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one cycle is required even when the changes in co- 
ordinates  are within their  pe rmi t t ed  range of ex- 
ploration.  The method  does, however,  converge 
rap id ly  with both centrosymmetr ic  and non-centro- 
symmetr ic  projections. In  non-orthogonal  projections 
there  will be some interact ion between the two 
positional parameters .  This should not  be serious 
provided the  interaxial  angle is not  too different 
f rom 90 ° . The method  has not  yet  been applied to 
such a projection so t h a t  the ac tual  effect cannot  be 
assessed. 

The s t ructures  so far  refined have not  involved 
large variat ions in the  individual  t empera ture  factors 
bu t  in all the  cases where the  new method has been 
used the  grea ter  pa r t  of the ref inement  of the  tem- 
pera ture  factor  ref inement  has been completed in 
a single cycle, provided the  overall t empera tu re  
factor  and the  scaling factor  were correct. I t  might  
be expected t h a t  the  new method  would deal more 
easily wi th  large variat ions t h a n  the existing least- 
squares  methods,  which tend  to overest imate  the  
reductions and  underes t imate  the increases in tem- 
pera ture  factors and  necessarily need more t han  one 
cycle. Provided the  coordinate ref inement  is well 
advanced there should be no problem of missing the 
'hole'. 

There is no reason why  the  methods  could not  be 
extended to deal wi th  three-dimensional  da t a  and  
anisotropic t empera tu re  coefficients except t h a t  the  
existing methods m a y  well be adequate .  

I t  is considered t h a t  the methods  will be most  
useful in two-dimensional  work where there is a 
great  deal of overlap which makes  it  very  difficult 
to get the s t ruc ture  into the r ight  'hole' to s ta r t  with. 
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Form A 1 of laurie acid, C12tt2402, iS trlcllnlc, with a = 7"45, b = 5.40, c = 17.47 /~; c~ = 960 53', 
/~= 113 ° 8', and 7 = 8 1  ° 7'. The space group is P i .  The crystal is built of laurie acid dimers, which 
are packed together with the planes of all hydrocarbon chains parallel to each other (triclinie sub- 
cell), and with the carboxyl groups of one dimer adjacent to methyl groups of neighbouring dimers. 
The angle of tilt is 67 ° 20'. 

Introduction 

The polymorphism of the  normal  f a t t y  acids is well 
known and  the  s t ructures  of most  of the  crystal  
forms have  been reviewed by  yon Sydow (1956a). 
Fo rm C (or c~) which is obtained when laurie acid 
is crystall ized f rom the melt  or f rom ethyl  alcohol 

solution a t  room tempera tu re  was described by Vand,  
Morley & Lomer  (1951). Lomer (1955) described the  
slow, spontaneous t ransformat ion,  in the  solid s tate ,  
of form C to the  form A-super (or ~,) and a t t e m p t e d  
to determine the uni t  cell dimensions of this l a t te r  
form from powder photographs.  Von Sydow (1956b) 
showed tha t  Lomer 's  cell dimensions for the  form 
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A-super were not accurate and tha t  the cell was 
triclinic and not monoclinic as suggested by him. 
In  the same paper yon Sydow determined the crystal 
structure of the A-super form and described it  in 
terms of a centred triclinic cell containing twelve 
molecules. He also mentioned the existence of another 
form (form A) which was recognized from its powder 
photograph as being similar to the form A-super, 
but  probably having only two molecules per unit cell. 
More recently Lomer & Spanswick (1961) reported 
the unit cell dimensions of another form of lauric 
acid and it  is the structure of this form which is 
described in the present paper. Because it, too, is 
very closely related to the A-super form it is now 
named form A1. 

Exper imenta l  

A small quant i ty  of lauric acid, already in the A, 
A1 or A-super form, was dissolved in diethyl ether 
and the solution was allowed to evaporate slowly to 
dryness at  room temperature.  The resulting material 
consisted of a tangle of fibres together with a few 
platelets. Powder photographs showed tha t  the fibres 

consisted, at  least part ly,  of the A-super form. Three 
of the platelets were selected for single-crystal exami- 
nation and these proved to be in the A1 form. Rotat ion 
and Weissenberg photographs were taken with the 
crystal rotating successively about [100] and [010]. 
The unit cell was found to be triclinic with 

a=7 .45±0 .02 ,  b=5.40_+0.02, c=17 .47±0.04  _~, 

a = 9 6 ° 5 3  ', f l=113°8  ', y = 8 1 ° 7 ' ;  

the long spacing (=l/c*) was 16.02 A_ and the cal- 
culated density was 1.04 g.cm-~ with two molecules 
of C12H240~. per unit  cell. 

