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Fig. 2 The visualization of the multivariate functions described in Eq. (7): (a) 3D surface (minima highlight in red circle), (b)

the contour figure of (a), (c) the valley line of the surface.
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Fig. 3 Handling extrema in different subregions of
multivariate functions (monoclinic system).
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Fig. 4 Schematic diagram of experimental data-subregion
matching algorithm (left: orthorhombic system; right:

monoclinic system).
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Fig. 5 Schematic diagram of the dichotomy (subregion
bisection and progressive splitting) (orthorhombic system).
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Fig. 6 PE fiber diffraction: (a) stitched diffraction pattern, (b) diffraction pattern treated by Fraser correction.
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Table 1 Program-generated PE unit cell parameters and diffraction plane indexing results.

a=4.969 A b=7.469 A ¢=2.569 A Total error: 0.000031

Equator
Index O (A7) Ocuic (A7) dyys (A) deye (A)
[1.1.0.] 0.058538 0.058432 4.133 4.137
[0.2.0.] 0.072127 0.071707 3.724 3.734
[1.2.0.] 0.112422 0.112212 2.982 2.985
[2.0.0.] 0.163155 0.162019 2.476 2.484
[2.1.0.] 0.180817 0.179946 2.352 2.357
[1.3.0.] 0.202590 0.201846 2.222 2.226
[2.2.0.] 0.234740 0.233726 2.064 2.068
[0.4.0.] 0.287676 0.286830 1.864 1.867
[2.3.0.] 0.325046 0.323361 1.754 1.759
15t Layer
Index Ours (A7) Ocarc (A7) dyps (A) deac (A)
[1.0.1.] 0.193419 0.192041 2.274 2.282
[1.1.1.] 0.211382 0.209968 2.175 2.182
[0.2.1.] 0.224504 0.223244 2.111 2.116
[1.2.1.] 0.265462 0.263748 1.941 1.947
[2.1.1.] 0.333517 0.331482 1.732 1.737
[1.3.1] 0.354756 0.353383 1.679 1.682
[2.2.1] 0.387149 0.385263 1.607 1.611
[0.4.1.] 0.440761 0.438366 1.506 1.510
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Table 2 Lattice indices, observed/calculated d-spacings, and
structure factors of PE.

Unit cell parameters (a==y=90°) Total error
a=4.969 A b=7.469 A c=2.569 A 0.000031
a=4.156 A h=8.844 A c=2.569 A 0.000474
a=4.594 A b=11344 A =2.569 A 0.000624
a=4344 A b=14531A =2.569 A 0.000550
a=5.031 A b=7.406 A c=2.569 A 0.000136
a=8.219 A  b=8.969 A c=2.569 A 0.000184
a=8.969 A bh=8.219 A c=2.569 A 0.000184
a=8.156 A bh=9.281A c=2.569 A 0.000163
a=8.344 A b=12906 A  ¢=2.569 A 0.000159
a=8.469 A  b=14.844 A =2.569 A 0.000249
a=8.031 A  b=19344 A  =2.569 A 0.000152

R, BORZE RN LRI B T FCSE
S —AT) L A GSCER, PE S 4K

10*
103
102

@

'ﬂ.

Z(A

Na=4.93 A, b=7.40 A, c=2.54 A, o=p=y=90° 15|, 55
FebR LR P15 200 S HOR Z R/ . SEEUH
FTSP A R h Atk  H 5 SCHRIRIE I THI
B3 kb, BT IESPERSES, ET
BATRE T 24 “HRMERSH” | HIX L
AR EE R L, RN RS R AT IR
TEAERBRANH M, BER AT AE BT B AS IE T
HERE SR, Bk, F2PPa b g Rkl 75
J3 A4 BT A AT R A AR R IR I e AL B,
PE bRl 3845 Ll 2R BIRE 7 il 0 IR il &
e R AT A S FR AR AL AR R
2.2 PPHTETEG A AR IERL

S5 SR VA s T R B UL &G R I R R R AR
i, AR MR AL R, =000 HATH EIE S
Fraser £ 1F & U 7 fr s .

100000
10000
1000
100
10
1
-0.2 0 0.2 0.4
RA

Fig. 7 iPP fiber diffraction: (a) stitched diffraction pattern, (b) diffraction pattern treated by Fraser correction.
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Table 3 Lattice indices, observed/calculated d-spacings, and structure factors of iPP.

Unit cell parameters (a=y=90°) Total error
a=6.721 A 5=20.969 A c=6.613 A $=97.969° 0.000018
a=6.668 A b=21.156 A c=6.613 A $=98.594° 0.000012
a=10.454 A b=12.719 A c=6.613 A $=95.469° 0.000049
a=11.817 A b=12.719 A c=6.613 A p=118.281° 0.000050
a=12.930 A b=12.656 A c=6.613 A $=126.406° 0.000050
a=12.626 A b=19.219 A c=6.613 A p=97.031° 0.000050
a=12.802 A 5=20.969 A c=6.613 A p=93.281° 0.000023
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Table 4 Program-generated iPP unit cell parameters and diffraction plane indexing results.

