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a m m o n i u m  a lum crys ta l s  (fl class) on r u b i d i u m  a lum 
(~ class) a n d  f rom the  morphologica l  fea tu res  of the  
c rys t a l  so fo rmed  he  conc luded  t h a t  t he  depos i t ed  
m e t h y l  a m m o n i u m  a l u m  possessed the  a s t ruc tu re .  

Conf i rma t ion  of th i s  ex is tence  of d i m o r p h i s m  in  
m e t h y l  a m m o n i u m  a lum has  now been  o b t a i n e d  b y  
caus ing  b o t h  s t ruc tu re s  to  be fo rmed  in t he  same 
single c rys t a l  a n d  the  p resen t  i nves t i ga t i on  was 
u n d e r t a k e n  in  order  to de t e rmine  the  de ta i l s  of t he  
a form of t he  crys ta l .  

Exper imenta l  details  

D u r i n g  the  course of an  i nves t i ga t i on  b y  X - r a y  
d i f f rac t ion  of phase  changes  occurr ing  in  m e t h y l  
a m m o n i u m  a lum a t  m o d e r a t e l y  low t e m p e r a t u r e s  
(F le tcher  & Steeple,  1961) i t  was observed  t h a t  s ingle  
c rys ta l s  f rom one pa r t i cu l a r  b a t c h  showed weak  
t races  of a s t ruc tu re  o ther  t h a n  t h a t  of t he  n o r m a l  
fl a l um and,  a f te r  h a v i n g  been  severa l  t imes  sub jec ted  
to t e m p e r a t u r e s  in  t he  r ange  170 to  150 °K.,  t h a t  
one of these  c rys ta l s  d id  no t  u l t i m a t e l y  r e t u r n  to  i ts  
in i t i a l  r o o m - t e m p e r a t u r e  s ta te .  On  subsequen t  Weis- 
senberg  pho tog raphs ,  t a k e n  a t  room t e m p e r a t u r e  w i t h  
CuKo~ r a d i a t i o n  a n d  w i t h  t he  c rys t a l  osc i l la t ing  
a b o u t  the  or ig inal  [001] d i rec t ion ,  the re  a p p e a r e d  
t oge the r  two s t rong  d i f f rac t ion  p a t t e r n s  b o t h  of which  
were charac te r i s t i c  of t he  space  g roup  Pa3.  B o t h  
space groups  were conf i rmed  as Pa3 f rom r o t a t i o n  
p h o t o g r a p h s  a n d  f rom f u r t h e r  Weissenberg  photo-  
g raphs  o b t a i n e d  w i t h  t he  c rys t a l  osci l la t ing a b o u t  t he  
o the r  two cube axes.  The  l inear  d imens ions  of t he  
respec t ive  u n i t  cells, d e t e r m i n e d  to  a n  a c c u r a c y  of 
t he  order  of _ ½%, were 

a = 12.50 a n d  a = 12.17 .~ .  

I n t e n s i t y  d a t a  for the  two s t ruc tu res  were col lected 
b y  eye  e s t i m a t i o n  of the  ref lexions  on the  hk0 Weis-  
senberg  p h o t o g r a p h ;  the  Loren tz  a n d  po la r i za t ion  
fac tors  were app l ied  b u t  the  c rys t a l  was suf f ic ien t ly  
smal l  for abso rp t ion  correct ions  to  be neglected.  
Scal ing a n d  t e m p e r a t u r e  fac tors  were o b t a i n e d  b y  
Wi lson ' s  m e t h o d  (1942). 

