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The Low-Temperature Form of C18H38 
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The low-temperature form of C18H3s, which is iso-structural with that  of other even paraffins from 
C29. down to C 6 , is shown to be triclinic, with one molecule in the unit cell, which has dimensions 

a =  4-285 A., b= 4.820 A., c = 23.070 A. 
c~-91 ° 6', /?--92 ° 4', 7 -  107° 18'. 

Measurements were made of 118 spacings and 65 angles, by means of Laue, powder, rotation 
and Weissenberg photographs. The 'X- ray '  density i~ 0.93 g.cm: 3 at 21 ° C., as compared with the 
liquid density at the melting-point, 27 ° C., of 0.777 g.cm: 3. 

Introduction 
I t  is known tha t  ClsHaa, like a number  of other hydro- 
carbons, can give two characterist ic powder patterns.  
One is the ' n o r m a l '  pat tern,  in which the chains are 
believed to be packed in a pr ismatic  cell of rectangular  
cross-section, their  lengths being perpendicular  to the 
base of the cell. The long spacing is about  25.3A. 
(Miiller, 1930, 1932a). This  form is observed at  tem- 
peratures near  to the melt ing-point ,  27 ° C., and also at 
room temperatures  if  the octadecane contains more 
t han  about  2-2 % of the C16 or C20 paraffins (Ubbelohde, 
1938). The long spacing in this form lies on a s traight  
line (spacing versus number  of carbon atoms) which 
extends from Cm upwards,  including both odd- and 
even-numbered paraffins. There is, however, a second 
form of lower symmet ry ,  having a long spacing of 
about  23 A., which is also typical  of even paraffins from 
C2~ (or possibly C~4) downwards to C 6, and which gives 
a characterist ic pa t te rn  in which there are three strong 

* Deceased. This work was begun by Dr Miiller in 1940, and 
continued by K. Lonsdale during his absence through illness 
in the winter of 1940-1. It was written up after his death in 
1947. 

t Now at University College, Gower Street, London, W.C. 1, 
England. 

A C I  

side-spacing lines (at 4.56, 3.79 and 3.58 A. in C20Ha2 at 
room temperatures) .  I t  is the object of the present 
paper to describe this second modification, as found for 
pure octadecane at room temperatures .  Single crystals 
were successfully grown from xylene. These were flakes, 
optically positive, with the acute bisectrix emerging at 
a small  angle to the flake face normal.  

Experimental 
Laue photographs were first taken with the X-ray  beam 
normal  to the flake face; these photographs (which pro- 
vide the mos~ searching test of crystal  perfection) 
showed tha t  the flakes were somewhat  distorted and 
possibly not  single, but  they  also gave the directions of 
some impor tan t  zone axes, about  which rotat ion and 
Weissenberg photographs were subsequent ly  taken.  
One very small  and relat ively undis tor ted crystal  gave 
good photographs about  axes which were chosen as the 
[100] and [010] zone axes, bu t  it was twinned by re- 
flexion on the (001) flake face. The crystals were proved 
to be triclinic, first of all from their  optical properties, 
and then  from photographs of a second crystal  which 
was not twinned.  This crystal,  however, was bent,  and 
al though it gave Weissenberg photographs about  the 
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[ll0] and [ll0] axes from which reflexions could be 
identified and spacings measured with good accuracy, 
it. did not give such accurate angle measurements as the 
first twinned crystal.* 

The most accurate spacing measurements were, how- 
ever, obtained from powder photographs, using a 29 cm. 
diameter  camera., the lines being identified by com- 
parison, in respect both of intensi ty and of spacing, 
with corresponding reflexions on the Weissenberg 
photographs.  It  was found tha t  at first there was some 
difficulty in obtaining long-chain and side spacings on 
the same film, or indeed with the same specimen. I f  the 
hydrocarbon were melted on to a glass plate and then 
cooled on ice (to prevent  the slow formation of large 
crystals), the side spacings were most intense; if it were 
allowed to crystallize out quickly from a. solvent., the 
long spacings appeared; but  one could not even be sure 
tha t  the crystalline form was the same in both cases. 
Satisfactory powder photographs,  showing both sets of 
lines, were finally obtained by using as specimen a thin 
coating of hydrocarbon on a fine a lumin ium wire, the 
wire being dipped into the melted hydrocarbon just  as 
the lat ter  was setting. A calibration photograph of the 
A1 wire alone gave the reflexions 111,200,220 and 311, 
corresponding to 20 = 38-470 ° (Cu K~I), 44.718 ° (Cu K~ 1), 
65.093 ° (Cu K~x), 65.275 ° (Cu K~2), 78.224 ° (Cu Kzq) 
and 78.457 ° (Cu Ka2). Photographs of the A1 wire 
coated with ClsHas showed the Al calibration lines 
together with a considerable number  of hydrocarbon 
lines. Each hydrocarbon line had a sharp absorption 
line at its centre, due to the relat ively large absorption 
of the metal  base; measurements  were made on this 
sharp line, great care having been taken tha t  the 
specimen should be accurately centred. The effective 
camera radius was calculated from the distances apar t  
of the calibration lines, taken in pairs, and was found 
to be constant  to within _+ 1 in 2000 for any given film 
at any  given t ime of measuring, except at the extreme 
ends of the film (near to 2 0 =  180°). An average value 
of the effective camera radius was 14-33 cm., so tha t  in 
the neighbourhood of the A1 311 lines a change of 
position of 0" 1 cm. corresponded to a change of spacing 
of approximate ly  0.005 A. The ClsHzs 0,0,19 reflexion 
could be measured with accuracy, because it was well 
resolved (the width of the ~1 and a2 components being 
less t han  0.025 cm. each) and because for Cu Kcq the 
value of 20 was 78.864 °, as compared with 78.457 ° and 
78.224 ° for the a 2 and a 1 components of A131 1. The only 
other possible ClsHzs reflexion in this neighbourhood, 
1,1,18, was observed on Weissenberg photographs to be 
much weaker than  0,0,19. All photographs were taken 
on the 50 kW. rotat ing anode tube at the Royal  
Inst i tut ion,  the t ime of exposure of a Weissenberg 
photograph using Ni-filtered C u K  radiat ion being 
1-1½ hr. with a camera of 8 cm. diameter.  The high- 

