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A. Crystallographic Data and Crystallographic Modifications B. Molecular Parameters and Solution Properties C. Crystallinity, Crystal Size and Crystallization Kinetics D. Equilibrium Thermodynamic Properties



A.



E. Other General Physical Properties F. Effect of Chain Branching (Short) on Physical Properties G . Properties of a Series of Selected Poly(ethylene) Samples H . Properties of Typical Poly(ethylenes) |# References



V-9 V-9 V-10 V-11



V-12 V-15 V-16 V-17 V-17



CRYSTALLOGRAPHIC DATA A N D CRYSTALLOGRAPHIC MODIFICATIONS 0 Lattice constants (nm)



Crystal system



Space group



Orthorhombic stable form Pnam-D2h Monoclinic metastable form C2/m-C2h Hexagonal high-pressure form a b c



a



b



a, ft, or y (deg.)



c



0.7417 0.4945 0.809 f.a. = 0.253* 0.842 -



0.2547 0.479 f.a.c



Number of chains per unit cell 2 2



0=107.9



Molecular conformation Planar Zigzag (2/1) Planar Zigzag (2/1) -



Crystal density (g/cm3) 1.00 0.998



Refs. 3-7 4,8 9-11



Refs. 1,2. f.a. indicates fiber axis. Not determined.



Temperature Dependence of Crystallographic Data for Orthorhombic Poly(ethylene)a Lattice constants (nm) Temp. (K) 4b 10 77 77 90* 195 293 c 297 297 297 303



a



b



c



Specific volume (cm3/g)



0.712 0.716 0.718 0.715 0.716 0.727 0.740 (0.743) 0.742 0.740 0.736 0.741



0.485 0.486 0.488 0.490 0.487 0.491 0.495 (0.494) 0.496 0.493 0.492 0.494



0.2548 0.2534 0.2534 0.2547 0.2546 0.2534 0.2543 (0.2543) 0.2534 0.2534 0.2534 0.2547



0.945 0.947 0.953 0.959 0.953 0.971 0.999 (1.003) 1.001 0.993 0.985 1.002



Refs. 12 13 13 14 12 13 5 5 13 3 15 14



B. MOLECULAR PARAMETERS AND SOLUTION PROPERTIES Bond Angle and Bond Length Wide angle X-raya (Refs. 3,4,16)



Neutron scattering (Ref. 12)



Temp. (K)



107.7 108.1 109.0 110.0



4 90 4 90



0.158 0.157 0.106 0.107



4 90 4 90



BOND ANGLE (in degrees) C-C-C



112.0



H-C-H



107.0



a



Ref. 1. Data obtained by X-ray diffraction studies unless otherwise indicated. Data obtained by neutron diffraction. The data of nonoriented samples are given without parentheses and those of oriented samples are given with parentheses, both for high-density PE.



b c



* Based on a table in the third edition, by R. P. Quirk and M. A. A. Alsamarraie, The Maurice Morton Institute of Polymer Science, University of Akron, Akron, Ohio.



BOND LENGTH (nm) C-C



0.153



C-H



0.107



a



Measurements taken at room temperature.



Dimensions



of Linear



Polyethylene



Molecules61



PED* Temperature (0C) c



23 (296.2) 150(423.2) 150(423.2)



PEH Matrix Mw(xl03)



M w (xlO 3 )



78 100 80



60 140 10



(S2)^f (nm)



(S2)J/2/3#w2* [nm/(g/mole) 1 ^]



State



13.3 21.5 4.38



0.046 0.046 0.044



Crystalline Molten Molten



Refs. 17 17 18



a



Effect of temperature and state, neutron scattering measurements. Deuterated polyethylene. Values in parentheses indicate temperature in kelvin. t (S2) 1J2 is the z-average value of the radius of gyration of the molecule. * (S2) 1J2 is the weight-average value of the radius of gyration of the molecule.



b c



Molecular Dimensions of Linear (Unperturbed)" M w (XlO5)



Poly(ethylene)



((r2) w /M w )!/2 [nmAg/mole)1/*]



1.25 2.69 4.65



{r20)jDrmax



0.192 0.215 0.190



7.80 9.86 7,73



a



In tetralin at 105°C_(378.2 K). (TQ) W is the weight-average mean-square end-toend distance in nm; Mw is the weight-average molecular weight; D is the diameter of a spherical segment of the lattice model chain; and rmax is the length of the fully extended chain (19); temperature dependence of (rfy (in long chain paraffinic hydrocarbon solvents) is given by -din (rfy/dT = 1.2 x 10~3 (20).



C.



Effect of Molecular



Weight



Molecular weight ^ of tagged molecules ^- = My, 3000 12000 60000 140000



on



Paraclusteringa



M o l e c u l a r w e i h t (neutrons)



— Molecular weight (g.p.c.)
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