Determinat ion  of the s tructures  

Ut i l i z a t i on  of t he  s t r u c t u r a l  d a t a  p u b l i s h e d  b y  L ipson  
(1935b) e s t ab l i shed  t h a t  t he  s t ruc tu re  h a v i n g  uni t -ce l l  
edge of l eng th  12-50/~  was t h a t  of t he  n o r m a l  fl fo rm 
of m e t h y l  a m m o n i u m  a lum a n d  f rom a P a t t e r s o n  
p ro jec t ion  a long the  [001] d i rec t ion  the  su lphur  a t o m  
of t he  second s t r u c t u r e  was loca ted  on a t r i a d  axis  
a t  (0.31, 0.31, 0"31). These  are t he  e igh t fo ld  f rac t iona l  
coordina tes  charac te r i s t i c  of the  s u l p h u r  a t o m  in  the  
a - a l u m  s t r u c t u r e  a n d  since a n  a form of m e t h y l  
a m m o n i u m  a lum h a d  a l r e a d y  been depos i t ed  on a 
c rys ta l  of r u b i d i u m  a lum (Lipson,  1935a) a t r i a l  
s t r u c t u r e  was p o s t u l a t e d  for t he  former  in  which  the  
a tomic  coord ina tes  were those  g iven  b y  L ipson  (1935a) 
for t he  l a t t e r ;  t he  a toms  of t he  m e t h y l  a m m o n i u m  
group were all  cons idered  to  be loca ted  on the  centres  
of s y m m e t r y  a t  (½, ½, ½) etc. O m i t t i n g  al l  acc iden ta l ly  
absen t  ref lexions  t h e  a g r e e m e n t  res idua l  was  0-26 
w h e n  ca lcu la ted  on t h e  Mercu ry  compu te r  w i t h  
sca t t e r ing - fac to r  d a t a  in  the  fo rm pub l i shed  b y  
F o r s y t h  & Wel ls  (1959). 

R e f i n e m e n t  was b y  two-d imens iona l  (Fo- .Fc)  syn- 
theses  a n d  in  the  closing s tages  i t  was possible to  
loca te  on a difference m a p  six of t h e  twe lve  non-  
equ iva l en t  h y d r o g e n  a toms  of t he  w a t e r  molecules,  
t he  r e m a i n i n g  six be ing  inse r t ed  b y  ca lcu la t ion  a f te r  
in spec t ion  of a model  of t he  s t ruc tu re .  The  va lue  of 

hkO IFol Fc 
020 46"2 --37"6 
040 138"0 187-2 
060 144.0 131.6 
080 16"0 -- 15"2 

0,10,0 65"8 63"0 
0,12,0 < 15.2 --4"6 
0,14,0 20.2 21.0 

210 67.2 71-4 
220 130.8 143.2 
230 26.0 --21.2 
240 52.0 -- 65.0 
250 < 10.0 9-4 
260 138.8 155.8 
270 37-4 30-4 
280 87.2 99.8 
290 47.4 -- 48.4 

2,10,0 < 15.2 3.2 
2,11,0 < 15.6 --2.6 
2,12,0 29.6 25.6 
2,13,0 < 14.2 -- 1-4 
2,14,0 34.4 32.2 
2~I5,0 < II.4 -- 17.0 

410 1 0 2 - 2  --78.0 

Tab le  1. Comparison of observed 

hkO I~'ol 2'c 
420 89.4 79-4 
430 13.4 -- 19-4 
440 20.2 27.0 
450 17.2 -- 7.2 
460 20.2 11.2 
470 14.8 -- 3.2 
480 60.6 68.6 
490 36-8 32-0 

4,10,0 < 15.2 -- 11.8 
4,11,0 < 15-2 --2.6 
4,12,0 34.0 38.2 
4,13,0 16.2 23.4 
4,14,0 24.2 30.0 
4,15,0 <9.0 17.4 

610 118.0 108.2 
620 71.4 75.4 
630 22.0 6-4 
640 92.2 78.2 
650 51.2 44.4 
660 100.2 98-0 
670 75.8 87.4 
680 28.8. 28.6 
690 36.4 --44.6 

6,10,0 34.6 30.6 

and calculated structure factors 

hkO 12'ol .Fc 
6,11,0 26-6 32.4 
6,12,0 < 16.8 4.6 
6,13,0 < 14.4 9.4 
6,14,0 < 12-8 12.8 

810 49.6 --44.2 
820 88.0 82.8 
830 < 13.8 -- 25.2 
840 32.2 29.8 
850 22.2 -- 6.0 
860 < 15.2 15.8 
870 27.0 --28.4 
880 62.8 66.4 
890 26.2 32.4 

