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The Crystal Structures of Methylene Dibromide and Methylene Diiodide
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The crystal structures of methylene dibromide and methylene diiodide (Form II) have been determined by
the X-ray diffraction method at about —90°C and about —20°C respectively. Both the crystals are isomorphous,

with monoclinic space group G%,—C2/c.

Unit cells containing eight molecules have these dimensions: a=12.239

(12), 5=4.459(15), c=15.212(16) A, and B=113.54(7)° for methylene dibromide, and a=13.346(3), 5=4.720(90),
¢=16.479(5) A, and f=114.48(8)° for methylene diiodide. The orientations of the methylene groups have been

obtained by lattice-energy calculations.

As part of a series of investigations of molecular
interactions on various halogenated methanes, the
crystal structures of bromoform,V iodoform,? methyl
bromide and methyl iodide® have already been re-
ported. It has been found that bromoform and iodo-
form are isomorphous, and that methyl bromide and
methyl iodide are also isomorphous, but their chlorine
congeners have quite different structures. In this and
succeeding papers, the crystal structure sof methylene
diiodide, methylene dibromide, and methylene dichlo-
ride will be reported.

Marzocchi et al.¥ ascertained, by their spectroscopic
studies, that methylene diiodide exists in two solid
phases; one is a metastable form, I, melting at 5.54°C,
while the other is a stable form, II, melting at 6.01°C;
Form I is easily and irreversibly transformed to Form
II at temperatures above 0°C. They also reported
that methylene dibromide and methylene diiodide (IT)
are isomorphous and have a structure based on P2,/c,
while methylene dichloride has a structure based on
Pben.

Experimental

Methylene dibromide and methylene diiodide from Nakarai
Chemicals, Ltd., were purified by vacuum distillation and
were sealed in thin-wall glass capillaries (0.3 mm in internal
diamter and 0.01 mm in wall thickness). A single crystal
was carefully produced in a way which has previously been
described.»»® In all the experiments on these two crystals
thus far carried out, it has been found that only one kind of
zone axes grows nearly along the capillaries. This is the
[010] axis of a monoclinic lattice. The single crystal obtained
was gradually cooled to about —90°C for methylene di-
bromide and to about —20°C for methylene diiodide for the
taking of oscillation and Weissenberg photographs.

The cell dimensions of both the crystals were determined
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TABLE 1. CRYSTAL DATA
Methylene dibromide, CH,Br, Methylene diiodide, CH,I,
MW 173.85 MW 267.84
Mp —52.8°C Mp (II) 6.01°C
(I) 5.54

Exp. temp. —90
Monoclinic; C§,—C2/c

Exp. temp. —20
Monoclinic; C§,—C2/¢
8

Z= 8 Z=
a= 12.239-40.012A a= 13.3464-0.003 A
b= 4.459+40.015 b= 4.724.0.09

¢ == 15.21240.016

p=113.54 +0.07°

V=761.4As

D, =2.994 g/cm?

D_=2.4953 (at 20°C)
2.999 (at —79°C)

#=274.0 cm™! (Cu Ku)

¢ = 16.47940.005

B =114.48+0.07°

V=944.7 A3

D, =3.765 g/cm?

D_=3.3326 (at  15°C)
4.013 (at —195°C)

u=1121.2 cm™ (Cu K«)
139.2 (Mo Kux)

li

from oscillation and Weissenberg photographs taken around
the [010] axis, using Cu Ke radiation. Intensity distribu-
tions and systematic extinctions (k-4 odd for kil and [ odd for
hOI) showed that the crystals belong to space group Cc or G2/c,
with eight molecules per cell. The crystal data are summa-
rized in Table 1. The densities calculated are much larger
than that for liquid, much as in the cases of bromoform, methyl
bromide, and methyl iodide. These intensity distributions
and the cell dimensions strongly suggest that the two crystals
are isomorphous.

Integrated intensities were collected by means of the mul-
tiple-film method and the equi-inclination Weissenberg
technique, using Ni-filtered CuKa radiation for methylene
dibromide and Zr-filtered MoKo radiation for methylene
diiodide. Here, the intensity data for methylene diiodide
were recorded jointly by means of different time exposures.
Reflections were observed up to the third layers around the
[010] axes, though for methylene dibromide, 205, and for
methylene diiodide, 244 independent reflections from the
zero-th and first layers were used in order to determine the
respective structures. The intensities were measured visually
and corrected for Lorentz—polarization and absorption effects
with the cylindrical approximation; then the intensities
were brought into respective common scales by considering
them at different time exposures.

