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When  Lipson (1935a) concluded tha t  the room-tempera-  
ture s t ructure of me thy l  a m m o n i u m  alum was cubic 
with space group Pa3 and  unit-cell  edge 12.479 kX. units 
( ---- 12-504 A), one of his suggestions for the  existence of " * 
the glide planes was t ha t  the  me thy l  a m m o n i u m  group 
migh t  have  spherical symmet ry .  Later,  in the  course of 
an invest igat ion a t  microwave frequencies of the  varia- 
t ion in dielectric loss with tempera ture ,  Griffiths & Powell 
(1952) observed tha t  a n u m b e r  of compounds,  one of 
which was me thy l  a m m o n i u m  alum, exhibi ted  marked  
anomalous effects and tha t  wi th  me thy l  a m m o n i u m  alum 
the anomaly  was of two kinds. Of these, one consisted 
of a peak in the  dielectric loss a t  a t empera ture  which 
was f requency-dependent ,  the  peak  occurring at  tem- 
peratures higher  than  300 °K. for wave lengths of 1.85 
and 0-85 cm. respect ively;  the  o ther  was an abrupt  
t ransi t ion in both  the  real and  the imaginary parts  of the 
dielectric constant  at  170 °K., the  t ransi t ion tempera ture  
being independent  of frequency.  The present  X-ray  
invest igation was under t aken  in an a t t e m p t  to establish 
whether ,  on cooling, the  abrupt  t ransi t ion a t  170 °K. 
was associated wi th  a cessation of ro ta t ion of the  m e t h y l  
a m m o n i u m  group (as would be shown by disappearance 
of the  glide planes) and, if so, to de te rmine  the  crystal 
s t ructure of the  new phase. 

Weissenberg photographs (Fig. 1) were first obta ined 
at  room tempera ture  wi th  the  crystal  of me thy l  am- 
mon ium alum oscillating about  the  [100] direction, and 
after the  application of the s tandard  corrections and  the  
insertion of the  appropriate  scaling and  t empera tu re  
factors the  agreement  residual was 0" 18 for the  s t ructural  
da ta  published by Lipson (1935a). The crystal  was then  
cooled progressively from room tempera ture  to 100 °K. 
by subject ing it to a s t ream of cold ni t rogen gas obta ined 
by controlled boiling of l iquid ni t rogen in a Dewar  vessel. 
Wi th in  this t empera ture  range an abrupt  t ransi t ion to 
a s tructure of symmet ry  lower than  cubic was observed 
optically to occur at  170 °K., and with fur ther  cooling 
the  colours of the  interference pa t te rns  changed gradual ly 
unti l  a t empera ture  of 150 °K. was reached after which 
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Fig. 1. Weissenberg photograph of methyl ammonium alum. 

the  pa t te rn  remained constant .  These observations were 
repeated wi th  the  tempera ture  both  increasing and de- 
creasing dur ing several successive tempera ture  cycles 
unti l  u l t imate ly  the  170 °K. t ransi t ion disappeared and 
thereaf ter  the sole t ransi t ion observed was t ha t  at  150 °K. 
between a cubic and  a non-cubic phase. The exper iment  
was repeated and  the  same sequence was again observed. 

The existence of the  non-cubic structures was confirmed 
by the  use of X-ray  diffraction techniques whereby 
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Weissenberg intensi ty da ta  were obta ined with a crystal 
of methy l  a m m o n i u m  alum main ta ined  respectively at  
113 °K. and 162 °K. and  oscillating about  the  [100] 
direction of the room-tempera ture  cubic structure.  Details 
so far obtained of these and  other  s tructural  changes 
are as follows: 

