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The Crystal Structure of the Monoclinic Form of n-Hexatriacontane
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The unit cell of the monoclinic form of n-hexatriacontane, CyH,,, was determined by X-rays. It is
a = 557,b=T42,¢c = 4835 A, f = 119° 6, with two molecules per cell and space group C3,—P2,/a.
Fourier projections were prepared and atomic co-ordinates determined with the aid of the subcell
theory. The chains pack essentially in an orthorhombic subcell with a, = 4:945, b, = 7-42, ¢, =

2-546

A, space group D}§~Pbnm, but a monoclinic subcell is needed for structure-factor compu-

tations. The chain is regular and periodic within experimental error, with an average single C~C
bond length 1-584:+0-006 A and the zigzag bond angle 112°1'421’.

Introduction

The interest in accurate crystal-structure determina-
tion of n-paraffins is twofold: the effect of environ-
ment on the bond lengths and angles of carbon de-
serves study and the details of polymorphism need
elucidation. Considerable advance has recently been
made by Smith (1953), who showed that the space
group of the odd orthorhombic hydrocarbons de-
scribed by Miiller (1928) is D}}—Pbem instead of
D}3-Pnam. Smith has also shown that for even ortho-
rhombic hydrocarbons the (00!) long spacings are
halved, a point also confirmed by Bunn (private
communication), so that the ¢ axis of the ortho-
rhombic #-CyH,,, obtained by Vand (1953) from
powder data, needs to be doubled. Smith also found
that pure even paraffins above 7-Cyq normally crys-
tallize as monoclinic at room temperature, whereas
about 29% impurity of neighbouring homologues
changes them to the orthorhombie form, the amount
of impurity decreasing with increasing chain length.
As our monoclinic crystals were obtained by recrystal-
lization of the orthorhombic material used by Vand
(1953) for density determination, one can infer from
Smith’s data that during recrystallization some purif-
ication took place and that the original orthorhombic
material was probably less than about 98-999, pure,
whereas the monoclinic crystals used in the present
work were of a higher purity. However, it proved im-
possible to check this in a mass spectrograph owing to
the experimental difficulties.

* Present address: Physics Department, Pennsylvania State
University, University Park, Pennsylvania, U.S.A.

Monoclinic crystals of n-hexatriacontane, CyH,,,
were grown slowly from light petroleum solution by
evaporation at room temperature. They were flat
lozenge-shaped plates with an inter-edge angle of
about 75°, with the {001} and {110} faces well devel-
oped. Most of the crystals were twinned about (001),
but it was possible to select under polarized light a
few untwinned crystals.

Determination of the unit cell

Rotation, oscillation and zero- and first-layer Weis-
senberg photographs were taken about the ¢ and b
axes using Ni-filtered Cu K« radiation (1 = 1-542 A).
The axial lengths @ and b were measured from rota-
tion photographs, carefully calibrated by powder lines
of copper. The Weissenberg photographs were cali-
brated by powder lines of NaCl, so that cell dimensions
so obtained should be free of systematic camera and
film-shrinkage errors.

The long spacing was obtained by measuring Bragg
angles 0 of all the observable 00! reflexions and by
taking the weighted average of its reciprocal c*,

¢* = 22 sin 6001/21 s

and calculating the standard deviation from the
residuals. The value c* = 0-03650+0-00006 was. ob-
tained, from which

csin f = Afc* = 42254007 A .

The best value of the monoclinic angle § has been
evaluated by least squares from Weissenberg photo-
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graphs, using a modification of a method originally
developed for powder data by Vand (1948).

