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A difference has  been found b y  Ha rke r  (private com- 
municat ion)  be tween the  la t t ice  pa ramete r  of silver 
bromide measured here (Berry, 1951) and  the lat t ice 
pa ramete r  of crystals  dispersed in gelat in and  coated on 
glass. Ha rke r  suggested t h a t  this  difference migh t  be 
a t t r i bu t ed  to pressure exer ted on the grains b y  the  
gelat in  as i t  dried. A detai led invest igat ion has  proved 
this  explana t ion  to be qui te  correct. 

W h e n  silver bromide in gelat in  is coated and  dried on 
glass or film base, i ts  diffract ion pa t t e rn  has broader  lines 
a n d  gives a smaller la t t ice  pa ramete r  t han  t h a t  of the pure 
powdered mater ia l .  I f  the  gela t in  is swollen wi th  water ,  
the  silver bromide recovers i ts  normal  parameter  and  the 
b read th  of the diffract ion lines is reduced. Many  coatings 
conta ining a va r i e ty  of gra in  sizes and  shapes, differing 
concentra t ions  of gelat in,  and  various amounts  of chloride 
or iodide in solid solut ion have  been invest igated.  I t  has  
been found t h a t  contrac t ions  of the lat t ice pa ramete r  
on changing the  re la t ive  h u m i d i t y  from 100 % to 40 % 
are in the  range 0-1-0.3 %, wi th  a reproducibi l i ty  of about  

0.02 % for a n y  one photographic  emulsion. 
Since the gelat in shr inkage is a lmost  ent i re ly  in the 

direction perpendicular  to the  plane of the emulsion, the  
stress which i t  exerts  is also in this  direction. The experi- 
menta l  a r rangement  was such t h a t  the  Bragg spacings 
of the  crys ta l  planes paral lel  to the  plane of the emulsion 
were measured.  

I t  is in teres t ing to compute  the  stresses involved. 
Young 's  modulus  for silver bromide, obta ined from the  
compressibi l i ty  (Bridgman,  1940), 2.30 x 10 -12 dyne  era. -9, 
wi th  the assumpt ion  of a Poisson rat io of ~, is E ----- 4.4 x I 0 n 
dyne  cm. -2. For  a change in la t t ice constant ,  Aa/a -~ 0.2%, 
the  stress is EAa/a ~ 8.8×108 dyne  cm. -~, or 880 
atmospheres.  Al though  Young ' s  modulus  for a t y p i e a l  
gelat in  a t  50 % relat ive h u m i d i t y  is about  20 t imes smaller 
t h a n  t h a t  of silver bromide,~ the  change in i ts  thiekness,$ 
,dl/l, on changing the  re la t ive  h u m i d i t y  from 75 % to 
25 %, m a y  be about  200 t imes larger t h a n  the  change in 

* Communication No. 1601 from the Kodak Research 
Laboratories. 

Measurements obtained by James Olson, of these Labora- 
tories. 

++ Measurements obtained by R. C. Houck, of these Labora- 
tories. 

silver bromide lat t ice parameter .  Thus,  i t  is reasonable to 
expect  the  observed change in silver bromide lat t ice 
parameter  to be produced b y  the  cont rac t ing  gelatin,  
provided t h a t  there  is not  too much  plast ic  flow in the  
gelat in surrounding the  grains. 

The lat t ice pa ramete rs  of silver halide grains in photo-  
graphic films were observed to be changed b y  mechanic-  
al ly  dis tor t ing the  film. Measurements  were made  Of films 
held f lat  in the  diffract ion appara tus  af ter  bending a t  40 % 
relat ive h u m i d i t y  on rods of various curvatures .  Emul-  
sions coated on bo th  sides of the  suppor t  were examined.  
The bending process caused the  emulsions to re ta in  a 
residual  curvature ,  owing to plast ic  flow of the  gelatin,  
so t h a t  by  mak ing  the  film f lat  for measurement ,  the  
emulsion which was s t re tched dur ing the  bending process 
was ac tua l ly  in a s ta te  of compression dur ing measure- 
ment .  I t  was found t h a t  increases of la t t ice pa ramete r  
occurred in the  emulsion which was s t re tched dur ing 
bending and  decreases in la t t ice pa ramete r  occurred in 
the  emulsion which was compressed dur ing  bending.  
Limi t ing  values of s train,  Aa/a, of about  0.2 % were 
found, using rods of abou t  ¼ in. in d iameter  or less. This  
l imit ing s t ra in  is in reasonable agreement  w i th  the  
expected value for the  yield point  of silver bromide.  
Bending a film a t  100 % relat ive h u m i d i t y  causes no 
residual s t ra ins  in the  grains and  condit ioning a s t ra ined 
fi lm a t  100 % relat ive h u m i d i t y  releases the strains.  

