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Description 

The  invention  is  directed  to  a  process  of  preparing  for  photographic  use  high  chloride  tabular  grain  emul- 
sions. 

5  The  term  "high  chloride"  refers  to  silver  halide  grains  or  emulsions  in  which  chloride  accounts  for  at  least 
50  mole  percent  of  total  halide,  based  on  silver. 

The  term  "morphological  stabilization"  refers  to  stabilizing  the  geometrical  shape  of  a  grain. 
The  term  "stabilizer"  is  employed  in  its  art  recognized  usage  to  designate  photographic  addenda  that  retard 

variances  in  emulsion  sensitometric  properties. 
10  The  term  "tabular  grain"  is  employed  to  designate  grains  having  two  parallel  majorfaces  lying  in  {111}crys- 

tallographic  planes. 
The  terms  "monolayer  coverage"  and  "monomolecular  layer"  are  employed  in  their  art  recognized  usage 

to  designate  the  calculated  concentration  of  an  adsorbed  species  that,  if  uniformly  distributed  on  emulsion 
grain  surfaces,  would  provide  a  layer  of  one  molecule  thickness. 

15  The  term  "photographically  useful  compound"  refers  to  compounds  (i.e.,  addenda)  that  function  during  the 
storage,  exposure  and/or  processing  of  photographic  elements  to  enhance  their  image  forming  properties. 

Radiation  sensitive  silver  halide  emulsions  containing  one  or  a  combination  of  chloride,  bromide  and  iodide 
ions  have  been  long  recognized  to  be  useful  in  photography.  Each  halide  ion  selection  is  known  to  impart  par- 
ticular  photographic  advantages,  by  a  wide  margin  the  most  commonly  employed  photographic  emulsions  are 

20  silver  bromide  and  bromoiodide  emulsions.  Although  known  and  used  for  many  years  for  selected  photographic 
applications,  the  more  rapid  developability  and  the  ecological  advantages  of  high  chloride  emulsions  have  pro- 
vided  an  impetus  for  employing  these  emulsions  over  a  broader  range  of  photographic  applications. 

During  the  1980's  a  marked  advance  took  place  in  silver  halide  photography  based  on  the  discovery  that 
a  wide  range  of  photographic  advantages,  such  as  improved  speed-granularity  relationships,  increased  cov- 

25  ering  power  both  on  an  absolute  basis  and  as  a  function  of  binder  hardening,  more  rapid  developability,  in- 
creased  thermal  stability,  increased  separation  of  native  and  spectral  sensitization  imparted  imaging  speeds, 
and  improved  image  sharpness  in  both  mono-  and  multi-emulsion  layer  formats,  can  be  realized  by  increasing 
the  proportions  of  selected  tabular  grain  populations  in  photographic  emulsions. 

In  almost  every  instance  tabular  grain  emulsions  have  been  formed  by  introducing  two  or  more  parallel 
30  twin  planes  into  octahedral  grains  during  their  preparation.  Regular  octahedral  grains  are  bounded  by  {111} 

crystal  faces.  The  predominant  feature  of  tabular  grains  formed  by  twinning  are  opposed  parallel  {111}  major 
crystal  faces.  The  major  crystal  faces  have  a  three  fold  symmetry,  typically  appearing  triangular  or  hexagonal. 

The  formation  of  tabular  grain  emulsions  containing  parallel  twin  planes  is  most  easily  accomplished  in 
the  preparation  of  silver  bromide  emulsions.  The  art  has  developed  the  capability  of  including  photographically 

35  useful  levels  of  iodide.  The  inclusion  of  high  levels  of  chloride  as  opposed  to  bromide,  alone  or  in  combination 
with  iodide,  has  been  difficult.  Silver  chloride  differs  from  silver  bromide  in  exhibiting  a  much  stronger  pro- 
pensity  toward  the  formation  of  grains  with  faces  lying  in  {100}  crystographic  planes.  To  produce  successfully 
a  high  chloride  tabular  grain  emulsion  by  twinning,  conditions  must  be  found  that  favor  both  the  formation  of 
twin  planes  and  {111}  crystal  faces.  Further,  after  the  emulsion  has  been  formed,  tabular  grain  morphological 

40  stabilization  is  required  to  avoid  reversion  of  the  grains  to  theirfavored  more  stable  form  exhibiting  {100}  crystal 
faces.  When  high  chloride  tabular  grains  having  {111}  major  faces  undergo  morphological  reversion  to  forms 
presenting  {100}  grain  faces  the  tabular  character  of  the  grains  is  either  significantly  degraded  or  entirely  de- 
stroyed  and  this  results  in  the  loss  of  the  photographic  advantages  known  to  be  provided  by  tabular  grains. 

Maskasky  U.S.  Patent  4,400,463  (hereinafter  designated  Maskasky  I)  was  the  first  to  prepare  in  the  pres- 
45  ence  of  an  adsorbed  grain  growth  modifier  a  high  chloride  emulsion  containing  tabular  grains  with  parallel  twin 

planes  and  {111}  major  crystal  faces.  The  strategy  was  to  use  a  particularly  selected  synthetic  polymeric  pep- 
tizer  in  combination  with  an  adsorbed  aminoazaindene,  preferably  adenine,  acting  as  a  grain  growth  modifier. 

Maskasky  U.S.  Patent  4,713,323  (hereinafter  designated  Maskasky  II),  significantly  advanced  the  state 
of  the  art  by  preparing  high  chloride  emulsions  containing  tabular  grains  with  parallel  twin  planes  and  {111} 

50  major  crystal  faces  using  an  aminoazaindene  grain  growth  modifier  and  a  gelatino-peptizer  containing  up  to 
30  micromoles  per  gram  of  methionine.  Since  the  methionine  content  of  a  gelatino-peptizer,  if  objectionably 
high,  can  be  readily  reduced  by  treatment  with  a  strong  oxidizing  agent  (or  alkylating  agent,  King  et  al  U.S. 
Patent  4,942,120),  Maskasky  II  placed  within  reach  of  the  art  high  chloride  tabular  grain  emulsions  with  sig- 
nificant  bromide  and  iodide  ion  inclusions  prepared  starting  with  conventional  and  universally  available  pep- 

55  tizers. 
Maskasky  I  and  II  have  stimulated  further  investigations  of  grain  growth  modifiers  capable  of  preparing 

high  chloride  emulsions  of  similar  tabular  grain  content.  As  grain  growth  modifiers,  Tufano  et  al  U.S.  Patent 
4,804,621  employed  4,6-di(hydroamino)-pyrimidines  lacking  a  5-position  amino  substituent  (a  2-hydroaminoa- 
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zine  species);  Japanese  patent  application  03/116,133,  published  May  17,  1991,  employed  adenine  (a  2-hy- 
droaminoazine  species)  in  the  pH  range  of  from  4.5  to  8.5;  Takada  et  al  U.S.  Patent  4,783,398  employed  het- 
erocycles  containing  a  divalent  sulfur  ring  atom;  Nishikawaetal  U.S.  Patent  4,952,491  employed  spectral  sen- 
sitizing  dyes  and  divalent  sulfur  atom  containing  heterocycles  and  acyclic  compounds;  and  Ishiguro  et  al  U.S. 