The intensities of the (hO1) and (Okl) reflexions 
were estimated visually by the multiple film technique. 
The usual Lorentz and polarization factors were used 
in the calculation of the observed structure factors, 
which were subsequently brought to the absolute scale 
by comparison with calculated values. 

Determinat ion  of the structure 

In nearly all the structures of saturated fa t ty  acid 
crystals tha t  have been determined the molecules 
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Fig. 1. Project ions of electron densi ty:  (a) Along [010]. (b) Along [100]. Contours at  intervals of 2 e.A -~- 
with zero and negat ive contours broken. 
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are dimerized, by  formation of two hydrogen bonds 
between the oxygen atoms of the carboxyl  groups, 
and the dimers are centrosymmetrical .  An example  
of this  dimerizat ion is shown in Fig. 2. I t  was assumed 
that  such dimers existed in the A~ crystal  s tructure 
and, since there were only two molecules per uni t  cell, 
i t  was assumed tha t  the  crystal  s tructure was also 
centrosymmetrical ,  the  origin of the uni t  cell being 
chosen to coincide with the centre of symmet ry  of 
the dimers. 

P P 

! ! 

p, p, 

> 
X 

Fig. 2. The  s t ruc tu re  of the  A-super  phase,  wi th  one un i t  cell 
indicated.  The  three  smaller  cells are those  of the  A 1 phase.  
I t  is the  ' a l t e rna t ive  cells' (see tex t )  t h a t  are shown. Shifts 
of molecules along the  lines P P '  p roduce  the A x s t ruc ture .  

asymmetr ic  uni t  were involved, i t  was not  diff icult  
to place them so tha t  good agreement  was obta ined 
between the observed and  calculated s tructure factors 
for these reflexions. Precisely the same reasoning was 
used to obta in  the t r ial  s tructure for the [100] projec- 
tion, the strong 025 reflexion being used to give the 
approximate  direction of the chain axes. Electron 
densi ty  maps  were calculated using the signs of the 
structure factors de termined from the  t r ial  structure,  
and the coordinates of the atoms de termined from 
these maps  were fur ther  refined by  the  least-squares 
method;  McWeeny's  (1951) scat ter ing factor da ta  
were used and the calculations were done on the 
Manchester Univers i ty  'Mercury'  computer  with 
Curtis 's  (1959) program. This program can refine the 
scale factor on _Fo, and the anisotropic tempera ture  
parameters  s imul taneously  with the atomic coor- 
dinates,  bu t  in  this  invest igat ion only isotropic 
tempera ture  parameters  were used because of the 
re la t ively  small  number  of reflexions tha t  were 
observed. I t  was soon apparent  t ha t  the hydrogen 
atoms, which had  been neglected completely,  were 
contr ibut ing an  appreciable fract ion to some of the  
observed structure factors. This contr ibut ion was 
calculated by assuming tha t  the hydrogen atoms 
were in te t rahedra l  positions round the carbon atoms 
with bond lengths of 1.03 A, and  was subtracted from 
the observed structure factors. The calculated value 
of the structure factor for the  201 reflexion was 
pers is tent ly  too great;  i t  was assumed tha t  this  was 
due to ext inct ion and  this  reflexion was omit ted from 
the f inal  cycles of ref inement.  The isotropic temper- 
a ture  factors for all  a toms were the same wi th in  
exper imenta l  error and so the same average value  
( B =  2 °  8~ u~ = 3.6) was assigned to all  atoms in the f inal  
calculation. The f inal  values of the re l iabi l i ty  index 
(R=2[IFoI-IFo]I/2:IFcl for all  observed reflexions 
except 201) were 0-138 for the hO1 reflexions and 
0.141 for the 0/el reflexions. These low values of R 
jus t i fy  the assumpt ion tha t  the structure is centre- 
symmetr ical .  The fractional  coordinates of the carbon 