These results  are t h o u g h t  to be of in teres t  to crystallo- 
graphers,  par t icu lar ly  because of the  demons t ra t ion  t h a t  
b inding mater ia ls  in sample prepara t ion  m a y  in some 
cases al ter  the  la t t ice parameters  of specimens. 

In  precision measurements  made  here wi th  silver hal ide 
specimens not  conta ining b inding mater ials ,  i t  has  been 
found t h a t  compact ing the  powder  in a specimen holder 
m a y  al ter  the  la t t ice cons tan t  and  line breadth .  

The authors  wish to t h a n k  Messrs C. M. Bern t son  and  
S. J .  Marine for thei r  assistance in making  these measure- 
ments .  
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Crystals  of 2,4,6-tr ini trotoluene have  been reported b y  two monoelinic forms. In  the  course of these studies,  
some invest igators  (Artini, 1915; Her te l  & R6mer,  1930) bo th  monoclinic and  or thorhombic  forms of TI~T, to- 
to be monoclinic and  b y  others (Friedlander,  1879; gether  wi th  va r ian t s  of these forms, have  been found. 
Hul tgren ,  1936; McCrone, 1949) to be orthorhombic.  The monoclinic form (m.p. 80.9 ° C.) was prepared by  
I re  (1950) s ta tes  t h a t  T N T  exists  in an  or thorhombic a n a  vacuum subl imat ion on a surface ma in ta ined  a t  78 ° C. 
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Rota t ion ,  zero-level Weissenberg photographs  about  the  
needle (b) axis, and  precession photographs  indicate the  
space group G~h-P21/c with  un i t  cell dimensions* 

a ---- 21-354-0.05, b ---- 6.054-0.03, c = 14.964-0.05/~; 
= 111 ° 15'+15'.  

Assumpt ion of eight  molecules in this  un i t  cell gives a 
calculated dens i ty  of 1.673 g.cm. -3 in agreement  wi th  
the observed value of 1.654 g.cm. -3. 

The Pa t t e r son  project ion on (010) shows a large peak  
a t  u = 0-223 and  w = 0.362 in the  quarter-cell  0 ~ u ~ ½ 
and  0 ~ w _< ~. I t  is possible t h a t  the  project ion of the  
two molecules in the asymmetr ic  un i t  on (010) are mu- 
tua l ly  parallel,  so t h a t  th is  large peak  is the  sum of 
in tera tomic  vectors between corresponding atoms.  This 
peak  lies on the  line from (0, ¼) to (½, ½), which together  
wi th  the  line from (0, 0) to (½, ¼) determine the  pseudo- 
or thorhombic cell in th is  projection.  Fu r the r  analysis  of 
this structure is being undertaken. 

The orthorhombic form, with some orthorhombic 
variants, was obtained by dropping an acetone solution 
of TNT into ether or alcohol held in a dry-ice-acetone 
bath. From rotation and zero-level Weissenberg photo- 
graphs about the needle axis of a needle-like lath the 
unit-cell  dimensions 

a -- 20.074-0.08, b ---- 6.094-0-04 and  c = 15.034-0.07 A 

were obtained. Ex t inc t ion  of {h0/} wi th  l odd and  {hk0) 
wi th  h odd indicate  t h a t  C~SrP21ca or D ~ - P m c a  are 
probable space groups. Assumpt ion  of eight  molecules 
in this  un i t  gives a calculated dens i ty  of 1.642 g.cm. -3. 

