunnel effect no activation energy is
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required for this eleotron transfer and the atom may be
as mobile as an eleoctron in the conductivity level and
unless it is removed from the grain will attack the
| latent tmge. If posttive holes are attrected tovards
the charged sensitivity specks (i.e. if electrons are
'repelled into the holes, this in effect amounting to
‘an attraction of the holes) as fast as positive metal
ions move towards the speck, then latent image
formation would not occurs Ourney and Mottd therefore
assumed that positive holes in a silver bromide lattice
‘are relatively immobile, possibly decause of |
‘pelarisation of the surrounding lattice® There te
‘evidence that some of the bromine leaves the orystal
‘and s taken up by the surrounding gelatinj further
information as %0 the fate of such bromine atoms is
“however required. |
| In as mich as development is by far the most
‘seneitive detector of a latent image and as theoretical
eonsiderations of latent image formation are largely
extrapolated from and interpreted in terms of the
‘vesultant developed density a brief scoount of the
development process of reduction in given here. The
latent image iteelf is loet during the development,
the final product deing found in the form of tangled
filamente of silver:’’20* rhe developing solutien
is essentially a solution which can supply electrons
and according to the Gurney-liiott theory may be assumed
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;to charge negatively the laptent image specks with
which 1% comes in contact, The interstitial positive
Eiﬂ in the grain move to the speck and are discharged
‘as before. A deposit of silver is thus formed on the
‘lstent image which s pushed outward from the grain in
‘the form of & silver filament, Essentially the
developer continues the process of 1ight action, the
eleotrons however now coming from the developer

Grain Developer

Figues S

| Acrzording to this view the rate of development
‘would depend upon the rate of production of intere
‘atitial iona. Arrested development, however, reveals
' that there are very few grains which are partially
‘dovelopeds In general a grain is either developed
'completely or mot at alls There is evidently an
industion period during which the rate of development
‘i slow followed by a period in which development
proceeds very rapidly. The rate of production of
interstitial ions is much too slow to account for the
rapid rate of this second period of dewiemnt.
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mrgag éxplains this by assuming that there are
two different stages involved.s During the first
stage the latent image epeck dbuilds up slowly at a
rate controlled by the rate of formation of inter-
stitial Ag* ionses The growing speck can take up an
inereasing numbder of electrons from the developer and
the inorsasing negative charge eventually reaches a
value at which the attractive force for ag* ioms
exceeds the lattice forces. 'M. this point the
second stage commencess The neighbouring Ag' ions
are pulled bodily out of the lattice and the whole
grain repidly breaks down.

The critorion determining whether a grain will
develop ie therefore the attainment by the growing
epack of the critical sige necessary for m second
process to set in before development is arrested.

Enotographiec Effectp.
In view of certain results on thallous bromide

emilsions recorded later, the following paragraphs
give a brief review of certain photographic effects
observed in silver bromide.
Beeciprocity.

In photochemistry generally it has been found
profitedble to examine reactions from the point of

view of the quantum efficiency ¥, as defined by the
equation




18.

If the rate of reaction is directly proportional
t0 Iqps then the quantum efficiency will be independent
of I, This may be put in the fom

Iabg t = conste

‘where t is the time of exposure, indicating that the
same smount of photoaction will ocour, regardless of
' the relative velues of Igzpg &nd %, provided I, t is
 constant,

Certain photochemical reactions are however known
e+ge the photocaubination of hydrogen and bromine”"
‘where the rate of reaction is proportional 0 Igps o
'where n is not unity, The same effect will not de
' produced by the same product Iagng ¢ regardless of the
'values of Igng and $» Conversely, if the same effect
'is not produced by constant values Of I, t, then the
‘rate of reaction is not directly proportional to the
" intensity of the 1ight absorbeds
Strietly, this refera, as far as intensity is
‘concerned, to the intensity of absorbed lights In
the photographic plate, and with solids generally,
exact measurement of absorbed light is aifficult by
'reason of reflection and scatterings For a given
series of photographic plates it is usual to deal with
ineident light I rather then absorbed 1ight Igng,
If the product It then produces different effects for
different relative values of I end t, thie behaviour
ie known as "reciprooity failure."”

The characteristics of a particular photographic
plate are conveniently examined by plotting the
logarithm of the exposure (l.e. log It) against the
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hﬂ_olopod densitys The characteristiec H & D curve
‘(nmtar and Driffield) is then usually of the form

in figure 6, in which reciproecity failure of
iffevent kinds is apparent.

| (=]
| " 6 log 1€

Variations from true reciprocity are conveniently

stigated by measuring the
osure (It) reguired to produce
given arbitrary density and by
lotting log It againet log I.
Por true reciprocity a straight

Log 1t

_ G T
1ne should be obtained ae in Figure 7

figure 7.

| The fype of curve shown by typical photographiec
plates is of the form of figure 8, Two regions of
Mimtty failure are then to be recognised, one at
;h.w and one at high intensities.
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Low intensity reciprocity failure is regarded as
due to inefficient latent image formation in the rirat:
. growth atages, '32‘a process using up electrons being

required., Either the latent image speck does not
'increase in size unless a certain minimum concentration
of electrons is produced in the grain® or a speck of
' silver which has begun to form may disintegrate by

thermal agitation into electrons and interstitial

' silver ions?2’

At high intensities the ionic mobility is not
sufficiently high to ensure the neutralisation of all
| the electrons formed by the light ebsorption. The
excess electrons may recombine with bromine atoms or
may fall into other électron traps, in this latter case
ultimately forming specks which may compete with the
main epeck in development. The density produced for
'a given It will then be less than beforei
At very high intensities, It being kept cogatant,
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¢t may bdecome 80 small that the exposure time can be
considered instantaneous with respect to the ionic
movement, Experiments with certain photographic

materials showed reciprocity failure to be absent for
exposure times of leas than 10‘5100- |

The effect of lowering the temperature is,
generally, %o shift the whole reciprocity failure
curve towards lower intensitiess This is explained
on the Gurney-iott basis as followss At low
temperatuyres the small 2- -mri:i:i?a}mou stable and low
 intensity failure due to its disintegration does not

appear until still lower intensities are reached.

Low Fewfeva buv<

I '.‘v-/ ‘,__._.-Dclt-\-n‘ thb‘#ﬁt%fi
log It |+ S—

leg T
Also, ionic mobility ie less, hence high
intensity failure occurs, again at relatively lower
1ntenl:lt1u5

Low kcw tuwat‘-w-c.

—e
J
g

losIf - \\0";“"’ km\’“‘t““ .

g 1

There ie thus an analogy between low temperature
expdsures and high intensity exposures at room
temperature,
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Post= and Pre- EXposures.

Certain aspects of the relative sizes of possible
latent image specks have been emphasised as a result
of the application of two different exposures on the
same plate. It is convenient to recognise four
different stages of speck size, as shown in the
| following table, where the four different types have
been designated <, ¥, & with the approximate orders
of magnitude shown.

Table I. _

Approximate order
Size classification, of magnitude.

it el . Aot

< 10 molecules

, |Unstable sub-image speck.|< 50 atoms Ag.

Stable sub-image speck > 50 atoms Ag.
Y | (Not developable).

;5 |Latent image speck. >100 atoms Ag.

If an exposure be inada at a fairly high 1nten31ty‘
there will be a large number of ¥-specks formed in
addition to the developable &- image. If now a
uniform low-intensity post exposure de given, these
¥-specks will grow into developable S-specks and,
if the intensity be suitably chosen, only j- specks
will be formed in unexposed grains; these latter will
disintegrate spontaneously. This method may thus be
considered as an auxiliary method of development.

Similarly a short high-intensity uniform
pre-exposure will result in X- specks being present

in some of the grains before the picture exposure is
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mades Such grains will therefore become developable
with a smeller number of quanta than would otherwise
be required, thie in effect being a means of increasing
the plate epeed.

That is, the application of a short high~intensity
@xposure followed by a low=intensity exposure may de
gemmom a8 an auxiliary method of development or of
increasing the plate speed accordingly as the picture
exposure is the pre-~ or post- exposure respectively.
Qlsyden Effects «

In the following series of applied influences,
any proccuﬁs influence, if applied as a pre-exposure,
deadnsitises the plate in respect of a sudsequent ono?z'

i. Preasure,
ii. X~rays.

111, Very brief exposure to light.
iw Normal exposure to 11@%:

It was suggested by I.ﬁppo-cmr"' that a brief
exposure produces internal latent image specks which
compete with those on the surface for the electrons
formed by a subsequent exposure, If thias is so, the
relative dietridution of such image specks becomes of
the greatest importance. .‘

Reversal of latent image or of print-out density
ean be accomplished by post-exposure to red or
infre-red lzaht?s' The action of such light is to
ejeot electrons from the epeck, the silver ions
recccupying interstitial positions in the lattice.
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"

The numerous emall specks produced by high inteneities
are move readily destroyed than the larger ones
produced by a low intensity exposure.

Selarisations
With certain photographic materials and certain

developers, continued increase in exposure eventually
leads to & drop in developed density. This effect

16 confined to surface latent image C and can be
‘minimised by the addition of a halogen scceptor before
;WT or treatment with a silver halide solvent
after exposures>’  The latent image is regarded as
attacked by the bromine atoms set free by the

exposure, and protected from the action of a normsl

| developer by the resultant coating of silver dbromide.

Ordinary negative emulsions usually contain a
small amount of silver iodide, of the order of 5-
relative to the bromide, the sensitivity to light
being theredy increased to a much greater extent than
would be expected from the change in spectral
absorptions This is usually attributed to the
loosening-up effect of the distortion of the silver
bromide lattice by the introduction of the iodide ions,
this facilitating an increase in the rate of production
and the number of interstitial ifons., Solarisation
tends to increase with increasing iodisations”’’
According to Xaneyama and Himtt"’o' 1+6 to 2¢5: of
silver jodide increases the photoconductivity in the

spectral range in which pure silver bromide is
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sensitive end widens the sensitive range to longer
wavelengths, A mobility factor is perhaps therefore
alao concerned.

Znalloug Bromide.
The fact that thallous halides undergo

'decomposition on exposure to light has been known for
some time™’ but no systemetic examination of thallous
bromide emulsions seems 80 far to have been published
except that of W.J.0. Farrer '™ geveral papers have
‘however appeared on the effect of the addition of
‘emall amounts of thallous salts o the standard silver
bromide systems and may be considered in two main
groups, relating to addition to the emulsions on one
hand and to developing agents on the other.

| According to Lippo-Cramer™ thallium halides
sensitise silver bromide and silver iodide emulsions
Thie effect 18 more pronounced in the iodide emulsion,
the spectral sensitivity of which is extended to red
light and the resultant epeed of which can be brought
up to that of medium dromide emulsions. ~Sodium
nitrite and potassium metabisulphite were found to
increase bvoth the sensitivity and the maximum density
ebtainable, both acting as 1odino acceptorss Haidrich™
found that silver iodo~bromide plates could be
sensitised to orange light by erythosin and suall
amounts of thallous nitrate svlutionss A decrease in
spectral sensitivity was, however, noted for pinacyanel.
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In 1925, Hommel'™ reported the speeding up of
hydroquinone development by the addition of thallous
salte, & similar effect being noted by Wulff and
se1a1"® ana by Lippo-crener®*  In slow emulsions
an increace in threshold spua of dmlommt and in
density generally was observed, without increase in
fog, whereas for fast emulsions fog increased
considerably. All these effects were attributed to
enhanced absorption of hydroguinone. Haidrich'7
attenped to uinimise, by the addition of thallous
ions, the considerable regression in threshold
rapidity believed to occur during development of
silver iodo-bromide emulsions., With certain meterials,
6«8+ Imperial Special Lantern Plate or Ilford Selochrome
film, the sensitivity first increased with increseing
amounts of thallous nitrate, Further additions
however brought about a decrease. Thallous dromide
resemblee silver bromide in that its aebsorption
spectrun also shows a rtag1t¥Be 1 the formation of
thallous bromide the 6p oiaotm of the thallous atom
tranefers to the bromine atom to occupy the unfilled
position in the Lp ehell of the latters If it is
assumed that the absorption of light by thallous
bromide results in an electronic transfer analogous to
that in silver bromide the excited electron will jJump
from the 4p band of the crystal to the 6p bands Thie
represents a greater cnergy intake than is involved
in the Lp to 58 transfer in silver bromide, In
relation to'that of silver bromide the abmsorption will
thus be displaced toward the short wavelength end of
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the spectirume 7The absorption spectium of thallous
bromide does, in faot, oxhibit in the ultraevioclet

a series of bands shaded towards the rodl.'s In
addition to the absorption bands there is a domain
of eonumm. absorption. In emission a band
spectrum extending from 3400 to 4500 with a prouinent
group at 3950 has recently been reporteds’:

Farver’ prepared thallous bromide emulsions by
adding thallous nitrate solutions slowly to potassium
bromide in gelatin solutions The formmula used gave
a 20¢ excess of alkali halide, The emuleions were
washed free from the soluble salt product by coating
the plates and washing in rumning water, Digestion,
ir dnlM, was carried out by scraping the emulsion
from the plates, digesting and recoating. The final
plates contained spproximately 0¢5 gm. of mnz@ per
whole plates All operations were carried out in
yellow light,

Noimal developers were found to be incapadle of
developing any latent image, but physical development
was found suitable except that a long treatment was
neceseary to produce any reasonable density. Fixation
by Liypo could be carried out after, but not before,
such physical development, thie being due to the
replacenent of thallium by the silver of the developer,
The exposed plate was therefore treated with ailver
nitrate solution and the excess removed by washing.

A normal developer was then found to give a reasonable
denslity for appropriate exposures,
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'r?.e speed of the plates s0 prepared and examined
wae vory low and application of various procedures
(digestion ete.) sugpested by silver bromide practice
- gave no marked increase in sensitivity. The use of
nomally ‘fast' gelatins gave a plate slightly less
gensitive than the nomally slow gelatina. The
addition of small amounts of iodide, which in silver
bromide enmlsions is found to give increased speed,
mamtedmmmthaapeﬁ. mmrtm;n
concluded that gelatin and 1odide have not the same
function as in silver systems,

Inecreoascs in aspeed were mtthclau cbtained
by the addition of bromine acceptors, €.g. sodium -
nitrite, hydroxylamine and sodium sulphite, being
more pronounced with the latters Fogging however
was accentuateds The thallium latent image, once
formed, was subject to regression with time in the
interval before development, this being much more
marked than in the corresponding silver image,

The suggestion that the low spsed of such plates
might be due to unsatisfactory replacement of thallium
by silver in the double decomposition process was
examined photomicrographically, Little change in
erystal shape was obeerveds While there was some
evidence of an increase in opacity of the larger
erystals after treatment, suggesting that aggregates
of sube-microscopic particles were formed, there
appeared nothing to suggest that the latent image was
unable to function due to imperfect contact with the

halide.
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In thalious bromide therefore we have a system
in which a possible partial separation is made of
the two physical processes, (a) electronic movement
and (b) ionic movement, on which the Gurney-iott
theory ie baseds If a latent image is formed in
thallous dromide in a similar way, then the differvent
sige and mobility of the metallic ion should
accentuate certain aspects of this tieory. This
thesis therefore presents the results of an
investigation on latent image formation in thallous
brouide - golatin systens carried out with reference
to the Guraey-iott mechanieums
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EXPERIMENTAL PROCEDURE.

In the following sections are given details of,
and some observations on, the experimental procedures
employed in the present humh. in some cases

reached only after numerous preliminary trials.

AL b L 48 U4 il .
The emulsions were prepared as required in
approximately 100 ml portionss ToO 6.5 gu. of
photographic gelatin in & glass bdbeaker, the same
stock of gelatin being used throughout the entire
sories of experiments, was added 50 ml of uati‘noa
water, and the contents raised to 35,0°C in a thermostat
(electrically controlled and with a temperature
variation of less than 0,1°) Vhen the contents were
homogeneous, & process aided by meshanical stirring
with a glau'nurrer. 2,000 gm potassium bromide were
added and dissolved, 50 ml of an aqueous solution
containing 8,000 gm thalious nitrate per 100 ml was
then added drop by drop from a burette and with
vigorous mechanical stirring, this operation being
carried out in a dim red light. Stirring was
continued for 20 minutes and the emulsion was then

kept at 35°C for a further 3 hours, before being

chilled in running cold water and set aside until the
next daye. I

The emulsion now in the form of a 80lid mass still
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containe excess potassium halides together with
potassium nitrate formed by the double decouposition
TLNO3 + EBr = TiBr + KNO3,

7d eliminate these soluble salts the emulsion was
shredded and washed, Shredding was accomplished by
gathering the emuleion into a ball in a piece of butter
muslin, which had previocusly been well washed and
boiled in dietilled water, The ball of emuleion was
placed beneath the surface of cold water in a large
beakor and steadily squeesed, thus forcing the emulsion
through the meehes in the form of shredss These were
allowed to settle and the bulk of the water was premoved
by decantation,

' The emulsion was washed by decantation, employing
eight five-minute washes with 200 ml of distilled water,
the emuleion shreds being gently stirred with a glass
rod during each wash, The washed shreds were drained
on & muslin filter and transferred to a wide-necked
stoppered bottle for remelting, esome 10 ml of water
being added to bring the total volume %o 100 ml
approximately, Stirring wes contimued for 15 minutes
and, at this stage, sensitiser and ﬁmcmtiw etce
were added if required, such additions being made
dropwise and u_tn vigorous stirrings After a further
15 minutes’ etirring the emulsion was then ready for
coatings

The following observations in regard to the above
may here be made,
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In view of the slight solubility of thallous
bromide (4047 at 15°C, as compared with ,000011%
for Ag Br), whereby washing may remove considersble
quantities of bromide, a concentrated solution of
thallous nitrate was used, 8.0 gm per 100 ce being
pﬂ.“imlr a saturated solution at room temperature.
The amount of potassium bromide used gave an excess
of 11% bromide when all the nitrate waes added.
When potassium iodide was also present this was
added to the gelatin with the bromide, Normslly
in the experiments quoted later the emulsions
contained 5: iodide, 1.es 0,100 ga of potassium
iodide were added with 2,000 gm of potassium
bromide.

Precipitation of thallous bromide began in the
presence of all the gelatin and potassium dromide
used in the preparation. Both these conditions
tend to produce "slow" emulsions in silver bromide
systemss The use of less initial gelatin and the
simultaneous addition of thallous nitrate and
potassium bromide solutions to a medium containing
few bromide ions (Vzﬁ‘ of the total nuuber)
produced no marked increase in emulsion speed.

The period of 3% hours digestion after mixing
appeared suitadble. Emuleions prepared with 9
hours ‘m 19% hours digestion gave, if anything,

a 8lightly lower density upon exposures

Bome emulsions were prepared at u0°0 and others

at 50°%; these however showed a pronounced
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tendency to fog on processing, even without
exposure,

An emulsion digested for 15 minutes at 100°C wee
found to become colourlees and transparent and to
remsin 80 indefinitely after coolings Plates
prepared from this emulsion were trausparent and
gave no density whatsoever upon exposure and
processing.

Barlier emuleions were prepared with the final
addition of 5 ml of alcohol to facilitate coating,
and & small amount of alcoholic phenol (0.5 ml of
1% solution) to act as preservatives These were
later omitted as of 1little practical advantage,
although emulsiona containing phenol appeared
slightly "fester" than theee without, probably on
account of acceptor action.

Various other methods of shredding and washing the
emuleion were examined: o.ges the emulsion was
pressed through perforated porcelain discs and the
shreds washed in running tap water (sce figure 9).
Various practical difficulties

— Water

however were encountered
Lig"!\l'prod;

box — | Musbin

and reliance was therefore
placed on the above simpler 3
methods. Glass or porcelain

vessels and apntulaq etc. were used throughout.
All amﬁqm to the emulsion (acceptor etc.) were
mdé in relatively dilute solutions Uneven
denalities resulted otherwise.
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ix., The earlier emulsions were filtered through
chamois leather in a wide glass tube arranged
as shown in figure 10,
The chemois leather previously |« =
well washed, was fastened
over the end of the tube and
bound securely with string.
The emulsion at 35%C was
poured into the warmed tube

and forced through the El [ clamos \eakler
bouwd with she .
leather by compreseing the I ; ||] ’ i

air above the emmlsion. Fiquse 0.

