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C—H··· interactions in the low-temperature crystal structures of ,-unsaturated linear hydrocarbons

Andrew D. Bond

S1. Crystal growth and structure refinement

Crystals were grown in 0.3 mm glass capillaries mounted on a Nonius KappaCCD diffractometer, equipped with an Oxford Cryosystems N2 cryostream. Crystals of 1, 2, 3 and 4 were grown at 162, 196, 241 and 263 K, respectively (the temperature being only slightly less than the melting point of the solid in the capillary tube), using a technique described previously (ref. 7). Once grown, the crystals were cooled to 150(2) K for data collection. In all cases, hydrogen atoms were located in difference Fourier maps and refined freely with independent isotropic displacement parameters.

S2. Lattice energy calculations
Lattice binding energies were calculated for the single-crystal structures using only the van der Waals components of the Dreiding 2.21 forcefield with default parameters (S. L. Mayo, B. D. Olafson and W. A Goddard III, J. Phys. Chem., 1990, 94, 8897). Electrostatic terms were not included. 

Lattice binding energies calculated in this manner for the n-alkanes are correlated with the odd-even melting point alternation for n-butane to n-decane, showing that the simple empirical description provides a good fit to the intermolecular van der Waals forces:

	
	Elatt (vdw) / kJ mol-1
	m.p. (K)

	n-propane
	-31.2
	85

	n-butane
	-39.0
	135

	n-pentane
	-49.2
	143

	n-hexane
	-60.7
	178

	n-heptane
	-68.7
	182

	n-octane
	-78.7
	216

	n-nonane
	-87.2
	220

	n-decane
	-97.7
	243


[NB – This correlation was noted previously in ref. 2]

S3. Planar packing density calculations

The planar packing density for n-octane and n-decane is that described previously by Kitaigorodskii (ref. 1). The relevant plane is defined as normal to the direction of propagation of the alkyl chain, which may be defined as the vector between the centroids of the bonds between the CH2 groups (the plane therefore contains the H atoms of the CH2 groups).

i.e.
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In the n-alkanes, the direction of propagation is identical for all molecules. Projection of the molecular centroids onto this plane defines a primitive oblique planar lattice. The area of the unit cell (and therefore the area per molecule) is given by the modulus of the vector product a × b.

Projection along the molecular axis of one chain of the ,-dienes and ,-diynes reveals a rectangular planar lattice in which the molecule at the centre of each unit cell runs in a direction slightly different from that of the molecules at the corners. The angle between molecular axes in adjacent molecules is minimal for 2 (1.1º) and 4 (1.2º), and slightly larger for 1 (3.5º) and 3 (3.7º). The projection is taken along the axes of the molecules at the corners of the cell (an arbitrary choice!) and the area per molecule is given as half the area of the rectangular cell formed between the four centroids, O1-O4.

i.e.
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S3.1  Planar packing densities of the n-alkanes

[image: image3.wmf]
n-octane

Coordinates of the molecular centroids projected onto the plane perpendicular to the direction of chain propagation (y), referred to orthogonal axes with O1 at the origin:

	
	x (Å)
	y (Å)
	z (Å)

	O1
	0
	0
	0

	O2
	4.6221
	0
	-1.1013

	O3
	-0.2432
	0
	3.9707

	O4
	4.3789
	0
	2.8694


Oblique planar cell: 
a0 = |a| = 4.75 Å, b0 = |b| = 3.98 Å, 0 = 107.1º

Area of planar cell
= |a × b| 



= |(-0.2432 x –1.1013) – (3.9707 x 4.6221)| = a0b0sin0



= 18.1 Å2
n-decane

Coordinates of the molecular centroids projected onto the plane perpendicular to the direction of chain propagation (y), referred to orthogonal axes with O1 at the origin:

	
	x (Å)
	y (Å)
	z (Å)

	O1
	0
	0
	0

	O2
	4.6166
	0
	-1.0001

	O3
	-0.2879
	0
	3.9491

	O4
	4.3287
	0
	2.9491


Oblique planar cell: 
a0 = |a| = 4.72 Å, b0 = |b| = 3.96 Å, 0 = 106.5º

Area of planar cell 
= |a × b| 




= |(-0.2879 x –1.1001) – (3.9491 x 4.6166)| = a0b0sin0



= 17.9 Å2

S3.2 Planar packing densities of the ,-dienes
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1,7-octadiene (1)

Coordinates of the molecular centroids projected onto the plane perpendicular to the direction of chain propagation (y), referred to orthogonal axes with O1 at the origin:

	
	x (Å)
	y (Å)
	z (Å)

	O1
	0
	0
	0

	O2
	3.5889
	0
	-3.3533

	O3
	4.9026
	0
	5.4561

	O4
	8.4855
	0
	2.1028


Rectangular planar cell: 
a0 = |a| = 4.91 Å, b0 = |b| = 7.34 Å

Area of plane per alkyl chain
= ½(a0b0)




= 18.0 Å2
1,9-decadiene (2)

Coordinates of the molecular centroids projected onto the plane perpendicular to the direction of chain propagation (y), referred to orthogonal axes with O1 at the origin:

	
	x (Å)
	y (Å)
	z (Å)

	O1
	0
	0
	0

	O2
	3.5327
	0
	-3.3959

	O3
	5.0051
	0
	5.2729

	O4
	8.5378
	0
	1.8769


Rectangular planar cell: 
a0 = |a| = 4.90 Å, b0 = |b| = 7.27 Å

Area of plane per alkyl chain
= ½(a0b0)




= 17.8 Å2
S3.3 Planar packing densities of the ,-diynes
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1,7-octadiyne (3)

Coordinates of the molecular centroids of a single layer projected onto the plane perpendicular to the direction of chain propagation (y), referred to orthogonal axes with O1 at the origin:

	
	x (Å)
	y (Å)
	z (Å)

	O1
	0
	0
	0

	O2
	3.7763
	0
	3.2470

	O3
	4.7122
	0
	5.2514

	O4
	8.4886
	0
	-2.044


Rectangular planar cell: 
a0 = |a| = 4.98 Å, b0 = |b| = 7.06 Å

Area of plane per alkyl chain
= ½(a0b0)




= 17.6 Å2
1,9-decadiyne (4)

Coordinates of the molecular centroids of a single layer projected onto the plane perpendicular to the direction of chain propagation (y), referred to orthogonal axes with O1 at the origin:

	
	x (Å)
	y (Å)
	z (Å)

	O1
	0
	0
	0

	O2
	3.7373
	0
	3.3836

	O3
	4.7860
	0
	5.2211

	O4
	8.5234
	0
	-1.8375


Rectangular planar cell: 
a0 = |a| = 5.04 Å, b0 = |b| = 7.08 Å

Area of plane per alkyl chain
= ½(a0b0)




= 17.9 Å2
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