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What is a polymer?

The word polymer is derived from the Greek words polus, meaning many, and meros, meaning parts.

A long-chained molecule that is composed of individual units, called monomers.

A compound typically of high molecular weight derived either by the addition of many smaller molecules, such as

polyethylene, or by the condensation of many smaller molecules with the elimination of water, alcohol, or the
like, such as nylon.

Polymers can be natural or synthetic

There are inorganic polymer and coordination polymer materials, we will focus on carbon/organic based polymers




Polymer analysis using XRD

Many techniques are used for polymer characterization
> IR, NMR, GC/MS, etc.

Why use XRD?
> Polymers can have amorphous and crystalline regions
o Crystallite size is small and measurable by XRD

> Polymers are often used as the base component in pharmaceutical and biomedical composite materials
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Biomedical devices
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Polymer order: chemistry
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Can | just model the polymer amorphous component as a single peak?
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Amorphous patterns — usually not a single peak
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Amorphous patterns — usually not a single peak
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Amorphous patterns — usually not a single peak
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Amorphous patterns — usually not a single peak
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Polymer microstructure: processing matters

Melt,quench polyethylene terephthalate (PET)
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Polymer diffraction pattern: sample orientation matters

Strain crystallized PET
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Bragg Brentano reflection mode XRD patterns - Effect of
orocessing and sample orientation on polypropylene XRD
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2-D transmission XRD patterns - Effect of processing and sample
orientation on polypropylene XRD patterns
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Import 2D diffraction image files for phase ID using
ICDD Sieve — New feature for PDF 2015 databases

B 151331jpg

File View Help

b |
<
3
v
s
2

X

PREn

Detector Settings

Wavelength: |CuKal1.54056 A v
Frame Structure: | Single \ Tilt Angle (°): | o%
Frame Number: |0 . | Distance (cm): | 1013

Lyl

Scale:

Center ([ | Set):
X (um/pixel): [ 315-$~

X (pixels): | 14513
Y (pixels): | 14312
Integration

() Integrate Entire Pattern
(®) Integrate Sector
start26():|  10/3]
Stp28(9): | 24/3]

Gamma 1(%):  10.6-%

Gamma 2(%): | 353.2/%]

[] Flip Pattern

10 11 12 13 14 15 16 17 18 19 20 21 22 23
28 (°)




Import 2D diffraction image files for phase ID using
ICDD Sieve — New feature for PDF 2015 databases
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XRD analysis of polyvinyl chloride (PVC) polymer
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XRD analysis of polyvinyl chloride (PVC) polymer
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PVC — XRD powder patterns calculated vs. observed
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Diffraction polymer entries in ICDD PDF databases
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Diffraction polymer entries in ICDD PDF databases

Polyvinyl chloride
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Diffraction polymer entries in ICDD PDF databases

Polyvinyl chloride
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Diffraction polymer entries in ICDD PDF databases

Polyvinyl chloride
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Polymer entries in PDF 2015
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Polymer entries in PDF 2015
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Polymer entries in PDF 2015
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00-062-1290 (O M |(CB45H149 05 )n Methy| cellulose, amorphous 9.814520 4.536000 3.364680 X
00-062-1291 | @ | (C845H14905 n Methy| cellulose 10.369300 4 464680 4107080 O
00-062-1292 | @ B |(CZZHI0MNZ 5 n Kapton 6.062230 4073580 5674000 O
00-062-1293 (@ B |(CZZHI0MNZ C&5n Kapton 16322000 6.074650 5443550 O
000621701 | @ G [(CEHTO2(OH)z - ( C2 H3 02 Jx... | Celulose acetate buty rate 13.450500 4414020 X
O0-062-1702 | @ G [(CEHTOZ2(OH)z ( C2 H3 02 Jx... | Celulose acetate buty rate 13.268300 4506310 X
00-062-1703 | O M [(CEHTOZ2(CH)z (C2H3 02 Jx... | Celulose acetate buty rate 13.417800 4435370 4.328780 X
000621704 [ O M |[(CEHTOZ (O H)z- (G2 H3 OF ... |Celulose actetate propricnate 11.570400 4.185460 T.787560 X
00-062-1705| @ M [{C4HS8n Poly (butene-1) 5845550 4355160 4488300 X
DD-D62-1706| @ M [(OCH2)n Poly (cxy methylene) 3930810 2630020 1898100 X
DD-062-1707 | @ M |{ O C5HECH Jn Poly (3,3-bis(chloromethyljoxetane) 5333060 4035180 380730| X
00-062-1708 | O M |(C4AHB O n Poly (tetrahydrofuran) 4492410 4561160 3688190] X
00-062-1708| O M |[(CH2ZCH((CEH4)CH3))n Poly (o-vinyl toluene) 5933620 5780570 &.142820| X
000621710 | @ M |{CH2CCEZn Poly {vinylidene chloride) 5543980 413557300/ 10203800 X
00-062-1711| @ M |[[CHZCH(CEHS5))n{CH2ZCH .. |Poly(styrene-acrylic acid) 4785400 8293630 9.837es0| X
O ey 47473 | il A HE &2 a2 HA YD Calhilneo srctate barheratc 44 WOT e A OTOEAD A0 SOREAMN 5
Search Description: Calculations:

