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T h e  crys ta l  s t ruc ture  of m e t h y l  a m m o n i u m  b r o m i d e .  B y  E.  J .  GABE*, Pure Physics Division, Na- 
tional Research Council, Ottawa, Canada 

T h e  c rys ta l  s t ruc tu re s  of the  m e t h y l  a m m o n i u m  ha l ides  
were  first  i nves t i ga t ed  b y  H e n d r i c k s  (1928), a n d  the  
s t r u c t u r e  of t he  ch lor ide  was  la te r  r e d e t e r m i n e d  b y  
H u g h e s  & L ipscomb (1946). T h e  p resen t  inves t iga t ion  
was u n d e r t a k e n  a t  t h e  sugges t ion  of Prof .  C. Sandor fy  
of the  U n i v e r s i t y  of Mont rea l ,  w h o  is work ing  on the  infra- 
r ed  spec t ra  of these  subs tances ,  w i th  pa r t i cu l a r  in te res t  
in a h y d r o g e n  b o n d  of the  t y p e  N + - H  • • • B r - .  

(Received 30 June 1961) 

T h e  f rac t iona l  coord ina tes  are  

Crystal data 
The  crys ta l s  of m e t h y l  a m m o n i u m  b r o m i d e  

( [CHaNH3]+Br- ,  M.W.  112) 

are  e x t r e m e l y  th in ,  i r r egu la r ly  shaped ,  soft  plates ,  
t a b u l a r  on (001). The  space g roup  (P4/nmm) a n d  axia l  
l engths  ( a=4 -81 ,  c = 8 . 7 4  A) were  d e t e r m i n e d  f rom 
precess ion pho tog raphs .  T h e  obse rved  dens i ty  is 1.78 
g .cm. -a ;  the  dens i ty  ca l cu la t ed  for Z = 2 is 1.84 g .cm.  -a. 
H e n d r i c k s  fo tmd a =5 .09  a n d  c = 8.75 /~. 

Structure determination 
W i t h  Z = 2 t he  molecules  m u s t  be in special  posi t ions,  
b u t  the  on ly  sy s t ema t i c  absences  were  those  charac te r i s t i c  
of t he  space group.  H e n c e  the  molecules  m u s t  occupy  
posi t ions,  0, 1, z a n d  1_, 0, 5 a n d  only  the  z p a r a m e t e r s  
r e m a i n  u n d e t e r m i n e d .  

T h e  0/el i n t ens i t y  d a t a  were  col lec ted  f rom Weissenberg  
p h o t o g r a p h s ;  51 ref lect ions  of a possible 60 wi th in  the  
Cu circle were  recorded .  T h e  Br  coo rd ina t e  was  de te r -  
m i n e d  as 0.810 f rom the  001 P a t t e r s o n  syn thes i s  
(Hendr icks  gives a va lue  of 0.815), a n d  b romine  s t r u c t u r e  
fac tors  were  ca l cu la t ed  wi th  an  a s sumed  B = 4 . 5  t12. 
T h e  Fo d a t a  were  p laced  on an  a p p r o x i m a t e l y  abso lu te  
scale by  compar i son  w i th  Fc(Br) a n d  a cor rec t ion  of 
A B =  +0-3  /~2 was  also de r ived  f rom this compar i son .  
R0~ ~ was  23.1% a t  this  s tage.  The  0/el Fou r i e r  m a p  gave  
the  posi t ions  of t he  two  l ight  a toms ,  t h o u g h  it  was  no t  
possible to  d i s t inguish  b e t w e e n  t h e m .  Two cycles of 
Four i e r  a n d  di f ference  m a p  r e f i n e m e n t  b r o u g h t  the  R 
va lue  d o w n  to  8 - 9 0 .  I t  was  still  no t  possible to resolve t he  
a m b i g u i t y  of t he  l ight  a t o m  posi t ions  a n d  it seems un-  
l ikely t h a t  this  could  be  done  even  w i th  t h r ee -d imens iona l  
da ta ,  b o t h  because  of t he  d o m i n a n c e  of the  Br  a t o m  a n d  
the  poor  shape  of the  c rys ta l s  for a c c u r a t e  d a t a  col lect ion.  

* National Research Council Postdoctorate Fellow, 

x y z 
Br 0 0.500 0.817 
C 0 0.500 0-196 
N 0 0.500 0-365 

The  l i gh t - a tom posi t ions  were  ass igned on the  basis  of 
a s l ight  d i f ference of p e a k  he igh t  in the  final Fou r i e r  m a p .  