For a monoclinic cell, the reciprocal spacing D* of
a reflexion of Miller indices A&l is given by

D#E = HE+ KR +2K ko> +12c*?
where
H}, = ha*sin g* and K} = ha* cos §*

are two constants for a festoon of reflexions of common
indices A and k.
By writing
(D¥[c*)32-P =y, l =z,
(H*[c*)2+(K*[c*)? = ¢, 2K*[c* = p,

one obtains 7 linear equations of the form
Y; =px;+q, t=1,2, ... n,

where z is a whole number and y is known from
measurement. These equations can now be solved by
the usual least-squares procedure, assuming that all
the equations have equal weight. This leads to for-
mulae for p and g¢:

P = (nZry—2xXy)| M, q = (Za*2y—ZxZuy)| Y ,
and for their standard deviations:

o(p) = {n2%|(n—2)M}3,
olg) = {Z22Z6%(n—2)M}3,
where
M =n2a?—(22)2 and 6 =y -y,
y’' being the calculated value of y using the above
p and gq.
Then H* can be calculated from

H* = c*(g—1p?)t,

and, from this, the cell edge @ can be obtained from
a = Ah/H*, using appropriate H*, In our case, ¢ =
5:572+0-011 A. Also

K* = }pc*, cot f* = p[2(¢—3p?)},
whence
p* = 60°54'+4" and B =119°6'+4".

Also ¢ = 1/c*sin § and ¢ = 48:35+:0-08 A.
Summarizing the results, we have:

n-Hexatriacontane, Cy3sH,,. Molecular weight =507-00,
m.p. = 75:5° C,

Monoclinic prismatic,

a = 557+001, b = 7-42+0-01, ¢ = 48-35+0-08 A ,
csin f = 42:26+0-07 A, B = 119°6'+4" .

Two molecules per unit cell. Molecular symmetry,
centre. Density calc. 0-964, meas. 0-961 g.cm.~3,
Absent reflexions: (20l) when % odd, (0¥0) when & odd.
Space group C5,-P2;/a. Absorption coefficient for
X-rays (A = 1542 A) p = 4-52 cm.~L. Total num-

ber of electrons per cell F(000) = 580.

Determination of the structure of the subcell

The intensities of reflexions of the main cell were
estimated by eye, using the multiple-film technique,
and the structure factors were evaluated using the
Lorentz and polarization factors. Absolute intensity
values were obtained at a later stage by comparison
with the calculated structure factors.

The structure of the subcell was determined by
considering the reciprocal sublattice in three dimen-
sions. A sublattice was found connecting the regions
of strong main lattice reflexions. The subcell reciprocal
axes a¥, b¥, c¥ were situated as follows: The b} coin-
cided with b* of the main cell in magnitude and direc-
tion, the ¢* and c¢* coincided in direction and a¥F was
at an angle with a*. In real space, this corresponds to
a, and a and also b, and b being identical, but permits
¢; being inclined to ¢. The comparison of dimensions
revealed that the number N’ of subcells in the ¢
direction is 18 and unity in the other two directions,
so that the interference function 7' becomes, according
to Vand (1951),

T = sin 18nL/sin nL ,

where the subcell indices are (HKL).

The centre of gravity of subcell region coincides
with the origin of the main cell, so that x,, = 0. All
the atoms can be included in the subcells except the
two terminal hydrogens of the methyl end groups,
which can be neglected. The structure-factor relation
between the main cell and the subcell is given by

F(hkl) = T(L)F(HKL), Q)

where F(HKL) is the structure factor of the subcell
(HKL may be fractional).

With the aid of a graph of T against L it was
possible to locate the subcell reciprocal-lattice points
more accurately. The following subcell dimensions
were obtained:

@, = 557, b,=1T42, ¢, =2548 A, B, =117°26".

Space group C%,~P2,/a with four CH, groups per
subcell. (Note that g, differs slightly from fg.)

