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1. (Objectives of experiment)

(i) Crystal structure analysis of isotactic polypropylene-d5 (it-PP-d5)
   it-PP is one of the most representative multi-purpose polymers and it is becoming more 
important for the automobile and aircraft industry etc. The structure-property relation of this 
polymer has been studied for these 70 years, but, unfortunately, the crystal structure itself as the 
most basically important knowledge has not yet been established enough well. In order to 
overcome this serious problem, we have challenged to collect more precise data for both the 
X-ray and neutron diffractions, which may be useful for the analysis from the different points of 
view. We have already measured the 2-dimensional X-ray diffraction patterns of highly-oriented 
it-PP sample at ambient and low temperatures using a high-energy synchrotron X-ray beam. The 
2D-neuron diffraction data were measured by us using a JRR BIX3 system. But those data are 
still insufficient for the quantitative analysis. We have challenged here to measure the 
2-dimensional wide-angle neutron diffraction data of the fully-deuterated it-PP samples using a 
powerful TOF method. 
(ii) Crystal structure analysis of syndiotactic polystyrene-organic solvent complexes
   syndiotactic Polystyrene (st-PS) forms the crystalline complexes with various kinds of 
organic solvent. The spatial relation between st-PS chains and organic solvents in the unit cell is 
important for the study of formation mechanism of these complexes as well as for the 
clarification of polymer-solvent interactions. We have measured the neutron diffraction data of 
st-PS-solvent complexes to clarify the concrete geometrical relation of st-PS and solvent 
molecules through the quantitative analyses of neutron data combined with the X-ray data.
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2.   

 

2.1 Samples 

 
(i) Uniaxially-oriented fully-deuterated isotactic polypropylene -[CD2CD(CD3)]n- 
 
(i-1) The sample (i) annealed at 143oC under tension (crystal form 1) 
(i-2) The sample (i) annealed at 153oC under tension (crystal form 2) 
 
(ii) Uniaxially-oriented fully-deuterated syndiotactic polystyrene -[CD2CD(C6D5)]n- 
 
(ii-1) The complex of (ii) with the deuterated chloroform (CDCl3) 
(ii-2) The complex of (ii) with the deuterated benzene (C6D6) 
 

(iii) Uniaxially-oriented fully-deuterated polyethylene -[CD2CD2]n- 
 

2.2 Experimental procedure 
 
(i) These samples were set on a gononiometer head of i-BIX instrument, in which the samples 
were oriented so that all the layer line data were obtained finally. 
(ii) The measurements were performed at room temperature and 100K. 
(iii) The thus obtained 2D WAND data were converted to those of the reciprocal lattice coordinate 
system.  

 
3.   

  Experimental results and discussion If you failed to conduct experiment as planned, please describe reasons. 
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3. Results and Discussion

(i) 2D-WAND patterns of HDPE-d4 measured at 300K and 100K
In order to check the experimental system at low temperature, the diffraction data were collected 

for the oriented polyethylene sample. The 2-dimensional wide-angle neuron diffraction data 
collected by the TOF experiments were converted to the 2-dimensional patterns of the reciprocal 
lattice coordinate system. Figure 1 shows the 2d-WAND patterns obtained for HDPE-d4 samples 
at 300K and 100K. In our previous experiment performed in JRR3 using a BIX3 system, the 2D 
WAND patterns were obtained at these two different temperatures as shown in Figure 2, where the 
diffraction data were observed up to the 1st layer line. In contrast, the TOF experiments allowed us 
to collect the diffraction peaks from the equatorial line up to the 4th layer lines. The diffraction 
peaks at low temperature became sharper and could be detected up to the higher diffraction angle 
region compared with those at room temperature. The 1-dimensional data of individual layer lines 
were extracted from these 2D data and compared with the profiles calculated for the orthorhombic 
polyethylene crystal structure, giving a good agreement between them. 

HDPE-d4-100K (BIX3) HDPE-d4-300K (BIX3)

HDPE-d4-100K (i-BIX) HDPE-d4-300K (i-BIX)

Figure 1. 2D WAND patterns of HDPE-d4 sample measured at 100K and 300K 
using an iBIX system

Figure 2. 2D WAND patterns of HDPE-d4 sample measured at 100K and 300K 
using a BIX3 system of JRR3.
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3. Results and Discussion (continued)

(ii) 2D-WAND patterns of it-PP-d5 measured at 300K and 100K
Figure 3 shows the 2D-WAND patterns obtained at 100K for the uniaxially-oriented it-PP-d5 

samples annealed at the two different temperatures. The heat treatment at a lower temperature 
(143oC) results in the formation of crystal modification 1. On the other hand, the crystal form 2 
is obtained by the 153oC annealing, which gives relatively sharper diffraction peaks up to the 
higher diffraction angle region, although the difference is not very clear. The crystal structures of 
the 1 and 2 forms were already reported in the literature. However, the agreement of the 
observed and calculated diffraction peak intensities is not very satisfactory. The quantitative 
analysis of both of the X-ray and neutron diffraction data should allow us to establish the crystal 
structures of these crystalline forms of it-PP confirmatively. The analysis is now being performed. 

(iii) 2D-WAND patterns of st-PS-d8-solvent complexes
The 2D-WAND patterns were collected for the uniaxially-oriented st-PS-solvent complex 

samples. The solvents chosen there were deuterated benzene and deuterated chloroform (CDCl3). 
As an example Figure 4 compares the X-ray and neutron diffraction patterns obtained for the 
complex of chloroform. Although the equatorial line profile is difficult to detect in the iBIX data, 
the relative intensity of the several representative peaks is appreciably different between the X-ray 
and neutron data. These data are now being analyzed in a quantitative way.

            Figure 4. 2D-WAND and WAXD data of st-PS-chloroform complex

itPP-d5-143C-anneal-100K (i-BIX) itPP-d5-153C-anneal-100K (i-BIX)

Figure 3. 2D WAND patterns measured at 100K for the -PP-d5 samples 
annealed at 143K and 153K using an iBIX system.

st-PS-d8-CDCl3 (WAND) st-PS-CHCl3 (WAXD)