Discussion 
W i t h  these  p a r a m e t e r s  N - C  = 1-48 A, t h e  d i s t ance  f rom 
the  C a t o m  to t he  Br  a t  0, ½, - 0 . 1 9 3  is 3-31 A a n d  to  t h e  
Br  a t  ½, 0, 0-193 is 3-40 _~. The  d i s t ance  f rom the  N a t o m  
to t he  Br  a t  0, ½, 0.817 is 3.95 A. I f  we  cons ider  t h e  
ionic rad ius  of B r -  to  be  1.95 /~ a n d  use t he  va lues  for  
the  v a n  de r  W a a l  rad ius  of t he  m e t h y l  g roup  (2.0 _~) 
a n d  the  ionic rad ius  of the  NH4+(CH3-NH3 +) g roup  
(1.4 A), as g iven by  H u g h e s  & L ipscomb (1946), N - B r -  = 
3"35/~ and  C - B r - =  3.95 A. There fo re  it  seems l ikely t h a t  
t he  C and  N p a r a m e t e r s  as g iven above  need  to  be  
i n t e r changed .  The  observed  n o n - b o n d e d  d is tances  t h e n  
agree  ve ry  well  w i th  t he  ca lcu la ted  va lues  and  the  resu l t s  
are  in good  a g r e e m e n t  w i th  those  for  t he  chlor ide .  I t  is 
also of in te res t  to no t e  t h a t  w h e n  this  is done  the  N,  H 
a n d  Br  a toms  are  a lmos t  in a s t r a igh t  l ine if we a s sume  a 
t e t r a h e d r a l  C - H - N  angle.  

The  l ight  a t o m s  occupy  the  same  pa i r  of special  posi- 
t ions  as t h e y  do in t he  chlor ide ,  w h i c h  has  t h e  s ame  
space g roup  b u t  is n o t  i somorphous .  H e n c e  the  r e m a r k s  
in the  ear l ier  p a p e r  a b o u t  t he  ro t a t i on  of t he  CH a and  
NH3 + groups  also app ly  here ,  b u t  no  a t t e m p t  has  been  
m a d e  to  al low for this  ro ta t ion .  H o w e v e r ,  some pho to -  
g raphs  were  t a k e n  a t  a p p r o x i m a t e l y  - 1 2 0  °C. b u t  no  
change  in t he  d i f f rac t ion  p a t t e r n  could  be  de t ec t ed .  
The  crys ta ls  t e n d e d  to s h a t t e r  a t  this  t e m p e r a t u r e  a n d  
because  of the i r  poor  qua l i t y  no s t r u c t u r e  w o r k  was  
a t t e m p t e d .  

I wish to t h a n k  Prof .  C. Sandor fy  for sugges t ing  t h e  
p rob l em and  supp ly ing  the  crystals ,  Dr  V~ '. H .  B a r n e s  
a n d  D r  A. W.  H a n s o n  for  the i r  in te res t  in t he  work ,  
a n d  the  referee  for some helpful  suggest ions .  
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Precess ion  c a m e r a  d a t a  were  o b t a i n e d  on single c rys ta ls  d issolu t ion  in a tmosphe r i c  mois tu re .  The  c rys ta l s  w e r e  
of Mg(NO3)2 .6H20 g rown  f rom aqueous  so lu t ion  a n d  found  to  be  monocl in ic ,  and  the  sy s t ema t i c  absences  of 
e n c a p s u l a t e d  in th in -wal led  glass capil lar ies to p r e v e n t  t he  0/c0 ref lect ions  for k odd  and  of t he  hO1 ref lec t ions  
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hkl 
100 
011 
110 
021 
120 
l lT 
111 
12Y 
031 
002 
012 
13T 
200 
131 
103 
022 
113 
041 
102 
211 
220 
112 
123 
211 
141 
141 
221 
133 
051 
23T 
132 

d~ (A) 
6.186 
5.851 
5.562 
4.574 
4.432 
4.352 
4.156 
3.743 
3.563 
3.295 
3.190 
3.126 
3.093 
3.051 
2.973 
2.925 
2.895 
2.862 
2-847 
2.788 
2.781 
2.779 
2.693 
2.683 
2.620 
2.575 
2.520 
2-434 
2.371 
2.369 
2.363 

do (A) 
6.176 
5.840 
5.556 
4.573 
4.433 
4.349 
4.154 
3.743 
3.562 
3-295 
3.190 
3.124 
3.092 
3'051 
2.972 
2.925 
2.896 

2.848 

2.781 

Table 1. 

I re l .  
6* 

45* 
3* 
6* 

55* 
25* 
35* 

1 
20* 

100" 
35* 
4* 
5* 
8* 
1 

75* 
4 

25 

15 

2.688 35 

2.620 10" 
2.576 6* 
2.520 2* 
2.435 1" 

2.368 20 

* indicates an observation that 
b indicates a broad line. 