No contact with the rubdber piston was wade,it
being only necessary to push the rubber section
about half way down the tubes This process was
later cnitted as unessential.

| Covlt ( Leese i.t,
P*"“ Rubber seckion

—Wide ql.ays kube

goating of the platess

The plates used were cut to the size 13 x 8.3 o
from 0ld thin~glass spectrographic plates and thoroughly
cleaned by treatment with concentrated nitric acid,
scerubbing by muslin, and then by fmmersion for several
‘days in a mixture of sodium hydroxide and ammuonium
hydroxide solutions, On removal; they were then
scrubbed with cotton upl soaked in the above alkaline
solutions, The plates were placed in a glass-rod
holder and the alkaline solution washed off with
running tap water, then immersed again in dilute nitrie
acid and rinsed thoroughly in tap water and finally in
distilled waters They were then set to dry edgewise



354

in a drying cupboard, in which werc placed open vessels
containing ealeium chloride and phosphorus pentoxides
From the time of plao'ins in the glass-rod holder until
thoroughly dry, oven the edges of the plates were not
touched by hand,

When required for coating the plate was placed in
e printing freme of the required size (13 x 8,3 cm) 80
adjusted, on a glase levelling table, that a trial
plate appeared exactly level as indicated by a sensitive
spirit levels, A glass pipette of 7.8 = 8,0 ml volume
and large nogzle (0«4 om diam), cleaned and dvied by
the above procedure was used to'tmfnr the melted
emuleion from container to plates The emulsion was
allowed to flow rapiCly but steadily on to the centre
of the platey the plate-~holder being then slightly
inclined so that the plato was uniformly coateds The
freme was then covered with a glass plate cover %0
exclude dust, and left undisturbed for 5 minutes to
ellow the emulsion to set, The back of the printing
freme was then removed and the plate detached by a
poroslain spatula pressed at one edge, The coated
plate was then placed horizontally on the glass-rod
supports in a light-tight drying cupboards All the
above Operations were performed in as dim a red 1light
as possible.

It was found advisable to coat all the emalsion
at one time, later results showing that the emulsion
proper lost sensitivity very appreciably on standing.
Comparison of plates from the same emulsion coated at
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appreciably different times was found to be difficult
(See Results).

The drying box contained shallow dishes of
ealcium chlorid& and phosphorus pentoxide and, under
these conditions, the coated plates were normally
dry in 48 hours,

- It wae found that, in drying, extreme desiccation
was to be avoided as otherwise the smulasion film
tended to peel from the plate., In earlier experiments,
warm (25%°C) dry air was passed slowly into the box
(see figure 11), Uneven drying, and subsequently
uneven deneity, was observed in plates near to the
alr unfry.

Pll.Ltt.s o O'Lus 5&.}"0.‘}:5
\ Flowm<ter

C-m'pr-liﬂ-‘ ave

Flgure 1l.

When 4ry, half inch edge strips were cut from the
plates and rejected, it having been found that these
showed a greater density than the other parts of the
plate, thie being regarded agein &8s due to weven
.drylns. Thereafter, the plates were cut to the
recuired sizes and stored in lightproof boxes.

As prepared above, the plates contained 0023 gm
of thallous brouide per sqscms 7This is equivalent to
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0:59 gm of thallium metal per mm plate, which is
comparable with Farrer's figure of 0.5 gu thallium for
whole plate. The thickness of the undried £1lm was
ioa75 i,

. For dlue light ()= 4360 A) the logarithm of the
ineident 1ight to transmitted light ratic (see Density
%mummtu) was approximately 0,10. For green light
{ A= 5460 A) 1t was approximately 0.20, both values
veing approximately independent of the addition of
eenoitisers; the effect of iodide, however, was more
im (see page G ),

Imim.

| Preliminary experiments were carried out by
exposure at fixed distances to the light of various
tungsten lamps, vhereby it becane obvious that for
emlaions free from added sensitisers and acceptors
vory intense scurces were reguived to prodvce any
apprecisble imege on developments Daylight was found
-@tu be more effeative and various carbon ares were
setistactory, the latier indoed producing visible
dapkening of' the plate prior to development. It was
fouond 4ifficult howaver to keep such sources
sufficlently ateady ia iatensity for accurste compariscn.
"Photoflood® and "fitraphot® lamps were somewhat moye
setisfactory in this respect.

It became necessary (see Discussion) to employ
monoohromatic light and %o distinguish sharply
"bleaching” light (e.g. green) from the more actinio
bine light. For this purpose the ovdirary cont lnuous
sonrces were unsuiteble vith the light filtera
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availsble, lercury vapour lampe were employed, with
however the added complications of variation in
intensity and the difficulty of ensuring & uniform
1ight flux of sufficient intensity. Finally, an
Osira AeCe mercury vapour lamp was used in conjunction
with a Solus atabilisers This gave a very steady
light output and wes suitable, not only for plate
'cxpoaurua. but also for measurement of developed
density. ‘The madn theoretical objection to such a
syston is that the 1ight source is not continnoag but
fluctuates 100 times/secs Results were therefore
checked, as fer as possidble, agsinst the contimious
Nitraphot and photoflood lamps.

The arrangemsnt finally employed for exposures
' and density measurements is showsn in rignio 12.

Le = Light source.

lﬂ l ’ Se = Shutter,
s H H . Bes = Soreen with apertures
IR

. G F. = Pllter,
Se H
| Ha = Plate holder,
Galw. P.C, m Weston photronic celle
- Pignre 12,

The plates used for exposure were normally
approximetely 1" x 1}" and were inserted in the plate
'hnlder II, this iteslf being rewovable, in fixed
supporting alidea at & constant distence froa the
iight eource. Part of the plate remained unexposede.
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When ﬂ.quim. a wodgc of eight steps, construeted
from an ordinary silver bromide plate and covered
permanently by thin cellophane was supported by a
epring in contact with the plate under investigation.
The photronic cell was fixed immediately behind the
' plate and, when connected to a mirror galvanometer -
scale svstem was used to record the incident light
intensity on the plate and the intensity tranemitted
by the plate. A dlack paper shutter was used to
prevent the light reaching the sensitive photoecell
surface 1f required, as for example at very high
intensities. The sam® pmmh of the photo=cell
 surface as determined by a small circular aperture |
(1 em atem), wes used throughouts Previous calibration
' had shown that for this soteup at the intensities
- recorded on the scale, deflection of the light spot
was proportional %o intensity for monochromatic lights |
Every effort was made to excIude all 1ight,
except that passed by the filters, by means of black
velvet edgings on thl filters eto,

The arrangement of the exposure box wae suitadble
for sach measurement, density deing recorded ae
1»;-1--. whers Ip is the incident light intensity
and I i8 the intensity transmitted by the plate in
question, In 8s much es & clear glass plate reflects
and absorbs some part of the incident light, all such
densities were greater than Z6ro. Unexposed areas of

the plate were aimilarly recorded. Blue light was
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generally employed, direct comparison with white light
_hav!.ng shown no appreciable differences in recorded
deneities,

Where the wedge was employed to 'ob}un an He & Do
eurve, the small areas of the wedge necessitated the
iuno of a smaller aperture. In general such densities
 ware measured by a separate arrangement, using white
'1ight, by which each area of the plate in question

‘was exsmined in turn.
For example, for ame series of plates the values

of the incident intensities (Io) and the transmitted
intensities (I) were as shown velow, the mmwasurements
be!.ng in terms of galvometer scale deflections, From
these readings, the values of log Io/I give the
denoitics requireds

Io 40,6y, LO«S, U405, L40.6, LOJL , LOJL.
I 27“{-. MO 6’ 1306. 9]“’ iuB. 1‘61
logt Xo/T 4171, o348, 474, 635, +925, Xel40.

| The Hs & Ds curve of a thin film Ilford Plate was
' first determined by exposurce at varioua times under
standard conditions (argon lamp at 30 om dletance
from plate). From this curve suitable densities were
chosen such that an over-all 50-fold variation of
transmitted light could be obtained in eight regular
density eteps, and thn_ corresponding times of exjosure
calculated. The wedge {teelf was then made by
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sul tably expousing and developing a second similay
Ilford plate, the final wedge pattoin being one of
eight 1" sguares, thus:

b L

N

77

3 %

/// IR IyIPvi
2
/ Y74
o
Aﬁ’/////// 4

The shaded poriions were covsred by vpagque black

paper anéd the emuleion side of the wedge, which wes

placed An contact with the thallous bromide plate, was

covered with thin cellephane,
Direct calibration of the wedge then gave the

following densities.

Teble I Wedge Densities.
ATes 1 |2 |3 | & | 5] 6 7|8
—E—é- 1oli7| 2063 4e17| 6elif (1142 (1945 |3Le? 67:2*
P-xo{.};ﬂ_ TR o] o€a oo 2e03| 1e30| Lesk] 1.8

In view of the possibility that the intensities
incident upon the various wedge areaes might not be
exactly uniform, these were measured directly with the

photronic cells

Certain corrections then beceame

necessary, which when applied, gave the following
values for the intensitiee transmitted by the various
wedge areas, when illuminated by incident 1nt9neition
of 190 scale divisions blue light and 31 scale

divisions green lighti, as recorded by the galvanometer
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Table II Transmitted Intensities of edge.

Wedge Area. i 0§ N Bl CIF R

gt:ﬁ? %}F"h? 129 73.7 38.3 21.5 167 1046 4,87 1.9

ﬁ"',m‘d‘ et 1 12,0 6425 3.51 2,73 273 0.795 0. 322

Blue 1light predominantly of wavelength 4360A was
{aolated by means of a 1 om layer of 27 cuprammonium
sulphate, containing a 1ittle added armmonium hydroxide,

together with, 1f necessary, a second cuprasmonium
sulphate cell (3 om) and seversl blue glass plates.

Green 1ight of wavelength 5460A was obtained in
the Cirdt instance Dy means of the filters recommended
by Bm?l

' 20 cc. of a molution of 1000 gm CuClz2Hy0 per litre
were added to 80 co. of a solution of 340 gm CaClpy per
3itre, and a 1 cm layer of the mixed solution used in
conjunction with a 3 em layer of neodymium nitrate
(100 gm NA(NO3)o6Ha0 per 1litre)s A green glass filter
(Chance No.7) and various green glass plates were also
employeds |

A "neutral” glass filtey, transmission approximately
0.2, was also available,

These filters were used when the actual 1light
intenaity incident upon the plate could not be
determined directly, as for example with very high or
_very low intensity light, unsuitable for direct
measurement by the galvanometer scale systems Thus



bhe

it was necessary to determine the transmission factors
of these filters.

The tmunim to blue 1light of the various:
f£1lters were obtained by assembling them together in
various combinations and noting the galvenometer
deflsctions produced when they were illuminasted with
blue light of )\ -4360A produced as described above.

84milarly the transmisaions to green light were
~ obtained by corresponding illumination to green light

lof \- 5460,

The defleotions obtained for the various
ocombinat iona of filters are shown in the following
table, whish also indicates the variocus groupings
selected in the csleulation of the trensmission factors
of the individual filtews.

The following abdbreviations are used to denote
the different filters.

Cupels 1 om cell containing 2% cupremmonium sulphate.

GupeIl, 3 om cell containing 25 cuprammenium sulphate.

B:Go 1, 9ingle blue glass plate.

Belia lacket, Pive dlue glass plates bound together,

B THeutral gluss filter.

ghance green. Chance No.7s green glasa filter.

%? 1 om cell containing mixture of CuClp !
2 solutions, prepared as already described.

M(ml)g, 3 om cell contain mommm nitrate
(100 gm Nd(ﬂO,)g‘é?g per litre)

Skeen plssp I, Single green glass plate,

Qu30Ls 2 om cell containing copper sulphate.
(4O gm CusSOyS5HR0 per litre)
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From the above measuremente the transmission
factors for the various filters are as follows:

B.OeI. .  Factor (blue) = 3888 = 0.66
Cup IY Factor (blue) e m e O0ui8
BsGe packet. Factor (dblue) = ﬁ = 0,08
A Factor (blue) = %— 04 202
Na(NOs),  Factor (areen)s g w 0.86
Cus ol Factor (green)s e 0.73

Green glassI. Factor (men)-&*u 0. 143

Cu0ly/Cacly, Factor (green)s -gus 0.227
B Pastor (green)s 422 = 0.347
B.G. I, Factor (green)s g8¥d. 0265
BeGupaoket. Faotor (green) 0s 000

BsCQsI.Cup I. Factor (green) -tgl-

Cucl,/CaCly Fastor (blue) i—gzﬁL

To produce an appreciadble density on exposure to
blue light it was normally necessary, for emulsions
lacking added acoeptors or sensitisers, to employ the
high intensity given by one blue glass plate (B.G.I.)
end the 1 cm cuprammenium sulphate cell (Cup 1)« These
in conjunction with the neutral filter Il gave a direct
galvanometer deflection of 39.4 escale dive Since the
transmission, for blue light, of N 18 202, the total
incident 1ight intensity given by B.GuI, and Cup I. was
taken as 324~ = 195 scale divisions, This intensity
when filtered through the "Chance green" filter of green
11ght trensmiseion 0,227 gave at most a deflection of

i
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0403 dive, Even if this be considered as all due to
green light the amount in 195 scale divisions is only
0s+13 aiv,

When, in fact,the intensity of green light recorded
by the etandard green filters above, in conjunction with
the neutral filter was L42.2 dive, the introduction of
BeCGeIs and Cup I, gave a deflection of less than 0.01
divs. Since the green transmission tawtor. for the
standard green set up was 0,347 X 073 X 4265 & 0,067
the amount of green in the 195 divs blue light given by
Cup I and B.G.I, must de less than 0,15 (= ~43hy)scale
divisions.

I$ was required to find (eee Discussion) the
abaolute number of quanta pey second incident on 1 sg.com.
of plate surfage, i.e. t0 £ind the equivalent of 1 scale
division in quanta /au/onz. for bilue and for @oen

1ight.

This calibration was carried out by means of the
photochemical decomposition of uranyl oxalate,
investigated in detail at various m;nmtnmu and
wavelengths by Intshton and Porhnw

Blue 1ight hae no effect on oxalic acid solution

‘alone, In the presence of uranyl sulphate, which is
thought to form a loose compound with the exalie acid®
blue light is absorbed and the oxalic acid decomposes
agccording to the equation
(COCH)g = COg +CO + HpO,
Leighton and Forbes found that the gquantum
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efficiency at 12°C for = 4360A was 0,60, and this
value is adopted in the following calibration.

In a glass vessel, of polished plane faces
2 em apart, there was placed exactly 100 ce or a
solution conteining 4,202 gm of uranyl sulphate
(Wo) and 6,24 gm oxalic acid ((0003)3&20) per
1itre, the solution being thus 0,01 M and 0,05 M
respectivelys The cell was placed in the path of the
1ight deam so that the front of the ¢ell occcupied the
position normally occupied by the thallous bromids
plateas, Immediately in front of this was & copper
plate with a eiroular aperture, the aperture again
gcorresponding to the position of the plate during an
exposure. Blue light (195 divs galvanometer deflection)
was allowed to fall on the sclution for a noted time,
After 1illumination the contents of the oell were
romoved to a conical flask containing 30 ml of dilute
sulphiric acid, reieed to 80°C and titrated with standard
potasaium permangnate, in red light: A contrel
experiment of eimilar procedure, except that the
fllumination was omitted, was also carried out.

- Bxperioent I, The reflection and tranemission
eﬁmlent- for the cell and solution in queation were
determined directly by means of dlue light of intensity
suitable for galvanometer scale measurements.

Zeadings.
Blue light alone (CupIoBuGe I, Ba Gy I1,1) = 29,05 acale aivs.
Blue 1ight plus empty and dpy cell = 23.50 scale divs.

Blue 1ight, plus cell ccntaining
dlstilled water, = 25,75 scale divs.

Blue light, plus cell containing L &
umnylgh B;lutlm ‘ = 15,65 scale dive.
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Area of aperture. e 4e91 8Qeoms
Time of insolation. = 364 min,
Intensity of illumination. . = 195 soale div,.

Initial titration with 0,2N.KMn0) = 49.65 ml.
Final titration with O.2N.EMnOfy = 4917 ml,
Difference = OB ml.

Cadoulats

et a; b, 8 be the transmission cocefficients for
‘an aireglass surface, a glass-solution surface and the
solut{lon respectively, with L' = incident intensity,
Ip = intensity at front glass~solution surface, I =
intensity on rear solution - glass surtece, and L" =
final trensmitted intensity (See diagram).

a b b a

Z %
! g Z "
L AL, 1 L

Z Z
Z 2
VY
L S

For empty dry cell, a « bj then after passing through
four alr-glass surfaces
L" = L'a® (neglecting reflected light)

L s e
= 4138 | 0,95

For water £illed cell, & = b, and
L" = a®plr!

w:

m- .94
. -% iy e
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The transmission b may be assumed to be the same
for the solution £illed cell as for the water filled
oell, Hence light incident on the front surface of
solution =

Ig = 29405 X 495 X «99
Light transmitted by solution, i.es incident on second
@olution » glass surface e '

Teln =3l

The transmission coefficient of the solution, s, is
then =
%o = 0.610
In the general case, where L is the 1ight intensity
incident on the front airegless surface of the cell,
the light absorbed by the solution is
Lad « L ads,
To this must be added 1ight reflected back from rear
surfase § (negleoting reflection from rear surface R)e
 Total 11ght absorbed by solution in cell = Iapg =
LEY «Labs + Labs (1 =a)(l «~8)
= Ladb [l-a + 8 (1-‘)(1-')}
= +378 L.
For conditions of actual calibration, L = 190 secale dive,
Iabs = T8 scale diva,
Since 1000 ml N.EMnOy = 0u5 gm Hol. oxalic acid.

Oek8 ml 0.2 N.K¥nO W:s.os x 1023

molecules oxalic acid.

% &
5.

L 2. 5 B8 S AL RN L/ B0
No. of quanta absorbed/sec.

Hap¥a ¥ ~JEER G EN]

But quantum efficiency, ¥s=

8ince the concentration, and the gquanta absorbed,
change during the insolation only by very small amounte,
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we oay take
¥ =

as equal to 0,60 from the results of Leighton and
Porves. i
Total nusber of guanta absorbved/sec/sqecms
4B X o2 X o5 X 6,06 x 1023

1&0:.6:&-9&:%:&

The ebsorbed light was however equivalent to 71.8

seale divisiona}
1 scale dtv-‘u’*alqﬁl&ﬁxlo”
10003-6:&.91!3&:60171.3

= 6¢3 x 10 guanta blue 1ight/sec/sqe om

Experizent 2. The uperinint vas repeated with a
‘smaller cell (thickness approximately 0.9 om) and a
different aperture, thus:=

Aves of aperture. = 2,76 8q.0m,
Time of insolation. = 309 mine
Difference u‘l‘tm:}al and finnl = 0,23 6c + 100N, Kinoy,,

The transmission factors were caloulated from
the following galvanometer readings:

Blue ligh$: no cell = 1015 scale divisions.
Blue light: dry empty cell = 8,17 " "
Blue light: cell « water = 8,96 " e
Blue light: cell + solution = 727 " .
Here @ = IM = 0,95, as before,
ab = % - 0.9

b= 499, as before.
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Giving 8 = '%. = -K—_/‘L;’n‘b;
227
| " nisE.ae = %6
Igpg = L &b [1 -g ¢ l(l-—lj(l -l)]
= 0,185 L.

With L = 190 soale divisions, as before,
Iong = 35.2 scale divisions.

and 1 ‘scale division
= 6,45 x 20* gugnta blue 1ight/
sec/8g.cms of plate,

This value is in agreement with the value 6,3 x 1012
cbtained in the first experiment.

It may be noted that the above air-glass and
glass-water surface transmission factors may be
caloulated by the formula:

SN
when n and n' are the refractive indices of the two
media,
Taking the refractive indices, te blue light, of glass,
water and air as being:

Glass 1.60

Viater 1.33

Adr - .00
we have for the transmission factors of the surfaces,

Apeglasst 2 = 0,95

Glasse-water: b = '0.99

which values are in agreement with those obtatn;d by
experiment.