5  Patent  4,983,508  employed  organic  bis-quaternary  amine  salts. 
In  the  foregoing  patents  there  is  little  or  no  mention  of  stabilizing  the  tabular  grain  shape  in  the  high  chloride 

emulsions,  since  the  continued  presence  of  conditions  favorable  for  stabilizing  the  {111}  major  faces  of  the  tab- 
ular  grains,  usually  the  presence  of  a  2-hydroaminoazine,  is  assumed.  Houle  et  al  U.S.  Patent  5,035,992  spe- 
cifically  addresses  the  problem  of  stabilizing  high  chloride  tabular  grain  emulsions  prepared  in  the  presence 

10  of  a  4,6-di(hydroamino)-pyrimidines  lacking  a  5-position  amino  substituent.  Houle  et  al  accomplished  stabili- 
zation  during  tabular  grain  precipitation  by  continuously  increasing  the  ratio  of  bromide  to  chloride  being  pre- 
cipitated  until  the  tabular  grains  were  provided  with  stabilizing  silver  bromide  shells.  The  Houle  et  al  process 
is,  of  course,  incompatible  with  producing  a  pure  chloride  emulsion,  since  at  least  some  silver  bromide  must 
be  included,  and  the  process  also  has  the  disadvantage  that  the  pyrimidine  is  left  on  the  grain  surfaces.  Ad- 

15  ditionally,  the  grains  remain  morphologically  unstable  when  their  pH  is  lowered  to  remove  the  pyrimidine. 
The  emulsion  teachings  noted  above  either  explicitly  or  implicitly  suggest  utilization  of  the  emulsions  with 

conventional  grain  adsorbed  and  unadsorbed  addenda.  A  relatively  recent  summary  of  conventional  photo- 
graphic  emulsion  addenda  is  contained  in  Research  Disclosure  Vol.  308,  December  1989,  Item  308119.  Re- 
search  Disclosure  is  published  by  Kenneth  Mason  Publications,  Ltd.,  Emsworth,  Hampshire  P010  7DD,  Eng- 

20  land.  While  a  wide  variety  of  emulsion  addenda  can  be  adsorbed  to  grain  surfaces,  spectral  sensitizing  dyes 
and  desensitizers  (Res.Dis.  Section  IV)  and  antifoggants  and  stabilizers  (Res.Dis.  Section  VI)  are  examples 
of  photographically  useful  addenda  that  are  almost  always  adsorbed  to  grain  surfaces. 

In  one  aspect  this  invention  is  directed  to  a  process  preparing  an  emulsion  for  photographic  use  comprising 
(1)  forming  an  emulsion  comprised  of  silver  halide  grains  and  a  gelatino-peptizer  dispersing  medium  in  which 

25  morphologically  unstable  tabular  grains  having  {111}  major  faces  account  for  greater  than  50  percent  of  total 
grain  projected  area  and  contain  at  least  50  mole  percent  chloride,  based  on  silver,  the  emulsion  additionally 
containing  at  least  one  grain  growth  modifier  adsorbed  to  and  morphologically  stabilizing  the  tabular  grains, 
and  (2)  adsorbing  to  surfaces  of  the  tabular  grains  a  photographically  useful  compound. 

The  process  is  characterized  in  that  (a)  the  grain  growth  modifier  is  a  xanthinoid  compound  which  satisfies 
30  the  formula: 

0 

35 

H  H 

40 
where 

Z8  is  -C(R8)=  or  -N=; 
R8  is  H,  NH2  or  CH3;  and 
R1  is  hydrogen  or  a  hydrocarbon  containing  from  1  to  7  carbon  atoms;  (b)  the  pH  of  the  dispersing  me- 

45  dium  is  reduced  below  3.0  to  inactivate  the  xanthinoid  as  a  morphological  stabilizer,  and  (c)  the  inactivated 
xanthinoid  is  replaced  on  the  tabular  grain  surfaces  by  adsorption  of  the  photographically  useful  compound, 
the  photographically  useful  compound  being  selected  from  among  those  containing  at  least  one  divalent  sulfur 
atom,  thereby  concurrently  morphologically  stabilizing  the  tabular  grains  and  enhancing  their  photographic  util- 
ity. 

so  The  present  invention  is  based  on  the  recognition  that,  while  the  xanthinoid  compounds  are  particularly 
useful  during  high  chloride  tabular  grain  formation  and  growth,  there  are  other  compounds  that,  when  adsorbed 
to  the  tabular  grain  surfaces,  can  maintain  their  desired  tabularity  as  well  as  enhance  the  photographic  imaging 
properties  of  the  emulsion  during  storage,  exposure  and/or  processing.  Adsorbed  photographically  useful  com- 
pounds  have  been  observed  to  be  effective  morphological  stabilizers  when  they  contain  at  least  one  divalent 

55  sulfur  atom. 
However,  since  the  photographic  useful  compounds  depend  upon  adsorption  for  their  utility,  the  adsorbed 

xanthinoid  compounds  on  the  grains  as  initially  formed  are  competing  for  grain  surfaces  when  the  photograph- 
ically  useful  compound  is  later  added  to  the  emulsion.  The  present  invention  offers  a  procedure  for  inactivating 

3 
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xanthinoid  compounds  so  that  the  photographically  useful  compound  can  be  better  adsorbed  to  the  tabular 
grain  surfaces. 

The  present  invention  is  directed  to  a  process  of  improving  for  photographic  use  the  properties  of  a  high 
chloride  tabular  grain  emulsion  in  which  the  tabular  grains  have  major  faces  lying  in  {111}  crystallographic 

5  planes  and  rely  on  a  xanthinoid  compound  adsorbed  to  surfaces  of  the  tabular  grains  for  morphological  sta- 
bilization.  Processes  for  preparing  these  emulsions  are  disclosed  by  Maskasky  et  al,  cited  above,  and  descri- 
bed  in  greater  detail  below. 

The  emulsions  contain  in  addition  to  the  grains  and  adsorbed  xanthinoid  a  conventional  dispersing  medium 
for  the  grains.  The  dispersing  medium  is  invariably  an  aqueous  medium  and  in  the  overwhelming  majority  of 

10  applications  contains  a  gelatino-peptizer.  In  the  practice  of  the  invention  the  pH  of  the  dispersing  medium  is 
lowered  until  the  xanthinoid  adsorbed  to  the  tabular  grain  surfaces  is  inactivated.  It  is  believed  that  the  xan- 
thinoid  exists  in  equilibrium  with  an  anionic  deprotonated  form  which  is  capable  of  adsorbing  to  and  thereby 
stabilizing  the  grains.  Reducing  pH  shifts  the  equilibrium  away  from  the  adsorbed  anionic  form  and  thereby 
inactivates  the  xanthinoid  as  a  morphological  stabilizer. 

15  The  inactivated  xanthinoid  is  replaced  on  the  tabular  grain  surfaces  with  anyone  or  combination  of  known 
photographically  useful  addenda  known  to  adsorb  to  grain  surfaces.  By  selecting  photographically  useful  ad- 
denda  for  incorporation  that  contain  at  least  one  divalent  sulfur  atom  the  morphological  stabilization  function 
performed  by  the  xanthinoid  prior  to  protonation  and  release  is  performed  while  the  known  photographic  utility 
of  the  replacement  adsorbed  compound  is  also  realized.  In  other  words  the  replacement  adsorbed  compounds 

20  is  now  performing  at  least  two  distinct  functions. 
After  the  replacement  compound  has  been  adsorbed  to  the  tabular  grain  surfaces,  the  emulsion  can  be 

returned,  if  desired,  to  its  initial  pH  or  to  any  other  convenient  conventional  pH  for  further  preparation  for  pho- 
tographic  use. 

Preferred  high  chloride  tabular  grain  emulsions  prepared  in  the  practice  of  the  invention  contain  tabular 
25  grains  accounting  for  at  least  50  percent  of  total  grain  projected  that  contain  at  least  50  mole  percent  chloride, 

based  on  total  silver.  The  tabular  grains  preferably  contain  less  than  5  mole  percent  iodide.  Bromide  can  ac- 
count  for  the  balance  of  the  halide.  In  other  words,  the  invention  is  applicable  to  emulsions  in  which  the  high 
chloride  tabular  grains  are  silver  chloride,  silver  iodochloride,  silver  bromochloride,  silver  bromoiodochloride 
and/or  silver  iodobromochloride  tabular  grains.  The  chloride  content  of  the  tabular  grains  is  preferably  at  least 

30  80  mole  percent  and  optimally  at  least  90  mole  percent,  based  on  total  silver  while  the  iodide  content  is  pre- 
ferably  less  than  2  mole  percent  and  optimally  less  than  1  mole  percent.  When  more  than  one  halide  ion  is 
present  in  the  tabular  grains,  the  halides  can  be  uniformly  or  nonuniformly  distributed. 