The next step was to postulate a trial structure and
to evaluate F(HKL). A trial structure was compara-
tively easily found and after some refinement by trial
and error, the figure of merit of (HOL) and of (0KL)
subcell reflexions was brought down to 16-4 and 12-09%,

respectively, using McWeeny (1951) atomie scattering
factors and applying a temperature factor B = 3-0 Az,
Fourier syntheses of the subcell along b; and a; were
prepared and are shown in Fig. 1. They indicate
presence of hydrogen atoms. These were therefore
included in further calculations, assuming C-H bond
length 109 A and tetrahedral valence angles. The
inclusion of the hydrogens brought down the figure
of merit to 12:7 and 9-3% respectively. The same B
value was used for the hydrogens as for the carbons.

The subeell atomic co-ordinates so obtained are
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Fig. 1. Electron-density projection of the subcell (a) along the
bs axis, (b) along the a; axis. Each contour line represents
a density increment 1 e.A~2. The one-electron contour is
broken.

Table 1. Preliminary co-ordinates of the subcell atoms,
referred to subcell axes and centre

Xjas  Ybs  Zles X Y z
C 0-068 0-036 —0-181 038 027 —0-46
H, 0-061 0-183 —0-188 03¢ 136 —0-48
H, 0-280 0-000 0012 156  0-00 0-03
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given in Table 1. They refer to subcell axes and subcell
centre as origin.

Determination of the structure of the main cell

Values of T were calculated for all the observed main
cell reflexions and their structure factors were cal-
culated using formula (1). The transformation be-
tween the main cell and subcell indices was effected
by using the equation H, = sih;, where

1 0 0
s}}:[OlO]

s 0 s
with s} = 0-01526 and s3 = 0-05353.

Although comparatively good agreement was ef-
fected near integral values of L, the agreement be-
tween the observed and calculated structure factors
was poor for intermediate values of L. It became
apparent that, as the subcell contains centres of sym-
metry at (0, 0, 0) and (0, 0, %), either can be taken as
the origin, but only one will coincide with the subcell
centre which must be taken as the origin on building
up the molecule. The choice of the second subcell origin

* T
o S
P T -]
Y 0
- .y b
4 (d) 4

Fig. 2. (a, ¢) Electron-density projections of the main cell along the b and a axes. Contours at 1 e.A=2, the one-electron
contour being broken. (b, d) Numbering of the atoms corresponding to (a) and (c).
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Table 2. Atomic co-ordinates
(Centre of symmetry as origin)

zla y/b zjc
C, 0-070 0-038 0-0173
C, —0-056 —0-038 0-0364
C, 0-084 0-037 0-0705
C, —0-041 —0-040 0-0898
Cs 0-102 0-038 0-1243
Cs —0-025 —0-040 0-1432
C, 0-115 0-036 0-1775
Cq —0-009 —0-040 0-1970
C, 0-131 0-038 0-2312
Cro 0-005 —0:040 0-2506
Cy; 0-145 0-036 0-2843
Cie 0-020 —0-038 0-3040
Cys 0-160 0-038 0-3377
Cys 0-040 —0-039 0-3580
Cis 0-178 0-039 0-3911
Cys 0-057 —0-036 0-4114
Cyy 0-196 0-038 0-4444
Cie 0-074 —0-034 0-4647

as centre will give a different structure but will change
only slightly the moduli of the structure factors near
integral values of L. On transferring the subcell centre
to (0, 0, 3), the figure of merit of the main cell fell
from 28-7 and 21:59, to 19-1 and 14-9%. The subcell
coordinates of Table 1 refer to this centre as origin.

Fourier syntheses (Fig.2) were carried out along
the b and @ axes using calculated signs. As the 001,
002 and 003 planes were obscured by the beam trap
and 021 by the very intense 020, their calculated
values were used in the syntheses. Carbon atoms are
well resolved and there is some indication of the
hydrogens. The electron density at the centres of the
main peaks, consisting of a carbon and one super-
imposed hydrogen, falls from over 8 e.A-2 at the
centre of the chain to over 6 e.A-2 at the ends. This
suggests increasing thermal motion of the ends,
although some of it may be due to the series-termina-
tion error.