Structure Determination

Approximate co-ordinates of the iodine atoms of
methylene diiodide were found from the Patterson
diagrams. With isotropic temperature factors, these
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co-ordinates were refined by the least-squares method,
based upon the centrosymmetric space group, C2fc.
The reliability factor, R=>3]||F,|—|F_||[2|F,|, dropped
from 0.25 to 0.16. The difference Fourier synthesis
gave merely a hint of the position of the carbon atom.
Further refinement was applied in order to determine
the positions of the iodine atoms with anisotropic tem-
perature factors, where the anomalous dispersion effect
was considered. The R values were finally indicated
to be 0.12.

Another refinement based upon the non-centrosym-
metric space group, Cc, was made in parallel. How-
ever, this gave no significant improvement. It was,
therefore, concluded that the crystal structure of
methylene diiodide belongs to the space group C3,—
C2/c.

The crystal structure determination of methylene
dibromide was started using the least-squares method
by substituting the final co-ordinates of the iodine
atoms of methylene diiodide for those of the bromine
atoms. The R value was about 0.3 at the begining
and decreased to 0.25 with isotropic temperature factors
of bromine atoms, where the anomalous dispersion
effect was also considered. The difference synthesis
gave merely a diffuse indication of the position of the

TABLE 2.
(a) Methylene dibromide

B2 17 17 ) ooz I£ | 17|
C k=0 ) 12 -8 92,93 103.26
0 6 104.02 54,83 1 -8 16.41 22,97
0 8 292.76 279,05 4 10 128,47  81.07
0 10  86.21 52.23 8 10  40.19  54.43
0 12 149.10 145.80 2 -10  12.00 13.87
0 14  53.78  L0.5u 4 -10 138.2% 162.66
0 16  53.45 60.70 6 -10 18,33 48.78
2 0 24,20 19.45 8 -10 211.12 211.7%
4 0 248,16 275.51 10 -10  19.82  31.09
6 0  90.82 46.79 12 -10  104.76  75.26
8 0 55,01 50.02 14 =10 53.71  42.29
10 0 44.86 22.00 2 12 21,47 1.76
12 0  89.29 80.11 4 12 15,11  76.62
0 8.82  7.31 6 12 13,20 9.3
2 2 14,40 12.80 4 -12  180.37 100.28
6 2 3u.45 32.33 6 -12  50.37 21.35
8 2 206.58 202.21 8 -12  49.88 14,90
10 2 28.41  34.92 10 -12  49.43 2.2l
12 2 29.26 84,21 12 -12 84,53 82.18
2 -2 35.71  2.40 14 -12  12.55 25,26
10 -2 32.82 40.72 4 14 50,05 41.76
12 -2 63.60 101.77 2 -14 22,19 13.97
14 -2 39.u4  29.89 ¥ -14 53,00 89.10
2 & 25.69 12.72 6 -14 13,72  35.05
4 4 166,13 217,93 8 -14  124.97 135.52
6 4  58.42 33,39 10 -1 15,24 18,71
8 4  59.91 51.27 12 -1 90.17  43.20
10 &  31.01 19.80 14 -1y 29,26  36.15
12 4 49,43 52,41 4 -16 101.16  50.26
2 -4 25.95  8.23 8 -16  44.08  21.72
4 -4 302,52 256.37 10 -16  33.38 5.70
6 -4  98.02 49.25 12 -16  29.26  49.76
8 -4  16.90 30.70 4 -18  12.07  37.69
10 -4 58,80 18.66 8 -18  35.68  72.35
12 -u 111.64 101.59
14 -4 15,57  16.20 | ( k=1 )
4 6 219.55 145.95 3 0 9u.ul 114,95
6 6  18.03 13.61 5 0  84.90 81.82
8 6 108.92 121.21 7 0 137.99 135.98
10 6  20.01 27.10 9 0  78.02 63.87
6 -6  22.77 57,72 11 0 79.9% 67.03
8 -6 258.73 267.55 3 1 209.39 227.79
10 -6  26.69 39,83 § 1 148,89 161.00
12 -6 100,87 98.88 7 1 161,09 149.83
14 -6 54.04  40.09 9 1  63.98 49.88
2 8 2u.9% 5,72 111 45,77 39,73
6 8 32,95 19.74 3 -1 74.97 78,61
8 8 43,33  39.22 5 -1 53,44 43.61
10 8  11.45  14.81 7 -1 84.03 72,31
6 -8  76.03 36.92 9 -1 79.24 81.20
8 -8  29.84  3.57 11 -1 108.53 95.85
10 -8  54.26 10.89 1 2 191.3% 221.56
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carbon atom, much as for methylene diiodide. The
least-squares refinement with anisotropic temperature
factors for the bromine atoms reduced the R value to
0.21.