The  photographic  advantages  of  tabular  grains  are  a  function  of  their  tabularity.  Preferred  emulsions  in 
which  the  tabular  grains  exhibit  a  high  mean  tabularity-that  is,  they  satisfy  the  mean  tabularity  relationship: 

^ > 2 5  

where 
ECD  is  the  mean  effective  circular  diameter  of  the  high  chloride  tabular  grains  in  urn  and 
t  is  the  mean  thickness  of  the  high  chloride  tabular  grains  in  urn. 

40  In  terms  of  mean  aspect  ratios  the  high  chloride  tabular  grains  preferably  exhibit  high  aspect  ratios~that 
is,  ECD/t  >  8.  When  high  aspect  ratio  tabular  grains  exhibit  a  thickness  of  0.3  urn  or  less,  the  grains  also  exhibit 
high  tabularity.  When  the  thickness  of  the  tabular  grains  0.2  urn  or  less  high  tabularities  can  be  realized  at  in- 
termediate  aspect  ratios  of  5  or  more.  Maximum  mean  tabularities  and  mean  aspect  ratios  are  a  function  of 
the  mean  ECD  of  the  high  chloride  tabular  grains  and  their  mean  thickness.  The  mean  ECD  of  the  high  chloride 

45  tabular  grains  can  range  up  to  the  limits  of  photographic  utility  (that  is,  up  to  about  10  p.m),  but  are  typically  4 
urn  or  less. 

In  the  processes  of  preparing  high  chloride  high  aspect  ratio  tabular  grain  emulsions  of  this  invention  em- 
ploy  a  grain  growth  modifiers  satisfying  the  formula: 

50 

55 
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( I )  

where 
Z8  is  -C(R8)-  or  -N=; 

15  R8  is  H,  NH2  or  CH3;  and 
R1  is  hydrogen  or  a  hydrocarbon  of  from  1  to  7  carbon  atoms. 

The  grain  growth  modifiers  of  formula  I  are  xanthine  and  8-azaxanthine  grain  growth  modifiers,  herein  referred 
to  generically  as  xanthinoids  or  xanthinoid  compounds. 

When  the  grain  growth  modifier  is  chosen  to  have  a  xanthine  nucleus,  the  structure  of  the  grain  growth 
20  modifier  is  as  shown  in  the  following  formula: 

( I D  

30 

When  the  grain  growth  modifier  is  chosen  to  have  an  8-azaxanthine  nucleus,  the  structure  of  the  grain 
growth  modifier  is  as  shown  in  the  following  formula: 

35 

( I I I )  

0 
40 

45 

No  substituents  of  any  type  are  required  on  the  ring  structures  of  formulae  I  to  III.  Thus,  each  of  R1  and 
R8  can  in  each  occurrence  be  hydrogen.  R8  can  in  addition  include  a  sterically  compact  hydrocarbon  substitu- 

50  ent,  such  as  CH3  or  NH2.  R1  can  additionally  include  a  hydrocarbon  substituent  of  from  1  to  7  carbon  atoms. 
Each  hydrocarbon  moiety  is  preferably  an  alkyl  group-e.g.,  methyl,  ethyl,  n-propyl,  /-propyl,  n-butyl,  /-butyl, 
f-butyl,  etc.  ,  although  other  hydrocarbons,  such  as  cyclohexyl  or  benzyl,  are  contemplated.  To  increase  grain 
growth  modifier  solubility  the  hydrocarbon  groups  can,  in  turn,  be  substituted  with  polar  groups,  such  as  hy- 
droxy,  sulfonyl  or  amino  groups,  or  the  hydrocarbon  groups  can  be  substituted  with  other  groups  that  do  not 

55  materially  modify  their  properties  (e.g.,  a  halo  substituent),  if  desired. 
An  aqueous  gelatino-peptizer  dispersing  medium  is  present  during  precipitation.  Gelatino-peptizers  in- 

clude  gelatin-e.g.,  alkali-treated  gelatin  (cattle  bone  and  hide  gelatin)  or  acid-treated  gelatin  (pigskin  gelatin) 
and  gelatin  derivatives-e.g.,  acetylated  gelatin,  phthalated  gelatin,  and  the  like. 

5 
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The  process  of  the  invention  is  not  restricted  to  use  with  gelatino-peptizers  of  any  particular  methionine 
content.  That  is,  gelatino-peptizers  with  all  naturally  occurring  methionine  levels  are  useful.  It  is,  of  course, 
possible,  though  not  required,  to  reduce  or  eliminate  methionine,  as  taught  by  Maskasky  II  or  King  et  al,  both 
cited  above. 

5  During  the  precipitation  of  photographic  silver  halide  emulsions  there  is  always  a  slight  stoichiometric  ex- 
cess  of  halide  ion  present.  This  avoids  the  possibility  of  excess  silver  ion  being  reduced  to  metallic  silver  and 
resulting  in  photographic  fog.  It  is  a  significant  advantage  of  this  invention  that  the  stoichiometric  excess  of 
chloride  ion  in  the  dispersing  medium  can  be  maintained  at  a  level  of  less  than  0.5  M  while  still  obtaining  a 
high  aspect  ratio  tabular  grain  emulsion.  It  is  generally  preferred  that  the  chloride  ion  concentration  in  the  dis- 

10  persing  medium  be  less  than  0.2  M  and,  optimally,  equal  to  or  less  than  0.1  M. 
The  advantages  of  limiting  the  stoichiometric  excess  of  chloride  ion  present  in  the  reaction  vessel  during 

precipitation  include  (a)  reduction  of  corrosion  of  the  equipment  (the  reaction  vessel,  the  stirring  mechanism, 
the  feed  jets,  etc.),  (b)  reduced  consumption  of  chloride  ion,  (c)  reduced  washing  of  the  emulsion  after  prep- 
aration,  and  (d)  reduced  chloride  ion  in  effluent.  It  has  also  been  observed  that  reduction  in  the  chloride  ion 

15  excess  contributes  to  obtaining  thinner  tabular  grains. 
The  grain  growth  modifiers  of  the  invention  are  effective  over  a  wide  range  of  pH  levels  conventionally 

employed  during  the  precipitation  of  silver  halide  emulsions.  It  is  contemplated  to  maintain  the  dispersing  me- 
dium  within  conventional  pH  ranges  for  silver  halide  precipitation,  typically  from  3  to  9,  while  the  tabular  grains 
are  being  formed,  with  a  pH  range  of  4.5  to  8  being  in  most  instances  preferred.  Within  these  pH  ranges  opti- 

20  mum  performance  of  individual  grain  growth  modifiers  can  be  observed  as  a  function  of  their  specific  structure. 
A  strong  mineral  acid,  such  as  nitric  acid  or  sulfuric  acid,  or  a  strong  mineral  base,  such  as  an  alkali  hydroxide, 
can  be  employed  to  adjust  pH  within  a  selected  range.  When  a  basic  pH  is  to  be  maintained,  it  is  preferred  not 
to  employ  ammonium  hydroxide,  since  it  has  the  unwanted  effect  of  acting  as  a  ripening  agent  and  is  known 
to  thicken  tabular  grains.  However,  to  the  extent  that  thickening  of  the  tabular  grains  does  not  exceed  the  0.3 

25  p.m  thickness  limit,  ammonium  hydroxide  or  other  conventional  ripening  agents  (e.g.,  thioether  or  thiocyanate 
ripening  agents)  can  be  present  within  the  dispersing  medium. 

Any  convenient  conventional  approach  of  monitoring  and  maintaining  replicable  pH  profiles  during  repeat- 
ed  precipitations  can  be  employed  (e.g.,  refer  to  Research  Disclosure  Item  308,119,  cited  below).  Maintaining 
a  pH  buffer  in  the  dispersing  medium  during  precipitation  arrests  pH  fluctuations  and  facilitates  maintenance 

30  of  pH  within  selected  limited  ranges.  Exemplary  useful  buffers  for  maintaining  relatively  narrow  pH  limits  within 
the  ranges  noted  above  include  sodium  or  potassium  acetate,  phosphate,  oxalate  and  phthalate  as  well  as  tris 
(hydroxymethyl)  aminomethane. 