Atomic co-ordinates were assigned to the atoms
from the electron-density maps and are given in Table
2, where z, y, z refer to monoclinic axes and 2’, y, 2’
to orthogonal axes a, b, ¢’. The molecular dimensions
are given in Table 3.

Table 3. Dimensions of the molecule

Bond lengths between carbon atoms in the order C{~C,, C,~C,,
Cy—Cs, ..., Cy7—Cyq:

1-57, 1-52, 1-55, 1-52, 1-57, 1-52, 1-56, 1-52, 1-56, 1-53, 1-53,

1-55, 153, 1-55, 1-51, 1.53, 1-50, 1-54 A.

Bond angles in the order C;-C,~C,, C;—Cy—C;, Co—C5-Cy, ...,
Cy6=C17~Cig:

112-3, 111.7, 111-8, 111-3, 110-6, 111.0, 112-1, 112-1, 111-7,
110-9, 111-6, 111-7, 112-5, 112-0, 112-5, 113-1, 113-3°.

Redetermination of the structure of the subcell

The data of Tables 2 and 3 were obtained directly with
reference to the Fourier syntheses, i.e. without any

z (A) y (4) z (A) =’ (4) 2 (4)
0-39 0-28 0-84 ~0-02 0-73
—0-31 —0-29 1-76 —1-17 1-54
0-47 0-28 341 —1-19 2-98
—0-23 —0-30 4-34 —2-34 3-79
0-57 0-28 6-01 —2-35 525
—0-14 —0-30 6-92 —3-51 6-05
0-64 0-27 8-58 —3-53 7-50
—0-06 —0-30 9-52 —4-68 8-32
0-73 0-28 11-18 —4-71 977
0-03 —0-30 12-12 —5-86 10-59
0-81 0-27 13-75 —5-87 12-01
0-11 —0-28 14-70 —7-04 12-84
0-89 0-28 16-33 —17-05 14-27
0-22 —0-29 17-31 —8-20 15-12
0-99 0-29 1891 —821 16-52
0-32 —0-27 19-89 —9-35 17-38
1-09 0-28 21-49 —9-36 1877
0-41 —0-25 22-47 —10-52 19-63

assumption of chain periodicity. They may now serve
to detect whether there are any deviations from
periodicity and, if not, to obtain averaged bond
lengths and angles.

If a regular structure is assumed for the chain, the
co-ordinates z, 7,z of the atoms will obey a linear
law each, i.e.

r = mu+w,, etc.,

where m, is the displacement of each succeeding subcell
in the z direction, » is the subcell number ranging from
—9 to +8 and w, is the subcell x co-ordinate of the
atom.

The three groups of eighteen equations in each were
solved by least squares and the following constants
obtained, expressed in fractional main cell co-or-
dinates:

m, = 0-01549 +0-00010,
m, = 0-00001 +0-00008,
m, = 0-053496+0-000014,

w, = 0-06978 +0-00053 ,
w, = 0-03811 +0-00044 ,
w, = 0-01692640-000077 .

Transforming these values into Angstrom units, we
obtain for the co-ordinates xj, y;,2, of the subcell
point (001) the values

2, = 0-08630-£0-00058,
¥, = 0-00007+0-00062,
2, = 2:5865 +0-0044,

2 = —1-1715+0-0034 ,

z; = 2:2601+0-0041 ,
and for the co-ordinates of the carbon atom in the

subcell, both being referred to the main cell axes and
orthogonal axes and origin:

x, = 0-3887-:0-0030,

y, = 0-2828+0-0033,
2g = 0-81840-0040,

—0:0093+0-0037 ,

Zy =
2o = 0-715140-0035 .

From the above data, the positions of all the carbon
atoms were calculated for the whole molecule. Com-
parison of the calculated values with those of Table 2
revealed no indication of a bent or a systematically
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distorted chain, the deviations being random and
within experimental error. The average discrepancy of
coordinates of individual atoms was +0-02 A and the
greatest discrepancy 0-04 A for C,;. One can thus
conclude that the chain is periodic within experimental
error and that the averaging of the bond lengths and
angles over the chain is justified.