1. At  113 °K. the part icular  or ientat ion of the non-cubic 
s t ructure  about  the  axis of oscillation appears to be a 
ma t t e r  of chance. In  one project ion there are two two-fold 
screw axes at r ight angles to each other, the lengths of 
the unit-cell edges along these directions being 12.33 and 
12.57 /~ respectively, and in another  project ion there 
are two mutual ly  perpendicular  two-fold axes (one of 
which is a screw) with axial lengths of 12.57 and 12.38 .~; 
the la t ter  photograph suggests the existence of a set of 
glide planes perpendicular  to the  axis of ro ta t ion of the  
crystal. The s tructure is probably  non-cent rosymmetr ic ,  
as the outcome of a pyroelectric test  at  the tempera ture  
of liquid ni t rogen was positive, and a feature of this 

Fig. 2. Weissenberg photograph of methyl ammonium alum 
obtained in two separate stages at low temperature. 

t ransi t ion is that ,  in spite of the change in crystal sys tem 
from cubic to one of lower symmetry ,  the crystal itself 
remained single. 

Fig. 2 shows both  of the  above projections on the  same 
film, the composite photograph  having  been obta ined 
in two stages in the  interval  be tween which the crystal 
was at  room tempera ture  for two days. 

2. At  162 °K. there exist s imultaneously two non-cubic 
structures, but  in view of the  optical evidence it is likely 
tha t  the  na ture  of these s tructures will depend  upon 
the previous his tory of the  crystal and  upon the  tem- 
perature  be tween 170 and 150 °K. a t  which the  crystal  
is mainta ined.  In  the  actual  project ion pho tographed  it  
would appear  tha t  the structures have  two common  axes 
at  90 ° to each other, the  unit-cell edges in these directions 

of one s tructure being 12.46 and 12-44 A and those of 
the other  being 12.57 and 12.44 /~ respectively. 

3. After  the exposure at  162 °K. the  crystal returned,  
not  to its normal  room-tempera ture  state, but  to one in 
which there were present  two cubic structures both  with 
space group P a 3 .  One of these is tha t  occurring normal ly  
at  room tempera ture  having a = 12.50 /~ and the  other, 
addit ional,  s t ructure  has a =  12-17 /~ (Fig. 3). The frac- 
t ional coordinates of the  sulphur a tom in the extra 
s t ructure  (determined from a Pat terson synthesis) are 
(0.31, 0.31, 0.31) and  agree with those of the  sulphur in 
the  ~ alums (Lipson, 1935b); the sulphur coordinates of 
the  normal  me thy l  ammonium alum are (0.33, 0.33, 0.33). 

• ~ - .  

~ : 

, F  , v 

. .  o - 

F 

N ~  

Fig. 3. Weissenberg photograph of methyl ammonium alum 
obtained at room temperature after the crystal had been 
maintained at low temperature. 

4. To obtain fur ther  da ta  the same crystal was oscil- 
lated at  room tempera ture  about  the  [010] direction and 
from the result ing Weissenberg photograph it was evident  
that ,  in the  meant ime,  the  addi t ional  s tructure had  be- 
come most  obviously twinned  but  tha t  the  normal  room- 
tempera ture  s t ructure had  been unaffected.  The twinning 
may  have  been caused by vibrat ion to which the crystal 
had  been subjected dur ing the  re-orientat ion about  the  
second axis and was apparent ly  no t  a t ime effect as no 
fur ther  changes occurred during a wait ing period of two 
weeks. In  an a t t e m p t  to relieve any  strains tha t  may  have 
been present  the  crystal was annealed for two hours at  
320 °K. (30.5 °K. below the  mel t ing  point) after which 
it was found tha t  the addi t ional  s t ructure had  persisted 
but  tha t  the  normal  s t ructure had  disappeared. The 
crystal had  now broken into a number  of single-crystal 
f ragments  and  on the single-crystal pa t terns  were super- 
imposed weak powder  rings. 