The [010] projection was solved first. The 201 
reflexion was very  intense and  thus  gave the approx- 
imate  direction of the chain axes, and a consideration 
of a few other strong reflexions allowed the positions 
of the carbon atoms to be determined.  The hydro- 
carbon chains were all  paral le l  to each other, and as 
shown in Fig. l(a), were separated from each other 
by  exact ly  one half  of the a cell dimension. I t  thus  
followed tha t  the carbon atoms (and most of the 
hydrogen atoms) could make no contr ibut ion to the 
s tructure factors of hO1 reflexions with h odd, and 
tha t  the  appreciable observed in tens i ty  of the 10/ 
and 30/ ref lexions  was due chiefly to scattering from 
the oxygen atoms. Consideration of the magni tude  
of these la t ter  intensi t ies  showed tha t  the carboxyl  
groups necessarily lay  at opposite ends of adjacent  
hydrocarbon chains, and since only two atoms of the 

Table 1. Coordinates of the atoms 
A t o m  x/a y/b z/c 

C(1) 0-0727 0.2067 0-0928 
C(2) 0.1597 0.4509 0-1598 
C(3) 0.1256 0.4174 0.2429 

C(4) 0-213~ 0.6293 0-313,q 
C(5) 0.1802 0.5974 0.3862 
C(6) 0.2664 0.7433 0.4625 
c(7) 0.2364 0-7443 0-5373 
C(8) 0.3199 0.9135 0.6093 
c(9) 0-3029 0.8857 0.6905 
C(lO) 0.3834 0.0958 0.7617 
C(ll) 0-3619 0-0592 0-8385 
C(12) 0-4320 0.2804 0.8981 
O(1) 0.1661 0-2665 0-0381 
0(2) 0.9866 0.0841 0.0927 

and oxygen atoms are given in Table 1 ; the s tandard  
deviations of these coordinates correspond to + 0.08/~ 
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h k I Fo Fc 

0 0 1 - -  12 
OO 2 -- 3 
003 8 -6 
0 0 4 14 -15 
0 0 5 19 -19 
0 0 6 21 -15 
O0 7 *5 -4 
O0 8 *5 0 
0 0 9 *5 I 
0 0 10 *5 2 
0 0 11 *5 2 
0 0 12 *5 2 
0 0 13 22 17 
0 0 14 23 -17 
0015 7 -9  
0 0 16 *5 -6 
0 0 17 *5 -3 
0 0 18 *5 -1 
0 0 19 *5 2 
0 0 20 *5 2 
0 0 21 *5 1 
0 3 22 *5 0 

1 0 0 16 15 
I 0 I 13 12 
I 0 2 9 8 
1 0 3 *4 -I 
1 0 4 10 -11 
1 0 5 14 -14 
I 0 .6 17 -16 
I 0 7 13 -13 
1 0 8 *6 -7 
1 0 9 *6 -5 
1 0 10 "6 0 
1 0 11 *6 4 
1 0 12 "G 1 
1 0 13 "6 -0 
1 0 14 "7 -1 
1 0 15 *7 -1 
1 0 16 *7 -2 
1 0 17 *7 -3 
1 0 18 *6 0 
1 0 19 *6 0 
1 0 20 *6 I 

-1 0 1 17 21 
-1 0 2 16 17 
-1 0 3 13 12 
-lO 4 8 7 
-I o 5 4 -1 
-1 0 6 "4 -1 
-1 0 7 "4 5 
- l O  8 4 3 
-1 0 9 7 7 
-1 0 10 7 4 
-1 0 11 6 3 
-1 0 12 *6 3 
-1 0 13 *6 0 
-1 0 14 *7 -2 
-1 0 15 "7 -4 
-1 0 16 *7 -3 
-1 0 17 *7 -4 
~I 0 18 ~6 -5 
-I 0 19 *6 -1 
-1 0 20 *6 -1 
-I 0 21 *5 0 
-I 0 22. *5 I 