From the above data, new more accurate subcell
dimensions were obtained:

a, = 557+0-01, b, = 7-42+0-01, ¢, = 2-546+0-004 A ,
B, = 117° 24’15’ ,
and the average bond lengths

C,~C,; = 1-538+0-007 A (bond across the centre of

symmetry),

C;—C, = 1-529+0-010 A .

The zigzag angle C;—C,—C, is 112°1'3+21".

There is therefore no evidence of alternating bond
lengths, both bond lengths being equal within ex-
perimental error.

The positions of hydrogens were now recalculated,
assuming the same C-H bond lengths and angles as
before, and are given in Table 4 referred to the subcell

axes and centre. This table is thus comparable with
Table 1.

Table 4. Final co-ordinates of the subcell atoms, referred
to the subcell axes and centre

Xlas  Y[bs Zes X Y z

C 0-0649 0-0381 —0-1836 0-361 0-283 —0-467
H, 0049 0179 —0-200 027 133 —0-51
H, 0-273 0-010 0-026 1.52 0-07 0-07

The arrangement of the subcell atoms in the projec-
tions along b, and a, axes is shown in Fig. 3. In the

Gsing,
2
__&Sing )
2 S
(b)
0 1 2 3 4 5A
[FPITTPTS FPPTPPPPL IRPTR TOTTN FPPTTOT VPTITPA |

Fig. 3. Arrangement of the atoms in the projections of the
subcell (a) along the b; axis, (b) along the a; axis. In the
latter case, alternate C—C bonds are omitted.
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projection along the a, axis the alternate C—C bonds
are omitted for clarity. The two general terms of the
transformation matrix s, were recalculated and the
following better values obtained:

82 = 0015494, s3 = 0-053496 .

The main cell structure factors were then recal-
culated and the figure of merit was found to have fallen
to 16-7 and 13-89%, for the (k0l) and (0kl) reflexions,
indicating correctness of the refinement procedure.
None of the structure factors (Table 5) was found to