Results and Discussion

X-Ray Analysis. The observed and calculated
structure factors are listed in Table 2, and the final
sets of the positional and thermal parameters of the
halogen atoms are summarized in Table 3. The two
crystal structures are isomorphous, with the symmetry
of C2/c. As has been mentioned in the previous
section, Marzocchi et al. reported that the crystal of
methylene diiodide has two forms, I and II, and that
Form II is isomorphous with the crystal of methylene
dibromide.® In view of our experimental procedure
in obtaining the single crystal, the measurement for
methylene diiodide must have been carried out on the
stable form, II.

The interatomic distances for X---X in the mole-
cules, where X denotes the halogen atom, are calculated
to be 3.1740.02 A for methylene dibromide and 3.56 -+
0.01 A for methylene diiodide. These values are in
excellent agreement with those given by electron dif-

OBSERVED AND CALCULATED STRUCTURE FACTORS

o1 17\ 17 o1 P IFdl
3 2 131,98 118.75 1 8 3u.36 28,13
5 2 91,27 63.81 3 8 40,62 53.05
3 -2 147.06 125.42 7 8 51,69 43.63
s -2  81.85 65,22 1 -8  40.45 45,49
11 -2  55.88  56.28 3 -8  95.63  79.35
1 3 157.78 123.90 5 -8 73,66 62.54
3 3 100,25 73.26 7 -8  84.21 141.62
7 3 50,73 u9.28 9 -8 55,79 72.96
9 3 40,18 56.74 | 11 -8  79.76  59.42
11 3 72.53 66,40 19 94,15 9u.35
1 -3 192.13 218.52 3 9 102,95 90.50
3 -3 263.87 243.05 5 9 73,31 69.15
5 -3 190.73 172.56 7 9 70,09 58.55
7 -3 143,75 171.05 1 -3 33.82 45.96
9 -3 49,16 51.00 3 -9 36.79 32.35
11 -3 47,25 46.58 5 -9 63.72 48.69
3 4 73.57 85.71 7 -9 92,40 72.11
5 4 45.59  62.33 9 -9 79.15 81,62
7 4 90,57 89.26| 11 -9 128,14 103.12
9 4  uB.6%  39.06 1 10  88.7%  84.20
11 4 48,47  52.19 3 10  59.10 53.56
1 -4 35,22 41.29 5 10  38.36 29.76
3 -4 102,16 109.75 1-10  79.50 87.22
5 -4 92,75 82.09 3 -10  51.69  62.61
7 -4 205.90 158,41 5 -10  26.33  32.00
9 -4  78.84 77.79 | 11 -10  69.74 52.69
11 -4  66.16 70.96 1 11 79.33  55.31
1 5 159.09 160.63 3 11 4l.49  32.65
3 5 1u4,18 157.74 1-11  97.63  90.54
5 5 109.23 116.83 3 -11 120,38 117.35
7 5 109,49 103.90 5 -11  72.09 86.16
9 5  53.u4%  37.9u 7 -11  79.15 106.86
11 5 28.9%  27.26 1 12 42,89 27.55
1 -5  75.40 86,86 1-12  38.70 37.72
3 -5 42,80 58,35 3 -12  69.48  45.62
5 -5 72,61 5u4,01 5 -12  50.91 36.11
7 -5 12,90 82.02 7 -12  75.8% 101,15
9 -5 100.68 92.11 9 -12 43,15  54.41
1 6 143,40 149.00 | 11 -12 48,03  38.08
3 6 100.25 87.83 1 13 27.98  47.02
5 6  71.57 48,61 5 -13  43.59  34.58
1 -6 121.43 157.52 7 -13  66.95  50.07
3 -6  87.43  98.52 9 -13  48.03  57.64
5 -6 43,15 51,26 | 11 -13  88.39  76.62
11 -6 79,24 61.43 | 11 -14  40.80  34.15
1 7 125.70 90,34 3 -15  68.26 61.80
3 7  80.98 53,78 5 -15  39.23  44.23
1 -7  144.79 152,95 7 -15  43.50 60.81
3 -7 179.22 187.13 3 -16  45.68  18.35
5 -7 125.18 137.43 5 -16  30.68  1u.24
7 -7  141.30 152.33 7 -16  50.12  60.63
11 -7  66.60 43.18 7 -17  43.50 28,52
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(b) Methylene diiodide