[Subfile (Paolymer)] And [Has Raw Diffraction Data] And [Status (Primary, Alternate, Mean; Median: ESD:

Deleted]]
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P harmaceutical  polyacryic acid), paa (C3H402)n N N
: poly(ethylene oxide), PEO (C2H40)n Y N
po |ym ers p rOJ eCt poly(ethylene glycol), PEG (C2H40)n Y N
poly(vinyl pyrrolidone), PVP (C6HINO)n N N

poly(vinyl alcohol), PVOH, PVA (C2H40)n Y Y
polyacrylamide, PAM (C3H5NO)n N N
poly(N-isopropylacrylamide) (C6H11NO)n N N

cellulose (C6H1005)n Y Y

methyl cellulose (C6H705R1, 2, 3)n R=CH3 Y Y

ethyl cellulose ((C6H805(C2H5)2)n N N
carboxymethyl cellulose (C6H705R1, 2, or 3)n R=H or CH2CO2H N N
hydroxyethyl cellulose (C6H705R1, 2, or 3)n R=H or CH2CH20H N N
hydroxypropyl cellulose (C6H705R1,2, or 3)n R=H or CH2CH(OH)CH3 N N
hydroxypropyl methyl cellulose, HPMC (C6H705R1,2, or 3)n R=H or CH3 or CH2CH(OH)CH3 N N

cellulose acetate phthalate (C6H705R1,2, or 3)n R=H or CH3CO or C6H4COCOOH Y Y

alginic acid (C6H806)n N N

chitosan (C6H1104N)n Y N
hyaluronic acid (C14H21NO11)n N N

pectinic acid (C13H14013)n N N
poly(lactide-co-glycolic acid, PLGA) (C3H402)m(C2H202)n N N

starch (C6H1005)n Y N

sodium starch glycolate (C2H403Na)n N N

dextran H(C6H1005)nOH Y Y

xanthum Gum C35H49029 (monomer) N N

gelatin (C35H55N12012)n Y Y



2015 T |CD D Polymer Mol. Formula PDF Entry PD3

b|omed |Ca| polyurethane, PU (R-NHCO2)n Y N
polymers silicone (OSiR2)n Y N
polycarbonate, PC (ROCO2)n Y Y
polychloroprene (CAH5CI)n Y N
polyisobutylene, PIB (CH2C(CH3)2)n Y N
polycyanoacrylate (C5H502N)n N N
poly(vinyl acetate), PVAc (C4H602)n N N
polystyrene, PS atactic (C8H8)n Y Y
polystyrene, PS isotactic (C8H8)n Y N
polypropylene, PP (C3H6)n Y Y
poly(vinyl chloride), PVC (C2H3Cl)n Y Y
polyethylene (C2H4)n Y Y
poly (methyl methacrylate) (C5H802)n Y N
poly(hydroxyethyl methacrylate) (C6H1003)n N N
Ethylene vinyl acetate, EVA (C2H4)m(CC4H602)Nn Y Y
poly(ethylene terephthalate, PET (C10H804)n Y Y
polyether ether ketone (OC6H40C6HACOC6H4)N N N




Allegra® (fexofenadine HCI) is an antihistamine used for the

Phase |ID — Al |egra Shell treatment of hay fever symptoms. XRD analysis of the shell
covering reveals the major components include polymers

cellulose1B and amorphous cellulose along with mannitol (2

iy forms), and TiO,-anatase. Residual fexofenadine HCl along with
' additional minor components were also identified.

=
‘w 2,000 4
= Phase analysis — Tim Fawcett, ICDD
=
2,500 -
0- 1 1 1 | s e | R . | S s R B B S R sl P | 1
(11 ot e Yt e gy gy ||||||||||I ||I L TR I I | TR vl
10 15 20 29 30 35 40 45 a0 oo B0
28 (%)

i@ 2015 International Centre for Diffraction Data. All rights reserved.
— allegra shell.dat (L'ser Experimental Pattern) — C6 H14 06 - 00-047-2052 (BExp-based, Intensity: 15.0%)
CEH14 O6-02-062-0119 (Calc, Intensity: 15.0%) — (C6EH10 05 n- 00-060-1501 (PD3, Intensity: 50.0%)