Table 5. Observed and calculated structure factors

4

nké T 2 ? ) hkt ) 4 ? hké 4

o ¢ o ] o c o
000 - 580 2,0, 8 6 4,0, 23 0,2,18 39 =35
200 77 "84 2,0, 9 -7 4,0,18 < -21 0,2,19 64 -83
400 <6 o 2,0, 10 7 401 <« 8 0,220 7 11
600 <4 4 2,0, 10 =T * - . 0,2,21 <5 -5
2,0, 11 8 40 <6 2 0,2,22 <5 2
020 324 300 z,o.g 11 -8 40, <6 =3 . . «
040 110 104 2,0, 12 401 16 =T 0,2,34 <1 2
060 20 23 2,0,25 13 -10 401 <7 0 0,2,35 <7 -4
0 13 -8 ZSH 12 0 o g 2 o 8
001 - a 2:012 21 16 4,0015 <6 -3 oizﬁgg % -17
O N Sl O O
- : -
004 18 -22 2:0:% 110 108  4,0,18 22 -28  0,3,12 ¢5 -5
005 18 2 2,0,18 17 -19 4,019 8 9 0,3,13 <5 5
006 17 =21 2,o,q 9 0,3,14 & -6
007 17 21 2,0,1 T -4 6,0,21 271 22 0,3,15 8 8
008 17 ~20 2,0,13 5 2 6,02 271 29 0,3,16 12 -10
009 16 20 2,0, % -1 6.0.1_3 <6 =9 0,3,17 17 15
0,0,10 16 -19 2,013 <« o0 6,018 < 5 0,3,18 37 -33
0,0,11 16 18 . . . . - . 0,3,19 77 -68
0,0,12 14 -18 208 <« -1 60% €5 -3 0,3,20 12 15
0,0,13 15 18 207 <4 2 60, <5 0,3,21 7 -7
0,0,14 16 -19 208 5 -4 60 14 -28 0,3,22 <6 4
0,0,15 18 21 20; 7 6 60 8 -10 0,3,23 <6 -3
0,0,26 24 =22 20 12 -9 . P—
0,0,17 31 28 20 20 15 019 <3 3 0,3,35 <7 4
0,0,18 57 =55 20 36 -28 0,1,10 <3 -3 0,3,36 <7 -7
0,0,19 100 -36  20I 14 107 0,1,11 4 4 0,3,37 22 24
0,0,20 14 17 201 24 =33 0,1,12 .4 -5 0,3,38 15 14
gem d o B bW g g w2 0o
1044 = -
0,0,23 <5 -2 204 11 13 0,1,15 9 7 0,4,15 <5 5
0,0,24 <5 1 205 9 -10 0,1,16 12 -3 0,4,16 <6 -b
0,0,25 <5 o 206 8 9 01,17 17 12 04,17 T 8
0,0,26 <5 o 207 7 -7 0,1,18 34 -28 0,4,18 15 -15
0,0,27 <6 o 208 6 6 01,19 &2 =54 0,4,19 24 -27
0,0,28 <6 0 209 5 -6 0,1,20 11 11 0,4,20 <6 5
0,0,29 <6 0 2,010 <5 4 01,21 T -6 0,42l <6 -2
0,0,30 <6 1 2,011 <5 -4 01,22 5 3 . o .
0,0,31 <6 -1 " LI 0,1,23 <5 =2 0,4,35 <7 =2
0,0,32 <6 1 2,0,16 <6 ~2 0,1,24 <5 1 0,4,36 <7 4
0,0,33 <6 -2 2,0,17 <6 7 . L 0,4,37 14 -16
R € 3 Em Mo gbhy g 3 onh 8o
- ’ - 1= -
00,36 13 9 2,0,20 9 01)37 13 11 0,514 <6 -5
0,0,37 43 =37 0,1,38 11 7 0,5,15 <6 &
0,0,38 25 -24 4,0,2 17 -15 0,5,16 7 -8
0,0,39 10 10 4,0,56 <5 2 02 - 11 0,5,17 1.1 12
0,0,40 8 -7  4,0,55 <5 -1 022 9 -12 0,5,18 28 -28
_ - LI 023 9 12 0,5,19 55 -59
z.o.g% 12 1 4,0,3 <7 -2 024 8 -11 0,5,20 <7 13
2,0,56 12 T 4,0, <7 3 025 8 11 0,5,21 <1 =T
2,0,55 8 -4 4,0,41 -4 026 8 -11 . . .
2,0,54 <5 3 4,0,40 11 8 027 7 1 0,5,35 <6 4
2,0,63 <6 -3 4,0.% 37 =30 028 7 =11 0,5,36 <6 -T
- . 4,0, 34 -28 29 7 11 0,5,37 18 25
I - B T B 3¢ 4 S A - I
< - 12,
2:01% 120 ~-99 ‘:o:?‘ T 6 0,202 6 -1l 0,7,15 <T 4
E8 I R G R 1 BN
= [l
2,0, 8 -6 4,022 < 3 052,15 10 12 0,7,18 12 -19
2,0, 8 6 4,0,51 <6 -6 0,2,16 14 -13 0,7,19 29 -40
2,0,3% 7 -6 4,0,20 79 94 0,2,17 20 18

#* Group of non-observed planes. Maximum valuea of Fo and IFg' as for

adjoining non-observed planes.

change sign, so that the Fourier syntheses shown in
Fig. 2 are final. The temperature factor B did not
change.