For  tabular  grains  to  satisfy  the  projected  area  requirement  it  is  necessary  first  to  induce  twinning  in  the 
grains  as  they  are  being  formed,  since  only  grains  having  two  or  more  parallel  twin  planes  will  assume  a  tabular 

35  form.  Second,  after  twinning  has  occurred,  it  is  necessary  to  restrain  precipitation  onto  the  major  {111}  crystal 
faces  of  the  tabular  grains,  since  this  has  the  effect  of  thickening  the  grains.  The  grain  growth  modifiers  em- 
ployed  in  the  practice  of  this  invention  are  effective  during  precipitation  to  produce  an  emulsion  satisfying  both 
the  tabular  grain  thickness  and  projected  area  parameters  noted  above. 

It  is  believed  that  the  effectiveness  of  the  grain  growth  modifiers  to  induce  twinning  during  precipitation 
40  results  from  the  spacing  of  the  required  nitrogen  atoms  in  the  fused  five  and  six  membered  heterocyclic  rings 

and  their  ability  to  form  silver  salts.  This  can  be  better  appreciated  by  reference  to  the  following  structure: 

( IV)  

C.  Cagnon  et  al,  Inorganic  Chem.,  76:2469  (1977)  reports  a  silver  salt  satisfying  the  nitrogen  atom  and  silver 
pairing  arrangement  of  formula  IV  and  provides  bond  lengths  establishing  the  spacing  between  the  adjacent 
silver  atoms  of  the  formula.  Based  on  the  crystal  structure  of  silver  chloride  revealed  by  X-ray  diffraction  it  is 

55  believed  that  the  resulting  spacing  between  the  silver  ions  is  much  closer  to  the  nearest  permissible  spacing 
of  silver  ions  in  next  adjacent  {111}  silver  ion  crystal  lattice  planes  separated  by  a  twin  plane  than  the  nearest 
spacing  of  silver  ions  in  next  adjacent  {111}  silver  ion  crystal  lattice  planes  not  separated  by  a  twin  plane.  Thus, 
when  one  of  the  silver  ions  shown  above  is  positioned  during  precipitation  in  a  {111}  silver  ion  crystal  lattice 
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plane,  assuming  a  sterically  compatible  location  (e.g.,  an  edge,  pit  or  coign  position)  is  occupied,  the  remaining 
of  the  silver  ions  shown  above  favors  a  position  in  the  next  {111}  silver  ion  crystal  lattice  plane  that  is  permitted 
only  if  twinning  occurs.  The  remaining  silver  atom  of  the  growth  modifier  (together  with  other  similarly  situated 
growth  modifier  silver  ions)  acts  to  seed  (enhance  the  probability  of)  a  twin  plane  being  formed  and  growing 

5  across  the  {111}  crystal  lattice  face,  thereby  providing  a  permanent  crystal  feature  essential  for  tabular  grain 
formation. 

It  is,  of  course,  also  important  that  the  ring  substituents  next  adjacent  the  ring  nitrogen  shown  in  formula 
IV  be  chosen  to  minimize  any  steric  hindrance  that  would  prevent  the  silver  ions  from  having  ready  access  to 
the  {111}  crystal  lattice  planes  as  they  are  being  formed.  A  further  consideration  is  to  avoid  substituents  to 

10  the  ring  positions  next  adjacent  the  ring  nitrogen  shown  that  are  strongly  electron  withdrawing,  since  this  cre- 
ates  competition  between  the  silver  ions  and  the  adjacent  ring  position  forthe  n  electrons  of  the  nitrogen  atoms. 
When  Z8  is  -N=  or  -CH=,  an  optimum  structure  for  silver  ion  placement  in  the  crystal  lattice  exists.  When  Z8 
is  -C(R8)=  and  R8  is  a  compact  substituent,  as  described  above,  twin  plane  formation  is  readily  realized.  In 
formula  IV  the  ring  positions  separated  from  the  ring  nitrogen  by  an  intervening  ring  position  are  not  shown, 

15  these  ring  positions  and  their  substituents  are  not  viewed  as  significantly  influencing  twin  plane  formation. 
In  addition  to  selecting  substituents  for  their  role  in  twin  plane  formation,  they  must  also  be  selected  for 

their  compatibility  with  promoting  the  formation  of  {111}  crystal  faces  during  precipitation.  By  selecting  sub- 
stituents  as  described  above  the  emergence  of  {100},  {110}  and  higher  index  crystal  plane  faces  of  the  types 
described  by  Maskasky  U.S.  Patents  4,643,966,  4,680,254,  4,680,255,  4,680,256  and  4,724,200,  is  avoided. 

20  Once  a  stable  multiply  twinned  grain  population  has  been  formed  within  the  dispersing  medium,  the  pri- 
mary,  if  not  exclusive,  function  the  grain  growth  modifier  is  called  upon  to  perform  is  to  restrain  precipitation 
onto  the  major  {111}  crystal  faces  of  the  tabular  grains,  thereby  retarding  thickness  growth  of  the  tabular  grains. 
In  a  well  controlled  tabular  grain  emulsion  precipitation,  once  a  stable  population  of  multiply  twinned  grains 
has  been  produced,  tabular  grain  thicknesses  can  be  held  essentially  constant. 

25  The  amount  of  grain  growth  modifier  required  to  control  thickness  growth  of  the  tabular  grain  population 
is  a  function  of  the  total  grain  surface  area.  By  adsorption  onto  the  {111}  surfaces  of  the  tabular  grains  the 
grain  growth  modifier  restrains  precipitation  onto  the  grain  faces  and  shifts  further  growth  of  the  tabular  grains 
to  their  edges. 

The  benefits  of  this  invention  can  be  realized  using  any  amount  of  grain  growth  modifier  that  is  effective 
30  to  retard  thickness  growth  of  the  tabular  grains.  It  is  generally  contemplated  to  have  present  in  the  emulsion 

during  tabular  grain  growth  sufficient  grain  growth  modifier  to  provide  a  monomolecular  adsorbed  layer  over 
at  least  25  percent,  preferably  at  least  50  percent,  of  the  total  {111}  grain  surface  area  of  the  emulsion  grains. 
Higher  amounts  of  adsorbed  grain  growth  modifier  are,  of  course,  feasible.  Adsorbed  grain  growth  modifier 
coverages  of  80  percent  of  monomolecular  layer  coverage  or  even  100  percent  are  contemplated.  In  terms  of 

35  tabular  grain  thickness  control  there  is  no  significant  advantage  to  be  gained  by  increasing  grain  growth  modi- 
fier  coverages  above  these  levels. 

Prior  to  introducing  silver  salt  into  the  dispersing  medium  at  the  outset  of  the  precipitation  process,  no 
grains  are  present  in  the  dispersing  medium,  and  the  initial  grain  growth  modifier  concentrations  in  the  dis- 
persing  medium  are  therefore  more  than  adequate  to  provide  the  monomolecular  coverage  levels  noted  above 

40  as  grains  are  initially  formed.  As  tabular  grain  growth  progresses  it  is  a  simple  matter  to  add  grain  growth  modi- 
fier,  as  needed,  to  maintain  monomolecular  coverages  at  desired  levels,  based  on  knowledge  of  amount  of  sil- 
ver  ion  added  and  the  geometrical  forms  of  the  grains  being  grown.  If,  as  noted  above,  grain  growth  modifier 
has  been  initially  added  in  excess  of  its  solubility  limit,  undissolved  grain  growth  modifier  can  enter  solution 
as  dissolved  grain  growth  modifier  is  depleted  from  the  dispersing  medium  by  adsorption  on  grain  surfaces. 

45  This  can  reduce  or  even  eliminate  any  need  to  add  grain  growth  modifier  to  the  reaction  vessel  as  grain  growth 
progresses. 