a=6.721 A b=20.969 A ¢=6.613 A p=97.969° Total error: 0.000018

Equator
Index Oups (A72) Ocarc (A7) dyps (A) deac (A)
[1.1.0.] 0.025043 0.024845 6.319 6.344
[0.4.0.] 0.036435 0.036389 5.239 5.242
[1.3.0.] 0.043069 0.04304 4.819 4.820
[0.6.0.] 0.081168 0.081876 3.510 3.495
[2.1.0.] 0.091689 0.092556 3.302 3.287
[2.2.0] 0.099596 0.099379 3.169 3.172
[1.7.0.] 0.133998 0.134013 2.732 2.732
[2.6.0.] 0.172006 0.172158 2.411 2.410
[3.1.0] 0.206805 0.205409 2.199 2.206
[2.8.0.] 0.233982 0.23584 2.067 2.059
1%t Layer
Index Oups (A2) Ocarc (A7) dops (A) degie (A)
[0.4.1.] 0.05873 0.059704 4.126 4.093
[1.3.1] 0.073325 0.072715 3.693 3.708
[-1.5.1.] 0.096189 0.096383 3.224 3.221
[-2.2.1.] 0.110564 0.109973 3.007 3.015
[-2.4.1.] 0.137836 0.137265 2.694 2.699
[-1.7.1.] 0.15098 0.150967 2.574 2.574
[0.8.1.] 0.166627 0.168872 2.450 2.433
[-2.6.1.] 0.181906 0.182752 2.345 2.339
2" Layer
Index Oups (A2) Ocac (A7) dops (A) degie (A)
[-1.1.2.] 0.10435 0.105383 3.096 3.080
[1.1.2] 0.131941 0.130825 2.753 2.765
[-2.0.2.] 0.157644 0.158099 2.519 2.515
[-2.4.2.] 0.193997 0.194489 2.270 2.268
[-2.5.2] 0.215501 0.214958 2.154 2.157
[-2.6.2.] 0.239953 0.239976 2.041 2.041
[-3.0.2.] 0.258275 0.258231 1.968 1.968
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Fig. 8 PBS fiber diffraction: (a) stitched diffraction pattern, (b) diffraction pattern treated by Fraser correction.
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Table 5 Lattice indices, observed/calculated d-spacings, and structure factors of PBS.

Unit cell parameters (a=y=90°) Total Error
a=4.990 A 5=9.156 A c=10.938 A p=123.594° 0.001022
a=9.836 A 5=9.156 A c=10.938 A p=119.843° 0.000408
a=10.279 A 5=9.156 A c=10.938 A $=123.906° 0.000258
a=9.281 A b=17.406 A c=10.938 A £=92.969° 0.000036
a=9.281 A 5=20.031 A c=10.938 A £=98.593° 0.000201
a=9.218 A bh=21.781 A c=10.938 A £=99.218° 0.000065
a=9.227 A b=21.906 A c=10.938 A p=105.156° 0.000358

Table 6 Program-generated PBS unit cell parameters and diffraction plane indexing results.

a=4.990 A b=9.156 A ¢=10.938 A $=123.594° Total error: 0.001022

Equator
Index Oars (A7) Oeare (A7) dyps (A) dea (A)
[0.2.0.] 0.047647 0.047712 4.581 4.578
[1.1.0.] 0.063374 0.069817 3.972 3.785
[1.2.0.] 0.099199 0.105601 3.175 3.077
[2.0.0.] 0.208262 0.231556 2.191 2.078
[1.4.0.] 0.243266 0.248736 2.027 2.005
1%t Layer
Index Oops (A7) Ocac (A7) dobs (A) degie (A)
[0.1.1.] 0.023711 0.023973 6.494 6.459
[-1.1.1.] 0.047864 0.052641 4.571 4.359
[0.2.1.] 0.059125 0.059757 4.113 4.091
[-1.2.1] 0.083557 0.088425 3.459 3.363




618 [T

¥ i 2026 4

Table 6 Continued.

a=4.990 A h=9.156 A ¢=10.938 A $=123.594° Total error: 0.001022

1% Layer
Index O (A7) Ocie (A7) Ay (A) dee (A)
[1.0.1.] 0.091144 0.099156 3312 3.176
[1.1.1.] 0.103207 0.111084 3.113 3.000
[1.2.1.] 0.13919 0.146867 2.680 2.609
27 Layer
Index Oops (A7) Ocarc (A7) dops (A) degie (A)
[-1.1.2] 0.055045 0.055837 4.262 4.232
[1.0.2] 0.154323 0.153898 2.546 2.549
3 Layer
Index Oups (A72) Ocarc (A7) dops (A) deaic (A)
[-1.0.3.] 0.076361 0.078633 3.619 3.566
[-1.1.3] 0.089544 0.090561 3.342 3.323
[0.1.3] 0.120079 0.120336 2.886 2.883
[-1.3.3/] 0.184161 0.185985 2.330 2.319
4% Layer
Index Oups (A72) Qcarc (A7) does (A) deaic (A)
[-1.2.4] 0.180655 0.181441 2.353 2.348
[0.1.4.] 0.204502 0.204653 2.211 2.211
[0.2.4.] 0.240041 0.240437 2.041 2.039
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Indexing Program for Crystalline Polymer Fiber Patterns Based on
Dichotomy Method

Wen-xian Hu'2, Tian-yi Ma!2, Guo-ming Liu'2"
(!CAS Key Laboratory of Engineering Plastics, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)
(PUniversity of Chinese Academy of Sciences, Beijing 100049)

Abstract Indexing, the process of deriving unit cell parameters from unknown diffraction patterns, is a crucial
step in crystal structure determination. However, the crystallization behavior of polymers makes it difficult to
accomplish crystal structure analysis, including indexing, using fully automated software. To address this issue,
we developed an automated Python-based program for indexing polymer fiber diffraction patterns using the
dichotomy method as the core algorithm. With simple parameter inputs, the program enables the rapid indexing of
orthorhombic and monoclinic polymer systems. To validate its reliability and efficiency, the program was tested
on several polymers with known unit-cell parameters. The results demonstrate excellent accuracy and rapid
computational performance, indicating their suitability for practical applications.
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