This determination was based on the preceding
blue 1ight calibration. Two fixed sets of filtews,
ens for blue light and one for green light, were chosen
to give suitable intensities as recorded by the
photronic cells, The photooell was then veplaced by a
thermopile, and the two light intensities again recorded,
From the photocell measurements can be caloulated the
nunider of guanta of blue light corresponding %o 'l
division of the thermopile scale. This in tirn can
be expressed in ergs. Since, in contrast o the
photosell, the thermopile records energy direstly in
erga,; irrecpective of wavelength, the thermopile reading
for green light will give the nunber of ¢rgs, and hence
the nuuber of quanta, for green light, Hence, from the
photocell-galvancmeter deflection for this green light,
is found the numder of quanta corresponding to 1 scale
atmtm.
The two types of illumination were obtatma by the
use of the feolloring filters:
Blue ( \= L360A) = BeGels, Cupl., e, BeGeIl,
Green ( \e= S5460B) = Lhanoe groen, Cusoy, XN.
With the photronic-cell nlvmter system tho
following mean defleotions were cbtained:
A= 4360A3 Deflection = 27,63 scale divs.
A= 5460A. Deflestion = 27.8) scala dive.
With the thermopile =galvanometer system the
corresponding deflections were 0,6 for blue 1light and
0s3 for green light:s As these were too small for
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aecurate. measurement the neutral filter N was removed
in each case and the mean deflections theve obtained
were 3,055 for blue light and 1.2) for green. Since
the transmisaion factors for N to blue and green 1light
are 0,202 and 0,265 respectively, the dsflections
obtained with N in position would therefore more
agcurately be:
As  4360A, Thermopile deflection = 3,085 x ,202
= 0,615 scale dive,
A= 5460As Thermopile deflection = 1.21 x +265
e 0:320 scale divs,
For blue 1ight, 27.63 scale dive (photocell) =
27+63 % 6.4 x 1012 guanta of dlue Light/sec/sq.cm. of plate.
This intensity reglstered as 0,615 ncale diva (thermopile)

1.0+ 1 sonle div (thermopile) = W
Quanta blue light/sec/sqeoms

w 2763 x Gl X mm! he
ergo/aco/oqion. b
= 2,88 x 1084 x _..\;‘.%_
. ergs/see/8g.0m. Mo
But, for green light {llumination the thermopile
galvanometer deflection is 0,320, which is thus
equivalent to

0320 x 288 x 10 x "< opga/sec/sq.cm :
L

= 0,320 x 2,88 x 1034 X e x M gquanta (green)/
A\ We 0ee/8q.cme

= 3320 X 2488 x !211& . 5L60
4360 guanta (green)/sec/s8q.cms

This records on the, photocellegalvanometer system as

27.81 seale divs. U
1 scale div. m 2320 X 2,88 x 546 x 10°* guanta
(®hotronic cell) b, {2 e

- ® L1 x 0% gquanta(green)/sec/ageom of plate.




55,
Devoloumgnts,

The principles of the development procedure

normally exployed were, in prineiple, as described B,
' the actual dstails being as follows:

At the end of the predetermined time of exposures
the 1ight was cut off, by olosing the ehuttor, and
ewitohing off the lamp, In darkness the exposed plate
wag removed frem the plateholder, lmmersed immdiately
in 25 ml 10% eilver nitrate solution and covered by an
_opague covers The time between the end of the
exposure and the immersion was normally about one
minute, After two minutes the dim darkroom light was
switched on and the plate was gently moved vertically,
by mesne of nickel tan;n. to ugitate the sclutien, this
agitation being repeated esch minute until five minutes
hed elepsed. The plate was then immersed, for one
minute esch, in each of three soparate 25 ml portions of
distilled water, and was then washed in running tep
water for L5 minutes. . ,

"Horaml" development was carried out .ror 3 minutes
at 169C 4n 30 ml of a standard motol ~lyéroquinone
developer (Appendix 1; Developer A.). . The plate was
rinsed briefly in dlstilled water and fixed for 12
minutes in 30 ml of a solution of sodium thicsulphate
sontaining added potassium metabisulphite (Appendix I).
A 30 minute wash in running weter completed the process.

The following qbumum may here be made:

i. Experiment showed that ths latent image decreased
in intensity on standing prior to immersion in silver
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nitrate solutions This efrfect, howsver, was
inapprecisble unless mome hours were allowed %o
elapss Hence, for the actual variaticns encoun~
tered in practice in the tims detween exposure and
famarsion, this effeot can Le neglected.
t1,7he astual transfer frow plateholder to silver
nitrate solution was carried out in darimess, as
exporiment showed that the latent image, in ceptain
_ syntems, was appreciadbly sensitive ¢o reversal.
When on one cccasion the plate floated on the
surface of the silver nitrate solution and was only
partly immersed, the resultant lens effect of the
1iguid-solid boundary showed, for a few minutes
expoasure to rod light, a decided dleaching of the
final imege. Results (later) showed that the
dim blue 1ight was equally sensitive in its
bleaching effects The lamp was therefore awitched
off immediately after exposure.
111.Thallous bromide is not appreciably soludle in
sodium thiesulphate solution. 7The 5 minutes
tanepeion in 10% silver nitrete solution gave
eventunlly & perfeatly clear plate for no previous
exposure and therefore was Jjudged adequate for the
urposs.
tv.Porcelain basins (31" dlameter) were nsed for all
processes except that of washing, each basin being
‘alwaye reserved for a particular solutiem. Nickel
tongs were however used to transfer the plate from
one basin to another, one pair being reserved for all
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cperations involving possible silver nitrate.
& During washing the plate was supported at an
& angle on a perforated porcelain disc on a glass
rod table situated within a glass bowl to which was
supplied a constant head of tap water, and which was
enclosed in a 1igh$proor cupboard (see figure 1)

cwngkqnt lt\.‘n.’l
a-rra.n:lmun.t m
=== =3[z -

! Li cj‘nk 'Pn:m §
H cupboard.

wakar l

i

\aker

I Overflow,

Fisura 14, °

v.Under the above conditions it was found that 45
minutes washing was required to rempve the excess
silver nitrate from the plate. Any appreciable
reduction in this time resulted in blackening of
the plate, when placed in the developing solution,
éue to the reduction of unremoved silver nitrate.
Ags the entire process requires'about 100 minutes
for each plate a method was developed which
reduced this time to 60 minutes. In this latter

method the 45 minute washing process was replaced
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by a 5 minute immepsion in 2:’43 potaasivm bromide
aolution; which converted the extcas silver nitrate
into silver bromides Eleven small basins were
used in this method of proceseing the seguence of
vhich {s indicated below.

2 3 b L_E__L_.ﬂ.._ﬁ.._l.a._n_..__
HpO Hp0 HQ0 KBr Hy0 Hp0 HgO Deve HaO Fixing Wash.
1 dist dist dist 2% am dist daiet 16°% aist soln.

(mins) ‘! i p § ¥ $ 1 b § i JME*”

It was found that this method of processing
produced no appreciable differencesin the final
developed densities. The longer method was,
however, generally adopted as being simpler and

the shorter method was only employed when ciroume
stances rendered 1% adv'anti.g@m. .

vi.Provided the coating of the plates was ocarried out
on piatu properly cleaned by the procedure
dcscribed earlier, there was little tendency for
the film of emulsion t{0 become detached from the
surface as a result of the somewhat lengthy
processing. Final washing could indeed be
prolonged for several hours {overnight) without any
deleterious effecta dbeing obmerved, The temper-
ature of the tap water used for washing eeldom,
hewever, rose sbove 12°C,
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EXPERIMENTAL KESULTS.

| The procedures outlined in the preceding section
were adopted only after much preliminary work, to some
nr which brief reference is now made,

Eardy smylelong.

The firet emulsions, containing wo iodide and made
by simple (rapid) mixing of thallous nitrate and
potasaium bromide -gelatin sclutions, were found to be
very "slow"s Variations in the period and method of
washing (e.ge coating the unwashed emulsion ,and washing
thecoated plates) A1d not result in any merked speed
increases, indicating that the low sensitivity was not
:d,ue to the presencse of unremoved soluble salts. Attempts
were made to obtain better images and these may be
divided into réur main groups:
| (a) Variations in preparation of emulsion.

(v) Different developers.

(c) Additions to emulsions,,

(a) pifferent sources of .111ummt1m.
, Zmalsions subjected to periods of “ripening”,
before shredding and washing, verying from 15 minutes
to 3% hours at 35°C showed no evidence of speed moraaaq.’
Prolonged digestion of a thallous bromide emulsion at
35% , after shredding end washing, appeared to result in
@ slight decrease in speed; one hour digestion at 35%
gave a developed density of 0,22 under standard condite
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: ions, while the same emuleion digested for 16% hours
 gave & density of 0,20. As already mentioned, &
short digestion at 100°C rendered the emulsion trans-
parent and insensitive. |
| In view of the lengthy proceasing, chrome alum
'was added to the early emulsions (0.1 gm per 100 ml

' emulsion) az a hardening agent. Reduetion of chrome
'alum t0 +05 gm per 100 ml resulted in a slight speed
 inoveases Addition of the chrome alum before
 shredding vendered the emulsion so stiff as to make

i shredding through muslin very difficult. After setting
‘ this emuleion could not Do remelted even at 45°C and
‘with the addition of alochol. After L months, however,
|1t was remelted at 62°C and, when coated, gave a plate

| speed somewhat higher than that obtained with later

l emulsions containing no acceptor. Emulsions cmtalntqc
;no chrome alum were found to be sufficiently hard to

\ withatand the prosessing operations and sccordingly

' chrome alum was omitted in later preparations,

| 8low addition of thallous nitrate (dropwise over d
period of 20 minutes) gave faster emulsions than papid
'additions As already reported, simulteneous addition
of thallous nitrate and potassium bromide solutions and
'the use of less initial gelatin gave no greater

| sensitivity than the "dropwise" methods

In the early experiments extensive fogging was
encountered with the normal M.Q. developer (Appendix I,
developer A), and hence experiments with other
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iéﬂelopﬁtg solutions were carried outs To check
whether foguing was due to low fog potential of
thallous bromide emulsion, a lowepotential ferrous
oxalate developer was tried. (Appendix I, developer B). |
imm, however, was still extensive. Physiecal
development using 0dell's develeper (Appendix I,
daveloper C) was next investigated., In this experiment
the exposed plate was treated directly with developer
jum pre-treatment with silver nitrates After
development the unwanted thallous bromide was removed
by prolonged washing: a distinct but weak image was
obtained, An attempt was then made to develop the |
latent image after fixation by treating an exposed plate
with silver nitrate, washing end then fixing end |
rewashing befere development, In this case no image
was obtained, |

In silver bromide practice the addition of
sotassium bromide to the developing solution helps to
reatrdin fogs Experiments were carried out using a
metol~hydroquinene developer in which the bromide
content was inoreased twenty-fold (ippendix I, developer
D)se Togging was considerably reduced by this method
and well~defined densities were obtaineds. The developw
ment time however was increased to about 16 minutes.

The fine-grain borax developer Kodak D76 (Appendix
1, devaloper E) and the corresponding buffered-borax
developey D, 764 (Appendix I, developer F) gave similar
resulte to developer D, Development time waa again
about 1€ minutes.
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Certain organic compounds, such as aniline,
‘thiocancetanilide and various substituted benzimidazoles,
added to the developer, are l:nmm‘ to act as anti-fogging
agents in silver bromide nyatm?h’ A number of
|mmd plates were therefore developed in developer Dj
developer D oontaining 1 part in 10,000 of aniline, and
developer D containing 1 part in 1,500 of analine,
Little difference was discernible in the three series;
visible images were obtained but fog in cach case was |
present in equal amount. |
| In these experiments, low expeosing illuminations
were employed, e, g. 5 min. exposure at 17 inches from
‘& 200 watt tungsten lamp. = It wae later found (vide
infra) that higher intensities gave greater developed
;dsnaittm with shorter times of development and cone
!uqnent reduction in fogging. Developer A was then

| :
found $o be the most satisfactory.

| L

Attenpts were made artificially to introduce
Gevelopment sentres into the emilsionss An emulsion
'was prepered to 100 ml of which wae added, dropwise
_|over a period of 20 minutes end with vigorous mechanical
stirring, 0.5 ml of gy sodium thiosulphate. °lates
from this emulsion were irregular in performance,
fogging being encountered in some and not in others.
dercury sensitisation, in the manner applied to
silver bromide plates, was attempted by storing a
number of normal thallous iodo -~ bromide plates in a
closed box containing an open vessel of mercury,
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Plates tested at intervals up to 2 months, revealed no
measurable increase in sensitivity.

A fupther attempt to introduce sensitivity centres
was made by dipping part of a plate into a very weak
-fwmtlm of sodium sulphide (.001%), drying end exposing.
lm dipped part gave a slightly greater developed |
dennity than the undipped part. This effect may have
‘been due to the acceptor action of the slightly '
‘alkaline solution.
| Farther experiments with bromine acceptors were
‘carried out by partially dipping a series of bromide-
‘iodide plates in various 'soluticons for 2 minutea,
‘rinsing in dlstilled water, drying end finally exposing
%0 a 150 watt tungsten lamp at 10 inches distance.
‘Visible darkening was observed in the case of the
:tenwtns.‘umnm in decreasing Moz- of effect}
'normal H.Q. developer, 5% sodium sulphite sclution,

5% sodium hydrosulphite solution, 5% sodium nitrate
solution, 57 sodium arsenite solution, 107 sodium
carbonate solution. Various other solutions had no
J’amﬂ, s e Le5% sodium hydroxide, 1. borax, 5% lead
f'mtat'. 207 sodium thiosulphate, 1% alcoholie phenol,
507 alooholic phenol, sniline, 1% hydrogen peroxide.
‘In these experiments the time of immersion must not be
80 long that double decomposition occurs to any
appreciable extent, For example, it was found with
‘wodiun nitrite that, whereas a 2 minute immersion in
5% or 107 solution resulted in pronounced blackening
on exposure to light, a 30 minute immersion in 2070
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solution caused the coated film to swell (the grain
appavently undergoing structural alterations) and to
‘become white in colours On exposure, this white layer
(possibly thallous nitrite) d1d not blacken except after
drying and on very prolonged exposure to sunlight.
These dipping experiments .suggested that a more m.m#
investigation was necessarye |
A manber of different solutions weye prepared, in
ﬁlﬂh of which was dipped for 2 minutes a thallous iodo-
%ﬁmm plate, so that half of the plate only was
immerseds The plate was then rinsed briefly in
dlstilled water, allowed to dry and then exposed under
standard conditions for 30 minutes to blue light
(2= 4360A) and processed in the normal mammers The
exposures were arranged so that half each of the dipped
L‘M undipped portions was illuminsted (see diagrem),
Four areas of each plate were thus . .
fanaubu for examination. e i
w Three solutions were used, viz. 1%,
_‘GA% and 0,01", and the densities obtained were approx-

pa— Divped & Expoced Dipped Expesed Riank
1% Fazha0y .05 0.75  Clear Clear
0.1% NagAsOs 0,20 0,16 Clear Clear
0.01% m% Cleay Cleay Cleay Clear

Treatument with the 17 solution thus markedly
inoreases the sensitivity bdut is accompanied by consid-
erable fog in the unexposed areass The effect of the
0.1% 48 similar dut much less pronounced. The
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experiment with 0.1% NasAsOx was repeated using plates
made from an emulsion containing 0.5 ml of 1& sodium
thicsulphate per 100 ml. Distinot densities, accome
panied however by fogging in the dipped-unexposed ares,
:5-0:0 obta tned. |

st experiment,. +65 35 Clear
I Clear.

Repeat " +63 35

Amzenium Cinnamatg. 0.1% and 17 solutions were found to
ghsia no effeets With a 5% solution however pronounced
fog was produced in the dipped-unexposed area, the
Mtty of the dipped-exposed area being only ﬂimm&hu
nbm this fog.

mm W Exposed Only Blank
| ' .95 092 Clear Clear.

Sodium Citrate, 5%, 1% and 0.1% solutions were used and
the densities obtained were apiroximately:

Somes BB B man

- 8% 1.0 1.0 Clear Clear
1% +20 Clear Cleay Cleayr
0.1% Clear Clear Clear Clear

fhus the 17 solution sensitises the plate slightly, but
in the stronger concentration causes pronounced fogging
Sodium Nitrite. <s before, 5%, 1% and 0,17 solutions
were used. The densities optulmd are given below

: Slanik
- B 1.2 Clear 0.35 Clear
1% 0.75 Clear 0. 35 Clear

0.17 Cleayr Clear Cleay Clear
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The fact that the "exposed only" area of the thi.
plate shows no density indicates that the three results
are not strictly comparable. The other plates show
slearly howeveyr that in the use of sodium nitrite as an
acceptor we have a very effective msans of increasing
the speed of the plate., Some further experiments with
sodium nitrite were tM:::rou carried out,

The highest concentration of sodium nitrite in the
ebove experiments having given the greatest speed
increase, still stronger solutions were next tried. It
was found that 107 solutions were satisfactory and gave
8till greater sensitivity., Plates dipped in 20%
aclution however 4id not dry readily and, even when
apparently dry, tended to adhere to0 one another. A
:mr of thallous iodo - bromide plates were therefore
@ipped for 2 minutes in 107 NaNOp solution and rinsed
and drisd as before. They were then exposed in turm
to the atandard blue light (A= 4360A) for varying
periods of time. After processing the densities
obtained were as Igtm in teble IV. These valuss are
again plotted in figure 15 es a standard H, & D, curve,
which, as will be seen, is of She normal form. |

D | o139 +171 4205 o246 .sns e < .925 Rekh 3696

e I B TR OGS S DY AT
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-0 4

Fljuff. '15‘-

T v
° 1 ~ 3 e

Log €
| It is thus seen that with sodium nitrite, e
‘noticeable image is obtained for an exposure time of as
‘1ittle as 2 seconds. The particular plates employed
'in this experiment were incapable, when untreated, of
ffnming a latent image even when exposed to the carbon
arae. During the illumination of the dipped plates 1t
wap Mmﬁ that distinct printe-ocut densities were
produced, Accordingly a further series was exposed
?ror varying times a'nd*eanh plate, after silver nitrate
treatment, was rinsed in 4istilled water end placed
directly in the fixing sclution, without previous
development, The densities odtained are given in

,
table V and are plotted in figure 16.

Zable V. |
Bywle Hog’ Exposure = t minutes /\ = 4,360 A.
t 5 15 80 1,400

log ¢ 0. 699 1,176 1.903 3 1155

Print-out density D.|0.338 0.427 | 2,264 2,067

L




| Concurrently with the development of the above
ime'l;hc:ui of enhancing the plate sensitivity, indications
‘had also been obtained that higher intensities of
‘1llumination were necessary. The first source of
{llumination employed was a 160 watt tungsten lamp at
‘17 inches from the plate. The very low densities
obteined even after long exposures were increased
8lightly by reducing the lamp-to-plate distance to 6
inches. Sunlight was then found to preoduce still
‘better densities, which were in turn increased by the
use of an over-run half.watt ('Photoflood') lamp. The
densities obtained, for the same hatech of plates, for

2 minute exposures to this source were considerably
greater than those obtained for 16 minute exposures to
a 100 watt tungsten lamp at the same distance. Taking
the effective wattage of the hotoflood lamp as 800 watts,
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these exposures should be equivalent and, if true
reciprocity obtained, should yield the same densities

on dnvalqpmenz. The results thus showing the
desirability of high intensity, experiments were carried

out with the most intense source of illumination avail-

able, a carbon-ars with half-inch carbons. With this
source pronounced densitics were obtained for very short
exposures and the values obtained for a series of
iodide~free thallous bromide plates (containing no
nitrite) are given in table VI and are shown as an

H. and D, (density-time) curve in figure 17.

Table VI,

‘T1Br plate Exposure = t seconds. Carbon arc 8" distance.