Inactivation  of  the  xanthinoid  adsorbed  to  the  high  chloride  tabular  grain  surfaces  to  facilitate  replacement 
with  a  selected  photographically  useful  compound  can  be  achieved  merely  by  lowering  the  pH  of  emulsion. 
pH  is  preferably  lowered  using  the  same  mineral  acids  (e.g.,  sulfuric  acid  or  nitric  acid)  conventionally  used  to 

so  adjust  pH  during  emulsion  precipitation.  It  is  contemplated  to  lower  the  pH  of  the  dispersing  medium  less  than 
3.0  to  inactivate  the  xanthinoid  compounds.  While  different  xanthinoid  compounds  are  inactivated  at  a  slightly 
different  pH.  inactivation  of  preferred  compounds  can  be  achieved  effected  within  the  pH  range  of  from  2.9  to 
0.5,  most  preferably  from  2.5  to  1.0.  Inactivation  in  these  ranges  is  highly  advantageous,  since  it  allows  the 
common  pH  ranges  of  emulsion  precipitation  to  be  employed  and  allows  inactivation  to  be  achieved  without 

55  subjecting  the  emulsions  to  extremely  acidic  conditions  that  could  degrade  other  components. 
In  choosing  photographically  useful  compounds  containing  at  least  one  divalent  sulfur  atom  to  replace  the 

protonated  and  released  xanthinoid  as  a  morphological  stabilizer  on  the  tabular  grain  surfaces  a  wide  variety 
of  conventional  photographically  useful  emulsion  addenda  are  available  to  choose  among.  Spectral  sensitizing 
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dyes,  desensitizers,  hole  trapping  dyes,  antifoggants,  stabilizers  and  development  modifiers  are  illustrations 
of  different  classes  of  photographically  useful  compounds  that  can  be  selected  to  contain  one  or  more  divalent 
sulfur  atom  containing  moieties.  A  wide  variety  of  photographically  useful  compounds  containing  one  or  more 
divalent  sulfur  atoms  is  disclosed  in  Research  Disclosure,  Item  308119,  cited  above. 

5  The  following  are  illustrative  of  varied  divalent  sulfur  atom  moieties  commonly  found  in  photographically 
useful  compounds: 

M-1 
-S-H 
mercapto 

w  M-2 
-S-Ra 
where  Ra  is  any  convenient  hydrocarbon  or  substituted  hydrocarbon~e.g.,  when  Ra  an  alkyl  group 

the  resulting  moiety  is  an  alkylthia  moiety  (methylthia,  ethylthia,  propylthia,  etc.)  and  when  Ra  is  an  aro- 
matic  group  the  resulting  moiety  is  an  arylthia  moiety  (phenylthia,  naphthylthia,  etc.)  or  Ra  can  be  a  het- 

15  erocyclic  nucleus,  such  as  any  of  the  various  heterocyclic  nuclei  found  in  cyanine  dyes. 
M-3 

-S-S-Ra 
where  Ra  is  as  described  above 

M-4 
20  1,4-thiazine 

M-5 
thiazoline 

M-6 
thiazole 

25  M-7 
thiophene 

M-8 

thiazoline 
M-6 

thiazole 
25  M-7 

thiophene 
M-8 

3-thia-1,4-diazole 
M-9 

30  benzothiazole 
M-10 

naphtho[2,  1  -djthiazole 
M-11 

naphtho[1  ,2-d]thiazole 
35  M-1  2 

naphtho[2,3-b]thiazole 
M-1  3 

thiazolo[4,5-b]quinoline 
M-14 

40  4,5-dihydrobenzothiazole 
M-1  5 

4,5,6,7-tetrahydrobenzothiazole 
M-16 

4,5-dihydronaptho[1,2-d]thiazole 
45  M-1  7 

phenanthrothiazole 
M-1  8 

acenaphthothiazole 
M-1  9 

so  isorhodanine 
M-20 

rhodanine 
M-21 

thiazolidin-2,4-dione 
55  M-22 

thiazolidin-2,4-dithione 
M-23 

2-dicyanomethylenethiazolidin-4-one 
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M-24 
2-diphenylamino-1,3-thiazolin-4-one 

M-25 
benzothiophen-3-one 

5  The  moieties  M-1  to  M-8  as  well  as  some  of  the  subsequent  moieties,  such  as  M-9  and  M-20,  are  commonly 
encountered  in  various  photographically  useful  compounds  such  as  antifoggants,  stabilizers  and  development 
modifiers.  The  moieties  M-5  to  M-1  8  are  common  heterocyclic  nuclei  in  polymethine  dyes,  particularly  cyanine 
and  merocyanine  sensitizing  dyes.  The  moieties  M-1  9  to  M-25  are  common  acidic  nuclei  in  merocyanine  dyes. 
The  heterocyclic  moieties  M-4  to  M-25  are  named  as  rings,  since  the  site  of  ring  attachment  can  be  at  any  ring 

10  carbon  atom  and  ring,  substituents,  if  any,  can  take  any  convenient  conventional  form,  such  as  any  of  the  va- 
rious  forms  described  above  in  connection  with  Ra. 

The  photographically  useful  compound  containing  one  or  more  divalent  sulfur  atom  containing  moieties  is 
introduced  into  the  dispersing  medium  in  an  amount  sufficient  to  provide  at  least  20  percent  of  monomolecular 
coverage  on  the  grain  surfaces.  It  is  preferred  to  introduce  the  photographically  useful  compound  in  a  con- 

15  centration  sufficient  to  provide  from  50  to  100  percent  of  monomolecular  coverage.  Introducing  greater 
amounts  of  the  photographically  useful  compound  than  can  be  adsorbed  on  grain  surfaces  is  inefficient,  since 
unadsorbed  compound  is  susceptible  to  removal  from  the  emulsion  during  subsequent  washing.  If  higher  con- 
centrations  of  the  divalent  sulfur  atom  containing  compound  are  desired  to  satisfy  its  photographic  utility  un- 
related  to  morphological  grain  stabilization,  further  addition  of  the  compound  can  be  undertaken  at  any  con- 

20  venient  point  in  preparation  of  the  photographic  element--e.g.,  after  washing,  prior  to  coating,  etc. 
It  is  generally  preferred  to  dissolve  in  the  dispersing  medium  of  the  emulsion  the  photographically  useful 

compound  intended  to  replace  the  xanthinoid  on  the  grain  surfaces  before  inactivation  of  the  latter  is  under- 
taken.  In  this  arrangement  the  compound  adsorbs  to  the  grain  surfaces  as  the  xanthinoid  vacates  grain  surface 
sites.  This  entirely  precludes  any  risk  of  morphological  degradation  of  the  tabular  grains  by  reversion  to  {1  00} 

25  crystal  faces. 
As  an  alternative  it  is  specifically  contemplated  to  lower  the  pH  of  the  dispersing  medium  immediately  be- 

fore  introduction  of  the  divalent  sulfur  atom  containing  compound.  This  latter  approach  has  the  advantage  of 
allowing  divalent  sulfur  atom  containing  compounds  that  have  limited  solubility  in  the  dispersing  medium  to 
be  adsorbed  to  the  grains  in  preference  to  precipitation  within  the  dispersing  medium.  Thus,  whether  introduc- 

30  tion  of  the  divalent  sulfur  atom  containing  compound  is  optimally  undertaken  before  or  after  the  pH  is  lowered 
is  a  function  of  the  particular  compound  being  employed  and  particularly  its  solubility  and  rate  of  precipitation. 

The  xanthinoid  compound  can  be  released  from  the  grain  surfaces  before  or  after  chemical  sensitization. 
The  addition  of  a  photographically  useful  compound,  such  as  a  spectral  sensitizing  dye  or  an  antifoggant,  to 
an  emulsion  before  chemical  sensitization  is  a  common  practice  and  entirely  compatible  with  the  practice  of 

35  this  invention. 
Apart  from  the  features  of  the  invention  that  have  been  specifically  described,  the  emulsions  and  their 

preparation  can  take  any  convenient  conventional  form.  Research  Disclosure,\/o\.  308,  December  1989,  Item 
308119,  particularly  Sections  IV,  VI  and  XXI,  disclose  conventional  emulsion  features  compatible  with  the  in- 
vention. 