Table 2. Observed and calculated structure factors 

h k i Fo Fc h k i Fo Fc h k I Fo Fc h k i Fo Fc 

2 0 0 28 -30 -.3 0 6 9 -8 5 0 8 *6 1 0 1 20 *7 2 
2 0 1 15 -14 -3 0 7 *5 -3 5 0 9 *6 2 
2 0 2 11 -13 -3 0 8 *5 0 5 0 10 *6 0 0 -1 1 12 11 
2 0 3 16 -14 -3 0 9 5 5 5 0 11 *6 1 0 -1 2 13 12 
2 0 4 16 -16 -,3 0 10 8 7 5 0 12 *6 2 0 -1 3 11 9 
2 0 5 13 -12 -3 011 8 7 0 -1 4 5 6 
2 0 6 24 -22 -3 0 12 6 6 -5 0 1 *6 5 0 -1 5 *4 6 
2 0 7 5 -5 -3 0 13 *6 4 -"5 0 2 *6 -3 0 -1 6 "4 1 
2 0 8 *4 -2 -3 0 14 "7 1 -5 0 3 "6 -6 0 -1 7 *5 3 
2 0 9 4 4 -3 015  *7 2 -5 0 4 *6 -6 0 -1 8 *5 4 
2 0 10 "4 5 -3 0 16 "7 1 -5 0 5 *6 -6 0 -I '9 *5 4 
2 0 11 *4 7 -3 0 17 *6 2 -5 0 6 *6 -4 0 -1 10 *6 7 
2 0 12 7 11 -3 0 18 *6 0 -5 0 7 "6 -2 0 -I 11 *6 4 
2 0 13 10 -13 -3 019  *6 -2 -5 0 8 "6 -1 0 -1 12 "7 4 
2 0 14 *6 -2 -3 0 20 "6 0 -5 0 9 "6 -4 0 -1 13 "7 2 
2 0 15 *7 0 -3 0 21 "6 0 -5 0 10 "6 -2 0 -1 14 *8 0 
2 0 1 6  *7 1 -3 0 22 *5 0 -5 011 '"6 -1 0 -1 15 *8 -1 
2 0 17 *6 1" -3 0 23 *5 0 -5 0 12 *6 -2 0 -1 16 *8 -3 
2 0 18 *6 2 -3 0 24 *4 0 -5 0 13 *6 -1 0 -1 17 "7 -1 
2 9 19 *6 0 -5 0 14 *6 -2 0 -I 18 "7 -2 

4 0 0 5 -4 -5 0 15 *6 -3 0 -1 19 *7 -3 
-2 0 1 69 104 4 0 1 ~5 1 0 -1 20 *7 -I 
-2 0 2 15 13 4 0 2 *5 2 6 0 0 *6 
-2 0 • 3 *3 1 4 0 3 *5 2 6 0 1 *6 4 0 2 0 11 -11 
-2 0 4 5 -6 ~ 0 4 *5 1 6 0 2 *6 4 0 2 1 11 -12 
-2 0 5 13 -13 4 0 5 6 -10 6 0 3 *7 1 0 2 2 17 -17 
-2 0 6 16 -16 4 0 6 *6 5 6 0 4 *7 -9 0 2 3 32 -32 
-2 0 7 31 -32 4 0 7 *6 4 6 0 5 "7 8 0 2 4 46 -42 
-2 0 8 30 31 4 0 8 "7 5 6 0 6 *7 2 0 2 5 37 34 
-2 0 9 17 18 4 0 9 *7 5 6 0 7 ~'6 1 0 2 6 14 12 
-2 0 10 15 13 4 0 10 *6 5 6 0 8 *6 -1 0 2 7 12 9 
-2 0 11 8 9 4 0 11 "6 6 6 0 9 *6 -1 0 2 8 13 11 
-2 0 12 *6 4 4 0 12 *6 -8 6 0 10 *6 -1 0 2 9 9 7 
-2 0 13 *6 2 0 2 10 *7 3 
-2 0 14 29 21 -4 0 1 25 -25 -6 0 1 *6 3 0 2 11 21 -19 
-2 0 15 8 -11 -4 0 2 2£ 26 -6 0 2 7 --10 0 2 12 8 9 
-2 0 16 7 -6 -4 0 3 *5 0 -6 0 3 "6 8 0 2 13 *8 2 
-2 0 17 *6 -5 -4 0 4 7 -9 "-6 0 4 *6 3 0 2 14 *8 2 
-2 0 18 *6 -3 -4 0 5 15 -11 "-6 0 5 *6 I 0 2 15 *7 1 
-2 0 19 *6 -2 -4 0 6 10 -11 -6 0 6 *6 2 0 2 16 *7 -1 
-2 0 20 *6 -1 -4 0 7 11 -10 -6 0 7 *6 2 0 2 17 *7 0 
-2 0 21 *5 5 -4 0 8 29 -31 -6 0 8 *6 3 0 2 18 7 5 
-2 0 22 *5 1 -4 0 9 13 10 -6 0 9 18 -21 0 2 19 "7 0 
-2 0 23 *5 -I -4 0 10 12 9 -6 0 10 *6 3 0 2 20 *7 0 