. . . . . . . . . . . . . . . . . . . . . . . .  

* The mortality among these little flakes was high, partly 
owing to the fact that at the time of the experiments the 
laboratory was subject to considerable vibration. 

U R E  F O R M  OF ClsH~s 

order reflexions on powder photographs were given 
twice the exposure of the low-order lines in order to 
make them of comparable in tensi ty  (the central part of 
the film being screened after half  the t ime of the 
experiment).  Accurate measurement  was confined to 
those powder lines which were intense enough to show 
up, after enlargement,  against  the grain of the back- 
ground. For such lines the positions of the centres 
could be determined with confidence to 0.001 cm. The 
temperature  during the t ime of exposure varied from 
20.9 to 21.8 ° C. 

Since the determinat ion of the triclinic unit-cell 
dimensions could be carried out only by the use of all 
four photographic methods (Laue, powder, rotation and 
Weissenberg), it is perhaps useful to indicate how this 
was done, at each stage. 

Unit-cell size. Nine Laue photographs taken in- 
dependent ly  with the X-rays normal to the flake face 
of the crystal showed two prominent  zone axes at an 
acute angle of 73.5 to 72.5 ° , the mean value being 72.9 ° . 
These zone axes were taken as [100] and [010], the angle 
therefore being 7 or ( 180° -y ) .  Rotat ion photographs 
gave the a and b axial  lengths as 4.29 and 4.82 A. 
respectively (from layer-line distances). A c-axis rota- 
tion photograph could not be obtained. From Weissen- 
berg photographs about  [100] and [010] the angles 
010:001 and 0 0 1 : 1 0 0  were found to be A = 8 8 . 2  ° , 
B = 87.3 °, and the spacings of the axial planes (identified 
oil Weissenberg photographs and more accurately 
measured on powder photographs) were di00=4.082 
(weak powder line), d010=4.599 (strong, well-defined 
powder line), d001 =23 .04 l  A. (from 0,0,19 powder line; 
excellent agreement  with all other observable orders). 
The values of d010 and d001 were taken as being accurate 
enough for calculation of other spacings. The observed 
values of A and B, obtained from the small twinned 
crystal,  were also sufficiently exact., since small  changes 
in these angles did not alter the calculated spacings. 
The observed values of d100 and of 7 were not, however, 
of equal accuracy with those of the other axial  spacings 
and angles, and it was found, in particular,  tha t  the 
calculated (hhl) and (hl~l) spacings were very sensitive 
to changes in 7- 'Tr ia l  and error '  values giving the 
best agreement  with observation for all planes were 
d100=4"086 A. and 7 (or 1 8 0 ° - ) , ) = 7 2 . 7  °. 

Two unit  cells are possible from the observed values 
of A, B and ),. Using the formulae 

tan  ½(~ +fl)  = cos ½(A - B) see ½(A + B) tan ½),, ] 

tan ½(~-f l)  = s i n  ½(A - B) cosec ½(A + B ) t a n  ½),, I (I) 

we obtain either 

~ = 8 7 ° 2 0  ', f l=86~'50 ', y = 7 2 ° 4 2  ', (1) 

or a =91°  6 ', /2=92o4 ', ) '=107" 18'. (2) 

We can decide definitely between these two possible 
unit  cells by a determinat ion of the spacings of planes 
(hkl) having no zero index and/or by the angles between 
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planes  no t  in the  same axia l  zone. Bo th  me thods  were 
used .Tak ing  dl0 o = 4.086, d01 o = 4.599 a n d  d001 = 23.041 A., 
we have  the  following spacings  a n d  angles in the  two 
cases :  