40 
Examples 

The  invention  can  be  better  appreciated  by  reference  to  the  following  specific  embodiments. 
The  mean  thickness  of  tabulargrain  populations  was  measured  by  optical  interference  for  mean  thickness- 

es  es  >0.06  urn  measuring  more  than  1  000  tabular  grains. 
The  terms  ECD  and  t  are  employed  as  noted  above;  r.v.  represents  reaction  vessel;  GGM  is  the  acronym 

for  grain  growth  modifier;  TGPA  indicates  the  percentage  of  the  total  grain  projected  area  accounted  by  tabular 
grain  of  less  than  0.3  urn  thickness. 

so  Example  1  AgCI  High  Aspect  Ratio  Tabular  Grain  Emulsions  Precipitated  at  pH  6.2 

To  a  stirred  reaction  vessel  containing  300  mL  of  a  solution  at  75°C  that  was  2.7%  in  bone  gelatin,  0.053 
M  in  NaCI,  and  2.7  M  in  sodium  acetate  was  added  100  mL  of  12  mM  basic  xanthine  solution.  The  pH  of  the 
resulting  solution  was  adjusted  to  6.2.  A  4M  silver  nitrate  solution  and  a  4M  NaCI  solution  were  added.  The 

55  silver  nitrate  solution  was  added  at  0.25  mL/min  for  4  min  then  its  flow  was  stopped  for  15  minutes  then  re- 
sumed  at  0.25  mL/min  for  2  min.  The  flow  rate  was  then  accelerated  over  an  additional  period  of  30  min  (20 
Xfrom  start  to  finish)  and  finally  held  constant  at  5  mL/min  until  0.4  mole  of  silver  nitrate  was  added.  The  NaCI 
solution  was  added  at  a  similar  rate  as  needed  to  maintain  a  constant  pAg  of  6.65.  When  the  pH  dropped  0.2 

9 



EP  0  551  866  B1 

units  below  the  starting  value  of  6.2,  the  pH  was  adjusted  back  to  the  starting  value. 

Example  1B 

5  This  emulsion  was  prepared  similar  to  that  of  Example  1  A,  except  that  the  precipitation  was  stopped  after 
0.27  mole  of  silver  nitrate  had  been  added.  The  results  are  given  in  Table  I. 

Example  1C 

10  This  emulsion  was  prepared  similar  to  that  of  Example  1  ,  except  that  the  precipitation  was  stopped  after 
0.13  mole  of  silver  nitrate  had  been  added.  The  results  are  given  in  Table  I. 

Example  2  AgCI  High  Aspect  Ratio  Tabular  Grain  Emulsions  Precipitated  at  pH  7.0 

15  A  reaction  vessel,  equipped  with  a  stirrer,  was  charged  with  5600  g  of  distilled  water  containing  50  g  of 
oxidized  gelatin  containing  <4  ^mole  methionine  per  gram  gelatin,  2  grams  of  xanthine,  2.5  g  of  NaCI  and  1 
mL  of  an  antifoamant.  The  pH  was  adjusted  to  7.0  at  80°C  and  maintained  at  that  value  throughout  the  pre- 
cipitation  by  additions  of  sodium  hydroxide  or  nitric  acid.  A4M  silver  nitrate  solution  was  added  over  a  period 
of  2.5  min  at  a  rate  consuming  1.0%  of  the  total  Ag  used.  The  flow  was  stopped  for  40  min  and  followed  by 

20  addition  of  120  g  of  4M  NaCI  solution.  Then  4M  silver  nitrate  and  4M  NaCI  solutions  were  added  simultaneously 
with  linearly  accelerated  addition  rates  over  a  period  of  40  minutes  (5Xfrom  start  to  finish)  during  which  time 
the  remaining  99%  of  silver  was  consumed.  The  pAg  of  the  emulsion  was  maintained  at  6.28  during  the  last 
40  minutes  of  the  precipitation.  The  total  silver  precipitated  was  3.88  moles.  The  results  are  presented  in  Table 
I. 

25 
Example  3  AgCI  High  Aspect  Ratio  Tabular  Grain  Emulsions  Precipitated  at  pH  5.3 

The  precipitation  conditions  of  this  example  were  the  same  as  those  of  Example  2,  except  that  5  g  of  xan- 
thine  was  used,  the  reaction  vessel  was  maintained  at  pH  5.3  and  at  75°C,  the  pAg  during  growth  was  main- 

30  tained  at  6.61,  and  the  total  silver  precipitated  was  4.11  moles.  The  results  are  summarized  in  Table  I. 

Example  4  AgCI  High  Aspect  Ratio  Tabular  Grain  Emulsions  Precipitated  at  pH  6.0  and  40°C 

The  precipitation  conditions  of  this  example  were  the  same  as  those  of  Example  2,  except  that  5  g  of  xan- 
35  thine  were  used,  the  reaction  vessel  was  maintained  at  pH  6.0  and  at  40°C,  and  the  pAg  during  growth  was 

maintained  at  7.74.  The  results  are  presented  in  Table  I. 

Example  5  AgBrCI  (»10  Mole%  Br)  High  Aspect  Ratio  Tabular  Grain  Emulsions 

40  Example  5A  (1  0.2  M%  Br) 

To  a  stirred  reaction  vessel  containing  300  mL  of  a  solution  at  75°C  that  was  2.7%  in  bone  gelatin,  0.040 
M  in  NaCI,  2.7  mM  in  NaBrand  2.7  M  in  sodium  acetate  were  added  100  mLof  a  12  mM  basic  xanthine  solution. 
The  pH  of  the  resulting  solution  was  adjusted  to  6.2.  A  solution  4  M  in  silver  nitrate,  a  salt  solution  3.6  M  in 

45  NaCI,  and  0.4  M  in  NaBr  were  added  to  the  reaction  vessel  at  75°C.  The  Silver  nitrate  solution  was  added  at 
0.25  mL/min  for  1  min  then  its  flow  rate  was  accelerated  at  0.158  mL/min/min  until  0.27  mole  of  silver  nitrate 
was  added,  requiring  a  total  of  29  min.  The  salt  solution  was  added  at  a  similar  rate,  but  as  needed  to  maintain 
a  constant  pAg  of  6.65.  When  the  pH  dropped  0.2  units  below  the  starting  value  of  6.2,  the  flow  of  solutions 
was  momentarily  stopped,  and  the  pH  was  adjusted  back  to  the  starting  value.  The  results  are  presented  in 

so  Table  I. 

Example  5B  (10.8  Mole%  Br) 

This  emulsion  was  prepared  similar  to  that  of  Example  5A,  except  that  the  precipitation  was  stopped  after 
55  0.13  mole  of  silver  nitrate  had  been  added.  The  results  are  summarized  in  Table  I. 

10 
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Control  6  Attempt  to  use  Uric  Acid  to  form  High  Aspect  Ratio  AgCI  Tabular  Grain  Emulsions 

10 

HN 

H  H 

Ur ic   A c i d  

15 
Control  6A  (pH  6.2) 

This  emulsion  was  prepared  similar  to  that  of  Example  1A,  except  that  100  mL  of  a  12  mM  basic  uric  acid 
solution  was  added  to  the  reaction  vessel  in  place  of  the  xanthine  solution.  A  nontabular  grain  emulsion  result- 
ed. 

20  Control  6B  (pH  4.5) 

This  emulsion  was  prepared  similar  to  that  of  Control  6A,  except  that  the  pH  was  maintained  at  4.5.  Anon- 
tabular  grain  emulsion  resulted. 

25  Control  7  Attempt  to  use  Guanine  to  form  a  High  Aspect  Ratio  AgCI  Tabular  Grain  Emulsion 

30 

H  N 

H  N 

35 
G u a n i n e  

This  emulsion  was  prepared  similar  to  that  of  Example  1A,  except  that  100  mL  of  a  12  mM  acidic  guanine 
40  solution  was  added  to  the  reaction  vessel  in  place  of  the  xanthine  solution.  A  nontabular  grain  emulsion  result- 

ed. 

Control  8  Attempt  to  use  Hypoxanthine  to  form  a  High  Aspect  Ratio  AgCI  Tabular  Grain  Emulsion 

45  n 

50 IT  N 
H 

55 

H y p o x a n t h i n e  

The  emulsion  was  prepared  similar  to  that  of  Example  1  A,  except  that  the  xanthine  solution  was  replaced 
with  100  mLof  a  12  mM  basic  hypoxhanthine  solution.  A  nontabular  grain  emulsion  resulted. 