— Ti02-00-021-1272 (Exp-based, Intensity: 45.0%) — (C6EH10 05 )jn- 00-060-1502 {(Exp-based, Intensity: 50.0%)
— C32H39 M 04 - HCI-00-058-1149 (Exp-hased, Intensity: 10.0%;)




Composite used for transdermal patch backing. XRD phase

Quantltatlve Phase AnalySIS PET analysis identified biaxially oriented poly(ethylene

Com pOSite Film terephthalate) (PDF 00-061-1413) and TiO,-anatase (00-021-
1272). Since the biaxially oriented PET raw data pattern is

S Whole Pattern Fitting (WPF) and Rietveld Refinement [16539C1.mdi : DRZ-Plus 30637] . Lo
[ Gose || Setp » | Save = | 0| 2= | Cormon Contt s 5| [ ) Prses = ) @ A0 s i stored in the PDF, whole pattern fitting can be used for
R-705% Riflt v A PhaseiDi  Chemedlfomua NA N NY winisa) ¥ QUANtitative analysis. WPF finds 1.3wt% TiO2 present, in line
2-682% Polylethytene .. (C10H804)n - 5 98704 ' ., . : o/ T;
ween 3126 S A ~ /. with the formulation calling for 1.5wt% TiO,.
\ 1l 0=2| P=35| E=2.64% | R=5.04% | Round=3, lter=132, P=35, R=3.04%
| [ Phase | @ d List | @ Wi%eXRF| [] One Phase Profile
- (TS £ o7 108 %3 A2 16539C1.mdi | <67.0° | 5=0.02° | I=24235.0 =
-~.........,,“_____._'____________I__' Ej.:f:f 1% [esd)  |fesd)  |fesd) — DRZ-Plus 30637
Refinement Halted (R/E=2.25) Sl lor, Tenis P“ife”e" s 25.0 B E e e e e et S T e B e e N
SF 354748 998872 | 1[5 [ 7TF [00-021-1272] Anatase ¢ TIO,
~ Refinement Range & Threshold, Background Fitting ... —@-- []Fro |-|_ﬂ ||{esd) ” 7 |%| 175
2:110 FH0 [ Ro:[3 5] epsi{o5 [3] Bk v | | 4y Function | 0 121/ 0 [2] 0 2] 7 sphd sl
|F{eﬁnable Polynomial-BG v c-2 H C-1 Hﬂh-Order v E - "ape Function (PSF) and Constraint Param '
] Zero Offset, Displacement .. —(@ ] Amomhous Humps —@ | | Individual FWHM Curve v || PSF: Pearson-VIl
Z0 |0.15438 |000287 |[2]2] W28 220 15 | @ 00625 ] @
[ sp |00 [esd) [[2[] ™I HT 00 15 |@n ST 11638 | 2 § 15.0
Oa2 05 Jjesd) [4[3] & Fw 60 2[7] |9 o2mes |3[2 We2 s 3 ©
w2005 Jesd) 4[] e 25 00n 2 1F] | O romuvw O AW o Unfysd12 E 2
MC 1.0 lesd) 4 Murtiglefamgrphnhus humps (] W orf0 Parameteronly || Lowe 2 100
tted to the patt © .04 n
MNate: zero offset (£0) and sample \.C\itﬂ t:e #Ecorﬁmléb?.rt nEo:-I m Upper Limit to Profile: Broader :c::: %
displacement (SD) parameters should ired if an intemal VA%
1t b e togener s ice e phae s e, Ih;-r¢;:;P:;;:;i:;%mﬁ:%ﬁz".;:ﬁzn“rh?f;?:.s;n
constants (L) are not or data range otherwise, amorphous VW% plot window - just double-click one line to zoom in ar
is wide with numerous reflections. is estimated from its density. when you select ather kines in the it 5.0 El
' ]
x10° 1 (]
OO




Do you need multiple Entries in the PDF Database for a
polymer?

PET

5 000 CuKa:1.5418 A (PD3) 14,000 frl Th ” CuKa:1.5418 A (PD3)
oo Amorphous e T Jr- / ermally
3,500 ' |f

) crystallized

PET i |

3,000

Intensity

Intensity

2500 5,000 | \Mj \ P ET
2,000 \
1500 4,000 \Nﬁ
1,000 2,000 W
500
5 10 15 20 25 30 35 40 45 50 55 60 65 5 10 15 20 25 30 35 40 45 50 55 60 65
28 (%) 28 ()
@ 2015 International Centre for Diffraction Data. All rights reserved. @ 2015 International Centre for Diffraction Data. All rights reserved.
— (C10HE 04 )n- 00-060-1508 (FD3) — (C10HB 04 )n- 00-060-0984 (FD3)
900,000 ﬁl S . Cuko: 1.56418 A(PD3)
| train
700,000 || |
L]
£00,000 | t I I d
' crystallize
w 500,000 [
c
&
£