Interplanar spacings for Mg(NO3)2.6H20 

hkl de(A) do(A) Irel. 
150 2.351 2.349 1 
203 2.316 2.317 10" 
042 2.287 2.290 3 
151 2.200 } 
202 2.199 2.201 10 
223 2.176 
143 2.171 } 
212 2.166 2-172 3 
013 2.165 
241 2.125 } 
142 2.120 2.118 15 
060 2.118 
222 2.078 } 
241 2.077 
113 2.077 2-077 30 
023 2.076 
310 2-035 } 
233 2.032 2.036 4 
061 2.016 } 
052 2.012 
113 2-011 2.009b 6 
160 2.004 
123 1.998 
311 1.974 1.976 1 
250 1.964 } 
320 1.961 1-964 2 
311 1.917 1.918 5 
133 1.885 1.885 4 
243 1.872 } 
251 1.865 1.866 5 
133 1.836 1.839 1 

w a s  

hkl 
213 
242 
043 
33~ 
062 
223 
331 
213 
340 
163 
323 
253 
302 
312 
34i 
171 
223 
233 
171 
261 
252 
O53 
322 
333 
004 
014 
153 

dc (A) 
1.818 
1"808 
1.807 
1.807 
1.782 
1.765 } 
1-763 
1.732 } 
1.730 
1.725 
1.723 
1.712 } 
1.708 
1-693 
1.691 
1.690 
1.686 
1.685 

1.678 I 1.677 
1.663 
1.662 
1.650 / 
1.649 
1.648 
1.634 
1.621 

do (A) Irel. 
1.818 3 

1.807 5 

1-782 1 

1.764 4 

1.725 

1.710 

1.690b 

1-678 

1.663 

1.649 

1.635 
1.621 

used in the least-squares refinement of the cell parameters. 

2 

1 

5 

1 
<1 

for 1 odd uniquely de termined the space group as P21/c. 
A 20 rail. thick powder sample was prepared from 

Mg(NO3) 2. 6H20, supplied by the Fisher Scientific Com- 
pany, and covered with a 10 rail. thick strip of beryllium. 
The beryll ium served to isolate the powder from the 
atmosphere in addi t ion to providing a well-defined flat 
surface for samples which otherwise tended to shrink 
and warp. Powder pat terns  were obtained on a Norelco 
diffractometer  using Ni-filtered Cu Ka radiat ion and 
Geiger counter detection. A fixed count, step-scanning 
device was employed in recording the patterns,  with 
steps of 0.02o-0.04 ° in 20 and 6400 counts per point.  
The d-values were calibrated with a silicon s tandard 
sample. All of the powder lines could be indexed con- 
sistent with the approximate  parameters  and space group 
assignment de termined from the precession photographs.  
Final  parameters  were derived from a least-squares 
ref inement of the powder data, using an IBM 704 program 
(Mozzi & Newell, 1961). The resulting cell dimensions are: 

a=6.194-+0.002,  b=12.707 +0.003, 
c =6.600 +_0.002 •; fl = 92-99 _+0-02 °. 

The density,  calculated on the basis of two molecules of 
Mg(NOa)~. 6HeO per uni t  cell, is 1"64 g.cm. -3, in satis- 
factory agreement  with the  pycnometr ic  value of 1.58 
g.cm. -3. A comparison of observed and calculated inter- 
planar  spacings is presented in Table 1. Also included 
are the relative integrated intensities measured on a 
powder  pa t te rn  scanned continuously at ~° per minute,  
with  the protect ive beryll ium strip removed.  The inten- 
sities have not  been corrected for Geiger counter  dead- 
t ime losses nor possible preferred orientat ion effects. 

Morphological measurements  on Mg (NO3) 2 . 6 HeO 
(Dana's System of Mineralogy, 1951) yielded axial ratios 
of a:b:c=0.9698:1:0.5191 and fl=92.93 ° compared with 
our values of a:b:c=0.4874:l:O.5194 and fl--92.99 °. 
The precession photographs,  including a cone axis photo- 
graph indicating the  spacing between b'c* reciprocal 
lattice planes, showed no reflections which required a 
doubling of the a axis, and the discrepancy is felt to be 
due to an incorrect choice of the parametra l  plane in the 
morphological measurements .  The proper parametra l  
plane is not  always apparent  and factor-of-two errors 
in morphological axial ratios are not  uncommon (Phillips, 
1956). 

A final verification of the crystal data  presented above 
was obtained by single crystal measurements  on a 
General Electric single-crystal goniostat.  These provided 
parameters  which are within 0.01 A of the refined powder 
data  values. 

The authors are indebted to Mr Rober t  Bierig and Miss 
Barbara Healy for providing the crystals. 
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