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Arecoline hydrobromide, CsHI3NO2.HBr 

Crystals grown from solution in hot  e thanol  were very  
small prisms of too poor a qual i ty  for a useful optical 
examinat ion.  The Laue s y m m e t r y  appeared to be mmm, 
but  oscillation and  Weissenberg photographs showed 
systematic  peculiarities in the  diffraction pa t t e rn  which 
are not  readily in terpre ted  in terms of the  or thorhombic  
crystal  system. A diagram of the  observed hO1 reciprocal- 
lat t ice plane is shown in Fig. l(a). The crystals are con- 
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Fig. 1. (a) Observed hOl reflexions with reciprocal-lattice axes 
marked for normal twinning. (b) Monoclinie and pseudo- 
orthorhombic unit cells. 

sidered to belong to the  monoclinic system and to be 
t w h m e d  polysynthet ica l ly  wi th  b* and c* in common and  
two orientat ions of a*. The unit-cell  dimensions (accurate 
to wi th in  about  1%) are then :  

a ---- 9.90, b = 7.40, c ---- 14.1 /~; fl = 1004-1 ° 

wi th  4 molecules per uni t  cell. Densi ty :  calculated 1.54 
g.cm.-3; observed 1.54-0-1 g.cm. -3. 

Reflexions 0k0 are present  only when  ]c = 2n. Not  all 
the  hOl reflexions can be indexed unambiguously  because 
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of the  seemingly exact  overlapping of independent  re- 
flexions from the  twin components .  The absences which  
can be established all comply, however,  wi th  the  rule 
tha t  reflexions hO1 are present  only when  h-bl ~--2n. 
Reflexions hid are present  in all orders. The probable  
space group, therefore, is P21/n. 

This appears to be an example  of ' twinning by  reticular 
pseudo-merohedry '  (Friedel, 1905): a mult iple  la t t ice 
simulates a symmet ry  higher t han  tha t  of the  lattice. 
Here  the  axis [104] is very  closely perpendicular  to (001), 
cos fl -~ --a/4c, making  possible the  pseudo-or thorhombic  
unit-cell  base out l ined in Fig. l(b). 

The twin operat ion is one of the  operations of ortho- 
rhombic pseudo-symmetry  associated wi th  this  quadruple  
cell bu t  not  included in any  possible monoclinic symmet ry .  

Sparteine sulphate pentahydrate, 
C15H26N2. H2SO4.5H20 

Crystals grown from dilute e thanol  were plates wi th  well 
formed pinacoids (001}. Oscillation and  Weissenberg 
photographs  showed the  Laue s y m m e t r y  to be 2/m and 
gave the  monoclinic unit-cell  d imensions:  

a = 8.03, b ~- 15.2, c---- 8.84 A; fl---- 91 ° 30 '±1 ° . 

There are 2 molecules per un i t  cell. Densi ty :  calculated 
1.30 g.em.-3; observed 1.28 g.cm. -a. 

Reflexions 0k0 are present  only when  k -~  2n. All 
other  classes of reflexions are present  in all orders so 
t ha t  the  space group is ei ther  P21 or P21/m. Since the  
compound is optically active, however,  P21 mus t  be 
chosen. This choice has been confirmed by  an investiga- 
t ion of the  dis t r ibut ion of intensit ies among  the  hO1 and 
0kl reflexions (Wilson, 1951). 

My thanks  are due to Dr A. J .  C. Wilson for his gui- 
dance and  for the  use of apparatus  purchased wi th  a 
Royal  Society grant,  and  to Dr D. Rogers for helpful 
criticisms. I am indebted  to the  Univers i ty  of Wales and  
the  Depa r tmen t  of Scientific and  Indust r ia l  Research 
for financial assistance. 
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Woolfson (1954)describes a m e t h o d  for the  de terminat ion  the  128 possible 7-sequences differs from one of the set 
of the  signs of the  structure factors of a centrosymmetr ical  in at  most  one sign. I n  the  present  note  the  s tructure of 
crystal. The me thod  depends on a s tandard  set of sixteen the  set is explained and is ex tended  to a set, S, of 2048 
sequences of seven signs (7-sequences) such tha t  each of 15-sequences such tha t  each of the  32,768 possible 
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15-sequences differs in a t  most  one sign from one of 
the set of 2048. In  the crystal lographic applicat ion we 
m a y  say  t h a t  one member  of £' mus t  be ' subs tant ia l ly  
correct ' ,  or t h a t  S substantialize8 the  set of all possible 
15-sequences. The use of S saves a work factor of 16 
provided t h a t  we can s tand  one wrong sign. The general  
problem of substant ia l iza t ion remains open. 

Denote  a typica l  15-sequence (an ordered sequence of 
fifteen signs, or of symbols -t-1 and  --1) b y  a 1, a~, as, 
. . . .  a15, where each a~ is + 1 or --1. Consider the set, 
S, of 15-sequences sat isfying the  relat ionships 

ala2aaaaasa6a~a 8 ~ 1 ,  

ala$aaa4aaaloallal2 ----- 1 , 
alaaasaea,aloalaa14 = 1 , (1) 

alaaaaaTaaallalaal5 = 1 .  

