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X-ray studies of the terpenes. II. ( - ) -Menthy lamine  hydrochloride and hydrobromide, and 
( - ) - m e n t h y l t r i m e t h y l a m m o n i u m  iodide.  B y  D. F. GRA~-T and  D. ROGERS, Viriamu Jones Laboratory, 
University College, Cardiff, Wales 
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( - - ) -Menthylarnine  hydrochloride and 
hydrobromide,  Ct0H22NX 

This pair  of isomorphous substances was chosen as a 
l ikely means of ver i fy ing the s tereoehemistry of the 
men thy l  radical  and  also of determining the r ing con- 
f igurat ion in the crystal l ine state.  Despite  their  high 
mel t ing points  ( >  280 ° C.) and  the ionic character  of 
some of the bonds the crystals  were found to have very  
large ' t empera ture '  coefficients. This rapid a t t enua t ion  
in reciprocal space and  certain s t ructura l  peculiarities to 
be described la ter  have  so far defeated all a t t empts  to 
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determine the detailed structures.  The results  achieved 
are, however,  here set on record. 

The specimens were recrystal l ized from water  and 
several other  solvents as colourless or thorhombic needles 
elongated along [100]. The principal  faces are {01 l} with  
occasionally {010}, and  there is a ready  though ra ther  
imperfect  cleavage'along (100). The inter-optic-axial  angle 
is small and  has for its acute bisectrix a, which is parallel 
to a. The birefringenee, (7-fl), for t ransverse sections of 
the prisms is very  small, bu t  a differs considerably from 

and 7. The crystals  are, in fact, near ly  uniaxial  negative.  
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Figs. 1-3. The determination of the space group of (--)-menthylamine hydrobromide. 

Fig. 1. Patterson projections (a) (100), (b) (010). 
Fig. 2. Schematic Harker sections (a) x = 0, (b) x = ½. 
Fig. 3. The two sets of halcgen positions in (a) P21212,, (b) P22121. 
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X-ray  photographs  gave the cell dimensions, which are 
listed in Table  1 and  are of l imited accuracy because of 
the absence of high-angle reflexions. 

Table 1. Data for (--).menthylamine hydrochloride and 
hydrobromide 

(--)-Menthylamine ( -- )-Menthylamine 
hydrochloride hydrobromide 

a (A)  7"94 8"0~ 
b (A)  15.4 15.4 
c (A)  21.0 20.9 
do (g.cm. -a) 0.987 1.208 
dc (g.cm. -a) 0.984 1.210 
Mol.wt. 192 236 
Z 8 8 

be susceptible to layer-sequence faults  which would 
contr ibute  to the  abnormal ly  high tempera ture  coeffi- 
cients (B from 6 to 11 A~). I t  is  not  easy to see why  the  
two sets of halogens should conform so closely to a 
body-centred ar rangement  when thei r  env i ronment  so 
l i t t le resembles tha t ,  bu t  i t  is quite l ikely t h a t  small 

Fig. 4. (1) Menthylamine radical, R ' =  /sopropyl, R = H. 
(2) Menthyltrimethylammonium radical, R ' -~  i~opropyl, 
R = C H  8. 

The only systematic  absences are the odd orders of the 
(h00), (0/c0) and  (00/) reflexions, confirmed up to h --- 7, 
/¢ = 13 and  1 = 17. Al though this result  leads uniquely  
to the  space group P212121, i t  was found necessary to 
discard this space group after  the positions of the halogens 
had  been found. 

As there are two rrolecules in the asymmetr ic  unit ,  
eight 'halogen a toms had  to be arranged in the uni t  cell 
in two independent  sets of four. The (100) and  (010) 
Pa t te rson  projections (Fig. 1) were in terpre ted in terms 
of space group P212121 to give the halogen positions shown 
in Fig. 3(a). This a r rangement  a lso satisfied the observa- 
t ion t h a t  the  reflexions for which (h+l¢+l) ---- 2n were 
on the average considerably stronger t han  those for which 
(h-~I¢-~l) = 2 n + l ,  to which the halogens make  no con- 
t r ibut ion.  Such an ar rangement  requires the non- 
equivalent  halogen ions to occur in pairs separated by  a 
mere 3.5 A, which is less t han  twice the ionic radius of 
ei ther chlorine or bromine. 