-4 0 11 *6 6 -6 0 11 *'I 2 
3 0 O *5 -1 -4 0 12 *6 4 -6 0 12 *7 0 0 -2 1 5 5 
3 0 1 *5 2 -4 013 *6 1 0 -2 2 38 -38 
3 0 2 *5 -1 -4 0 14 "7 -4 0 1 0 11 10 0 -2 3 18 19 
3 0 3 *5 -4 -4 015  10 13 O 1 1 5 6 0 -2 4 10 7 
3 0 4 6 -7 -4 0 16 "7 -3 3 1 2 6 -6 0 -2 5 "5 2 
3 0 5 7 -8 -4 0 17 *7 -I 0 1 3 15 -14 0 -2 6 *6 -4 
3 0 6 *6 -8 -4 0 18 *6 0 0 I 4 22 -2D 0 -2 7 *6 -1 
3 0 7 "6 -1 -4 0 19 *6 0 0 I 5 24 -21 0 -2 8 *6 3 
3 0 8 *7 -1 -4 0 20 *5 0 0 I 6 18 -16 0 -2 9 13 -28 
3 0 9 "7 3 -4 0 21 *5 -2 0 1 7 10 -9 0 -2 10 "7 -2 
3 0 10 *7 7 -4 0 22 6 7 0 "1 8 6 -6 0 -2 11 *7 11 
"3 0 11 *7 4 -4 0 23 *4 2 0 1 9 *6 2 0 -2 12 "8 9 
3 0 12 *7 3 -4 O 24 *3 0 0 1 10 *6 6 0 -2 13 *8 7 
3 0 13 ~7 3 0 1 11 *6 2 0 -2 14 *8 7 
3 9 14 *7 2 5 0 0 *6 7 O. 1 12 *7 2 0 -2 15 *7 -5 
3 0 15 "7 0 5 0 1 "6 7 0 1 '13 ~7 1 0 -2 16 *7 8 

5 0 2 *6 5 0 1 14 *7 -I 0 -2 17 *7 -I 
-3 0 I 8 -7 5 0 3 ~6 2 0 1 15 *8 -3 0 -2 18 '*7 -1 
-3 0 2' S -9 5 0 4 ¢'7 0 0 1 16 *8 -2 O -2 19 *7 -1 
-3 0 3 8 -9 5 0 5 *7 2 0 1 17 *7 1 0 -2 23 ~7 0 
-3 0 4 10 -11 5 0 6 *7 1 0 1 18 *7 1 
-3 0 5 10 -9 5 0 7 *6 -I 0 1 19 *7 2 

h k I Fo Fc 

0 3 0 "6 2 
0 3 1 *6 -4 
0 3 2 *6 0 
0 3 3 *6 -1 
0 3 4 *7 -I 
0 3 5 "7 3 
0 3 6 *7 10 
0 3 7 "8 9 
0 3 8 *8 5 
0 3 9 *8 6 
0 3 10 *8 " 1 
0 3 11 *8 -2 
0 3 12 *8 -4 
0 3 13 "8 -3 
0 3 14 *8 -3 
0 3 15 *7 0 
0 3 16 *7 0 
0 3 17 *7 0 
0 3 18 '7 0 