11 
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Example  9  Replacement  of  the  Grain  Growth  Modifier  with  Divalent  Sulfur  Atom  Containing  Compounds 

The  emulsion  of  Example  1  was  remade.  The  tabular  grains  had  an  ECD  of  3.07  ^m,  a  mean  thickness  of 
0.2  urn  and  an  average  aspect  ratio  of  1  5.3.  The  tabular  grains  accounted  for  85  percent  of  total  grain  projected 
areas. 

To  0.025  mole  portions  of  the  above  AgCI  tabular  grain  emulsion  was  added  distilled  water  to  50  g.  A  sta- 
bilizer  solution  was  added  as  indicated  in  Table  II,  the  mixture  was  stirred  for  30  min  at  40°C,  and  the  pH  was 
then  lowered  to  2.0  with  nitric  acid.  After  stirring  for  1  5  min  at  low  pH,  a  small  portion  of  each  was  examined 
to  determine  if  the  treated  emulsions  were  still  high  aspect  ratio  tabular  grain  emulsions.  They  were  then  heated 
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for  15  min  at  60°C  and  again  examined  for  tabularity.  The  results  are  summarized  in  Table  II. 

T a b l e   I I  
E x a m p l e   S t a b i l i z e r   Low  pH  T r e a t m e n t  

Amount  Calc.  % 
^   (mmole/  Monolayer  

mole  Aq)  Coveraqe  ou  *~ 

C o n t r o l   none   0  0  non-   n o n -  
QA t a b u l a r   t a b u l a r  

E x a m p l e   Compound  0 .65   32%  t a b u l a r   t a b u l a r  
9B  a  

E x a m p l e   Compound  0.2  0  31%  t a b u l a r   t a b u l a r  
9C  B 

E x a m p l e   Compound  0 .40   62%  t a b u l a r   t a b u l a r *  
9D  b 

A  c o a t i n g   of  t h i s   e m u l s i o n   gave   an  a b s o r p t a n c e   m a x i m u m  
at  479  nm  i n d i c a t i n g   t h a t   t h e   dye  a d s o r b e d   as  a  
J - a g g r e g a t e   . 

Compound  A.  1-(3-acetamindophenyl)-5-mercaptotetrazole,  sodium  salt 
Compound  B.  anhydro-5-chloro-3,3'-di(3-sulfopropyl)-naphtho[1,2-d]thiazolothiacyanine  hydroxide,  trie- 

30  thylammonium  salt 

Claims 

35  1.  A  process  of  preparing  an  emulsion  for  photographic  use  comprising 
(1)  forming  an  emulsion  comprised  of  silver  halide  grains  and  a  gelatino-peptizer  dispersing  medium 
in  which  morphologically  unstable  tabular  grains  having  {111}  major  faces  account  for  greater  than  50 
percent  of  total  grain  projected  area  and  contain  at  least  50  mole  percent  chloride,  based  on  silver,  the 
emulsion  additionally  containing  at  least  one  grain  growth  modifier  adsorbed  to  and  morphologically 

40  stabilizing  the  tabular  grains,  and 
(2)  adsorbing  to  surfaces  of  the  tabular  grains  a  photographically  useful  compound, 

CHARACTERIZED  IN  THAT 
(a)  the  grain  growth  modifier  is  a  xanthinoid  which  satisfies  the  formula: 

where 
>5  Z8  is  -C(R8)=  or  -N=; 

R8  is  H,  NH2  or  CH3;  and 
R1  is  hydrogen  or  a  hydrocarbon  containing  from  1  to  7  carbon  atoms; 

(b)  the  pH  of  the  dispersing  medium  is  reduced  below  3.0  to  inactivate  xanthinoid  as  a  morphological 

13 
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stabilizer,  and 
(c)  the  inactivated  xanthinoid  is  replaced  on  the  tabular  grain  surfaces  by  adsorption  of  the  photo- 
graphically  useful  compound,  the  photographically  useful  compound  being  selected  from  among 
those  containing  at  least  one  divalent  sulfur  atom,  thereby  concurrently  morphologically  stabilizing 

5  the  tabular  grains  and  enhancing  their  photographic  utility. 

2.  A  process  according  to  claim  1  further  characterized  in  that  the  tabular  grains  are  chemically  sensitized 
prior  to  inactivating  the  xanthinoid  compound. 

10  3.  A  process  according  to  claim  1  or  2  further  characterized  in  that  the  photographically  useful  compound 
is  present  in  the  emulsion  prior  to  inactivating  the  xanthinoid  compound. 

4.  A  process  according  to  claim  3  further  characterized  in  that  the  emulsion  is  chemically  sensitized  after 
the  xanthionid  compound  is  inactivated. 

15  5.  A  process  according  to  any  one  of  claims  1  to  4  inclusive  further  characterized  in  that  the  photographically 
useful  compound  is  a  spectral  sensitizing  dye. 

6.  A  process  according  to  claim  5  further  characterized  in  that  the  spectral  sensitizing  dye  contains  a  thia- 
zoline,  thiazole,  thiophene,  rhodanine  or  isorhodanine  ring. 

20 
7.  A  process  according  to  claim  6  further  characterized  in  that  the  spectral  sensitizing  dye  includes  a  ben- 

zothiazole,  napthothiazole,  phenanthrothiazole  or  acenapthothiazole  nucleus. 

8.  A  process  according  to  any  one  of  claims  1  to  4  inclusive  further  characterized  in  that  the  photographically 
25  useful  compound  is  an  antifoggant  or  stabilizer. 

9.  A  process  according  to  any  one  of  claims  1  to  8  inclusive  further  characterized  in  that  the  photographically 
useful  compound  includes  a  mercapto,  alkylthia  or  arylthia  moiety. 

10.  A  process  according  to  any  one  of  claims  1  to  9  inclusive  further  characterized  in  that  the  xanthinoid  com- 
pound  satisfies  the  formula: 

0 

35 

H  H 

R8  is  H,  NH2  orCH3;  and 
R1  is  hydrogen  or  a  hydrocarbon  containing  from  1  to  7  carbon  atoms. 

11.  A  process  according  to  any  one  of  claims  1  to  8  inclusive  further  characterized  in  that  the  xanthinoid  com- 
pound  satisfies  the  formula: 

0 

50 

H  H 

R1  is  hydrogen  or  a  hydrocarbon  containing  from  1  to  7  carbon  atoms. 

14 
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Patentanspriiche 

1.  Verfahren  zur  Herstellung  einer  Emulsion  fur  den  photographischen  Gebrauch,  bei  dem  man 
(1)  eine  Emulsion  mit  Silberhalogenidkornern  und  einem  Gelatinepeptisationsmittel-Dispergiermedi- 
um  herstellt,  in  der  morphologisch  instabile  tafelformige  Korner  mit  {111}-Hauptebenen  mehr  als  50  % 
dergesamten  projezierten  Kornflache  ausmachen  und  mindestens  50  Mol-%  Chlorid,  bezogen  auf  Sil- 
ber,  enthalten,  wobei  die  Emulsion  zusatzlich  mindestens  ein  Kornwachstums-Modifizierungsmittel 
adsorbiert  enthalt,  unter  morphologischer  Stabilisierung  der  tafelformigen  Korner,  und  bei  dem  man 
(2)  an  die  Oberflachen  der  tafelformigen  Korner  eine  photographisch  verwendbare  Verbindung  adsor- 
biert,  dadurch  gekennzeichnet,  dali 

(a)  das  Kornwachstums-Modifizierungsmittel  ein  Xanthinoid  ist,  das  derfolgenden  Formel  genugt: 

0 

worin  bedeuten: 
Z8  gleich  -C(R8)=  oder  -N=; 
R8  gleich  -H,  -NH2  oder  CH3;  und 
R1  ein  Wasserstoffatom  oder  einen  Kohlenwasserstoff  rest  mit  1  bis  7  Kohlenstoffatomen;  dali  fer- 
ner 
(b)  der  pH-Wert  des  Dispergiermediums  auf  unter  3,0  vermindert  wird,  urn  das  Xanthinoid  als  mor- 
phologisches  Stabilisierungsmittel  zu  inaktivieren,  und  dali 
(c)  das  inaktivierte  Xanthinoid  auf  den  Oberflachen  der  tafelformigen  Korner  ersetzt  wird  durch  Ad- 
sorption  der  photographisch  geeigneten  Verbindung,  wobei  die  photographisch  geeignete  Verbin- 
dung  ausgewahlt  ist  aus  solchen  Verbindungen,  die  mindestens  ein  divalentes  Schwefelatom  ent- 
halten,  unter  gleichzeitiger  morphologischer  Stabilisierung  der  tafelformigen  Kornerund  Steigerung 
ihrer  photographischen  Verwendbarkeit. 