Note  first  t h a t  S has  precisely 2048 members;  for 
a~, a~, aa, a o a 5, a e, aT, %, ax0 , a~ ,  a~a can be selected ar- 
b i t ra r i ly  (in 211 ways) and  then  a s, al~, a14 and  a15 can 
be determined unique ly  from (1). Now if a n y  pair  of 
symbols  is selected from al, aa, a 3 . . . .  , a15, then  one of 
the four relat ionships contains one of the pair  and  not  
the  other, so a change of s ign of two symbols in a member  
of S cannot  t ransform this  member  into another  one. 
Therefore the 16 × 2048 15-sequences obta ined b y  tak ing  
the 2048 sequences of S, together  wi th  the ones obtained 
b y  changing one sign in each of them in all possible ways,  
mus t  be all dist inct .  And since there  are only 16 × 2048 
possible 15-sequences they  mus t  each occur exact ly  once. 

The relat ionships (1) were obtained b y  first  wri t ing 
down the numbers  1, 2, 3 . . . . .  15, expressed in the  
b ina ry  scale, into the  columns of a four-by-fifteen rect .  
angle, thus :  

0 0 0 0 0 0 0 1 1 1 1 1 1 1 1  
0 0 0 1 1 1 1 0 0 0 0 1 1 1 1  
0 1 1 0 0 1 1 0 0 1 1 0 0 1 1  
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 ,  

then  wri t ing the symbols a15, a14, ala . . . . .  a 1 a t  the  tops 
of the columns (any order would have done jus t  as well), 
and  f inal ly defining one relat ionship b y  each row of the 

rectangle using r s  to mean  presence and  O's ix) m e a n  
absence. The process can clearly be applied to n-sequences, 
whenever  n is 1 less t han  a power of 2, and  in par t icu lar  
i t  covers the set presented b y  Woolfson, wi th  n ---- 7, 

The set S could be wr i t ten  down manua l ly  b y  the  rule 
described in the proof t h a t  i t  has  2048 members.  B y  
mak ing  use of an  electronic compute r  the  set S could 
be used wi thou t  ac tua l ly  being wr i t t en  down on paper .  
I t  is possible t h a t  i t  would sometimes be desirable to  
combine the use of S wi th  other  techniques t h a t  are  
appropriate  for electronic computers,  such as the  one 
described b y  Cochran & Douglas (1953). 

The general problem, 7(n, r), of substant ia l iza t ion of 
sign sequences is t h a t  of f inding economical sets of 
n-sequences such t h a t  every possible n-sequence differs 
from one of the set in a t  most  r signs. The me thod  given 
above solves the problems 7(2 m -  1, 1) and  provides per- 
fect ly economical solutions for these problems. B y  
s imply abu t t ing  the sequences of k such solutions we can 
obtain reasonably  economical, bu t  no t  perfect ly  econom- 
ical, solutions of 7(2ml-{-2m~+... -}-2ink--k, k). (This re- 
mark  generalizes one made  in Woolfson's paper.) For  
example we can obtain tolerable solutions of 7(14, 2), 
7(21, 3), 7(22, 2). 

The problem of substant ia l izat ion occurs in an  even 
more general form in the filling up of coupons for ' football  
pools', a type  of gambling t h a t  is popular  in the  U n i t e d  
Kingdom.  There are then  three s ta tes  (wins, draws and  
losses) for the  components  of the  n-sequences instead of 
only two. Fur the r  generalizations m a y  be of value in 
crys ta l lography for crystals  t h a t  are not  cent rosymmetr i -  
cal. For  example,  if i t  is adequate  to approximate  to the  
phases to the  nearest  mult iple  of 60 ° , then  we should be 
faced wi th  the problem having  six s ta tes  instead of two 
or three.  
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I n  connexion wi th  a nuclear magnet ic  resonance in- 
vest i~at ion of N a B H  4 and  K B H  v X- ray  powder photo- 

graphs of the two salts at 293 o K. and 900 K. have 
been obtained,  and  lat t ice constants  derived. 

For  the  X - r a y  photographs  copper radia t ion from a 
Metrovic generator  was used, the  specimen being moun ted  
in a low- tempera ture  camera similar to t h a t  described 
b y  H u m e - R o t h e r y  (Hume-Rothery  & Strawbridge,  1947), 
wi th  a Unicam cassette of 19 cm. diameter.  The low. 
tempera ture  photographs  were obtained b y  runn ing  a 
s t ream of l iquid oxygen over the  sample. 

The N a B H  o supplied by  Light  and  Co., was recrys ta l .  
lized once from water  below 5 ° C. and  once, in a vacuum- 
t igh t  vessel, from iso-propylamine previously dried over 

l i th ium hydr ide  (Davis, Mason & Stegeman,  1949). 
An~ly~iB by ~¢id hydr01ysis gave the theoretical quantity 
of hydrogen. The KBHo obtained from May and Baker, 
b y  a similar analysis  g a v e ' 9 6 . 1 %  of the  hydrogen  re- 
quired b y  the formula. Samples were packed into Linde- 
m a n n  glass tubes and sealed wi th  picien. Bo th  these 
operat ions were performed in a dry-box.  

The following lat t ice constants  were obtained.  They  
are in /?~ngstrSm uni ts  and  previously  publ ished values 
are added in brackets.  

N a B H  4 a t  293 ° K . :  face-centred cubic, a = 6.157 
(Soldate (1947), a = 6-151±0.009; Abrahams  & Kal-  
na js  (1954), a = 6.1635+0.0005). 