8,10,0 < 14-8 5.0 
8,11,0 16.2 --17.6 
8,12,0 31.2 40.6 
8,13,0 < 10-2 6-2 

10,1,0 46.4 --53.6 
10,2,0 < 15.2 --0.4 
10,3,0 47.0 66.4 
10,4,0 37.6 40.4 
10,5,0 < 15.6 -- 1.4 
10,6,0 40-8 31.8 

hkO ]FoJ .Fc 
10,7,0 < 15"2 -- 12-6 
10,8,0 22-4 -- 20"2 
10,9,0 25"2 27"2 
10,10,0 25"0 27"8 
10,I1,0 15"2 -- 19"4 
10,12,0 < 8"2 7"4 

12,1,0 61"8 70"2 
12,2,0 30"4 22"6 
12,3,0 23-2 -- 30"4 
12,4,0 26"4 26"6 
12,5,0 < 17"6 8-4 
12,6,0 23"8 18-6 
12,7,0 37-8 37-4 
12,8,0 26"8 22"4 
12,9,0 18"8 11-2 
12,10,0 <8"2 17"0 

14,1,0 20-4 -- 15-8 
14,2,0 34"0 27"4 
14,3,0 23.2 28.8 
14,4,0 24.4 23.2 
14,5,0 18.8 --22.4 
14,6,0 18.6 15.6 
14,7,0 < 8-0 -- 8.2 
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Fig. 2. Scattering-factor curve for methyl ammonium ion. 

B in the expression exp ( - B  sin 2 0/~t 2) was 2.2 / ~  for 
each of the  water  hydrogen atoms and  1.9 X2 for all 
other atoms. Excluding those reflexions for which the  
calculated value of the intensi ty  was less t h a n  the  
minimum observed value in the appropr ia te  range of 
sin 0, the agreement  residual obtained from the final 
list of observed and  calculated s t ructure  factors shown 
in Table 1 was 0.17; the electron-density distr ibution 
and  the corresponding atomic positions are shown in 
projection in Figs. l(a) and  l(b) respectively. 

During the  course of ref inement it  was necessary 
to construct  an experimental  scat ter ing-factor  curve 
for the spherical ly-symmetrical  methyl  ammonium 
ion and for this purpose the hkO reflexions with k 
even were divided into groups covering successive 
ranges of 0.1 A -1 in sin 0/k, the value of the scat ter ing 
factor  a t  the centre of each range being t aken  to be 
the mean  of the contributions of the methyl  am- 
monium ion to the relevant  s t ructure  factors in t h a t  
range. These da t a  are shown in Table 2 and  are 
plot ted in Fig. 2; the  value of the  scat ter ing factor  
falls sharply  as sin 0/~t increases as might  be expected 
from the diffuse dis tr ibut ion of electron densi ty 
which would result  from a spherically symmetr ica l  
group. 

Table 2. Scatierin~-factor data for 
methyl ammonium ion 

Centre of range of 
sin 0]~ in A -1 0.1 0.2 0.3 0.4 0.5 0.6 
Mean value of F for 
CHaNH 3 in electrons 7-6 6-7 3.1 2.4 2.3 1.9 

Fig. 1. (a) Projection of the electron-density distribution 
along [100]; contours are drawn at 3, 6, 9, 12, 15, 20, 30, 40 
and 50 e.A -~'. (b) Corresponding projection of the atomic 
arrangement. 

Discuss ion  of the structure 

The fractional  coordinates of all non-equivalent  a toms 
and the values of the more impor tan t  contact  dis- 
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tances and contact  angles are shown respectively in 
Table 3 and Table 4; the  water  molecules associated 
with the a luminium a tom are designated Hg0(A1) 
and  those associated with the methyl  ammonium 
group are designated H20(CHsNIIs) .  Because of the 
overlap present  in projection it was not  possible to 
calculate the errors in the bond and contact  lengths 
by  any  of the s t anda rd  methods,  but  from considera- 
t ion of the  effect on the value of the agreement  
residual of small changes in the values of the atomic 
coordinates it is es t imated  t h a t  the lengths quoted 
are not  in error by more t h a n  0-04 A. 