( 
d m = 3.625 A., 

dlli  = 3.555 A., 

dlrz -- 3"531 A., 

d l~  = 3.405 A., 

dli~ = 2"622 A., 

• dl]~ = 2-61 o A., 

(2) 

d l i i =  3.605 A., l l l  

dli  1 = 3"589 A., 1i 1 
- - - .  

dl i~= 3"48~ A., 112 

dli  2 = 3"459 A., 1i2 

d11~ = 2"640 A., 112 

d112 -- 2-586 A., 112 

l )  

111 : 001 = 84.6 ° 

l l l :  0 0 1 = 7 7 . 5  ° 

112 : 001 = 7 5 . 8  ° 

112 : 001 = 69.2 ° 

1 1 2 : 0 0 1  = 77.5 ° 

112 : 0 0 ] = 7 6 . 3  ~ 

- - :  00] -=81 .8  ° 

: 001 = 80.2 ° 

: 001 = 72"6 ° 

: 001 = 7 1 . 7  ° 

: 0 0 i  = 79.5 ° 

: 001 = 74.3 ° 

The second, fou r th  a n d  s ix th  of these  gave  re la t ive ly  
s t rong  reflexions for  which the  observed  values  were 

3.589A. (80.0°), 3.459A. (72.0°), 2.58 sA.  (73-5°), 

agree ing well wi th  uni t  cell (2) bu t  not  wi th  (1). I n  fact ,  
all t he  observed  d a t a  were much  more  consis tent  wi th  
(2) t h a n  wi th  (l) .  

The  fo rmulae  used ibr the  ca lcula t ion  of  spacings a n d  
angles  were 

d , = Z N~/~. sill" ~ + 2~  ~V-~bc (c°s fl cos 7 - co~ ~), 

(H)  

w h e r e  

N°-= 4 sin ½(a 4-/] 4- 7 ) s in  ½ ( - a  4-,8 4- y) 

whence  

a = ~V °° sin a,  

a n d  

× sin ½(~z-/? 4- 7) sin ½(cz 4 - / ] - ' / ) ,  

b = ~ - ~  sinfl ,  c = ~ - 1  s i n 7  ; 

I hlh~ ""  h I k I 11 • h~. k2 l~ = cos -1 d ld2 Z N2a---- 2 sm a 

+ E kl l2 + kgl~ (cos fl cos y - c o s a ) ~ }  ( I l I )  

The  f inal ly accep ted  values  of  the  unit-cel l  d imen-  
sions were  

dl0o = 4.086A. , 2 =  91°6  ', a =  4-285A., 

d01o = 4"599 A., /? = 92 ° 4' ,  b = 4.820 A., 

do01 = 23.041 A., y = 107 ° 18', c = 23.070 A. 

(in t e rms  of  

Cu K a  1 = 1.54050 A. a n d  Cu K a  2 = 1.54435 A.). 

These d imensions  give 0 " 0 1 - 0 . 1 %  a g r e e m e n t  in spacing 
m e a s u r e m e n t  for all b u t  the  v e r y  weakes t  reflexions;  
in all, some 118 spacings  a n d  65 angles  were measured .  

F r o m  these  d imensions  we have :  

Volume of  un i t  cell = a .  b. c. N = 454.40 A. a 

Mass of  one molecule = (254-30 - 6.0228) × 10 -24 g. 

Mass  of  molecule•  Dens i t y  

Volume of un i t  c e l l - N u m b e r  of  molecules  

0.929 
- g.cm.3 

n 

The dens i ty  of ClaH3s could no t  be d i rec t ly  deter-  
mined  on accoun t  of  its solubi l i ty  in all su i tab le  sus- 
pension liquids, b u t  it  is ce r ta in ly  less t h a n  t h a t  of  
wa te r  a t  room t e m p e r a t u r e s .  The  un i t  cell m u s t  there-  
fore conta in  one molecule  and  the  dens i ty ,  as deter-  
mined  by  the  above  X - r a y  me thod ,  is 0 . 9 3 g . c m .  3 a t  
21 o C. The  dens i ty  of  l iquid ClaHaa a t  the  mel t ing-po in t  
is 0 .7770g.cm= 3 (International Critical Tables), t he  
spacing cor responding  to the  ' l iqu id  r ing '  being 4.6 A. 
(Miiller, 1932b), which is ve ry  close to the  s t rong  side- 
spacing of  the  triclinic un i t  cell. This decrease  in 
dens i ty  indicates  t h a t  a l though  some measu re  of 
paral le l ism of the  molecules m u s t  be re ta ined  on 
mel t ing,  much  of  the  molecular  order  has  d i sappeared .  
The crys ta l l ine  s t ruc tu re  will be discussed in a sub- 
sequen t  paper .  
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