1 2 4 8 16 30 60 120 240 600 960 19209

0 0,30 .60 .90 1.20 1,48 1.76 2,08 2,38 2,78 2,98 3.28

;0.300 «081 106 146 .207 +252 o351 <436 4T7h 0592 .6&3 « 757

0.1
/}/;ﬁ/ Figare 17,

‘i 'LQﬂ t b I3




Fading of Plates,

- During these attempts to increase senstitivity R

‘& tendency was noted for both iodide«free and iodidé-
containing plates to loge cven thelr slight initiel
sensitivity on storage. “lates which gave, imdlatﬂ:y
after preparation, slight but distinet densities when
exposed to the staandard blue source, became incapable
after a fow weeks' storage of producing a developable
image even after prolonged exposures. In such cases
‘higher sources of illumination such as the carbon arc,
were capable of giving a doensity but the ability to do |
20 8lso faded out with time. It was then found that
these insensitive plates could be markedly sensitised
by the use of sodium nitrite, as already reported, but -
‘this sensitivity was also found to be lost on long

(1 year's) storage. :

In view of the fact that golatin when apparently
dry ntill contains approximately 157 of moisture, it
was considered poassible that the loss of sensitivity
might be due to the destruction of sensitivity specks by
water. In thias case any internsl sensitivity specks
would probably not be affected. Accordingly an
insensitive "faded" plate was- -washed in running water
for 10 minutes with the object of dissolving away the
surface of the grain and thus revealing intemal sens-
{tivity specks. Then dried and exposed, however, no
density was obtaiunable,

Again, a batch of insensitive plates was kept in a
thermostatic oven at 35°C and plates examined at
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intervals up to 3 weeks, but ageain no density was
obtainable.

It has thus been shown generally by the above
experimental results that, in agreement with Farrer's
‘econclusions, thallous bromide plates showed a very low
‘absolute sensitivity or speed to white ught'm C O
parison with silver bromide plates, although such
‘@pecds could be markedly inereased by the presdnoe of
‘other substances commonly regarded es acceptors of
bromine atoms, Farrer also found that the presence
of 10d1de in emall quantities (up to 757 of the bromide
‘content) in the initial emulsion preparation resulted
itn a decided decrease in senaitivity, again in
‘opposition to silver bromide prectise, The effect of
5% todlde was therefore first exanined in relation to
spectral sensitivity and to absolute speed of the
resultant emulsion.

Two emulsions were prepared, which differed only
'in that the second Br-lI emulsion contained potassium |
iodide in an amount equivalent to 5% of the potassium
bromide. Strips of the plates were exposed in a |
spectrograph, under standard conditiona, to the spectrum
of (a) a 100 watt tungsten lamp and (b) an Osira
mereury-vapour lamps.

In the bromide plate, even after 2 hours AXposure,
only a faint trace of deposit corresponding to the
3650.A. line was to be observed. The mercury green
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and yellow lines on the dcvol.opad. plate weye, however,
Aighter than the background fog, showing that reversal
‘was occurring at these wavelengtha, With the tungsten
lamp, the spectral sensitivity obviously veached a limit,

!
iw the above econditions, very close to the 4360.A,

m:umh. |
’ With the bromide-iodide plate, on the other hand, |
not only d1d the spectral menaitivity extend conaider-
ably beyond the 4360.A, wavelength to approximately
|1&530-A. but the developed density at L4360, 4080 and

| 3650.A« was quite distinct. The evidence thus
!tndloum an inoreased spectral and absolute unsiuvtt#
in contrast to Parver's findings. Further, the very
8light grownd fog was entirely removed by the mercury
‘green and the mercury yellow wavelengths, the effeoct
‘being more promounced than in the case of the bromide
‘plates A decided Herschel effeet was therefore in
‘eperation. k

| This dleaching aspect of the dromide~iodide plate
was further examined as followss A strip was pree
:apmd to the direct mercury lamp for 10 minutes at

6 inches distance, and then exposed in the spectrograph
as befores On processing it was found that not only
was yeversal produced by the mercury green and yellow
but, also, reversal was produced by the gatire tungsten
amt-m Even in the blue there was a decided
lightening of the depoait. Reversal similarly extended
far into the red. At the same time the blue L4360.A.

line ©f the mercury spectrum showed & decided darkening
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of the density produeéd by the pre-exposure. It was
thus obvious that two opposing tendencies were in
operation with blue lights As the blue light
mténaity of the mercury lamp was much greater, as
Judged visually on the ground glass of the spectrograph,
than that of the tungsten lamp, it seemed probable that
intensity was the deciding factory. Re-examination of
the lodide~free plate showed that this reversal effect
for blue and shorter wavelengths was also preasent
although to a much less degree.

That th?ae reversal effects were of no little
importance in ordinary whito-ligh_t exposures was
evident from the results of direet striywise illumin-.

' ation of a bromide~iodide plste by a 100 watt tungsten
lamp at 9 metres distance for varying periods of time,
'This plate showed on development a decided ground fog.

The developed density produced by exposure showed, with
increase in time, a continual decrease below this fog,
thus:

t (min) 0 2 -~ 3 9 27 54

D 0.16 0.14 0.10 0.09 0.06 0,07
R F"‘l 'u.u‘l
15
D
-lu.
X
05 4 * o
° fwt

Fim u. .
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In view of these observations it was decided that
@ more thorough investigation was required as to the
Eﬂmm\a apeeds of bromide and bromide-iodids plates in
»elation %0 this reversal. For this purpose a steady
‘high-intensity source was obviously required whare
dtetinction could be mads between "sotinic® and
"non-aotinic" apectral regicns, The mewcury vapour
lamp was finally used as standard, with procedure and
filters for blue and green light as already described.
| As indicated, however, the decided "fading” or
_|loss of speed in such plates made it essential that for
‘ascurate comparison of plates even in the same series, |
|thomtoeanaomnmgarmhmmamdba |
dotermined, Experiments bmsed on this point of view
are therefore firet uuvtbﬁ-

| S8ince the normal period of time between exposure

‘and the first stage of processing was approximately

1 minute in duration, it was decided first to find if

‘any appreciable difference in developed density aroee
from variation of this time factor. Accordingly a

‘series of thallous bromide plates with no 1odide or

‘acceptor was exposed under constent conditiens (at

§6 inches from @& carbon arc) for a fixed period of ttm.’.'
One of these plates was then procesased lmmediately as

usual, with the normal developer A, while the others
were kept at room temporature in darkness for various
times before development. Other series were similarly

" * out except that the tim of initial exposure
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was varied to give different initisl densities. The
results are given in Table VII.

28pig V1L - _
T1Br plate. Carbon are  Bxposure = ¢ (seconds)
Tims elapsing between exposure and jwoceseing= T (minutes)

R— .

Series 1 2 3 L ?_H
T leg? % 6 10 120 300 540
B BGE ] G085 L2 oT8  «97 1,00
.mm? D 0.05 <43 ) + 96 1.00
60 1,775 ) 0.05 42  o78 97 0.00

_ Fyrom these values it is seen that there is no
imauumlc latent image regression in periods up to

1 hours A further series of experiments was carried
out on the same lines but with very much longer
intervals (up to 1 week) between ex osure and processing.
The densities obtained in this set of experimente are
given in Table VIII and shown graphically in figure 19.

| Zable VIIL.
T1Br plate. Carbon arc Exposure = t (seconds)
Time elapsing between e xposure and processing = T (hours
PR YOT Soun St S S )
0 D 0,09 0,25 0,68 0,75 0.78
52 0,72 D 0,09 0A7 0,61 0,68 0,77
1005 202 D 0,08 0.09 058 065 O7h
20 2,30 D 0,08 01 059 0,66 0.7%
615 1,79 D 0,08 0.009 0.63 0.7l
17 2.23 D 0,07 0,07 3'.65 0. 76 Oy

Wmon-
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It was thus observed that, generally, the
densities tended to decrease with time, although in
two cases. the density appears to rise slightly after
relatively long intervals. The.changaa however ar&
so slow, being only apprecisble after several hours,
that it is obvious that small variations in the normal
1 minute period between exposure and processing must
have only a negligible effect on the developed density.
and Dried Plates.

For this purpose the wedge system was employed
with the mercury lamp and blue (4360.A) light. In
this and subsequent tables, I denotes the light

intensity incident on the plate as measured in scale
divisions by the photronic cell - galvanometer system,
and D denotes the measured density. The density
corresponding to I = o is that éf the plate plus fog.
The symbol A is used to denote density above fog, as



given by simple subtraction.

7.

Unless otherwise atated,

exposure was followed immediately by normal processing

(Developer A).

‘Table IX shows the densities obtained

with comparable exposures made at different times after

eoating of the plates.

These values are also plotted

in figure 20. &

Zable JX.
Dpe I plate. t = 30 min, A= 4360
Time between coating of plate and exposure = T (hrs).

. I 0 12,9 737 383 215 16,7 10,6 4.87 .91

5 T 101 211 187 1.58 133 1.22 1,025 0,69 0.28

1 0 D 2200 2395 o356 ¢312 o201 L4275 #4265 .236 193

A «195 J1856 4122 L0911 L075 065 4036 «,007

2 72 D +200 o339 302 4276 2100 <254 2237 «217 223

A 139 4102 L076 =01 «08L4 4037 +017 4023

3 21:5 D +185 0315 o270 4253 4225 L4212 L2100 ,196 .19
A «131 4085

+068 LOu0 *027_

+025 +011 .006

Q/ Q

Ftl’ufc 20 /

>
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. It 18 obvious that an appreciable fading occurs

in 216 hours. For accurate comparison it was therefore
necessary that eomparaedle experiments should be done
with as 1little intervening time as possible. Correction
based on the table given above was found impracticable
unlsse a "fading" curve was established for each plate.
Enn then this was not altogether satiasfactory as
aifrerent parts of the same (large) plate showed
appreciadle variations, This was regarded as due to
;thu different rates of drying of parts of the same
fpl_ata_;, the edge areas dried more quickly Iand gave

_ fmm'r densitiess For this reason a tadins. "ourve"
for an emulsion was attempted as deseribed in the

next section.

 one plate (1) was coated from a freshly prepared
'mlaton and the emalsion was then allowed to set and
remain undisturbed in darkness for 15 dayss A second
plate (2) was coated as vefore. PBoth plates were
allowed to dry under as far as possible identiocal
conditions for 4 days, and were then cut and tested.
Results are given in table X and are included in
figure 20, where experiment 1 is re;resented by the
highest density curve of the series.



R -
22R1e X
Brel plate. | t = min, Ae uSGO.A-

T 0 129, 73.7 3803 215 16,7 1006 4ed7 1.9

JgT 2,11 187  1.58 1,33 1422 1.025 0,69 D28
ez

D'I «20 ¢59§_-‘:355 «312 +29% i :'275' 265 ,236 | +«193

| CIO5IIBE T R ITZ SIOL G075 <085 w036 w007
> 009 12  ,20 209 409  +09 .08 ..003 408

ﬁr «03 T L01 <00 -35" «00 -:61-“_ w0l =01

It will be observed that practically no image was
formed on plate 2. The undried emulsion lost ite
eapacity for latent image formation much more rapidly
‘than the dried plates For this reason a practice was
‘made of coating the emulsion as julckly as possible
‘after preparation. During the drying of a plate, the
:IMN rapid drying of the edges was regarded as response
ible for the greater demsities obtained in such areas.

The effect of the presence of sodium nitrite on the
fading of the plates was next examined, A bromide-
'{odide emmlsion containing 40 ml of 1% NaNOp per ml
(added dropwise to the finished emuleion over a period
‘of 20 minutes with rapid stirring, stirring being
‘eontinued for a further 10 minutes) was coated and the
dried plates were examined at four intervals spaced
over three weeks, Results are given in table XI
and figure 21.
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Zable XI.
BWI-ﬁOE plate,. ¢ = 30 min,. Am 43604 As

Time between coating of plate and explsure = T (hgprs)

I| 0|12 73.9 [38.3 (20,5 (6.7 (0.6 |L.87 1.91
Nog? 2.11 | 1,87 1.58 | 1.33 [ 1.22 [ 1,025(0.66 0.?
D |0,15| 0.86 | 0o70| 0u38 | 0n37 0425 | 0a21 | 0417 | 0s15
5 | | 0e7L| 055 0.23 | 0s22 | 2,10 | 0506 | 0502 | 0,00
D [0422 | 0471 | 0557 | 0036 | 0425 | 0,225 0,18 | Oull "To.;is
A 0e59 | 0ss5| Ou2ly | Os13 | 0s108| 0406 | 0402 00 03
D [0,12 0,66 Ob5| 0.36| | 0,22 | 0,18 |0.17 0,16
) 0.5 | 0.33| 0.2k 0.10 | 0,16 |0.05 | 0,0%
D |0s13 | 0.309 0,26 | 0,21 | 0,19 | 0,18 | 0,17 |0,16 | 0,15

5 | | 0s25] 0.13] 0,08 | 0,06  0.05 o.ofm—

o ‘ by & ‘ 2

It will be observed that the rate of fading is
relatively slower in these plates than in the previous
nitrite~ree plates. This 1is especially remarkable
in the lower density ranges.
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Having thus examined the "fading" properties of
the above classes of plates, the required comparisen
of the relative speeds of bromide and bromide~iodide

plates in relation to reversal was now carried out.

‘addition of potessium iodide in smount equal to exactly

5% by weight of the potaseium bromide used.

procedures were, as far as possible, identiecal.
_driéd plates were examined by exposure to blue light

(AI m.&o) a8 before.

All other

The

In table XII, Experiment 1
denotes the iodide~free plate and 2 the {odide-containing

plate.
Zable XIX.
1« By plate. 2. Brel plate. t = 30 min )= 4360.A.
T X[ 0 195 109 68,5 a2 25,8 el Be25  he23
108 1 |= 2029 2,04 1,84 1,645 L1 1,16 0,92 0.63

P [0.95 179 189 - 133 <115 - -

A - 084 L0864 8 «038 ,020 - | - .

D |0:302 o367 +303 265 .  s214 195 172 162 |
12 A 5 «265 4200 L2162 - #1212 OWJAOWOI .05_?

| As the results show, the lodide-~free plate 1s
definitely much less sensitive to light of wavelength
L4360sA, measured as light incldent on the plate surface.
Immediately after the coating of plates 1 and 2
above, 10 ml of OL4% sodium nitrite solution were added
drop. by drop over a period of 20 minutes with rapid
stirring, the stirring being contined for a further 10
Plates 3 and 4 were then coated, plate 3

minuten.



prosenting the iodide«~fyee emulsion. Vhen dry
8e plates were exposed as bvefore, all conditions
Llpnﬂ from the gqddition of nitrite, being compareble,.
results obtained are given in table XIII, and aye
r::m graphically in figure 22, which also includes the
resulis of table XII for comparisons

| Table XILL.

s

D 085 4207 o187 o157 138 .18 - + =

R R e A N < e

B 122 '103- 9072 L4050 ﬁ.oso - - -

| DaOSh o540 JWMS 372" 313 4275 4209 4
f Y ohli6 4351 4278 4219 L2181 4135 11011- » 086

| ?
E:m 0 195 109 68,5 Llu2 2546 Uiel 8,25 Lae25
3
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In experiment 3, areas corresponding to the three
lowest intensities were of uneven density, a rhenomenen
5sapt to occur when additions were made te emlsions as
iu‘tmvm. The above resulis show clearly however, that
the effect of added nitrite in inercasing the speed is
!!len for lodide~fres emilsions. |
,I Two other experiments may be recorded heres To
the lodlds~free smulsion eontaining nitrite was added
0,025 sodium arsenite solution (in the proportion of
!7-2‘ ml per 100 m) emulsion) which as previously noted,
‘ceund rapid vieible blumtng of a T1Byr plate when
Iezposed to iight, A small !.ncreasa in speed was thm
motod, as shown by results for plate 5, the exposure
!and other conditions remaining as before.

Zable XIV,
Bp-liitrite « Arsanite.
Expte T 0 155 109 68,5 Wiz 256 Lih 8,25 23
D 410 .29 J2h 22 .19 A7 15 12 -
A 19 LW 412,09 J07 .05 .02

5

| The quantity of nitrite in the Lrouide-iocdide
'emlslon was doubled (plate 6), Results of expooure
are given in table XV and figure 23 A decided large
inoreace in density is again recordsd.

dable XV.

Expte I O 195 109 68,5 Uhel 2546 Uieli 8025 Lo23

D 142 242 159 1,10 0497 070 0.55 Ouk5 0,336

6 :
A .28 115 0.96 0.83 0.56 o.m.o.no.nu




8l

Pinally, table XVI containe the resulis of
addition of 0.5 gm NaNOp/100 ccs emmlsion, thie being
the largest quantity which can conveniently be
‘insorporated in these emulsions. In this case, drying
‘of the coated plates became very slows Even when
apparently dry a ocertain “tackiness" was experienced
!tngather with pronounced unevenness in the developed
;.donatty. Exposure and processing ecenditions w;io as '

‘before.

| Zable XVI.
BrwI-NOg' |
‘. |

Fxpte 1| © 195 109 665 2 8546 hels 8025 iy 23

e RS . .
|y D 0300 14807 1060 ~ 14208 24135 - - 800
| 14507 1430 =  GulB8 4835 - - 4500

o A

| These densities are again plotted in figuve 23
when it appears that the inorease in sensitivity is by
no means proportional to the amount of nitrite added,

Nqﬂol
0.5

- 0‘005’19

- N, L

log I
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In view of the preliminary results earlier
'&uﬂha on the reversal by blue as well as by green
11ght, 1t was decided to oxamine firet the "normal"
_green 1ight reversal, for comparison with the
unexpected blus light reversal,  Dromide-icdide plates
'were used, the iodids again being 5% of the bromide used
 in"the emulsion preparation. Each plate was exposed
' for 30 minutes to blus 1light of & known intensity; the
light was then cut off and the dlue filters replaced
by the CusSOy cell, the Chance green filter and the
'meutrel filter N» The wedge was inserted in fromt

of the plate as usual and the secondary "green®

| 11lumination then applied for various periods of time.

| The time between the end of the primary blue exposure

| and the beginning of the secondary green exposure was
;aminutu in each cases The results are given in the
| table XVII, where

t1 = time of primary blue exposure (minutes)
tz = tice of secondary green exposure (minutes)
As before, area 0 represents the plate plus fog

density of the unexposed plate.s Area 9, now gives the
| density arising from the primary exposure onlye
| Experiment 2 is neot exactly comparable with
experimente 1 and 2 in that the resultant density fron
the primary exposure was decidedly lowey in experiment
3+ The .fomn experiment was therefore added in which
the intensity of the primary blue illumination was
reduced to 38 scale divisieons, t; remaining at 30
minutes ap defore.



10 o

-~

Zeble XVII.
BreI plates t = 30 Iz = 190 secale divs.
| ° 1 2 M 5 6 78
EXphe 9 I&W w 210 12,0 6e25  3.51 2,73 1473 0795 Oe31 .
% - 102? 1.08 .BO lﬂ o 1ly « 24 ip@ Tek9 -
[P p202 o328 o334 4336 o340 o336 4340 o343 4336 4340
i 12|, 0226 o232 o234 o238 W23 .238 L241 .234 238
D 100 4253 +287 301 320 o338 L3548 L3348 L339 .38
R |57 4 +153 4187 .201 4220 4238 o248 o248 239 o243
. D lm _ + 087 .¢095 «100 I.UO 9;85 « 243 255 4270 :?75
3 6 | A =01 =002 4003 40i3 4088 146 4158 173 o178
fa0 “ 013 =003 .004 o058 o118 4197 #213 4233 o240
. Zahle XVIII. -
Ip = 38 scale divdh
Expty %p/4rea| 0 3 2 3 4L 5 6 7 8 9
D .098 0158 «210 ,238 .21;5 0269 0263 6263 « 260 026:5 /
h |5 — ' il
' A 2060 212 J140 4147 <162 4165 165 4162 4165
20
A
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The results of experiments 1, 2 and 4 are shown
directly in figure 24, The similarity betveen exper-
iment 2 and 4 shows that the shape of the bleashing
ourve does not markedly alter with the variation in
initial density here concerneds Por comparison, the
!mema densities A of experiment 3 were therefore
inereased by the factor S99 and shown asfygr  The
‘resultant velues are also plotted in figure 24

It will be observed that while a most pronounced
bleaching is evident in 20 minutes (expt.3), little
!‘hmhlns is apparent for 1 minutes exposure (expt.l)
‘even at the highest green light intensity. For the
'5 minute exposure (expt.2) no bleaching is to ve obserﬂd
ibﬂw log I‘ = 0, 1.6, below an intensity of 1 galvano=
meter scale division. This gives ue & limit sultable
 for consideration vhen the bleaching by blue light io
‘exanined from the point of view of the suount of green
!‘.I.tm passed by the dlue filters.