W h e n  T N T  crystals  are grown, ei ther  from solution in 
-,.~,'ious solvents or b y  sublimation,  a t  t empera tures  
l .~tween 0 ° C. and  70 ° C., the  simple monoclinic form is 
ve ry  rare ly  found and  the simple or thorhombic form never  
has been found in the course of this  s tudy.  Ins tead  of the 
simple monoclinic form, several var ian ts  of th is  form 
appear.  These va r i an t  forms appear  s imul taneously  and  
are recognized b y  the appearance of addi t ional  reflections 
in the pseudo-orthorhombic reciprocal lat t ice rows for 
which l is odd of the  first- and  higher-layer-l ine Weissen- 

* A pseudo-orthorhombic cell with these same b and c 
values and with a = 39.814-0.05 A and ~ ---- 90 ° 30'4-5' can 
be chosen. Ito (1950) chose this cell, but concluded that  the 
space group is C~h-B2/c. However, his crystals did not consist 
solely of the monoclinic form. 

berg photographs.  The appearance of these added re- 
flections doubles (42.70 A) or quadruples (85.40 ~)  the  
length  along the a axis wi thou t  changing the  lengths  along 
the  other  two axes. I n  m a n y  cases, a s t reak appears  along 
the  pseudo-orthorhombic reciprocal-latt ice rows for which 
1 is odd, in the first- or higher-layer-l ine photographs ,  
wi th  or wi thou t  addi t ional  spots, indicat ing some form 
of disorder along the a axis. A similar s i tuat ion occurs 
in the case of or thorhombic crystals  grown a t  low tem- 
pera ture  (--70 ° C.). Here,  along wi th  the simple ortho- 
rhombic form, crystals  have  been obta ined which show 
addi t ional  reflections on the  first- and  higher-layer-l ine 
photographs  which indicate a doubling of the  a-axis 
length  (40.14 A). Other  crystals  show a s t reak  along the  
reciprocal lat t ice rows for which 1 is odd, w i th  or wi thou t  
addi t ional  reflections, on the  first- and  higher-layer-l ine 
photographs.  Some crystals  obta ined from acetone solu- 
t ion at  0 ° C. have  given photographs  which appear  to be 
identical  to those obtained from low-temperature  ortho- 
rhombic crystals  wi th  the doubled a axis. I to  (1950), 
whose studies were based solely on photographs  contain- 
ing the addi t ional  reflections, reports  a monoelinic va r i an t  
wi th  a t r ip l ing of the a axial  length.  This has  not  been 
observed in these studies. 

In  examining photographs  of the  va r i an t  forms, con- 
siderable var ia t ion  is noted in the  shape and  in tens i ty  of 
equivalent  reflections from crys ta l  to crystal .  These 
var ia t ions  appear  best  explained b y  considering the  
crystals  to be composed of twinned  f ragments  of the  
simple or va r i an t  forms which are near ly  al igned wi th  
respect  to thei r  pseudo-orthorhombic axes. 

The authors  would like to acknowledge the  assistance 
of Drs E. W. Hughes  and  J .  Donohue of the California 
Ins t i t u t e  of Technology during the  course of this  in- 
vest igat ion.  This report  is publ ished with  the  approval  
of the Technical  Director,  U.S. Nava l  Ordnance Test  
Stat ion.  
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The uni t  cell da t a  presented in Table 1 were obta ined  b y  
the  au thor  and  b y  previous invest igators  from oscillation 
and  goniometer  pa t te rns  of single crystals  using Cu Kc~ 
radiat ion.  The compounds were selected in hopes of 
obtaining packing  information which could be applied to 
the  problem of the s tarch crys ta l  s tructure.  

* Journal Paper No. J-1398 of the Iowa Agricultural Ex- 
periment Station, Ames, Iowa, U.S.A. Project 639. 

As tbury  & Marwiek (1931) have  poin ted  out  t h a t  the  
spat ia l  requirements  of a glucopyranose un i t  are c. 4 .5 /~  
(thickness), 5-5/~ (length along a line joining C 1 and  C4) 
and  7.5/~ (breadth).  F rom space-filling models i t  appears  
t h a t  4.5 A is pract ical ly  an  irreducible packing thickness  
and  t h a t  a n y  other  overall packing dimension is consider- 
ab ly  larger t h a n  this.  I t  is l ikely then  t h a t  the  5 / ~  
dimensions of glucose, cellobiose and  maltose are closely 
re la ted to the  thickness  of the  glucopyrzmose uni t .  