2.  Verfahren  nach  Anspruch  1  ,  weiter  dadurch  gekennzeichnet,  dali  die  tafelformigen  Korner  chemisch  vor 
Inaktivierung  derXanthinoid-Verbindung  sensibilisiert  worden  sind. 

3.  Verfahren  nach  Anspruch  1  oder  2,  weiter  dadurch  gekennzeichnet,  dali  die  photographisch  geeignete 
Verbindung  in  der  Emulsion  vor  Inaktivierung  derXanthinoid-Verbindung  vorliegt. 

4.  Verfahren  nach  Anspruch  3,  weiter  dadurch  gekennzeichnet,  dali  die  Emulsion  chemisch  sensibilisiert 
wird,  nachdem  die  Xanthinoid-Verbindung  inaktiviert  wird. 

5.  Verfahren  nach  einem  der  Anspruche  1  bis  4  einschlielilich,  weiter  dadurch  gekennzeichnet,  dali  die  pho- 
tographisch  geeignete  Verbindung  ein  spektral  sensibilisierender  Farbstoff  ist. 

6.  Verfahren  nach  Anspruch  5,  weiter  dadurch  gekennzeichnet,  dali  der  spektral  sensibilisierende  Farbstoff 
einen  Thiazolin-,  Thiazol-,  Thiophen-,  Rhodanin-  oder  Isorhodaninring  enthalt. 

7.  Verfahren  nach  Anspruch  6,  weiter  dadurch  gekennzeichnet,  dali  der  spektral  sensibilisierende  Farbstoff 
einen  Benzothiazol-,  Naphthothiazol-,  Phenanthrothiazol-  oder  Acenaphthothiazolkern  enthalt. 

8.  Verfahren  nach  einem  der  Anspruche  1  bis  4  einschlielilich,  weiter  dadurch  gekennzeichnet,  dali  die  pho- 
tographisch  geeignete  Verbindung  ein  Antischleiermittel  oder  ein  Stabilisator  ist. 

9.  Verfahren  nach  einem  der  Anspruche  1  bis  8  einschlielilich,  weiter  dadurch  gekennzeichnet,  dali  die  pho- 
tographisch  geeignete  Verbindung  einen  Mercapto-,  Alkylthia-  oder  Arylthiarest  enthalt. 

10.  Verfahren  nach  einem  der  Anspruche  1  bis  9  einschlielilich,  weiter  dadurch  gekennzeichnet,  dali  die  Xan- 
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thinoid-Verbindung  der  folgenden  Formel  entspricht: 

0 

worin  R8  gleich  -H,  NH2  oder  -CH3  ist;  und 
R1  fur  Wasserstoff  oder  einen  Kohlenwasserstoffrest  mit  1  bis  7  Kohlenstoffatomen  steht. 

11.  Verfahren  nach  einem  der  Anspruche  1  bis  8  einschlielilich,  weiter  dadurch  gekennzeichnet,  dali  die  Xan- 
thinoid-Verbindung  der  folgenden  Formel  genugt: 

0  

worin  R1  fur  Wasserstoff  oder  einen  Kohlenwasserstoffrest  mit  1  bis  7  Kohlenstoffatomen  steht. 

Revendications 

1.  Precede  de  preparation  d'une  emulsion  photographique  consistant  : 
(1)  a  former  une  emulsion  constitute  de  grains  d'halogenures  d'argent  et  d'un  milieu  de  dispersion 
comprenant  un  peptisant  gelatineux  dans  laquelle  les  grains  tabulaires  morphologiquement  instables 
ayant  des  phases  principales  (111)  represented  plus  de  50  %  de  la  surface  totale  projetee  des  grains 
et  contiennent  au  moins  50  %  en  mole  de  chlorure  par  rapport  a  I'argent,  ladite  emulsion  contenant  en 
outre  au  moins  un  agent  modif  icateur  de  croissance  de  grain  absorbe  sur  les  grains  tabulaires  et  sta- 
bilisant  morphologiquement  les  grains  tabulaires,  et 
(2)  a  adsorber  sur  les  surfaces  des  grains  tabulaires  un  compose  photographiquement  utile, 
CARACTERISE  EN  CE  QUE 

(a)  le  modif  icateur  de  croissance  de  grain  est  un  compose  xanthinoTde  repondant  a  la  formule  : 

oil 
Z8  est  -C(R8)=  ou  -N=  ; 
R8  est  H,  NH2  ou  CH3  ;  et 
R1  est  I'hydrogene  ou  un  radical  hydrocarbone  de  1  a  7  atomes  de  carbone  ; 

(b)  le  pH  du  milieu  de  dispersion  est  reduit  a  une  valeur  inferieure  a  3,0,  af  in  d'inactiver  le  compose 
xanthinoTde  comme  agent  stabilisant  morphologique,  et 
(c)  le  compose  xanthinoTde  inactive  est  remplace  sur  les  surfaces  des  grains  tabulaires  par  adsor- 
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ption  d'un  compose  photographiquement  utile,  led  it  compose  photographiquement  utile  etant  choisi 
parmi  les  composes  contenant  au  moins  un  atome  de  soufre  divalent,  ce  qui  permet  a  la  fois  de 
stabiliser  morphologiquement  les  grains  tabulaires  et  de  renforcer  leur  utilite  photographique. 

Precede  selon  la  revendication  1,  caracterise  en  ce  que  les  grains  tabulaires  sontsensibilises  chimique- 
ment  avant  I'inactivation  du  compose  xanthinoTde. 

Precede  selon  les  revendications  1  ou  2,  caracterise  en  ce  que  le  compose  photographiquement  utile  est 
present  dans  I'emulsion  avant  I'inactivation  du  compose  xanthinoTde. 

Precede  selon  la  revendication  3,  caracterise  en  ce  que  I'emulsion  est  sensibilisee  chimiquement  apres 
que  le  compose  xanthinoTde  a  ete  inactive. 

Precede  selon  I'une  quelconque  des  revendications  1  a  4,  caracterise  en  ce  que  le  compose  photogra- 
phiquement  utile  est  un  colorant  sensibilisateur  spectral. 

Precede  selon  la  revendication  5,  caracterise  en  ce  que  le  colorant  sensibilisateur  spectral  contient  un 
cycle  thiazoline,  thiazole,  thiophene,  rhodanine  ou  isorhodanine. 

Precede  selon  la  revendication  6,  caracterise  en  ce  que  le  colorant  sensibilisateur  spectral  comprend  un 
noyau  benzothiazole,  naphtothiazole,  phenanthrothiazole  ou  acenaphtothiazole. 

Precede  selon  I'une  quelconque  des  revendications  1  a  4,  caracterise  en  ce  que  le  compose  photogra- 
phiquement  utile  est  un  agent  antivoile  ou  un  agent  stabilisant. 

Precede  selon  I'une  quelconque  des  revendications  1  a  8,  caracterise  en  ce  que  le  compose  photogra- 
phiquement  utile  comprend  un  groupe  mercapto,  alkylthia  ou  arylthia. 

Precede  selon  I'une  quelconque  des  revendications  1  a  9,  caracterise  en  ce  que  le  compose  xanthinoTde 
repond  a  la  formule  : 

0 

H  H 

ou 
R8  est  H,  NH2  ou  CH3  ;  et 
R1  est  I'hydrogene  ou  un  radical  hydrocarbone  de  1  a  7  atomes  de  carbone. 

Precede  selon  I'une  quelconque  des  revendications  1  a  8,  caracterise  en  ce  que  le  compose  xanthinoTde 
repond  a  la  formule  : 

0 

H  H 

ou 
R1  est  I'hydrogene  ou  un  radical  hydrocarbone  de  1  a  7  atomes  de  carbone. 
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