A series of experiments is first reported, the
' results of which were not wmifermly comparable MMG.
by reason of feding of the speed of the plate but which
gave the essential features of dlue light secondary
illuninations 1In each exposure of the seriecs a
bromide-iodide plate of the same bateh as ueed in 1t.he
green blaaohiﬁg series wes uniformly illuminated for
30 minutcs by blue liglm of approximntely 38 scale
division (I3)s 7The plate wes theu covered by opague
black paper with the exception of & small apexrture
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(0e7 om diam,) and a secondary i{llumination given of

5 minutes to blue 1light of varying intensity (I2), blue
glass filters bveing used to reduce the intenaity to the
necessary low values, As before, the dark intecrval
between exposures was 2 minutes. Procesaing was
carried out as usual; the developed densities are
given in table XIX where = density Que %o primary
illuminetion and Dy = resultant density for both
illuminations. The plate plus fog density of the
unexvosed plate is given by Dg; A4 and Ny veivesent
the dengsities above fog., The experimeants are given
in the order in which they were carried out.

Zahls SXX. ik
t1 = 30 min Ay = 4,360.A, tgusman )\aswa.

Expte Ip Do Dy A I, sk Do Ao Ag_-_a,'
3740 2090 4154 #0084 2495 47 #4230 4140 a076;

2695 100 108 ,008 =~ - +108 ,008
38,7 +086 ,151 .065 1.50 .18 u%ﬁ}l& -3 031

!
2
3
38,5 075 +136 4061 0,12 1,08  .072 003 =064
3
6
7

38.0 4075 +130 «055 3.20 51 186 4311 056

a

3804 408l 4108 4024 38,4 1,58 108 .02 000
" 38,0 L087 4101 014 88,0 1.9% L1111 ,024 LO10

.o nad

In wvery experiment, with the exception of |
experiment 2 which wes ineluded for comparison, the
initierl densities were apyroximately egual aud way e
teken as constant. The density/\; resuliing from %his
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primary illumination shows 2 progressive dsoreace as a
result of fall in plate sensitivity with timo. For
this reason, the changes in density s & result of the

secondary illumination are given in the final colum as
Iﬂz »Aqe These ave rlotted ageinot log I, in figure 3-

[ &
A;“Al /(\"/g(
0o -

| A
il .

Mgare 25

o leg Ta 0 2
In figure 25, point A repressnts 35 minutes

1lluminetion with Iy = 36 dive., the resultant Gensity
being indistinguisheble from 30 minutes illumination
‘at the same intensity. %he incresse at point B
correspends t0 the normal incresse in density produced

by highsr intensity. The increass at point C is
however abnorsmel in thet its magnitude is mich greater

| than that produced in & previously unexpossd plate by

the intensity Ig = 2,95 (expie2)s Finally at points
D and B reversal is defiaiiely observed, the resultant
density at E veing even lower than the fog density of
the mexposed piate. It =my ba noted here that at the
eircunforence o the Lwage produced by the aperture in
the sunerimposed dblack paperg & blzaching ring of width
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approximately Ce5 mm was always obasrved, this being
attributed to 1ight of small intensiiy scattered at the
‘paper edge,

That the reversal at low intencities is not due to
m 1ight present in the blue by resson of imperfect
ug!n filters 1s obvious fronm consi&emt!m of the M
;mnraal experiments recorded in the provious section, |
For 5 minutes seocndary green illumination ne bleaching
was obaserved below an intensity of 1 divisions The
eompareble blue light intensities as recorded lor D and
B are 1,5 and 0,12 divisions respectively. Since 190
seale divisions of bdlue light contained at most only
50015 dive green light (from the data given in Experimental
Procedures p.47) it is obvious that the reversal observed
mst be due to blue light illumination, Since the
standard blue glass filters were used to reduce the
1ight intensity te the required valuce, the trenamission
for green light being always very small in comparison
with the corresponding blue light transmission, the
amount of green light finally inoident on the plate mist
have been even less than that passed by B.G.1. and Cupels

A more complete series of experiments was therefore
carried out in which a highsr initlel Jensity was
produced by illuminaticn for 30 minutes to blue light
of 150 secale divisicns.The use of the standard wedge
with bluc light of this intensity gave a scrien cof
results aver the mtenatty-mge 12¢ t0 1.S1 seale
Aivisions., A second seyries tdenticsl with the {irst,
execept for a reduction in the bLlue zeconleary intensity
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by meane of the standard blue glass filters, gave
secondary exposures over the intensity range 2.09 to
0403 scale divisions,

These two series were then repeated with alterations
1in the time %, of the secondary exposure. Developed
densities were recorded for g = 25 min, $3 = 1 min
and %3 = 5 min in that order and are given in table

In view of the slight decrecase in sensitivity as
shown by decreasing values of Dy, all densities have
‘been corrected by the factor .a?. where «330 is the
average D; density. These are included in the tabdble
as D*33  The reesultent corvected delna.itten are plotted
against log Ig in figure 26, for e'mﬁ period of
secondary exposure. In the 25 minutes secondary
‘exposure the corresponding fog level of the unexposed
‘plate 1s also shown at D = +18.

!30 -

D k3

20 4
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It then appears that, for the relatively high
initial density here concerned, no increase in density
1s to be observed at intensities slightly greater than
the "bleaching limit". While ths bleaching 1s
‘relatively rapid at very low intensities, the fog of
‘the plate being even removed by 25 minutes seccndary
‘exposure, it is cbvious that for secondary intensities
above 2 divs (log I =-3) the rate of bleaching is very
'slow. The preliminary results on blue reversal had
‘suggested the idea that an eguilibrium was involved in
m sense that bleaching would go on with increasing
‘time until the normal H. and D. exposure curve was
:obtatmd; ‘for comparison such a curve is included
in figure 26, the experimental results being given in
‘table XXI, with correction to D*>3 as before.

| Table XXI.
Brel plate. t = 30 N = 4360,As
Expte 10 | O 129 737 38e3 21,5 16¢7 106 0487  1.91
WETo | 2011 1,87 1456 1s33 1.22 1,02 0,68 0,28
DY [420 4339 4302 4276 - o254 4237 4217 223
T | 5B 330 298 871 = 250 .233 213 .219

It would appear therefore that if such an
equilibrium 1s to be eventually established by bleaching
the rate of approash to equilibrium must be exceedingly
alow for the intensities here involved, The existence
of the "hump® or increase in density at intensities
Juat sbove that of the bleaching "limit" was however
confirmed by examination of a plate with which the
initial dlue light exposure gave a much lower density.
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This plate was made from a bromide~iodide emuleion as
before and the results were as follows (Table XXII).

Zadle XXIL.
Br.-I plate. $1= 30 min. Iy= 268 Scale dive A= 4360.A.
to= 2 min. Fog density = ,090

oo i

| Ip 2015 1420 o755 o487 4282 +159. 4091 046 O
-

hk 0?5 «08 i.ta9 {0.69 iob’ i@o EQQG 2.66
D 4158 o154 A48 L0 4123 4120 o120 110 W40

ik

These are plotted in figure 27; the density for
32 minutes primary illumination is also given for
comparison. '

Figure 27.
i ’/D/@/o‘ ¥>

£
.09 %

o H 2.43

N

It was therefore concluded that for the "hump" to
be obsorved the initial primary density mmst be below
a certain critical value.

A further set of results is here reported for the
low primary density of .077 obtained with a bromide-
lodide plate containing 005 gm NalOp per 100 ml emulsien.
The densities obtained are shown in table XXIII and
are plotted in figure 28, from which the presence of
the "hump" is again confirmed.
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Zable XXIXL.
t) = 2 min, I, = 268 tp = 2 min M= 43604,

12 0 2,09 1.19 462 o35 427 17 408 «03

log I «320 4750 t.mﬁt.m Lu;1 T.230 Z.903 Z.477

' Dg #0777 M4 N6 127 'olmi'ﬂ:oe 0937 077 Om

In this plate practically no image was in faot
visible as a result of the primary exposure.

45 Figure 28.
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The effect of added nitrite, on the basis of
acceptor action on bromine atoms, would appear a priori
to be always to raise the final developed density., For
equal primary densities, we might expect the addition of
nitrite thus to lower the bleaching 1limit, or intensity
below which reversal appears. The effect of the
initial primary density, for equal acceptor actien, is
however more complex. Development takes place when the
latent image speck reaches a certain critioal sizej; the
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greater the developed density the greater the average
aize of the speckas. If bleaching increases with the
size of the speck, we might expect & higher bleaching
1imit at higher densities, with a consequent flattening
or removal of the intermediate hump,

The first experiments on density variatioms were
carried out by reducing the primary exposure denaity by
reducing ¢; from the 30 minutes value of tables XX,

XXL AND XXIL to 6 min. and 1 min. m. secondary
exposure was as before 5 min. Resulls were as given

in table XXIV.

2aRle XXIV.
Br.I plate, 11. 190 A 43604A4 *2- 5 min.

Ip 25,8 m.? 7466 L4e30 3034 2412 «97Th 382 0
(ml‘n)mgrg 1.4 1.17 88 .63 .52 33 L.99 L.58

ot

8 6 Dy 4270 .271 270 .273 265 4260 4260 4265 4270

9 :, Dp 25 o2U5 4250 o2U5 o247 o245 4245 o246 4245

Ho hump 1s to be observed in these experiments in
agreement with the results for initial density 0,33
(table XX), with which these experiments are comparable,
For initial density of 0s33, the bleaching limit 1s at
approximately log Iz = +3; for experiment 8 above,
1little bleaching is ocbserved except for a very smll
but apparently definite deorease at log Ip = .3 and at
1.99; for experiment 9, no bleaching was visible,
Reduction of density by reducing ¢; as above does not
thorefore yield any definite information in respect of
the relation between primery density and the bleaching
Limit.
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From preliminary experiments at low densities it
appeared that the density factor was more important than
the nitrites Because of the difficulty of exaotly
reprodueing such densities on different plates, the
experimental approach to these questions was as follows,
Three sots of bromide-iodide plates were used, the firet
with no added nitrite, the second with a smll amount of
nitrite and the third with a larger amount of nitrite,
The effeet of density was then ascertained with the
second series. It was hoped that, by comparison of the
results so obtained with the results of experiments with
the first and third series, information would be obtained
on the effect of the added nitrite for a certain fixed
density, The results are given in table XXV,

Zabie XX,

Bm-! plate containing .003% namg |
W ROV WDT—
| 3015 1,20 0755 +UB8T7 4282 4159 L0091 fa&s

i “‘i 33 408 L.09 T.69 Lup 1,20 5,96 2,66

m—mw
p | ;}W k .-}r” .129 0115 «1056 L1300 4100 .100 ,100

2 a2 Dy 4150 .1{;5 N7 N2 LI0 L322 4122 100
3 254 Dy Bl 4218 .195 .185 .185 ,187 .185 ,185

A5k

.20 4

oIk

100

L L]
-1 -1
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When these density values were plotted against _
log Ip (figure 29) it was found that the log Iy values
for which there is no change from the initial density
Dy are as follows:

| D. Log Ip
| «00  Lso
e - L
254 Osli5
It was therefore concluded that the intensity I

liait at which bleaching dbegins increases with the
pﬂ.mry density. Pupther attempts were mth to mun
|a more gsomplete series but unevenness in the plates |
available made accurate measurements impossibles, In
one of these exjeriments, however, with a plate of the
same eeries, whioch was expecsed socon after the prepar-
ation of the emulsion and which therefore gage a
inhttﬂly high density of 0,235 for 30 minutes primary
exposure to 24,0 divisions (in place of the 190 divs.
necessary above) the bleaching limit was at log Ip= .20
which is not in agreement with the above series. Since
the conditions of primary exposure wepe thus not exactly
compareble, other feactors depending om these illumination
conditions appear to I’Encequ.

The results of table XXII refer to a bromide-iodide
plate eontaining no added nitrite and may therefore be
now considered in relstion to the sboves The relevant
figure 27 shows that the bleaching limit for the density
Oed40 13 at log Ip = 1,69 In this came therefore the
abasence of nitrite does not affect the bleaching 1limit.
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The bromide~iodide emulsion containing «05 gm
sodium nitrite per 100 ml liquid emulsien, previously
referred to in table XI was then ccnsidered.

The initial exposure intensity 11 was now reduced
%0 3.15 divs. for ¢, = 30 min, this giving a Dy value of
0:698, much larger than that previously investigated.

No bleaching 1imit for such a primary density is availe
able for direst comparisens Bleaching did however
occuy vhen the primry exposure producing such a density
on this particular plate was susceeded by a aoemdafy
exposure of an intensity below 2,15 scale divisions, as
'is shown by the following data (table XXVI).

Zakle AXVi.
Br-lI plate containing «+05 gm NaNOp/100 ml ermlsion. _
t,=30mn. S =2mne I = 3,15 Qive )= 4360.A

5 e

dp 0 2015 1,20 o755 487 4282 a159 091 046

s

og Ip 33 408 L.89 T.69 Lus TL.2o 2,96 Z.66

D ts_% « 707 o682 4659 .639 .635 .624 .5;2_1}

The effect of nitrite on the bleaching limit for
high density is therefore not further elucidated by thie
experiment. It is however to be noted that the primary
exposure intensity is close to the upper 1limit of the
secondary intensity. It would appear that the bleaching
effect in this case represents an nppWh to the normal
. and Ds curve for the primary exposure conditions.

The normal H. and De curve obtained for intensities up
to 2.15 divs is given for comparison in table XXVII,

on account of fading, the maximum density obtained (.510)
is lower than that of table XXVI (0.707)s The values
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obtained after correction by the factor fﬁ?& are also
given in table XXVII as 3'707.
Table XXVII,
Br-I plate. t = 30 min. \= 4360.
I 2t 15 1‘ 20 0755 0’487 0282 0159 0091 QO‘-&S
!Log ¢ 33 +08 ic 89 iu 69 f-lﬁ Io 20 §o 96 5066

| D «510 J498 48B4 L4339 «378 4350 +318 L
2797 707 ,690 .670 .608 e523 U85 _ Jlh9

The data of table XXVI and XXVII are shown in
figure 30 from which it is apparent that at the higher
intensities the two curves do tend to coincide.

On illumination of the above bromide-~iodide plate

of high nitrite content for 2 minutes with an intensity
of blue light corresponding to 268 scale divisions, the
high density of 1l.24 was obtained on development. When
this primary illumination was succeeded in the usual way
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by a secondary bdblue illumination of gm usual low
intensity (I from 2.15 to 0,05 divs) for 2 minutes no
‘bleaching could be observed; the density remained
unaltered. The m'mmt was obtained for secondary
exposures of 22 minutes and 135 mimutes,

. That this unexpected effect was not due to the
alteration in the time factor of pricary illumination
from 30 minutes to 2 minutes woe shown by oxposing a
-atmin‘u- plate for 2 minutes to a primary intensity of
'3.15 scale divisions, corresponding to a density of
0,58, when the secondary exposure of 2 minutes to
intenaities from 2,11 £0 0,05 divs. gave blesching at
‘the lower intensities as before, It was therefore
concluded (see Discussion later) that above a certain
‘eritical density no comperable bleaching on secondary
illumination is to be observed,

If this conclusion is correct, green light should
similayrly have ne appreciadble dleaching effect on thic
particular high density, A plate was exposed for 2
minutes to blue light of 268 divs. intensity as before
end given a 25 minutes secondary expooure to green light
of intensity range 38,4 to Q.85 seale divisiens, No
decrease in the primary density of 1.42 was cbserved.

It may be added here that in these plates of high
dnmlty, the image in the silver bz'onadc plate produced
by the silver nitrate double daounpeattim was visible,
in red 1light, before developments On immersion in
developer the usual induction period was not- observed,
the black of the image appearing almost immediately.
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A bromide plate containing no icdide or scceptor
was @ xposed to blue 1ight of intensity 268 dive., and
8 secondary exposure of 2 minutes to the usual range of
blue intensities below Ip = 2,11 dive On development
no bleaching wae observed in the primary density of 0,239.
The experiment was repeated with a secondary exposure
of 20 minutes: again no bYleaching was obaerveds This
is in sharp contrast to the previously reported bleaching
of a nitrite«free bromide-icdide plate under the same
conditions (Pe9+) The experiment was repeated, green
1ight being employed for the secondary illumination,
Again 2 minutes secondary exposure of intensity 38,5
divs showed no decrease in the prismery density.

While theee experiments thus gave no evidence of
reversal, it is to be noted that in one exposure in
vhich the wedge system was uwsed %o determine the
ordinary density-intensity curve for 30 minutes exposure
to blue light, the edges of the secondarily exposed
areas showeld a glight reversal border, opposed to the
alight fog of the unexposed plate, as already observed |
in the blue light reversal (ps 39 ) This was
atPributed to scattered light of low intensitys Since .
the fog density may be taken to correspond to latent
image of just the critical size for development, such
bleaching is relatively more evident than at high latent -
image speck sizes. It would appear generally therefore,
that in {odide-free plates some bleaching does in fact
pecur; but at a rate which is very small when compared
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with bromide~iodide systems. The Lromide and bromide-
iodide emulsions used above were prepared in an exastly
slullar way, apart from the presence of iodide, and the
aXposures were performed at the same time after prepar-
ation of the emulsions and the coating of the plates.
|m 1s thus no doudt that the revereals due to green
14ght and to low intensity blue light are here closely
connectpd with the 1odide content,
In view of certain observations on bleaching by
red 1light in silver bdromide systems, whereby it appeare
‘that such bdleeching is reiated to the relative amounts
‘of latent image on the surface as opposed to the interior
‘of the grains, certain experiments were ocarried out here
on thallous dromide pletes with different developere,
?magmmnm as a total developer, wheyeby
iiutnml and surface latent image were both made use of,
- & metol~hydroguinene developer containing e relatively
‘ lhm amount of sodium gulphite, the aclvent action of
m sulphite being inoreased by various amcunts of |
‘added sodium thiosulphate. (Appendix I, developer G)
The action ia then governed by the relative rates of
development and solution of the grain, When this
‘deveoper, with the proportions of hypo recommended, was
applied to an unexposed thallous iodo-bromide plate
vhich had bDeen processed in the usual way, a high
"denslity" of 0,88 was produced. It was at first thought
that this was due to incomplete romoval by washing of
gilver nitrate introduced by the double decomposition
reaotion; extended periods of washing did not however
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reduce tho developed density. The modified method of
procesaing with potassium bromide (p«57) gave also no |
I!wt in this respect., It was therefore cone
écmm' that the silver bromide produced Ly the doubdle
|Momnatttm i3 in 2 decidedly different pm'alaal atatp
m:n that of the commeroial silver bromide plato to whtph
stho total developer of Stevens applieds Omission of
the added hypo reduced the developed «density in the
unexposed plate to 0,63, this being attributed to the
;nolmt action of the high sulphite eontent of the
developers
| The normel developer A contains 37.5 gn sulphite
par litre as opposed to the 90 gm sulphite of the total
ﬂevelepah The exreriments were repeated with the
normal developer A with the addition of verious amounts
of bypos 4 resultent plate Censity of 0,246 wes obe
tained with developer A, to which was added 1 vl of 10¥
hypo per 25 ml of dsvelopers With only 0,2 ml of 1%
hypo the resultant density («15) then approached that
normally obtained (,10) with the dovelover A alene,
Fln'thar work on thie is necessary hefore definite cone
fclusime ocan be dravn regarding the relative amounts of
surface and internal image produced by illumination.
Recdopocdtiva,

In as much as 1llumination by blue light at low
intenaities does not produce any latent image which can
be made evident by the development process, but rathey
removed any latent image which may be oreeent, even belew
the fog level of the plate, 1t is obvious that reciprocity
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fallure mist exist in the lower intensity ranges, in the
same sense as already observed for silver dromide nlates.
Normal low iatensitiy reciprooity fallure can be ex-
pressed by saying that equale-enorgy exposures (leee It
= gonstant) do not produce the same density for low
}lntemttua ae for high intensitiess In thallous
bromide plates, especially in those cmntaining iodide,
even very long exposures at very low intensities will
apparently produce no developable density.
; The reciprooity relationship wes therefore mmln*
5raz~ the intensity renges in which an eppreciable density
m apparent.
| A merlea of bromide-iodide plates containing 0,1 stn
modhm aitrite per 100 ml emulsion were exposed for a
ranm of exposuye times to blue light of a fixed mton-
sity and the usual H, & Dy ocurve drawns The intensity
of the light was then reduwsed t0 a guarter of the
éwlglmﬂ. value and a second series of plates exposed,
the exposuye times throughout the range now being each
incressed to four times the original value, That ia, |
ror each corresponding exposure, the product It remained
iomsmt. A third series was exposed at 'ﬁ" intensity,
‘the exposure times being each 20 times the original
value, The density valuea obtained are given in table
XXVIII and are plotted against log exposure (i.e.log It)
in figure 31, The ineffiolenty of latent image forma-
tion at the lower intensities is clearly seen By the
‘relative positions of the three H, and D. curves so
obtained



Iable XXVIII.