Table 3. The fractional coordinates of 
non-equivalent atoms 

No. of 
equivalent 

Atom x y z positions 

A1 0 0 0 4 
CH3NH S ½ 0 0 4 
S 0"308 0"308 0-308 8 
O 0.233 0.233 0.233 8 
O 0"309 0.227 -0.080 24 
H20(A1 ) 0" 150 0.021 -- 0.018 24 
H20(CHsNHs) 0.045 0-136 0.302 24 
H 0.121 0-175 0-274 24 
H 0.008 0-189 0.279 24 
H 0.190 0.040 --0.075 24 
H 0.207 0.030 0.040 24 

Table 4. Values of bond lengths and bond angles 

Bond length 

H20(A1)-H2(A1) 2.62 A 
H20 (A1)-A1 1.85 
S-O(special) 1.59 
S-O(general) 1.43 
O(special)-O(general) 2.51 
O(general)-O(general) 2.29 
CHsNHs-H20(CHsNHs) 2.98 
H~O (A1)-H20 (CHsNH S) 2- 65 
H20(A1)-O(general) 2.68 
H20(CHsNH 3)-O(general) 2.75 
H20(CHaNHs)-O(special ) 2.70 

Angle 

H20(A1)-AI-H20(A1 ) 90 ° 
O (general)-S-O (general) 106 
O ( general)-S-O ( special ) 113 
O(general)-O (general)-O (general) 60 
O (general)-O (general)-O (special) 63 
O (general)-O (special)-O (general) 54 

Al though the projection possesses only or thorhombic 
s y m m e t r y  (the plane group is pgm) the requirements  
of the  cubic s y m m e t r y  of the s t ruc ture  were satisfied 
th roughout  the  ref inement  by preserving the relation- 
ship xy, yz, zx between the  coordinates of a toms related 
by the operat ion of the  t r iad  axis. The degree of 

agreement  between these coordinates and  those of the  
corresponding peaks in the electron-density projection 
should provide a measure of the accuracy  of the  
s t ructure ,  bu t  comparison was l imited by the over- 
lapping, to a greater  or less degree, of every a tom 
and  it was possible to es t imate  only the  values of 
the coordinates of one general oxygen a tom peak  and 
of two each of the a luminium and methyl  ammonium 
waters.  F rom the electron-density projection the 
positions of the peaks of the a luminium waters  are 
a t  (0.150, 0.028); (0-480, 0.150) compared with atomic 
coordinates (0.150, 0.021); (0.482, 0.150). For  the 
methyl  ammonium waters  the  map  coordinates are 
(0.045, 0.143); (0.138, 0.200) compared with atomic 
coordinates (0.045, 0.136); (0.136, 0-198). 

The s t ructure  itself is t h a t  characterist ic  of an 
alum (Lipson & Beevers, 1935). As shown shaded 

in Fig. l(b) a set of six water  molecules is grouped 
octahedral ly  around each a luminium a tom and a 
second (unshaded) set of six waters  forms a more 
open group around each molecule of methyl  am- 
monium. Contact  between these two groups is made 
by  hydrogen bonds between, on the  one hand,  each 
general oxygen a tom of the sulphate  group and one 
each of the  a luminium and  methyl  ammonium waters,  
and,  on the other  hand,  between each special oxygen 
a tom and three of the  methyl  ammonium water  
molecules. The lengths of the hydrogen bonds va ry  
from 2 .65/~  to 2.75/~.  

The distances between nearest  neighbours in the  
group of six water  molecules a r ranged around the 
a luminium a tom is 2.62 A and t h a t  between the  
a luminium a tom and  the  water  molecules is 1-85 A, 
the octahedral  grouping being, of necessity, regular.  
In  the  sulphate  group the  special oxygen-general  
oxygen and  the general oxygen-general  oxygen dis- 
tances are 2-51 ~ and 2.29 /~ respectively, and as 
no fur ther  shifts of the  sulphate a toms were indicated 
by the  (Fo-Fc)  map  it mus t  be assumed t h a t  the 
t e t rahedron  formed by these a toms is not  regular.  

We express our thanks  to Prof. H. Lipson for his 
continued interest  in this work. 
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