59

BT R Pl | 2 2 1Rl IRl | B T R 17l kok IR 17l R o1 IRy IFJ
= - - 27.85 219.97
=0 -6 4 146,97 124,40[C k=1 ) 5 6 134.81 96,58 [-11 13 2
¢ ﬁ % 316.36 302.45| - 6 217.83 172.76] 1 5  261.40 244,85 -5 7  243.68 205.2% |-11 15 73.74 82,63
4 4 432,69 451.28] -6 8 145.33 106.70| 1 9 174,37 149.30] -5 8 112,66 82.36 |-11 16 14,94 114,54
4 6 204.31 181.64| -6 10 171.36 163.46| 1 10 170,57 158.71] -5 9 62,98 62,19 |-11 17 133,55 170,59
4 8 369.74 332.05 -6 12 95,90 65.99( 1 11 177,22 155.62| -5 10  74.69 64,69 [-15 O  67.41 83,73
% 10 107.43 91.40| -6 14 134.12 132.19| 1 12  83.86 58.11| -5 11  181.97 137.59 |-15 1  123.74 150.60
4 12 213.87 218.07| -6 18  71.18 93.74| 1 13 88,29 76.51| -5 12  81.65 56,73 [-15 2 71,20 71.83
4 16 110.07 130.44| -8 2 407.97 429.61| 1 1% 82,60 9u.67| -5 1u  55.06 41,09 [-15 4 80,38 96.69
6 0 138.41 98.57| -8 4 179.93 153.27| 1 15 104,43 107.61| -5 15  83.86 81,17 15 5 151,27 184.58
6 2 158,51 118.28 -8 6 u46.20 457.11| 3 7 158.55 128.12| -7 0 220.89 218,38 |15 6  86.71 94,21
6 6 117.65 89.74| -8 8 118.96 82.31] 3 9 207.60 178.02| -7 1  100.00 89,41 [15 8  71.84 95,87
6 10 67.89 69,90 -8 10 390.50 395.72| 3 10 125,95 113.02| -7 2  121.84% 124,60 |15 9 154,75 197,23
8 0 220.79 192,55 -8 1s 289.34 287.98| 3 11 104.12 83,22| -7 3  367.41 364,57 |15 10 121.21 108.10
8 2 352,94 33L.41| -8 18 147.63 163.84| 3 12 57,28 43.63| -7 & 260,45 259,78 {15 12  93.36 79,67
8 4 205.96 186.46/-10 2 193.77 179.15| 3 13 101.59 106.33| -7 5 160.13 124.07 |15 13  156.65 182,90
8 6 266,27 218,27|-10 6 231.34 203.52| 3 14 83,23 69.89| -7 6 127.85 100,56 [-15 14  95.00 106,64
8 8 119.95 151,56/ .10 10 221.45 198.90| 5 9 144,94 119.92| -7 7  380.07 344,26 | 1 3 190.51 221.20
8 10 140.38 126.35/-10 14 177.62 166.22| 5 10  98.10 96,81 -7 8 273,11 253,06 | 1 5 208,23 2.4.85
8 12  75.1% 106.96{-10 18 107.76 119.3%| 5 13  61.71 67.53| -7 9 186.08 139.90 [ 1 6 215.51 238.63
10 2 170,70 140.02|-12 2 253,75 256,71| 7 13 100.6% 93.19| -7 10  82.60 57.01f{ 1 7 211.08 199.74
10 6 107.10 101.88/-12 &4  92.93 70.19|-1 5 180,38 135.23| -7 11 281.65 268.66 | 3 1 330.39 388,23
10 10  75.79 70.97|-12 6 259.68 264.81| -1 6 235.13 221.14| -7 12 198,11 205.09 | 3 2 197.16 220.30
12 2 238.59 212.39|-12 8 121,27 112.39| -1 7 288.30 246.12| -7 13 128.17 129.63 | 3 3 156.97 166.71
12 6 155.87 153.16|-12 10 237.60 230.04)/ -1 9 106.02 80.76| -7 15 172,16 179.40| 3 4%  68.99 107.62
12 10 125.23  98.67| -12 12 142,03 128.40] -1 10 130.70 138.11{ -7 16 109.81 143.59 [ 3 5 247,48 278.91
14 2 118.63 8l.u1|-12 14 181.25 170.00| -1 11 180.70 161.50{ -7 17  80.70 103,01 [ 3 6 153.49 168,93
14 4 93.59 73.55|-12 16 111.06 116.08| -1 13  54.75 47,07 -7 18  S4.62 104.14 | 5 1 250,32 240.86
16 0  94.58 55.41|-12 18  85.35 107,51 -1 14 88,61 80.56( -9 0 84,81 Tu.44 | 5 2 132.60 138.30