Detai led examinat ions  of the structural  changes re- 
por ted here are in progress. 
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During the  course of the prel iminary investigation it 
was noted  in a periodical review of the  l i terature t ha t  
Pepinsky,  Jona  & Shirane (1956) had  observed the  
appearance at  176 °K. of a peak in the  dielectric constant  
of me thy l  ammonium alura, the  occurrence of the  peak 
being accompanied by a sharp max imum in the loss 
factor;  this effect is presumably similar to tha t  reported 
by Griffiths & Powell (1952). 
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Lamchen  (in preparation) has described the  synthesis 
of a red crystalline compound which he has formulated 
as 1- (2 '-hydroxy-4'-methoxyphenyl)-3-oxo-isoindolo- 1-en 
(Ia). An al ternat ive structure (II), wi th  the same em- 
pirical formula (C15HllNO3), could be suggested for this 
compound and the  present  s tudy was under taken  to 
decide be tween these alternatives.  To enable a direct  
structure de terminat ion  by the  'heavy-a tom method ' ,  
a bromo-der ivat ive  was prepared in which the  bromine 
a tom was subst i tu ted on to the phenyl  group at one of 
the  positions 3'-, 5'- or 6'-; on chemical grmmds,  the  
5"-position (structure Ib) seemed most  probable and has 
been verified by the X-ray  analysis. 

C H 3 0  ~ O H  

N 0 ~ 
R 

(Ia): R = H  (II) 
(Ib) • R = Br 

The crystals grow from a ch loroform-pet ro leum-ether  
solution in the form of very fine, deep-red needles which 
are frequent ly twinned.  X-ray oscillation and Weissen- 
berg photographs showed them to be triclinic, with one 
very short unit-cell  dimension parallel to the needle axis. 

Crystal data 
C15H10NO3Br, M = 332.2, 

a = 3 . 9 6 ± 0 . 0 1 ,  b=11 .91+0 .03 ,  c = 1 3 . 5 3 + 0 . 0 4 / ~ ,  

(~(Cu Ks) = 1-541S A) 
a =  100 ° 46'_+20', f l=91 ° 40' +20' ,  7 = 9 1  ° 20' +_20', 

U = 625.6 A a, Dm= 1"76 g.cm. -a, Z = 2, De = 1.763 g.cm. -a, 
F(000) = 3 3 2 .  

The Okl intensi ty data  were measured by visual estima- 
tion, from a series of multiple-fi lm Weissenberg photo- 
graphs. Of the 417 non-equivalent  reflections within the  
Cu Ka limit, 339 were recorded. A statistical survey of 
the in tensi ty  data  gave an N(z) distr ibution approximat-  
ing more closely to the  theoretical  curve for a non-centro- 
symmetr ic  projection (I-Iowells, Phillips & Rogers, 1950), 
suggesting the  space group P 1. However,  when allowance 
is made  for the p redominan t  heavy bromine atoms, as 
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Fig. 1. The electron-density projection normal to the a-axis. 
The first contour is at 2 o.A -~ and the contour interval is 
1 e./~ -~, except over the bromine atom where the interval 
is 5 e.A-~. 

suggested by Sire (1958), the  results seem to favour the  
centrosymmetr ie  space group P i .  

(y, z) parameters  for all the  a toms in the  molecule were 
derived from an electron-density project ion calculated 
with the  phases of the  bromine contributions to the  struc- 
ture factors. A set of 0kl s tructure factors based on these 
atomic positions showed satisfactory agreement  with the  
observed structure ampli tudes (the reliability factor 
R =Z[Fo-t~cl/221Fol = 0.17). The final electron-densi ty 
distr ibution is shown in Fig. 1 where a clearly resolved 
projection of the atomic max ima  corresponding to a 
molecule of s tructure Ib can be seen. The average peak 
height  over the carbon atoms is 8.8 e./~ -2 and over the 
oxygen atoms is 12.3 e.A -~, while the peak  height  of 
the  one ni trogen a tom is 11.0 e./~ -2. 

The present  two-dimensional  analysis confirms the  
proposed structure (Ib). Packing considerations suggest 
tha t  the molecules are l inked by a sysbem of O - t t  - - - N 
bonds approximately  2.8/~ in length;  a complete analysis 
is required to invest igate this hydrogen bonding and to 
provide details of the  molecular geometry.  
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