Fur ther  informat ion was sought from the IKarker sec- 
t ions a t  x -~ 0 and  ½, which are shown schematical ly in 
Fig. 2. These are quite incompatible  wi th  the space group 
P212121, bu t  could have come from a number  of other  
space groups. All these, except P222 and P22121, require 
addi t ional  systematic absences and  were, therefore, 
rejected. In  view of the  systematic absences quoted 
above, P222 was also rejected. The other, P22121, leads 
to the ar rangement  of Fig. 3(b) in which the two sets 
of halogens occur in separate sheets, each containing ions 
separated by  a min imum distance of 4.9 A. These sheets 
appear,  from the  coordinates of the peaks in the Pat ter -  
son projections and  sections, to be identical and  related 
so as to give a body-centred ar rangement  of halogen ions. 
But  this a r rangement  is cer tainly not  t rue of the eight 
mentl iylamino ions, which are alone responsible for the 
odd (h%b+l) reflexions. In  a similar way it  may  be shown 
tha t  the two sheets of menthy lamine  ions are not  related 
in any simple way, for all such ways would require various 
sets of addi t ional  systematic absences. 

F rom a consideration of the optics, the cleavage, the 
Pa t te rson  projections and  sections, and  the above re- 
marks,  the space group must  be regarded as being P2212~, 
and  the s t ructure as bui l t  up of two alterr/ating and un- 
related sheets of molecules all lying roughly  parallel to 
(100), and  wi th  all three ring subst i tuents  in the thermo- 
dynamical ly  more stable equatorial  positions (Barton, 
1953) (Hassel's u positions, see Fig. 4). Such a s t ructure 
would give very  weak odd orders of (h00) and  would 
explain our observation of a pseudoscrew. I t  might  also 

discrepancies would become evident  if only the  odd 
(h%k+l) reflexions could be incorporated into the  
electron-densi ty maps.  

The posit ion a t  present  is t h a t  al l  the  signs of the  
even (k-b l) reflexions have  been determined by  iso- 
morpheus  replacement  and  thus  maps  of project ions 
containing sixteen half-weight molecules have  been pre- 
pared. None of the odd (k%l) signs could be determined 
by  inequalities, and  the indicat ions given by  Sayre 's  
me thod  (Sayre, 1952) have no t  led to interpretable  maps,  
main ly  because of poor resolution. If  this can be improved 
by  pho tography  a t  low temperatures ,  the s t ructure  m a y  
ye t  be solved. 

( - -  ) - M e n t h y l t r i x n e t h y l a m . x n o n i u n l  i o d i d e ,  
C I o H I g N ( C H a ) a I  

(Molecular weight:  325.) 

This substance was recrystanized in two forms:  
I.  The crystals as supplied, or af ter  recrystal l izat ion 

from ethanol,  are ragged plates usual ly th in  and  often in 
the form of lamellar  overgrowths. The principal  face is 
(011). The crystals are yellowish bu t  darken on exposure 
to light. The birefringence is small for l ight  passing nor- 
real ly through the  plates. Some single crystals were 
successfully ground to spheres (diameter , - ,  0-25 ram.) 
wi th  the device described by  Bond  (1951) and these 
were used for the  X-ray  photography.  The crystals are 
or thorhombic wi th  absences denot ing uniquely  the  space 
group P212121. The axial  lengths are 

a = 8.45,  b = 12 .30 ,  c = 1 5 . 5  s A ,  

and the cell contains 4 molecules (do = 1.343 g.cm. -a, 
dc -~ 1.333 g.cm.-a). A detailed analysis of this s t ructure  
is now proceeding. The mel t ing point  of this form is 
193-194 ° C. (McNiven & Read,  1952). ((--)-Menthyl- 
t r ime thy lammonium chloride has been obtained in ap- 
p~r0ntly ~imfl~r form, but as it is so very deliquescent 
no X-ray  s tudy  of i t  has been made.) 

I I .  The crystals formed by  recrys~allization from water  
or acetone are or thorhombic  laths (m.p.: 189-190 ° C.) 
which grow perfectly to a considerable size as single 
crystals. They are ini t ial ly colourless and  acquire only a 
fa int  yellow t in t  on prolonged exposure to light. The 
larger prism faces are (001), the narrower are (010). The 
laths cleave readily along (010) and (100). 

The axes of the indicatr ix are a I] c, fllJ b, ~Jf a;  the 
difference (~,-a)  is not  large and (~--fl) is very  small: 
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The optic axes lie i n  "(010) and,  when  viewed normal  to 
(001), have  a fair ly large in teraxia l  angle which exhibi ts  
marked  dispersion. Wc4ssenberg photographs  gave the 
axial  lengths  

a = 7.38, b = 14.75, e -- 56.74 A .  