0 -3 1 *6 2 
0 -3 2 *6 5 
0-3 3 *6 5 
0 -3 4 *7 -1 
0 -3 5 "7 -4 
0 -3 6 *7 -7 
0-3 7 *8 -9 
0 -3 8 "8 -7 
0-3 9 *8 -6 
0 - 3  10 "8 -2 
0 -3 11 *8 0 
0 -3 12 *8 0 
0-3 13 *8 2 
0 -3 14 *7 0 
0-3 15 "7 1 
0 -3 16 *7 1 
0 -3 17 *7 0 
0 - 3  18 *7 1 

0 4 0 *8 0 
0 4 1  *8 8 
o 4 2 23 18 
0 .4 3 16 -11 
0 4 4  *8 0 
0 4 5 "8 -2 
0 4 6 "8 -2 
0 4 7 "8 1 
0 4 8 *8 .-3 
0 4 9  "8 1 
0 4 10 *8 -4 
0 4 11 *8 0 
0 4 12 "8 -3 
0 4 13 *8 -1 

0 -4 1 *8 0 
0 - 4  2 *8 6 
0-4 3 "8 0 
0-4 4 *8 7 
0 -4 5 *8 0 
0-4 6 *8 6 
0-4 7 *8 -1 
0 -4 8 "8 -1 
0 - 4  9 *8 -2 
0 -4 10 *8 -5 
0 -4 11 8 lO 
0 -4 12 "8 -3 
0 -4 13 *8 -6 

in x and z and + 0.10 /~ in y. The electron density 
maps for the two projections are reproduced in Fig. 1, 
and the calculated and observed structure factors are 
recorded in Table 2. 

D i scuss ion  of the resul t s  

The dimensions of the molecule of lauric acid deter- 
mined from the atomic coordinates in Table 1 do 
not show any surprising features. The average distance 
between alternate carbon atoms is 2-538 + 0.025 A, 
and the average C-C bond in the chain is 1.505 _+ 
0.025 A. The C-OH and C = O distances are respec- 
t ively 1-45 + 0.08 ,& and 0.99 + 0.08 A. The crystal 
is built of pairs of molecules, dimerized by hydrogen 
bonds of length 2-77 +_ 0.08 A between oxygen atoms. 
Although the values of the x coordinates of the carbon 

atoms suggest that the molecule may be slightly 
helically deformed, it was found that the carbon atoms 
in any one molecule were coplanar within the limits 
of experimental error. The greatest deviation of an 
atom from the calculated 'best' plane was 0.125 A 
and the r.m.s, deviation of all the carbon atoms was 
0-066 A. The perpendicular distance of the origin 
from the calculated best plane is 0 .107+0.022 ~ :  
thus the two chains which constitute a dimer are 
not quite coplanar in this crystal form. The oxygen 
atoms are appreciably displaced from the plane of 
the carbon atoms, O(1) by - 0 . 3 9 + 0 . 0 6  ~ and 0(2) 
by 0.27 + 0.06 A. These displacements may be regarded 
as resulting from a rotation of the plane of the carboxyl 
group about the C(2)-C(1) bond of 16+ 3 °. 

The chains are packed together in accordance with 
the triclinic subcell described by Vand & Bell (1951). 



988 CRYSTAL AND MOLECULAR STRUCTURE OF LAURIC ACID (FORM A~) 

Table 3. Dimensions of the triclinic sub-cell 

Compound a b c 0¢ 

Tri-laurin #-form (Vand & Bell) 4-287/~ 5.40 ~ 2.45 ~ 74 ° 45' 108 ° 2' 
n-Pentadecanoic acid, A' form 

(yon Sydow, 1954) 4.25 A 5.82 A 2.61/~ 66 ° 106 ° 
Laurie acid, A form (von Sydow, 1956) 4.42/~ 5.41/~_ 2.63 A 74 ° 109 ° 
Laurie acid, A 1 form 4.25 A 5.41 A 2.54/~ 74-9 ° 108"4 ° 

7 
117 ° 24' 