16 2 104.13 104.00/-12 20  76.45 86.19| -1 15 109.50 95,02/ -3 1  58.86 58.31 | 5 3 54,43  33.68
18 0 98.86 94.16{-14% 0  89.31 90.37| -3 0 -120.26 147.99| -3 3  96.84 B4.68 | 5 L 67,72 58.15
0 6 163.45 110.02|-1% 2 126.87 115.23| -3 1 159,18 170.25| -9 4 106.02 85,93 | 5 5 175.64 184.88
0 8 453.78 500,04/ -1% & 112,37 105.91| -3 2 255.70 239.87| -9 5 96,21 85,10 | 5 & 110.13 125.17
0 10 1u8.62 11u.63|-14 6 152.58 143.20| -3 3 407.92 434,09| -9 6 50,00 34,83 | 7 1 284.82 317.10
0 12 318.99 306.90{-14 8 131.49 118.44| -3 % 194,94 165.91| -9 7  86.39 55.55| 7 2 87,66 116,72
0 14 105.78 92,93|-1% 10 162.79 151.15| -3 5 150,95 116.90| -9 8 101,90 77.08 | 7 4 121.52 156,39
0 16 150.27 173.47|-1% 12 110.40 122.62| -3 6 252.54 206.19| -9 9 101.27 88,58 | 7 5 185.45 234,08
-2 8 91.94 65,64/ -14 14 1uy.67 133.50| -3 7 381.66 376,24| -9 12 77,53 54,10 | 7 6  S4.43 88.67
-2 10  80.7% 45,56/ -14 16 106,12 114.55| -3 8 193.04 156.46| -9 13  68.36 69.17 | 7 8  84.81 101.02
-2 14  64.59  53,02|-1% 18  93.26 98.49| -3 9  51.90 51.55|-11 0 142.73 164.49 | 7 9  129.43 153.72
-4 2 327.23 398.71|-16 2 136.10 115.43| -3 10 137.66 145,19/-11 1 160.76 186.13 | 9 1 126.27 97.09
-4 4 376,01 488.50/-16 4 111.38 92.05| -3 11 277,22 276.77|-11 3 173.7% 174.09| 9 2  65.82 75,27
-4 6 379.96 398.52|-16 6 115,01 108,3%| -3 12 131.65 127.87|-11 4 183,87 189,72 | 9 5  70.26 88.65
-4 8 363,48 359,02\ -16 8 143,02 121.89| -3 14  68.04 B86.59|-11 5 238.93 230.90 |11 1  146.52 152.47
-4 10 350.30 324.77|-16 10  94.25 B82.67| -3 15 174.69 178.88|-11 6  92.72 S1.,41 [11 3 130.70 131.65
-4 12 244.52 225,66/ -16 12 133.46 132.63| -3 16  80.70 92.22|-11 7 188.30 166.39 |11 4  88.93 125.15
-4 14 254,73 229,07|-16 16 94,25 119,72 -5 O  67.72 89.09{-11 8 171.84 187.53 |11 5 95,57 115.17
-4 16 115.3% 126,45/ -18 4  96.56 117.32f -5 1  47.15 11.14[-11 9 259,50 243.95 |11 7  71.20  B84.57
-4 18 121.93 144.31(-18 8 134,12 135.51| -5 2 128.u8 125.84|-11 10  68.36 64.91 |15 3 109.50 110.0u
-6 2 191.46 152,46/ -18 12  135.44 142,32 -5 3 294,00 251.41|-11 11  142.09 129,88
-5 5 39.2y 51.72/-11 12 160.45 158,11
TABLE 3. POSITIONAL AND THERMAL PARAMETERS, WITH THEIR €.5.d.’s IN PARENTHESES
*The anisotropic thermal parameters for the halogen atoms are the form;
2 2 2
exp[~(B11?+ Baok®+ Basl®+ Prohk+-Baskl+ Pailh) 1.
Methylene dibromide Methylene diiodide
Parameter
Br (1) Br (2) I(1) 1(2)
X 0.0920 ( 7) 0.3499 ( 7) 0.0945 ( 4) 0.3591 ( 4)
Y 0.6639 ( 53) 0.6330 ( 54) 0.6650 ( 35) 0.6398 ( 32)
z 0.1279 ( 7) 0.1270 (  7) 0.1309 ( 4) 0.1276 ( 4)
B 0.0047 ( 6) 0.0050 ( 7) 0.0046 ( 3) 0.0022 ( 2)
Bas —0.1232 (377) —0.1070 (391) 0.0190 (235) 0.0550 (221)
Bss 0.0050 ( 5) 0.0055 ( 6) 0.0040 ( 3) 0.0025 ( 2)
B —0.0009 ( 68) —0.0075 ( 75) —0.0018 ( 42) 0.0020 ( 38)
Bos —0.0044 ( 60) —0.0051 ( 64) —0.0039 ( 36) 0.0001 ( 34)
Bax 0.0053 ( 10) 0.0050 ( 10) 0.0066 ( 5) 0.0015 ( 4)