Series I (m!ms} It Log It D
39.7 ¥ 19,9  1.30 «538
: bl.6 3 Bl 162 626
%L b 157.6 2420 822
2.2 8 3376 2,53 988
10,3 2 2066 1.3 4508
. 10,4 b L1e6 1462 459
10,6 16 169,8 2,23 728
0.1 32 3232 2,51 826
2,3 8.7 20,0 130 W47
2.3 18 UlL.5  1.62 4509
? 2.3 ' 80 184 1426 » 542
2.3 WS 333 2:52 #5680

104 Pigere $0s //
[ D i
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Another set of experiments was carried out in which the
wedge system was employed with a constant incident
intensity of blue light.

A bromide-iodide plate con-
taining no added nitrite was ueed and four experiments
were carried out in which the exposure times were 1 min,
6 min, 30 min and 150 min. The densities obtained are
given in table XXIX.

Zable XXIX,
Br-I plate.
o T 190 129 737 383 2L5 1647 10,6 L4.87 1,91 O
mn log I 2.28 2011 1,87 1,58 133 1,22 1,025 .69 .28
2 1I D «266 4,260 0252 J248 L4235 231 225 a?ﬂo «215 .sz
A #050 LO46 4036 .032 4019 4015 4009 4009 =,001
. - i L ;
2 ¢ i - o4l  J425 JUO05 4391 o302 037-3* -?52 345 t35°:
| A - 4081 065 JO45 LO31 ,022 ,,013 ,002 «,015
. 50? D - 39312 o2m a6t ."5151 L2827 217 «220
A - 119 4092 .084 LO47 4037 016 =4003 =,003 4
‘:WT‘D “-rfuz'f 2367 312 .{2:73 249 221 .125_13 15 0163
B = e26h ‘.20 o149 132 086 4058 4030 =-.015
P e e -

The fog level in experiment 2 is unfortunately
mich greater than in the others and the actual measured
density at 129 divisions is greater for 6 minutes
exposure than for 30 minutes.
are therefore considered and are plotted in figure 32.

The densities above fog
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FPigure 32.

I 1-Q

To obtain a denaity above fog of 0,05 the required
times of exposure are then

e 0,08
. t = 1 6 30 150
‘logt = + 000 2778 TLTT  2.176
logf = 228 . 1.68 1e40 +93

105 It = 2,28 2.&58 20377 3 106

| Since log It is not constant the reciprocity law
again is not obeyed; further, since log It is higher
at lov intensities, low intensity is relatively leass
efficient than high intensity. In comperison with
‘silver bromide we are apparently dealing with the state
of affairs corresponding to low intensity reciprocity
fallure,

Agcurate measurements of log I at a density lower
than 0,05 for each of the above exposure times is
difficult but comparable figures are here given for the
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highey density of 0.10.

A=.0:30
t = 1 6 3 150
logt = 000 o778 1477 2,176
Wwgl = 3 - 2.35 1.,95 1.30

log It = 10 _30 128 3457 30'&“

At the higher density true mimtty ,‘uppoam
more nearly to.be observed, as seen by the nearer
approach to the horizontal, in the upper curve in
figure 33, The points A and B in this figure represent
itm twvo "high density" 6 minute exposures and as such
may be considered doubtful,

0}

\

!oﬁ I 2

oA
3-
(]

F!il&dt 33

A similer set of experiments was carried out with
B bromide-iodide emulsion of very high sodium nitrite
content, in this case six different exposure times being
exployed, and the results obtained are given in table
XXX, the corresponding density-intensity curves deing
shown in figure 34,
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Br-I«ii0q*plate,

Table XXX,
T 195 109 68.5 a2 25.6 1hels 8:25 Le23
.626

(dn) log T 2029 2,04 184 1464 143 1,16 0,92

#25 D «898 .822 073'5‘ « 754 0673:: «59 #3507
"1 D 1.052 4983 907 W82 .0 .666 .S
T2 D 1.222 1100 875 .m2 |

& D 1,35 1.180 «899 .652 o611
16 D 1,375 1,150 . 766
32 D 1,807 .60 1,288 1.135 «800

! \@\_
o o) o) \Q
_ o ' \
| \O Fiqure 35,
Ly I

1'0 770 —

In the plates of this series the fog level was
constant at «303 the density values plotted in figure

3 are uncorrected for fog., The log I values corres-
ponding to certain arbitrarily chosen density values are
given in table XXXI.
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Zable XXXXs
5 t 25 1 2 b 16 32
log ¢ _1::39& +000 4301 #5602 1.204 1,505
1og I 1465 1438 120 Lk 75 463
___log It 1,048 1.380 1,501 Le7h 1,954 2.138 !
log I 2,33 1.9 1.6 1455 1,18 .04
10g It 1,728 1,91 1,941 2,152 2.304 2,545
mlogx_ o “ 2025 203 173 1e52

105_1? - - 2,551 2,652 2,954 3.025

These log It values, i.e. exposures required to
gove a certain fixed density, are plotted against log I
in figure 35. Again low intensity reciprooity failure
is mmt as shown by the decreasing value of log It
for increasing log I. In each curve there is no
evidence of alteration in the reciprocity failure law
jm- variation in intensity, but at the higher density,
there is some evidence of an approach to true
reciprocity as shown by the decreaning gradients. ™
both figures 33 and 35, there is no evidence of "high
intensity" reciprocity failure, where increasing I
would give an Jpcreage of log It (see Cigure 8).

In these experiments theyrefore the type of
reciprocity failure encountered has been low intensity
fallure, the indications being that with these emulsions
continued illumination at a constant high intensity
produced continually increasing density.

That prolonged exposure at relatively high inten-
sities does, in fact, lead to reciprocity breakdown is
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|evident from the curve of figure 15 which shows &
terndency to bend over at long exposure times. Further,
the feollowing values mey be gquoted which were obtained,
for an emulsion similar to that of table XXX, by cone ._
:tm exposure at approxiucately amt'ant_ intensity of
36 soale divisions blue light. |

dable XXXIL,

-y O_ 361 385 ULOT 35.6 35ebs
S(mns) O 8 315 30 60 o
LoEt o .90 138 48 L7828
D 4090 I3  ,106 226 .20  .223

+1O |

ﬁ\fjlvk«- 56

Here again no further incorease in density appears
after 30 minuteollnuminationl reciprocity failure is
therefore present, Two further experiments may be
guoted, which were obtained with a bromide-iodide plate
-eontaining 005 gm of nitrite per 100 ml, The density
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for 30 minutes illunination at a blue intensity of
268 divisions, was less than for the same period of
illumination at 177 divieions. The density figures
iﬂﬂ Q1473 and 0,301 mumctiml?.

W |
! The removal of bromine atoms from the grain, as |
usually schieved by acceptor action, necenasitates the
addition of the dromine aceceptor to the emmlsion and
Iomqmntly mdars 1mpmaibla any control of the
mcptaz- dnring the course of a given exposure, The
im suggested 1m1r of upoulns plates in a olosed
|mtom in the presence of various gaseous substances ut'
various pressuress In this manner, by the choice of
suitable gaseous asceptors, control could poesibly be
amerciced over their action, and variation in pressure
might thus be expected to yield information on the |
|mhm1m involved. In this respect, reduction of
pressure alome, by facilitating the diffusion of broul.n#
iatm awvay from the grain would be expeoted to yleld a
greater density for equal exposures. Conversely,
:q:paam in an atmosphere of bromine should have the
opposite effeos. Again, for a plate expoved at a uw
1ow precoure any cbserved increase in pressure during
‘the exposure would indicate the formation of gaseous |
products (e¢g. bromine) as a rosult of the 1llumination,
To inveatigate these points the apparatus showmn
diagrammatically in figure 37 was ceonstructed, With
the exseption of the reaction vessel and exposure system

the aentire apparatus was constructed of soda glass, and
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all taps and grownd joints lubricated with Apiezon L |
greases The cylindrical quartz insolation cell C was |
capillary conneoted via the ground joint J, %o the

spring of the Bourdon gauge O, the pointer of which was
cbserved against the eyepiece of the telesgope T» Dry
air oculd be admitted to the outer Jacket of O by means
of T} to balance the reaction gases in the eell C.

In this manner the gauge was used as a null Mm@.l
‘the pressure in C being indicated on the manometer M,
fuhioh was read in conjunction with the standard mancmetes

Mas Water jackets, gravity fed from & thermostat,
maintained the temperature of the closed aystem at
25% £ 0,1%. The quarts cell C, 2" in dtameter end
with two place faces 1" apart, was so situated as to i
£it into the exposure box carrying the standard filters,
The plate was held vertically inside the cell in a glass
suppert, and could thus be illuminated with blue or
green light g4 desired, The transmitted intensities
could, as before, be measured by the photronic oell.
The quartz cell had to be specially made and delay in
its marmlacture curtailed the time availadble for the
experiments planneds The following was however eamdl
cut. ' c
Four bromide-~icdide plates were exposed for 30
minutes to0 blue light of a fixed intensity; the
pressure was varied in each experiment and the
densities cbtained on development are given in tabdle

XXXIII and are plotted against 1og p in figure 38.
|
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| Tabkle XXXXIT.

BreI plate. ¢ = 30 min, \e 4360.,A¢ Pressure = P min.

- 760 250 2 ) , J—
108 D 2,88 2440 170 0,95

D108 %30 153 6

lﬂ- Lo3 P !

Figure 38,
From the {igure 1t ie seen that, as expected,
‘the effect of reduction in pressure is to inorease the
final developed densitys [Further work along these
- 1ines is required.

| Finally are given the valuea obtained for the
relative transmissions, to blue and gm 1ight, of
iodide~Cree and iodide contailning platess The results
vere obtained by direct wmeasurement of & comparedle
serize of plates.
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| On account of the scattering and refloction of

light at the plate surface 1t is not poseible to obtain
fron the sbove figures the actual amount of light
absorbed, but 1t is clear that the presence of nitrite |
has very little effect on this. On the other hand the
presence in the emulsion of 5% of iodide markedly
incroases the absorption of the plate to blue 1light,

and also increases the absorption to green 1ight although
!Fkn a much less degree. This effeet can be seen visually
by the deepening, for addition of iodide, of the yellow
polcmr of the emulsion, en effect analogous 4o the
simllay change ohserved in the silver bronife aysten,
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GENERAL DISCUSSIOI.

It is a characteristic of the majority, I not an.?
w these resoum whioch are sensitive ¢o light and
hioh are normally classified under the general title
of Photocheulastyry, that the changes brought abdbout by
1ight have bLeen detected and measuped through a
resultant definite chemical change in the illuminated
Iau‘batame. The silver euli series have long been cone
isid.erqd as somawvhat outside this classification, in
itkt e relatively swall amount of light will bring
about & chenge which camoh be detected by the most
ro;rtno& methods of shemical analysis. This change is
‘of course comnonly knowa as latent image formation mioﬂ
‘6an be made evident only by sultable develoyment, by
means of chemical methode which produce no similay

change in the nan-illuzinated substance,

| Preotioally all the experinental results and
iccnelusimn which have been describded and reashsd in
‘tlw previous pages have dbeen based on development of
'silver bromide grains prodused Ly the double decompose
Ettl.m process. lHers howeveyr the asllver brozdde
éopomttm have in every casc boen the same and any
‘changes finally observed can anly be aseribed to
changes osused by illumination of the original thallous
dromide. The double decomposition procees is therefore
only an additional step in thece chemioal processes
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which may reader a possible latent imeze vieidbles. In
one series of experiments, however, the development
process was not involved: ¢he use of a sufficiently
high 1light intensity gave a visivle printeout affect
with 2 characteristic H. and Ds curve (figure 16, page
68) of generally similar shape to the He & D curve
obtained by development, Here the development process
may be regarded as simply extending, for lower and more
vonveniently obtainable intensity ranges, the changes
in rate of image growth produced by illiumination.

11; geems inevitable that the result of illumination
of thallpous bromide should then be corsidered as an
aggregation of metallic particles, which can be repleced
by the silver aggregates long recognised as necessary
for development of silver bromide graing. If isolated
thalliun atoms were produced and replaced by silver atoms
it is 4ifficult to understand how mohtod. silver atoms
ean produce developability of the silver bromide grain.
There is no evidence that such neutral atoms are in
fast moblles Ve are indeed faced with the fundamental
question of latent image formation which the Gurney-iott
thoory seeks to answer.

The existence of the latent image speak of the
silver bromide system then presupposes the existence of
latent image specke in the thallous bromide system, and
raises immediately the question of transfer of atoms or
ions through the crystal on illumination. It is moat
improbable that the light action is concerned only with
a number of imnediately adjacent ifon pairs, illumination
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of which produces thallium atoms which ean cohere |
without any appreciable movement; further, the aize of
‘the resultent silver speck mist be above a cortatn
‘oritical value, unlikely to be cbtained, even by
intense {llumination, in the preeupposed restricted
‘avea, If ws are then obliged to postulate the mmnt
of thallous loms through the crystal we are in effect |
‘bound to consider the possivle application of the
Gurneyw-iiott theory to this system,

A8 haas been shown experimentally the o-resence in
imn guantitiea of other substances commonly vegarded
‘a8 halogen meceptors increnses the speed of the plate
l'u judged by the resultant developed densiiy. The
' slailarity of the normal spectral seneitivify of silven
|ana thallous bromide systemzs cen only be interpreted
:'b;r regarding the primary light action as the reuoval
of an elcotron from the bromine icm, with produstion of
%a neutrel atom; thia atom muet have a certain mnzw;
!whare':w the asceptor action can operates At the same
‘time thallium has a wmuch greater tendency to recume the
I:mia state than silver, as is exeuplified by the
‘replacemcnt of metallic thallium by silver frem silver
‘nitrate solution. In edditiom to the mebility factors
|
ia preducing a latent imsge theres must in relation to
‘those be censidered the possible reproduction of thallous
‘and hromine fons by & reveraal orocens, low meh this
differs fyom the ordinary silver bromide systen will be .
refiected in the rolative densities te be obtained in
each systown,



, Ong of the mmin points of ilmportance in this

‘peapect ia the cbaservation ¢f low speed, or efficiency

ie:l' latent imapge formation, in thallous bromids systems,

iw‘“ the latent image has normally been detected by
'the silver aitrate double decomposition process, it is

ﬁnt mmxv %o inquire if such a process results I.n

m lesg of any previously prodmd thallium latens

, i.mao. The original thallium image must be in close

| contact with the thallous bromide ecrystal. If the
silver nitrate double decomposition produced an entirely
new set of eryetals the conteot between the lagent |

| image end the original orystal might be largely lost,
resulting in ml;r’ e small fraction of the original |

|latent lmege mpecks being finally in the necessary

' olose contact with the silver bromids, Farrer;

i however, fran photomicrographiec comparison of the aaml

' set of grains before and after the silver nitrate
treatmont, observed that very 1itile chanpe in cmtnl

| shape took plaass The nermal orystel lattice forms

| of thallous bromide and silver bromide are not identical

| the former being a bodyecentred cudbic lattice and the

! latter a face~centred cubic lattice, Farrer indeed

' observed in larger orystals an increase in opacity |
Ill;toh led him to suggest the presence of aggregates of
cubmioroecoric particles: It may here be remarked
however that the density of precipitated thallous
bromide is given by lellor as 7.54 and that of ailver
bromide as 6.2 a gram molecule or thallous bromide
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would- thus ocoupy 281&/7.5;, = 3,76 cec. and 68 gran
 molecule of silver bromide m/e.z @ 3,03 cure, 0

decrease of approximately 204  There should thus be

'no tendency for sonpression %0 cscur in the gelatin

framework, with a consequent possivle loss in the

' nunber of developable "particles" produced Ly the
' double decomposition. The question of developability

in adjacent grains of silver vromide has, however,
previousgly received some ccnsiderable attention.
Normelly Gevelopebility is not trensferable frow cne
separate grain to mthﬂrgs but smull silver bromice
grains in a clump do tend té aedhere together and, if
one of these grains is affected by light, the whole
aggregate becomes dtwl.cpablo’?s
The size relationshipsbetween the dromide and the |
resultent developed silver grain have also bém the |
subject of considerable investigation and 1% has been

shown that this is i‘nqmuy dependent upon the

developer used. Wightman and Tt'irautg 7 found that
'with hy@roguinene developer the sllver grains had
 Poughly the same contour as the silver bromide crystals

| from which they were produced; = metol developer gave

some distortion while a metol-hydroquinene developer of
one-tenth the normal concentration gage a very porous
deposits Recent motionepicture photomiorugraphy hes
shown that during developwent threadlike strsamers op

filaments were thrown out {rom the gmin?a

an aapeet
further confirned by more recent and were definite work

achieved by the electron mtemcopcs? Theee Cilucsenta
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were cbserved to be in rapid movemsnt, Fiuelily @
gpongy mang of gilvey fibres was produced, with a
degree of couprossion deternined by the rigidity of the
surromding gelatin of the emmision, From the presens
ivtﬂpomt. the ojection of such silver filaments und
'm compression of the system must be such as o
5cmtamct the poseible 205 volume decrease yesulting
from the silver ailtrate treatment. I the initial
thallium latent image is on the original gﬁm surface,
there is then every probsbility that develorment of the
entire olump of graing will finally result, with little
or ne loss of eificliency. | , '
Fer development to occur with e normal &'ﬂloper.
the latent immge specks must be available to the |
developer by virtue of their position on the grain
surface. In the case of thallium it is well Imown
that thalliuwm metel is ettacked by water eontaining
oaygen and 1t 1s at the surface of the grain that cush
effects will be at a maximm. "Dried" gelatin retains
a certain amount of water, the amount present at
© lequilibrium being dependent on the relative humidity
ior the aurrmnidi.ng stmoasphere; for a perceatage relative
humd@ity of 50, the gelatin may contain as much ag 207
molstures If then the latent imege or the sensitivity
speck from which the latent image is derived, consists
of thallium atom aggregates, deterioration of both the
latent Lfmage and the sensitivity of the plate must be
expected to occurs Jnce the latent image must be



above a cerialn eritical size, decrease in a definite
latent image speck, once formed, will not be so rapid
n in the case of the critically smmll sonaitivity
‘epeck or the swell ~ and -spscks (page 22)s The |
exporimonts reported are in agreement with these |
)ommatm; once formed the latent image aeck is
\

|
|
|
|

'Pelatively stable (teble VIII, figure 19), but the
mrem in sensitivity of the plates ia very marked
l(ta'nle IXy figure 20) a decraase considerably aamtuatpdz
for conditions wheve the ameunt of available water i3
eonsiderable, ae in the uncoated emulsion (teble X |
figure 20 ) It ie perhaps of interest in thils connect
that an cswlsion unvoated bul hardened hy chrome elum |
to such anr extent that & temperature of over GOC was
‘required to welt it, preserved ite letent lmage forvetim
' :'-upantf.y for & period of several monthe; this nay be
i[dui to the restriction on the movemsnt of water Wd‘
by the inoreased "solldity" of the emlsion. 1In the I

Procedure under disousuion, however, the thallium latent
‘hmga can mnly be aubject to atiack by the water of thm

-unm nitrate solution for a very short time before
;oomplete cenversion to the silver latent imuge takes
iplaoo, and since this silver image is relatively un~
|arre«ned by water, it would appear that the goneral
!alomwaa of the thalious bromlde system 1g not to bLe
:attributeﬁ to the development procosses.