The observed dens i ty  is 1.305 g.cm. -3, so t h a t  the  cell 
contains 16 (15.85) molecules. The only sys temat ic  ab- 
sences lead un ique ly  to the space group P212121, bu t  
there are marked  pseudo glides: b in the 0]cl and  a in the 
h/c0 zones. The 0/cl and  1]cl layers also approximate  closely 
to B-face cen t r ing ,  bu t  the approximat ion  fades out  in 
the second and  higher layers. No fur ther  work is to be 
done on this  form as the asymmetr ic  un i t  comprises 4 
molecules. 

We wish to t h a n k  Dr  . N . L .  McNiven who k indly  
prepared these specimens and  Prof. J .  Read  who sup- 
plied them to us. We also wish to t h a n k  Dr  A. J .  C. 
Wilson for encouragement  and  for the use of equipment  
purchased wi th  a Roya l  Society grant .  One of us (D.R.) 
is indebted to the  Univers i ty  of Wales for an  I.C.I. 
Research Fellowship. 
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Notes  and N e w s  

Announcements and other items of crystallographic interest will be published under this heading at the discretion of the 
Editorial Board. Copy should be sent direct to the British Co-editor (R. C. Evans, Crystallographic Laboratory, 
Cavendish Laboratory, Cambridge, England). 

Self-binders for Acta Crystallographica 
Readers  ar~ reminded t h a t  a r rangements  have  been made  
wi th  Messrs Eas ib ind  Ltd ,  Pi lot  House,  Mallow Street, 
London E.C. 1, England,  for the  provision of self-binders 
for Acta Crystallographica. The binder  for Vols. 1-2 is 
designed to carry  the twelve par t s  of the two volumes, 
which are held wi thou t  damage b y  steel wires;  i t  is 
le t tered wi th  tit le,  volume numbers  and years  (e.g. 
Vols. 1 and  2, 1948-9). 

The binders for Vol. 3 and  subsequent  volumes are 
designed for one volume only, and are supplied in two 
styles:  

(1) Let te red  wi th  t i t le  only. 
(2) Let te red  wi th  tit le,  volume number  and  year  (e.g. 

Vol. 7, 1954). 

The price of the binder  is 12s. 6d. post  free throughout  
the world. Orders should be placed wi th  Messrs Easibind 
Ltd,  s ta t ing  clearly which style is required. 

Book Reviews  

Worlcs intended for notice in this column should be sent direct to the Editor (P. P. Ewald, Polytechnic Institute of Brooklyn, 
99 Livingston Street, Brooklyn 2, N .Y . ,  U.S.A.) .  As  far as practicable books will be reviewed in a country different 

from that of publication. 

Metallurgical Equilibrium Diagrams. By W. 
HUME-ROTHERY, J . W .  CHRISTIAN a n d  W.  B. PEAR- 
SON. Pp .  3 H  wi th  239 figs. L o n d o n :  I n s t i t u t e  of 
P l ~ s i c s ~ 1 9 5 2 .  Pr ice  50s. 

The ti t le of this  monograph  is perhaps a l i t t le misleading, 
for it  deals ma in ly  wi th  the accurate de terminat ion  of 
metal lurgical  equil ibrium diagrams,  and  not  wi th  the 
diagrams themselves.  I t  is the  only comprehensive 
accoun t  of these methods  known to the reviewer, and  as 
such it  is a valuable contr ibut ion to metal lurgical  
l i terature.  The book commences wi th  a section on the 
principles of b inary  systems,  while later  sections describe 
general exper imental  methods,  the  de terminat ion  of the 
liquidus, the  sol idus ,  and reactions below the solidus. 
The book. concludes wi th  the consideration of the special 
problems of t e rna ry  systems. Throughout  the monograph 
emphasis  is laid on the l imitat ions of the methods  and  
on the precautions necessary to achieve m a x i m u m  
accuracy. The chapter  on X- ray  methods,  which is of 

par t icular  interest  to crystal lographers,  deals only wi th  
X- r ay  powder methods  for bo th  normal  and  elevated 
temperatures .  Much of the chapter  is devoted to the 
methods  of prepar ing a powder sample which is represen- 
t a t ive  of the alloy and  free from contaminat ion.  There is 
a comparison of the relat ive meri ts  of the X- ray  and 
microscopical methods  which puts  into perspective the 
value of X- r ay  techniques in this  field. A later  chapter  
contains a valuable  discussion of the use of X- r ay  methods 
in the es tabl ishment  of t e rna ry  diagrams. 

The value of this  book to crystal lographers is difficult 
to assess. The chapter  on X- ray  methods can cer ta inly 
be recommended,  bu t  the major  value of the book, in the 
opinion of the reviewer, is as an invaluable guide to the 
prepara t ion of metall ic mater ia ls  free from contaminat ion  
and  uniform in composition. D . W .  WA~EMAN 

Department of Metallurgy 
The University 
Sheffield 1, England 