fraction studies for the gaseous state—3.16, and
3.57, A9 (see Table 4). It may, therefore, be permis-
sible to assume a rigid molecule in these crystals.
Schematic drawings of the crystal structures of meth-
ylene dibromide and methylene diiodide are given in
Figs. 1 and 2. Figure 1 is the projection of the struc-
ture on the (010) plane, and Fig. 2, the bounded
projection on the (001) plane of the molecules lying in
Z~40.13. In these figures, the orientations of the

5) H. A. Levy and L. O. Brockway, J. Amer. Chem. Soc., 59,
1662 (1937).
6) O. Bastiansen, Tidsskr. Kjemi Bergv., 6, 1 (1946).

methylene groups shown are those derived by the
following lattice-energy calculations.

Lattice-energy Calculations. Though the carbon
atoms of the two crystals were not located accurately
on the basis of the X-ray intensity data, the most
probable positions of these atoms could be derived by
the following two methods. The first was to find the
most plausible orientation of the methylene groups
among their neighboring molecules. When the posi-
tions of the halogen atoms in the unit cell are accurately
known, intermolecular atomic contacts can be obtained
for various orientations by subjecting a rotation, 6,
around the axis connecting the two halogen atoms,
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TABLE 4. POSITIONAL PARAMETERS OF THE CARBON
AND HYDROGEN ATOMS FOR THE MOST PROBABLE
ORIENTATION, §=190°.

The molecular structures used are also listed.

Methylene dibromide Methylene diiodide
— —
(®] H(l) H(2) C H(l) H(2)
X 0.2105 0.2347 0.1740 0.2164 0.2405 0.1810
Y 0.4129 0.2398 0.3143 0.4124 0.2490 0.3190
Z 0.1120 0.1651 0.0420 0.1148 0.1642 0.0498
Br-C 1.91A» I-C 2.12A®
H-C 1.07A» H-C 1.07A»
ZBrCBr 112°% ZICI 114.7°®
LZHCH 109.5°% HCH 109.5°
(Br...Br 3.16,A)» (1.1 3.57,A)»
a) Assumed.

b) Calculated by the present authors.

Fig. 1. Schematic drawing of the crystal structure of methylene
dibromide and methylene diiodide, projected along the &
axis. Numbers within circles indicate fractional co-ordinates,
Y, of the iodine atoms. Interatomic distances for methylene
bromide and those for methylene iodide (in parentheses)
are also given.

Fig. 2. Bounded projection of the crystal structure on the
(001) plane. Molecules lying in Z~~0.13 are drawn with thick
lines and those lying in Z~—0.13 with thin lines. Interatomic
distances and angles for methylene dibromide and those
for methylene diiodide (in parentheses) are also given.

X(1)-+-X(2), of a reference molecule, A (see Fig. 1),
accompanied by the rotations of other molecules around
their similar axes in accordance with the symmetry of
the space group C2/c. The starting point of § is taken
as the orientation where the X-C-X plane of the A
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Fig. 3. Variation of number of contacts between neighboring
molecules less than the van der Waals contacts, plotted by
curve —O—. Curve—@— shows comparison with the van
der Waals contacts multiplied by 0.9.