Although ‘arrer dces not give detaila of the
ilntene;ttias of 1ight uveed in his experiments the
emuloluns prépared by him were epparently decidedly
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faster than those used here, as judged by the daylight
exposures. In Farrer's method the plates were coated
with the unwashed emulsion, the washing then following;
iin the priunt procedure extensive washing of the
shredded emulsion preceded the coatings Iiiorossopie
examination of the resultant washed shreds showed usually
an appreciable decrease in the thallous bromide oonhnﬂ
Iduo to the appreciable solubility of the bromide in
water, Altogether the operations of shredding,
remelting and coating involved a considerable time of
contact of the grains with water, It is therefore
:'huumd that the relative slowness of the present _
iphtu is partly due to some removal of thallium specks
by such action, For the plates as finally prepared,
however, & high density oould be obtained by suitadble
11lumination, indicating no lack of centres for the
purpoas; the rate at which such densities could be
reached can only be explained in terms of the mechanism
following illumination of the erystal.

| In addition to the question of the relative
mobilities of thallous icns and bromine atoms, considere
ation must be given to the absolute numbers of these
apecies for the given conditions, On the‘Gurney-liott
theory as applied to the silver bromide grain, the rate
of growth of & speck is more dependent on the pumbep of
interstitial silver ions available, this number being
dependent on the temperature and the energy nquim to
raise a lattice ion to an interstitial position. Infore
mation on such a poiﬂt appears to be lacking for thallous
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bromide, but the experiments in which high densities
were obtained rapidly in the presence of bromine
acceptor (ps67) may be taken to indicate an essential
‘sufficiency of thallous ions for the purposes For
developed densities lees than this high value, and
obtained for the same conditions of exposure, the
‘capasity for the production of such ions rmust be present
:-aa before but be cbscured by the presence of bromine
atoms not removed by daoaptm.

| 80 far the mobility of the thallous ion has been
‘conaidered solely in relation to the "forward" pmco‘u |
of latent image "bullding". Similar considerations
ot however apply to the reverse process, the reversal
or bleaching of the image by exposure to illumination
'suitable for ths purpose. As already pointed out, the
‘Herachel iffeot in the silver latent image is regarded
;as & decrease in latent u;ago size, the silver atoms
_lwtng an e¢lectron by a photoelectric effect due to the
‘yed or other "noneactinic” light illumination, and
:utmm to the grain as eilver ions. If these ions
were relatively immobile and did not move appreciably
from the remaining latent image, the developing solution
with its readily available supply of eleectrons would
rapidly restore the original situation and give a
developed density much as befores On this basis we
would alwaeys expect a parallelism between the rate of
inorease of a speck and the rate of decrease in reversal,
Thallium however tends to revert to the icnie state
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mach more readily than silver; Although the parallelism
must still exist reversal phenocmenya may be expected to
be much more marked than in the case of silver.

Normlly the reversal effects in the case of
silver are only considered in relation to the effect
of longer-wavelength non-actinic radiation. If,
!hauvor. the action is a photoelectric one acting on
'thc wetallic aggregates of the latent image, there seeus
no reason why aotinic radiation should not have a
_.f'nwhr effect, although in the case of the silver
;mtom one would expect the effect t0 be marked by the ©
:upl.d:l.ty of the image~-forming processes théh in actions
él’n the thallous system with its slow laupt image |
foruation one would expect such reversal by actinic
1ight to bde perhaps more accessidle,

The experiments previously reported have indeed
shown that, in thallous bromide plates containing 1ocdide,
reversal is easily accomplished not only by green light
(page 85) but also by blue light of relatively low
intensity (page 87 et seqs) Reasons have alresdy been
!slnn for the conclusion that dlue light elone does
definitely cause reversal and that this is not due to
green light passed by the blue filters., On the othsr
hand with bromide plates containing no iodide reversal
by both green and blue light is inappreciable for the
same conditions although there is evidence that it dooq
take place to a certain extent (page 73)e At the same
time these plates conteining no iodide were found to be
relatively insensitive in respect of ordinary blue
illumination (eee coumparable density curves, figure 22).
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It might be urged that since the presence of
jodide increases the spectral sensitivity range to
which thallous bromide plates are sensitive (page 72),
an increased absorption coefficient for blue 1light
(seo page ''Y) might be yresponsible, conditions otherwise
remaining as before; eince, however, reversal, by
green as well as by blue light, may de takmuanm
better indication of metallic ion mobility than latent
image formation, which may be complicated by other
factors, it would appear that the presence of iodide
in the thallous bromide aystem does definitely increase
the mobility of the thallous ion through the lattice.
Even when added acceptor ig present to remove any
bromine which may be available, relatively 1ittle
increase in density is found in iodide~free as compared
with fodide~containing plates (figure 22, tables XII
and XIII)s Either the bromine atom mobility is
similarly less or the "excess" electrons not neutralised
by thallium ions moving up to the sensitivity speck,
are removed by cowbination with bromine atoms before
- acceptor action at the surface can be oompleted.
| In one respect these findings are in disagreement
with the results of Farrer, who found the progressive
eddition of iodide to be agcompanied by a progressive
decrease in the speed of the plate, as Judged by
exposure to white lights In the present experiments
with the spectrograph, the densities, for the wave-
lengths producing a deposit, were throughout greater
for iodide-containing plates. Farrer however prepared
his emulsions and plates in a yellow light. It 48
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here suggested that the inherently faster iodide plates
vwere reduced in sensitivity by the bleaching action of
such light on th. thallium aggregates acting as latent
image centres (of ps72) The greater the i1odide content
‘the greater would be such bleaching actions It is trus
that the subsequent image formation should also be faster
provided the latent image centres are not reduced beyond
a certain eritical value; bdut dbleaching action at
relatively low intensities has been shown to be much
more efficient than image formation (figure 25, page 69).
iand for the low densities normally obtained it is
!pomuc that the developable image size was not mchod
for the illumination conditions in question. Other
results previously reported are in general agreement
with Parrer's conclusion that the sensitivity of thallous
‘bromide plates is not appreciably inereased by application
of standard silver plate production technique. For
ionmplo introduction of emall amounts of sulphure
?mntsinznc substances does not result in much change in
'sensitivitys This last indeed may be quoted as an
- example of the genaral confirmation of certain aspects
for the silver system theory, in that such e difference
'is to be ascribed to the replacement of silver by
thalliume The fact that such differences exist,in
those cases where the original effect in the silver
systen 18 to be ascribed to m silver present, is an
indirect confirmation of the correctness of the general
theory.

In dischuing the features which arise as a result
of secondary illumination, at various intensities,
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'superimposed on & uniform primary exposure it is to be
remeubered that these results are made evident by the
' development process, in which a speck is regarded ag |
developable if 4t reaches a certain critical size.
‘8inee sny one grain which possesses such a latent image
‘develops completely the final density is a messure of
‘the number of grains in which the latent image hes
'resched the criticsl sizes If all grains were alike
in the number and size of the original seneitivity
centres, the result of development would bhe oither
maximum density or no density at all. The density
obtained however does give an indication as to the
'pete of growth of a latent image epecke In particular,
12 the result of the secondary 1lluminstion produces a
deeresse in density, then’ obviouoly the averags size of
the latent image 1s decreasing. If no effect is
produced, the rate of growth is zero; if the density
increases the rate of growth is positive. This of
mm refors to such latent imAge specke as are
:-arroated by the developer; distinetion may require to
be nade, for example, detween surface and internal
latent images.

| The main featuros which are then evident as a
result of secondary illumination by dPlue light are three
in number, as indicsted by figure 25 (page 89)s Of
these, the increase prodused dy secondary illumination
of intonsity higher than that of the primary illunination
would appear o eall for no spesial comment, being the
normsal inersase which is %o be expected, Uhen the
gecondary intensity is equal to the primary, the
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relatively small time of seoondary exposure m the
‘above experimental conditions is such as to produce no
‘apprecieble changss This again is not abmomsal in

view of the long time of exposure nomally required to
produce appreciable density changes in such emmloionse

" '¥hem, however, the intensity of the secondary
{1lumination is lower, by & factor of 10, & marked
_q__nman 12 t0 be cbserved for low primary deasities
(figure 26, page 92) this however not being apperent at
‘higher primery densitiess At low densities, the number
of grains which are developable is relatively small,
‘because the latent image centres as a whole are not
above the developable critieal value, If the mjoﬂtgi
of such latent image centres are jJust below the oritical
size vhlm. a relatively small intensity may thus suffice
to raise the eize sbove this oritical valus, the
i;-eaultmt denasity being then.natumnv in excess of the

' velue produced by primary illumination of this intensity
‘alone for comparable periods of times The resultant
intensity is however greater than _that produced by
secondary illumination ten times greater in intensity.
At this higher intensity some retarding effect mest be
in operation. 8ince in general the addition of brouine
acceptors removes this retarding effect, it is to be
concluded that bromine atome are in some way responsible,
‘the normal rate of bromine atom removal being insufficient
at the higher intensity, i.e. 2t higher bromine atom
concentrationss In silver bromide systems a similar
general effect of an increase due % a low-intensity
post-exposure has been recognised for some time, and
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sxplained on similay liness The data obtained have
mrurthorotulm in tracing the rate of growth of
mmum. from the point of view of low
intensity reciprocity failuveso o1 62 63

According to Berg however the picture of low intensity
failure is not here complete in that a mechenism of
Pecoubination or trepping of elestrons is required
which €0 far has not been studied or understoods It
may be that the brominse atom behaviour, as above, will
provide the clue.

| Perhaps the most striking feature of the present
experiments in thalleus bromide systems is the rapid
decrease in density at very low secondary exposure
intensities, where the primary latent image and the
genersl fog of the plate is entirely removeds A
decrease in effective latent image size is obviously
in operations In figure 26, 1 minutes' exposure to &
secondary illumination of an intensity 1,000 times less
intense than the primary intensity, produced an
appresiable lightening of & density which required 30
minutes high intensity illumination to produces There
ars two methods of approach to this prodblems In the
firet the effect of the secondary illumination is to be
considered as entirely in relation to 1ight absorbed by
the grain, ie.¢e by the browine ions, this being the
normal wechanism tending to produce a latent image.
This 18 however the mechanism which is put forward to
explain the "hump" or rapld increase in density at
intermediate intensities and 1t would seem impossidble
to deduce the noted decresase at still lower intensities
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on such a basgiS, A new opposing tendency is required
meh i in effect independent in iteell of the
"rnomual® processes taking place in the grain as the
result of 11ght sbeorptions Ginee the bleaching limit,
or point of balance between the two opposing actions,
;Mo beon shown experimentally to depend, first, on the
priuary density or size of the latent image clready
presont, and, second, on the intensity of the secondary
illunination, the second of the sbove alternatives must
be considered, namely that the reversel is due to |
absorption of light by the latent lmage itvelf,

Reversal by blue and green light mmet then be¢ considered
m & coumon baois. |
The general parallelism Deitween dlue and green
1ight hae already been noted and discussed in connsction

with fonic wobility in different emulsions, iIn the
present instance, attention is to be drswn to the high
aez‘ﬁ._oisna;r of blue 1ight reversal, the more um;pectod
becsuse the normsl opposing lmsge~tuilding processes
amast still be in oporations If reversel is due to the
expuleion of electroms from the thalliuwm latent image by
a photoslectile affect, theu the size of the speck
becomes of lmportence in relation to its absorption.

For latent imege spocks of gize spproaching metallis
thallium, application of the usual laws of the photo-
eleotrie ef'fect would indicate an efficiency of electron
expulsion which would be the samne, on a qQuantum basis,
for both green and blue light, these being expressed as
incident intensity. Conseideration of figures 2 and 26,
nowever shows that approxjuately the semé decroase (vis 0,15)
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in density is produced by an inecident groen intensity
of J+2 galvanometer scale divisions for 20 minutes, as
ie produced by an incident blue inteneity of 0.063 scale
aivisions for 25 minutes. 1f we' convert galvenoueter
inale civisions to incident guenta, a8 given by the |
data of pegee 51 and 54, we find the blue quanta to be
526.15 times more efficieont than the green quanta, contrary
to expectation. If the hypothesis of photoelectrie
dispersal of the latent lumage is to be retained the
absorption of the speck must, in relation to wavelength,
be & function of the size of the speck,

This conclusion is then in agreement with parallel
results obtained for silver bromide systems, Hilsch
and pon1®Y attributed the coloration produced by
41lumination of large single orystals to an induced
;lbnarption band, with a meximam at 7,000 4, due to the |
presence of the latent imagss The great width of this
dnduced absorption band was interpreted to mean that it
iau.daas from colloidal particles of silver of a variety
of pizes, each pariticular size having ite own absorption
bands  From other vesulis of Gorokhovekii and
Shestaxoffs? 1t may be concluded that the wavelength of
the reversing radiftion varies inversely with the size
of the latent image nuclei.

Although no experimentis have been carried ocut on
the relative efficiencies of blue and green light for
different latent image sizes in thallous bromide, it
would appear that the marked efficiency of blue light
reversal is to be intorpreted in terus of a eimiler
absorption bend, with a maximum lying amch closer to
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m shorter wavelength end of the apectrua. On the
bagis of equal blue and green quantum efficlencies of
electron and thallous ion expulsion frow the grain, for
rtb.c grain slzes here involved, the respective adaorption
Maenu would then be im the ratio of 26,411, |
' Examination of the normel absorpiion band for |
silver bromide and of the induced bend dur to sbsorption
by the ailver latent inege shows thal some overlapping |
bomu*a even at 4,000 As  The rélativa coefficlants are
of courge very different, the latent imsage abaorption
being roughly a million times lsss than the normal
broaide adbsorption at 3650 he Nevertholess, Em&nr
eertain extreme conditions, roversal by actinic light in
!thn sauie scus¢ as noted above Tor thallous dDromide has
Deen cbserveds Uhus Feversal hes been obtained in mll
wavelengtus of visible radistion in plates Cosenoitised
H dyes, with a strong reversal band in the blue reg:lam
s ebout 4200 Ai.(sew Lieos, Theory of Photographio
Process, 1942y pe20l)e N0 corrslation between the
bpbeml sennltivity of reversal and the speetral
hbaoz-puoa of the descnsiiiser was observed; eapnarently
the forward action of furthor latent lmage Taruetion wes
arvested to an extent whlch w do roversel vislble,
Finally, roeference may be mads to a seriss of
expeviments reported by Vlerfs in which latent imsges
corresponding %o variocus developed densities were
produced by exposures to Xe-rays, tscondayy exposures t0
white light Shen being applied on & time secals basie to
sach pre-eaxposuras The action of ‘such secondary
exposure iy ther increuse,; decrcase, or leave unchanged
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;'the agtion of the priwary exposure. At high primary
%donait:lea 8 prmmoa decroage was obtained, but at
law densities an increase was observed. At inter-
mediate densities both effects were recorded, a slight
iincreme being suceceded Ly a decrecee with increasing
time of the secondary 1llumimaten, It will be i
obgerved that there 18 a general parallelism betwaen
these results and theas here recorded for thallouva
bromide, in that at high initial deneities a deorease |
:jlll initlelly recorded but at lower densities an increase
|w be obtained. In silver bromide systeme these. |
éom::ta are generally regarded es related to the Clayden
effect a3 a speclal case of the general phenomena shown
by the addition of high and low intensity exposure,
lalthou@ the Clayden effect does not requiro that the
effect produced by the original exposure be reduced by |

lt\m second akposuro. As usuelly obnerved the density
ivoaulﬁing from the two exposures in less than that of
the: gingle exposure to low intensity light, with
‘therefore an gpparent roverssl.

Wnile the present exporiments indicate a removal
of dovelopsble thallium latent image on exposure to low
inteneity light, therc ssems no indication of the final
;stata.in the srain when such removal has been accompliched,
Betarn to the initlal conditions cannot be vossible
Iunlaﬂe a sufficiancy of bromine atoms remain avallable
in tho arain. EZven 4L bronine atoms 4did remain in
suffieient numher to reduca the letent image below tho |
developable eritical size, the nobility of such atoms
might rather be regarded ss cauneing spontaneous and
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rapid disappearance of Mun:t image withont the
Emceaaiw for secondary 11llumination, whereas the
;htent {mage has heen shown to he relatively stable,.
'Berg, Marriage and stem‘? investigated the surface
innl internal imege formation in eilver systems exposed
!iu high and subsecuent low intensity radiations A '
!ltrm Clayden effect wvas obmerved for the surface 1naq|o
|but the reverse effect was chtained for the intemal |
'image, Tt vas therefore concluded that the imitiel
exposure forms a large number of mﬁml latent imape
' nuclel which act as traps for the produet of the
| socondary exposure to wesk light, the result dbeing a |
trensference of the latent imags. As reported in the
| exporimental results a few preliminary experiments onl:
| were carried out in this respect with reference %o
i thellous bromide images. The silver bromide produced
' by the silver nitrate doudle decomposition process was
apperently of o difforent neture in its behavious to
the interna) developer recommended by Stevens for
ordinnry ailver bPromide smulmions, Further work on
this aspsct is therefore necessary. I¢ may be noted
howover that certain departures from the normal
- "bleaching limite® have heen rocorded for conditions
- where the initial pre-sxposure conditions have heen
altered in time and intensity (pages); and since
these alterations are those which, in silver bromide
syntemn, are theoretically conmsotad with the velative
dletribvutions of surface and internal latent images,
1t 15 not improdabls that here aleo similar affects are
in oneration.
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i The above considerations 1'1&19 all been appii-ad to |
‘thess experiments in which bleaching ete. was actually
;mwwd. It 18 & point of considerable intorest thaﬂ
Ecuah phencaens are limited %o a certaln range of primary
‘@emsitics, At certain higher donsities, ms shown by |
‘wesults of pagel0l, no bleaching either by blue of by
‘green 1light was recorded. Cuch fallure to observe
‘:revaraal night be aseribed to the interpretation of
developed densities 1n texm® of latent Luage forumation
;mtes, in that laternt image npeélm of size greatly in

' excess of that requirod for developasut would not be
reduced guickly enough fov ths reverssl e¢ffseto to
bocowe evidents Thus, the grain might develeop as
before if the eritical 8ize is not reacheds The
 experiments show however that, at a primery latent

dmpge olze corresponding o developed density 043,

' vevoreal 1a evident in 1 minute, but ovon 135 minutes
 slmilar secomdary ezposure shows no trace of reversal
at speok slzes corrssyonding Yo the nlgh denaity 1.254.

irt thorefore 1s comcluded that an entirely different
state of affalrs is here concermed. The tendency to
| revarsal mwot be present ag before, in even grester
| Gogrse Ly reason ol the lncreasod average size of the
imsge speckss It would thus appear that the thallous
ions produced by secondary i1llundnation of the speck
must be uneble 4o move away Ivom the spoeck heighbourhodd.
The woblliity characteristics of the grain must then be
abeent; the postulation is thus nade that the grain
structure is antirely aliered, It will be recalled
 frow the Intreoduction that Derg elttrlbuted (he
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induction period in silver bromide development to the
aobility of the relatively small number of interstitial
metallic ions, the end of the induction period being
eharacterised by the bodily removal of m;mn ione from
the lattices In the present instance the non-ogocurrence
of reversal is sccompanied by disappearance of the
induetion pesiod, vieible blackening taking piace
immediately the plate is placed in the developing
solution (page 105« It would therefore appear that in
thallous bromide such a etate of affairs can be brought
sbout by 1ight action, a conclusion which supports the
general parellelism between 1ight action and development
{pel6je In both cases the latent imege speck is
increased by the supply of electrons, although the
source of these electrons is different in the two cases,

Besiorocity Fallure,

Theve remaina Por ennsideration thespe experiments |
designed %o investigate the epplieation of the
reoiprooity law, finse the reversel hy blue light
indieates a remove) of developable latent imege enecks
'alroady present, reciprocity failure 2t low intensitien
rmst exiet quite anart from any recinroeity failure
inherent in the normal formstion sg in the case of slilver,
It is convenient to conmider the results in relation to
the time factor as fMHllows, If the recliprocity low 18
obeyad, log It i6 constant for any gpiven density, and

the franh of 1og I egainst Yoz ¢ shonld be reuresanted
Yy a stpaight 1ine OFf alone i,
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In figure 39 log I is plotted against log ¢ for
‘the various densities already recorded for a bromidee
iodide emulsion amtnining 05 gms NaNOp per 1_00 ca.

of emuhien. \
&

©o—o0——o—
log 1 \ \ | .
H Figure 39. \ o

e

) 2

2 4

° log £

In agreement with the previous caloulations these
:cuma show the characteristic "low intensity reciprocity
failure” as deoreasing at the higher densities, the
slopes of the lines tending then to approach the ideal
-1,

For comparison the results of figure 3G and table
XXX\ may be here included. In this case the emulsion
eontained no added nitrite and a constant density was
cbtained which d1d not increase for longer periods of
4llumination. For this maximum density the slope of
m iine showing variation of log ¢ aguinot log I ia
zZero,; corresponding to "normal” high intenaity failure.
It is to be noted that addition of nitrite tends there-
fore to remove high intensity failure; aguin the
_mechaniem of bromine atom removal is important.
Expocure of such nitrite-free plates under reduced
prossure again increases the developed density. Although
no further experiments on this aspect were carried out,
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1t seems probable that removal of bromine is again the
predominant ﬁatnno

| Low intensity reciprooity failure in the silver
m is normally regarded as due to disintegration of
the latent image speck in its initial stages of
!tmthn. This regression is usually considered as
due to thermal ejection of eleotrons, since it tends

to decrease at lower temperatures. As pointed out by
Mees, however, such a decrease does not necessarily
Aimit the astion to such thermal elestronic uMim.
eince any chemically induced action effect would be
likewise expected to decrease with temperatures In
the present instance of thallous bromids, three effects
may be in action, viz. thermal, photoelectric and |
_ ehemical, this last being due to attack by the mobile
bromine atoms present as a result of !.nnmlmum and
:nm removed sufficiently quickly by acceptor uum

| In the Gurney-lott theory, high intensity
émipmiw failure is attriduted to the relative slowe
ness of migration of eilver ions through the grein to
tha latent image specks Immediate neutralisation of
electrons on the speck does not then cocur; the
‘negative charge repels further eleotrons and limits the
eubsequent rate of trapping of electrons to that at
whieh silver ions can reach the specks The evidence
of Berg, Harriage and stmna" indicates that the
majority of these electrons contribute to the intermal
latent image formation inside the grein., In thallous
bromide as already stated evidence on this point is
lacking but the effect of acceptor in removing high
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intensity failure would seem to indicate that bromine-
atom acceptance of electrons is here more in evidenoce.

