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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 - .  
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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.  
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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  