(a) for methylene dibromide and (b) for methylene diiodide.

molecule is parallel to the b axis. Figure 3 shows the
variations with 6 of a number of contacts. (a) indi-
cates methylene dibromide, and (b), methylene di-
iodide. Both of them indicates that the most plausible
orientation located in the vicinity of 6~190°.

The most reasonable orientation of the methylene
group can also be found quantitatively by obtaining the
potential energy minimum of the crystal, which can
be calculated from the molecular interactions. Here,
it is assumed that the potential energy can be described
by the dispersion, the exchange repulsive, the dipole-
dipole coupling, and the induced dipole interactions.
Calculations were carried out by using Eq. (2) and the
constants of 4;;, B;; and C,;,, which have been given
in a previous paper,) together with the following
constants:

Dipole Molecular
Molecule moment polarizability
(debye) (10724 cm3)
CH,,Br, 1.39 8.30
CH,I, 1.10 11.84

The rotating scheme about the methylene group is the
same as that described above.

In Fig. 4, (a) and (b) show the variations in the
interaction energies for methylene dibromide and for
methylene diiodide respectively. One can find results
similar to those indicated in Fig. 3; the most probable
orientation of the methylene group was found in the
vicinity of 6~190° for both the crystals. In Table 4
the positional parameters of the carbon and hydrogen
atoms corresponding to the 6=190° orientation are
given. As has been mentioned ealier, the X-ray inten-
sity data were not sufficient to be used in the refinement
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Fig. 4. Variations of the interaction energies with rotation 6.
(a) for methylene dibromide, and (b) for methylene diiodide.

of the structures. In these orientations, the lattice
energies arising from the four kinds of interaction
amount to 14.4 for methylene dibromide and to 14.3
kcal/mol for methylene diiodide. The lattice energy of
methylene diiodide can be compared with the sum of
the experimental heats of vaporization, 10.2, and
of fusion, 3.00 kcal/mol, for the stable form, II.?
Most of the energies calculated came from the dis-
persion and the exchange repulsive interactions (see

7) “Amercican Institute of Physics Handbook,” McGraw-
Hill Book Comp. Inc. (1957).
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TaBLE 5. CALCULATED LATTICE ENERGIES FOR THE
MOST PROBABLE ORIENTATION, = 190°, oF THE
METHYLENE GROUP (in kcal/mol)

Exchange Dipole Induced

Compound Dispersion repulsive dipole dipole Total
CH,Br, —20.57 7.24 —0.82 —0.26 —14.41
CH,I, —23.06 9.35 —0.40 —0.15 —14.26

Table 5). As is shown in Fig. 4, the orientation of the

methylene group is dominated by the repulsive term.

The crystal structure can be described as a sort of
a layer structure parallel to the (001) plane. The
X-C-X planes of all the molecules lie nearly on the
layer planes. As can be seen in Fig. 1, the orientations
of the molecular axes or the dipoles in the two imme-
diate layers are almost parallel and almost antiparallel
respectively.

Within the layer, the molecules are held together by
noticeable short contacts. The interatomic distances
between halogen atoms are 3.63 and 3.77 A for Br---Br,
and 3.84 and 3.98 A for I---I; these are far less than
twice the van der Waals radii, 3.90 for bromine and
4.30 A for iodine. The two kinds of angles, CG-X.--X,
between the neighboring molecules are not far from
90° (or the tetrahedral angle, 109.5°) and 180°. The
quite close contacts and the characteristic geometries
presented above with regard to the halogen atoms can
be seen in other crystals, for example, solid bromine
and iodine,® methyl bromide and methyl iodide,®
and bromoform? and iodoform.? The partial inter-
molecular bonding effect between the bromine and,
particularly, iodine atoms, which was suggested by
Tomiie,® may contribute appreciably to the molecular
arrangements of simple molecules with bromine or
iodine atoms.

The authors wish to express their thankfulness to
Dr. Akio Furusaki and Dr. Akio Takenaka for their
help in these analyses.

8) L. W. G. Wyckoff, “Crystal Structures,” Vol. 1, New York,
London, Sydney: Wiley-Interscience (1964), p. 52.
9) Y. Tomiie, Kwansei Gakuin Univ. Ann. Studies, 10, 208 (1961).