In reviewing as a whole the conclusions reached
as a result of this study of latent image formation in
thallous bromide- gelatin systems it seems evident that
‘the generalf Gurney-iiott mechanism must be taken to
applys Substitution of thallium for silver accentuates
certain aspects in a manner everywhere to be aseribded
t0 the nature of the metallic ion. In particular
‘4t would appear thaj, in couparison, thou features
are emphasised which involve the bshaviour of the
bromine atoms set free by the illumination, corresponding
| %0 a decreased relative mobility of the thallous ion.
8ince latent image formation in silver and in
thallous bromide emulsions thus is regarded as taking
' place by the same general mechanism, it is of interest
;to consider the results of illumination of a system
which contains both halides at the same time, The
espential difference between the two systems would
‘appear to relate to the greator mobility of the bromine
| atoms produced by illumination: In ailver bromide the
bromine atom is generally regarded as relatively ime
mobile, whereas in thallous bromide allowance must be
made for the pronounced retarding effect when bromine
atoms are not removed by acceptorss In a mixed systen
the predominant feature will then be the lattioce
structure present; for small amounts of thallium the
eilver bromide lattice will be largely preserved, If
a centre is established by suitable illumination both
silver end thalloue ions will tend to move to the centre



and be neutralised.

Since development is regarded as an extension of
the 1light illumination process in that both involve the
supply of electrons,; a similar doudle decomposition of
silver and thallium may be expected to ocour if thallium
dons are not initially present in the grain but are
introduced with the developing solution, provided that
such thallous ions are adsorbed at the grain surface.

In this position they would in effect become part of
the lattice astructure. _

In both instances, whether thallous ions are
originally present or added with the developer, the
effect on the rate of image formation and on development
would then be expected to be in the same direection.

If, for exsmple, the latent image is found more readily
in the first case, then development would be more rapid
in the second.

The question of whether the rate of formation of
"silver" image would be increased or decreased by the
presence of thallous ions is however more 4ifficult to
answere It is to De noted that thallous dromide is
not reduced by a normal developer, even when thallium
latent image is presents I'hen, however, the electronis
actions of light and developer are applied together, as
in the preliminary experiments noted on page 63, a rapid
derkening does occurs. That thie is not due simply to
acceptor action of the alkali of the developer is
indicated by the relative inefficiency of hydroxide
alone as an acceptor., Developer is, however, able to
reduce silver bromide when silver image is present; 1if
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the action of developer, in the case of the silver
image, is similar to that of light action in the case
of the thallium image, in that both supply the same
activation, the simultaneous addition of thallium to
the couplex would increase the size of the speck above
that attained in the case of silver alone. That is
the availability of positive mobile thallium ions will
tend to increase the image size, assaming that the
thallium does not displace the silver but is additional
thereto, as for example in interstitial ion positione.
Therefore we would expect, in the presence of thallium
ions, that the "eilver" image would be of greater sise
than in the case of the thallium-free system, and be
thus nearer the critical limit for developments Also,
in the development of silver bromide plates by a
developing eolution containing thallous ions we should
expect a greater rate of development since again the
image i8 more rapidly increasing.

Thie should then hold for small additions of
thallous ions; at higher concentrations, where the
lattice structure tends to approach that of the thallous
bromide, latent image aggregation will be slow, and a
reduetion in sensitivity and in the rate of development
should be observed. _ ;

No reports of detalled investigation of these
points seem to de available, although the evidence
quoted in the Introduction (page 25) is in faet in
agreement with these speculations.

In the conceptions which have besen put forward in
explanation of the various effects observed, the nunber
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of varying factors present complicate eonsiderably
appreciation of all the aspects involveds An atteupt
to contain all such factors in one expression whereby
the effect of alteration in any one parameter may be
more easily visualised is given in the following sections.
It 48 to bde strongly emphasised that certain influences
are here presented in rate equation forme for which
-thorol is no strict nmerical justification, but it is
believed that such expression of the various tendencies
will show at least the relative effects of the various
faotors. In general, derivation of an equation for
the final developed densities must include recognition
of (1) the actual rate of growth of any one centre in
a grain, (2) the distribution and relaetive sizes of
latent image centres in a grain and (3) the varying
eizes of the emulsion grains. It is with the firet
of these that the following is concerneds Correlation

of this rate of increase with the final developed
density will in general only be possible for certain
restricted densities, a matter to which reference has
‘already been Md‘.._(pa‘. 137 )

The latent image at all stages of its growth is
here assumed to consist of a.megam of thallium atoms,
1¢6¢ (Tl)pne Let the number of such latent image specks
or gentres in a grain de s, and the concentration of
electrons in the conductivity layer as a result of
illumination be e.
EBlectrons, In general, the electrons in the conductivity

level may be



45,
(a) produced from Br ions by imitial light absorption.
(b) produced from the thallium aggregates by reversal.
(¢) removed by combination with the bromine atoms
. produced in (a).
(4) removed by othor means, 6.gs any other electron
traps in the grain.

;In (a‘) we have
rate = k)I.
where I is the incident light intensity
IM k3 is the absorption coefficient for the grain.

In (D) the rete will depend on the 1light intemsity,
the absorption coeffielent ky for thallium atom
aggregates, end the “area" of the complex exposed to
the light. If it is assumed that only the outer
surface of thallium atoms is c¢oncerned, then, for a
reasonabdbly large complex the number of surface atoms
will be proportional to »° where » 15 the radius of the
sphoﬂoal complexs Thus we have

rate » kp o I 2

In (¢) we have

, rate = kx @ BF

where Br represents the available concentrations cof
. bromine atoms.

In (4) we have

_ . rate =k o L

where L represents the number of other electron trapse,
not direotly concerned with latent image formation as
made evident by development,
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Combining these four rates we have, for the rate
of increase of electrons in the conductivity level

a‘ = kI + kz.:‘z"' o(kz,!lr * .qu)ocott--oa (1)

Bromine atoma, Within the grain dromine atoms may de
(a) produced by the initial absorption.
(b) removed by acceptor A.
(¢) removed as bromine ions by the addition of electromns.
(4) removed by mutual recombination, probably at the
grain surface as Lromine molecules. |
(o) removed by action on latent image apeck. The
size of the speck is here comsidered as of
negligidvle affect.
The rates of these five processes are

(a) Rate
(b) Rate
(e) Rate
(@) Rate
(e) Rate
Thus, overall,

kI

kg A BY
k3 e Br
kg B2
k7 8By

Aﬁ. =Kl - kSABr- k"”" ksava" k"Bl‘uo.--oo (2)

Bromine molecules, Bromine molecules may be
(a) formed from hromine atoms.

(b) removed by action on latent image.
(¢} removed by aiffusion, eveporation, etc,
The rates of these three processes are
(a) Rate = kgnr®
(b) Rate = kg8 Bry
(¢) Rate = kgBry,
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In (e) the ection of accoptors should he mcludoi as &
separate term depending on the concentration A; 4n view
of the complexity of the expression finally obtained
this is for the present included in kg

Hence, overall,

‘% . W""'B’ﬂ"w’ OOQOtooQoo,o (3)

The rate of formation of latent imuge, 1.¢s the
rate of addition of thallium atoms to the aggregates
already present will be then given by

*nklt-katxrﬁ «ky8Br « kgeBra ,,,,.. (L)
.~ In equation Uy it is assumed that each electron
added to the latent image speck u'mwm by one
‘thallium ion from an ihterstitial position.
| To evaluate equation L, ©, Br and Brp must de
fnm:moa. The nomal stationary state condition
!u then assumed, vis.

*u Q = .%!. -1‘52..‘3
Imowums.

By = kgsra
kg + kgs

‘and from equation 1,
o o {MIskporr?)
(k3Br + k1)
Substituting in equation 2, we find
kykeBr> + Bro(kykgl + kykss + k3ks A) 2

+ Br(kyky8 L+ kyksAL + slr
ﬂklkuIL = 0 SrsRNBNNIIORN st e (’)
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This o:zugtion, being cubie, cannot readily be
solved for Bre The cubic termm can be eliminated if
L =0, a possibility which however it seens unjustifi-
able to assume in the light of experimental evidence.
The subiec term will also disappear if kg = Oj thie
‘however would neglect the experimental fact that
evacuation markedly inoreases latent iuage formation,
this being attridbuted to the removel of browmine, Thus
it has bheen Judged best to obtain an approximate value
of Br from equation 5 by dropping here the pubic tem,
while still retaining in the other terus all the |
reactions concerned, o |

golving then the resulting quadratic in the usual
way, and rembubering that Br cannot be negative, we

find from equation 5
Br /% - hac) =~
2a
and from equation 1,

essPBBBENNLRb S (5.)

k3

I 8 Ir?
T
where
S ® Mgl > Kphy® e Ny A
b = Ky ko 8L+ KyK5 AL + kgkp 81 72
¢'= kek) IL ' '
b
Substifing for keBr® from equation 2, and applying
‘these results to equation 4, we find the rate of addition
of thallium atoms t0 the latent image speck to Ve
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ax . keI ( -tkgﬂra)ea.
| 'ﬂ‘ kg (/v dkac]-b)wnkut

- kp8Ir?

k
" -;E (/2 = had = b)

- g [ - B + Xp 87%) (/b2 » hade W)}
(kg + kg 8) ky( Laceb) + 2ak, L T

kg A k
2T (0P - kack v

AL A L R R (6)

As already emphasised, the relationship between
rate of growth of latent image and developed density
is perhaps most apparent in the experiments on
secondary 1illuaination by dlue and green 1ight, in
that no change in density corresponds to sero H§-
while inecrease and decrease in density correspond to
positive and negative values of -fi— respectively.

The results of secondary blue illumination may
therefore be first examined in relation to the above
general equation, If ¥, 8, A and L be then taken as
conntant, equation 6 may be written as

& T Mm DT e nt- @D 4
- Q I

- 2[/lm+ D24 axfe(m+ 1)
4114 --(a,*_u_.
-31[1- H‘,naﬁx-{mq-l)-t&

- 'g'{/(“ «DZ 4 a1 (m+ I)}]

YRR TR ) (7)

where P, Gy R, 8, dy my n, p, q are all conatant
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The curve showing variation of dx/dt with variatiom
in I, thus depends on the value of
vy = J(nvt I)E-'-n_‘l - (m + I)
It can sasily be shown by a series expansion that
¥ increases with I up to a maximum (=e5) independent
of the value of I; to take a numerical example, for

3
mens=1and I=.l, 1, 10, 100, 1000, the values of
¥ are as follows

I=4al 5 1e0 4 10 4 100 , 1000,
¥ = «0L5, 24y W45, «Ds eDe
With sulluble constants, the effect of secondary
blue illumination may then be illustrated as follows
' Table XXXV
Pml @=1 Re 13 8 = o835 d =1

I L 1 1o 100 _};__000

P temm 0 +s096 480 649 66,6 666
Q temm O w0l =l «le0 <10 =100
R term O  =sOUS =o2l =eliS  =e5 a5
& o O =36 =il ~heS =546 =560
- T B B A

These rates then correspond to the gemeral features
indicated by experiment (figure )5 , page 7 ), a decrease
at low intensities, a hump at intermediate intensities,
an‘d an incresse at high intensities,

In the case of secondary green light reversal, k,
is nomally regarded as sero, since no image is pro=
duced by green light illumination, In equation 6, the
term ¢ then becomes zero, and with it, Brs The X and
g terms thus vanish while the ¢ term remains as - ko® £r2

x V3o
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and the 7 terw becsuen

"
Luiﬁ—:—

Thus, summing, we have

ﬂ—- = —k—-féﬂ-s—?—2 -kaﬂI!‘z |I
= .glxl'a(ﬁ -1) |

!For veaching to occuyr, the tem ﬁ - 1 must thus be -5
. é‘muﬁ.w. The ratio ke/kyl vepreaents the removsl

of electrons from the conductivity level by the
developsble latent image, relative to the removal by
iothor trapes In the present inatance ke/iglL - 1

|mt obvicusly be negative and bleaching by green 1light
;takca place for all intmzw values at a rate here
f;!.nﬁiutoq as proportionel to I and to the “"area" of
the im ge spocke

| The pesition of the bleaching imit far blue 1ight
with respect %o the primary density level will be
antmnnoa by the relative values of those terms which
étnllw e The higher the density the higher the
ilva].ua of T Both P snd Q texms will tend to increase,
%but in the fommer the effect of increasing 2 wil only
‘be of mecondary importance compared with the increase
in the Q temas The bromine atoa concentratiom, also,
iml.ll decrease., The general affect will be to remove |
the "hump" end Faise the blsaching limit to higher S
values, wihioch conclusions are agdin in agreement with

the experimental resgul tas. ,
| If the cops@ttration A of acceptor increases, the |
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‘bromins atom concentration will decrease ( of. equation
5a)3: the Q term remains ss bsfore, but the P, 2 and 8
terms all increase, The exsct effect of such alter-
ations ia obacure in the general fommla by reason of
1ts complexity and the unknown value of the various
constants, dbut small variations in A, by veason of the
square root relationship, will have only a negligible |
!cﬂbot in the intensity ranges With which the bleaching
;11:::11; is concerned, At higher intensitiea the effact
of the P term may be expected to predominate; here the
effeet of added acceptor will not bve proportional to A
for large values of A, because the "a" tera of equation
6 occurs in both numberator and denominators These |
agein are conelusions in sgrecment with the results of |
‘experiment.

| There remains for oconsideration the ordinary He

De curve as produced by plotting incident light intensi|
‘(or log 1) against the developed densitys The general
equation above indicates that the rate of growth of an
dnage eentre on the above model will not be exactly
proportional to I, unless in cartain circumstances where
an apparent proportionality may arise as a result of
compensating influences. The situation is further
complicated by the fact that at a given time the value
of r will be different _:!br the different intensities.
At high intensities and high r velues, the rate of
growth of latent image will tend to decrease, both
because of the increased bleaching action as represented
by the:Q term and by the effect of bromine atom and
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bromine molecule attack, as Np-naentad by the 8 tern.
These conditions would tend to indicate “high
intensity" reciprocity failure. On the other hand,

ias low intensities, the rate of increase of latent
image will be relatively smell, as evidsnced by the |
removal of image of size above a certain eritical mlﬁ'T
These conditions correspond to "low intensity" reoiproo-
ity failure, |

| Complex as are the conditions under which latent

image formation takes place, it does appear that the
above expression, derived on the most simplified of
assumptions, yet gives a certain pioture of the latent 1

4mage process which is more or lese in agreement with
the experimental results here cbtained. It would seen
‘that the Gurney-lott theory gives, in the thallous |
lbrcmih system, an adequate representation of the |
é;ma_au taking place on suitable 1light absorption. ‘
Where extensions to the silver bromide scheme have 'uun% '
necessary, these have always been related to the ‘
substitution of silver by thallium and, although in
many aspeots further work is mansw, it may be |
elaimed that the results so far obtained do support and
extend the present view of lstent image formatione
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ARBEEDIX. D
Devsloper A. Wormal MQ developers
letol 5 g
Hydroguinome. 15 gm

Sodium sulphite (oryst.) 150 gme
Sodiun carbonate(cryst.) 150 gm.
Potassium dromide. 2 g
Diatilled water to 2,000 ml,

Por use this solution was diluted with an equal
volume of distilled water.

Develigpes B. Ferrous cxalates
o {?ntmiwn oxalate. i 120 gm,
Distilied water (70%) 500 ml,
When oool, the clear 1liguld wus decanted.
Distilled water (70%) 500 mls
E.(sulphuric acid (conc.) 1.5 mle

Ferrous sulphate (ocryst.) 120 gme
For use, 1 part of B was added to 3 parts of A,

Develgvar O, Fhysical development.

A s%ock solution was prepared &s follovaie

To 50 gm. of anhydrous sodium sulphite d1ssolved
in 250 mi. of water was added 200 ml. of & 4 solution
of silver nitrates, This wac stirred until the white
precipitete was completely dissolved and then was added
80 gm. of sodium thiosulphates The developing solution
had the “ollowing composition:
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8took solution. _ 5 mle
Distilled watey. 25 ml.
214 diaminophenol ("amidol") 40375 gm.
Before development the exposed plate was placed
for 5 minutes in a forebath of the following composition:

Potassium {odide 5 g
Sodium thiosulphate. 1245 gme -
Distilled water. 500 ml.

The plate was then rinsed and imnersed in the
sbove developing solution for 30 mimutes at 18,5%.

Dgvalaover D. Restrained u.Q. developer.

Metol. 2¢5 gme
Hydroquinone. 745 gme
Sodium sulphite (oryst.) 75 gme
Sodium carvonete (cryst.) 75 gae
Potassium brouide. 20 g@me
Distilled water to. 1,000 ml.

For use this solutiqn wes diluted with an equal
volume of waters

Revelgpex E. Kodak D76

Hetol 2 gime
Hy@roquinone. ' 5 gme
Sodium sulphite (oryst.) 200 gme
Borax, 2 g

Water to . 1,000 mle
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Reyelopepr ¥. Kodak D.76d.

lletol : 2 M.
Hydroquinone. 5 gme
Sodium sulphite (eryst.) 200 gm.
Borax. 8 am.
Borie Acid. ' 8 rme
Water to ' . 1,000 gl

Develover G, Steven's "Internal developer” (See Ref.68)

Letol 1.5 g
Sediun sulphite (orysts) 45 gme
Hydroquinone. 6 g
Secdiun carbonate (cryst.) 75 &2
Potassium bromide. 1 g
Distilled water, 500 il

Por use, to 50 ml., of this solution was added 107
sodiun thicsulphete solution in amounts varying from
2.5 nile 0 15 mle '

Zgveloney M, Steven's "Surfuce developer,”
Stock solution. _
Sadlum ‘na:‘bonate (cryst.) 120 ot
Distilled water. ‘ 1,000 ml,
The water was t;oiled to remove cdissolved oxymen
and the sodium carbonate then cissolveds For use
1.2 gn of glycin (p-hydroxyphenyl=glycin) was added to
50 ce. of this stock solution,

Placdng Soluticn.
Sedium thidsulphate 500 zae
Potassium metabisulphite. 65 gm.

Distilled wvater to 2,000 ml,
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