Intermolecular distances

The standard molecule at the origin of the main cell
was called 4 and the reflected molecule at (%, %, 0)
was called B. The shortest distances of approach be-
tween non-bonded atoms, assuming the positions
calculated for the regular structure, were found to be:
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Cy(A4)...Cy(B) = 414, Cy(4)...Cy(B) = 4-20,
Cy(4)...Cy(B) =420 A,

The H-H distances were also calculated and found to
range between 2-61 and 2-98 A. The distance between
the observed positions of the carbon atoms of the
terminal methyl groups across the centre of symmetry
at (0, 0, 3) was found to be 3-91 A.

Comparison with the orthorhombic form

If the a; axis is displaced in the direction of the c;
axis by an amount corresponding to one zigzag of the
chain, a transformed subcell is obtained, which, how-
ever, is not a true subcell of the structure, and which
has the following dimensions:

a,=4-945+0-01, b,=7-42+0-01, ¢,=2-546+0-004 A ,
Bo=90°11'+7" .

This subcell agrees very closely with that of the
orthorhombic form of n-paraffins and the angle §,
does not differ significantly from 90°. The transformed
atomic co-ordinates are given in Table 6, the departure
from 90° being ignored.

Table 6. Co-ordinates of the subcell atoms, referred to
the orthogonal subcell

X'lay,  Y'[b,  Z'le b'¢ Y z

C 00649 0-0381 —0-2489 0-321 0-283 —0-634
H, 0049 0179 —0249 024 133 —0-63
H, 0273 0010 —0249 135 007 —0-63

These co-ordinates correspond very closely with
those derived from polythene by Bunn (1939) and also
with those obtained by electron diffraction by Vainsh-
tein & Pinsker (1950, 1951) for the orthorhombic
n-paraffin. The agreement is close in spite of the fact
that Bunn’s work was carried out on the high polymer
and the Russian work on an ill-defined mixture of
n-paraffins, neither of which showed any well-defined
main cell. The subcells only are compared. Note that
Z'[cy does not differ significantly from %, and if the
latter value is assumed the space group D33-Pbnm is
obtained in -agreement with that found by Bunn. The
contention of Schoon (1938) as to the way in which
monoclinic cells can be derived from the basic ortho-
rhombic arrangement is thus very nearly true since
B, is very nearly equal to 8, but the value of the mono-

clinic angle depends not only on the length of the zigzag
unit but also to some extent on the end packing of the
molecules and hence on the length of the hydrocarbon
chain.

The plane containing the carbon atoms of the chain
passes through the main cell origin, the subcell origin
and the point C, and its equation referred to the or-
thogonal axes a’, b and ¢ is given by X'—1:1347Y =0.

The plane then makes an angle of 41° 23’ with the
b axis.

Discussion

The results of this work are in general agreement with
the earlier investigations. The side packing of the
molecular chains was found to be very similar to that
of the orthorhombic paraffins. Schoon’s contention as
to the way in which the monoclinic form of the -
paraffins is derived from the orthorhombic form is
basically correct. The results obtained from two projec-
tions suggest that the chains are regular within ex-
perimental error: in particular, no alternation in bond
lengths can be detected. At most, there may be some
slight distortion at the chain ends where the end effects
of packing may be greatest, and perhaps an increase in
temperature motion towards the ends, but the latter
needs more detailed confirmation from study of ter-
mination errors. The periodicity of the chain permits
substantially more accurate values of the atomic co-
ordinates to be obtained. The averaged length of one
zigzag of the chain is thus 2-546-£0-004 A and the two
C-C bond lengths are alternatively 1-:538--0-007 and
1-5294-0-010 A. The combination of these two aver-
ages gives for the best value of a single bond in an
aliphatic -CH,—~CH,— chain a value 1-534+0-006 A.

This is slightly shorter than the single carbon bond
in diamond, which is 1-5445 A, but whether the effect
is real may be in doubt. The angle of the zigzag is,
however, significantly different from the tetrahedral
angle, being 112° 1'+21’, which has been known since
Ingold (1921) predicted the discrepancy.
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