122 ° 
122 ° 
120 ° 

The dimensions of the  subcell are given in Table 3 
together  wi th  the  corresponding dimensions in other  
compounds.  Some care mus t  be exercised in comparing 
these dimensions since other  authors  quote dimensions 
determined from the positions of s trong spots on 
photographs  of the compound,  while in the present  
work the  dimensions have been calculated from the  
atomic coordinates. Al though the  Fourier  t rans form 
of the  whole crysta l  can have  large values only where 
the  subcell t r ans form has large values, an  X - r a y  
diffract ion photograph  samples t h a t  t ransform only 
a t  the  reciprocal-latt ice points of the  whole crystal.  
Thus while a strong spot on a photograph must  lie 
near  a m a x i m u m  in the  t rans form of the subcell it  
does not  in general lie at t h a t  m a x i m u m  and therefore 
the  dimensions and  orientat ion of the subcell deter- 
mined direct ly from diffract ion photographs  m a y  not  
be accurate.  I t  is thus  dangerous to conclude 
(yon Sydow, 1956a) t h a t  the  distance between alter- 
na te  carbon atoms is greater  in the  triclinic packing 
t h a n  in the or thorhombic packing of hydrocarbon 
chains. In  form A1 of laurie acid this distance is 
2.54 _+ 0-02/~ which is quite normal ;  the greater  value 
of 2.60 /~ found by  Vand,  Lomer & Lang (1949) 
in potassium caprate  is more probably  due to strong 
binding in the  ionic layers of t ha t  crystal  t han  to any  
effect of chain packing. 

The A-super form of laurie acid crystallizes in the 
form of needles, whereas most  other  forms of the f a t t y  
acids and  paraff ins  crystallize as plates. I t  has been 
suggested t h a t  this is due to its unusual  s t ructure ,  
in which carboxyl  and methyl  groups appear  in the 
same layers in the  crystal ,  but  the  few crystals  of the 
A~ form which were avai lable  to the author,  and  which 
have  the  same unusual  a r rangement  of carboxyl  and  
methy l  groups, crystall ized as plates.  The well 
developed surfaces of these plates  are (001) and 
p resumably  contain both methy l  and carboxyl  groups. 
These crystals  might  therefore have some unusual  
surface properties. The relationship between the 
s t ructures  of the forms A1 and A-super is most  clearly 
demons t ra ted  by choosing uni t  cells different from 
those so far  reported. The A-super lat t ice m a y  be 
referred to an uncentred cell of dimensions 

a=22 .32 ,  b '=5-41,  c=21-68 /~ ;  

a ' = 9 8 . 3  °, ~ '=132 .1  °, 7 ' = 8 2 . 2 °  

and the  form A1 lat t ice to a cell of dimensions 

a"=7.46,  b " = 5 . 4 0 ,  c " = 2 1 . 5 2  J~; 

a " = 9 8 . 8  o, f l"=131.8 °, ~ " =  81.0 o. 

With in  the  limits of experimental  error these cells 
are the same except t h a t  a '  is just  three t imes as 
great  as a" .  The s t ruc ture  of A-super relat ive to 
these cells is shown in Fig. 2, which also indicates 
how this s t ructure  is re la ted to t ha t  of the A1 form. 
The A-super s t ructure  results from t h a t  of the  A1 
form by a t rans la t ion  of every th i rd  dimer (counting 
along the x axis) combined with some ro ta t ion  of 
the carboxyl  groups in those dimers. The t rans la t ion  
is parallel  to the dimer axis and of magni tude  one 
half  the ' length '  of a dimer. 

The movements  of the molecules which occur during 
the t rans i t ion  from form A1 to form C are more 
complex. Translat ions  of half  a dimer length accom- 
partied by  a 90 ° ro ta t ion  of the  whole dimer,  applied 
to every second dimer (counting along the  x axis), 
produce a s t ructure  very  similar to t h a t  of the  C form 
but  with an angle of t i l t  of 67 ° instead of 55 ° . Addi- 
t ional small sys temat ic  t rans la t ions  of the  dimers 
parallel  to their  axes could correct the  angle of t i l t .  
I t  would be interest ing to know more of the mechanism 
by  which this t rans format ion  is effected in the solid 
state.  

I am indebted to I .C.I .  Ltd.  for their  f inancial  
support  of this work, and to Dr  A. 1%. Curtis  for 
sending me a copy of his computer  program. 
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