400,000 I| || P ET
300,000 ! |
200,000 [

\
100,000 /_/ \_

5 10 15 20 25 30 35 40 45 50 55 60 65
28 ()
@ 2015 International Centre for Diffraction Data. All rights reserved.
— (C10HB 04 )n-00-061-1413 (PD3)




Cellulose

TS,
o CuKu: 1.5418 A (PD3)
8,000 /
4o\ Amorphous
"
6,000 Xr" v \
= / Y
% 5000 ra h
£ 4,000 jf h
' 'd M\“hﬂ
3,000 f MMW
L "*‘wwﬂ*
2,000 M\
1,000
10 15 20 25 30 35 40 45 50 55 g0
28 (%)
@ 2015 International Centre for Diffraction Data. All rights reserved.
— (C6H1005)n- 00-060-1501 (PD3)

110,000 Cuku1:1.5406 A (PD3) 18,000 {\,, Cukal: 1.5406 A (PD3)
100,000 I 16,000 ; I I
40,000 / \
80,000 l 14,000 '||
= 70,000 Z 12,000 I\k
E 0,000 2
g S 10,000
£ 50,000 E \\\,..,-»«/
40,000 8,000
30,000 6,000
20,000
4,000
10,000
5 10 15 20 25 10 15 40 45 50 55 10 15 20 25 30 35 40 45 50 g5 &0
2609 28 ()
@ 2015 International Centre for Diffraction Data. All rights reserved. © 2015 International Centre for Diffraction Data. All rights reserved.
— (C6 H10 05 )n - 00-060-1502 (PD3) |— (C6 H10 05)n - 00-063-1436 (PD3) |

Kaduk and Blanton, Powd. Diffr., 28(3), 2013. pp194-199.




Ethylene vinyl acetate

I CuKal: 1 5406 A (PD3 f\ CuKal: 1.5406 A (PD3
160,000 ‘| (PD3) 60,000 | (PD3)
140,000 || o 50,000 \ &k
L
' 16% vinyl acetate . 28% vinyl acetate
£ 100,000 I g \
2 . 5 \
£ 80,000 | £ 30,000 \
E | E |
60,000 \ 20,000
40,000
20,000 10,000
5 10 15 20 25 10 5 40 45 50 55 &0 65 5 10 15 20 25 10 15 40 45 50 55 &0 iz
26 (%) 28 (7
@ 2015 International Centre for Diffraction Data. All rights reserved. @ 2015 International Centre for Diffraction Data. All rights reserved.
— £2.12H4.12 00.12 - 00-062-1287 (PD3) — (2.22 H4.22 00.22 - 00-062-1288 (PD3)
35,000
/\ CuKal: 1.5406 A (PD3)
30,000 ! \ o .
/ 40% vinyl acetate
25,000 j \
£ 20,000 \
= 1
o
= 15,000 \
10,000
5,000
5 10 15 20 25 30 35 40 45 50 55 &0
28 (7)
@ 2015 International Centre for Diffraction Data. All rights reserved.
— (£2.36 H4.36 00.36 - 00-062-1289 (PD3)




Cellulose triacetate |l

40,000
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30,000
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20,000
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5,000

Intensity

Cuka: 1.5418 A (PD3)

a
[ Amorphous

60

35 40 45 50 55
28107
@ 2015 International Centre for Diffraction Data. All rights reserved.
— (CEH7 02 ({C2H302)3)n-00-061-1409 (PD3)|

10 15 20 25 30

Cuka: 15418 A (PD3) 200:000 .............. ! Therma“y CrySta”ized

40,000 |
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@ 2015 International Centre for Diffraction Data. All rights reserved.

— (CEH7 02 (C2H302)3)n-00-061-1407 (PD3)

@ 2015 International Centre for Diffraction Data. All rights reserved.
— (CBEHT 02 (C2H302)3)n-00-061-1408 (FD3)




Cellulose triacetate |

1,800 Cuka: 15418 & (PD3)
Amorphous
1,400
= 1200
3 1,000
800
G600
400
200
2
29()
@ 2015 International Centre for Diffraction Data. All rights reserved.
— ((CGEH702)({02CCH3I)3)n-00-064-1612 (PD3)
110,000 I1| 1 Cukal: 1.5406 A (PD3)
100000 ' Thermally crystallized &
40,000 | |
20,000 |
= 70,000 | |
@ 60,000 | |
Z [
£ 50,000 | 1 ,-“.I
40,000 I|J \ ,fl \
30,000 ] RKJ/ \,\J Kaduk, Gates, Blanton
20,000 / /\”‘\-A\/qk
10,000 g\—\ﬁ_ PDF Entry 00-064-1453, 2014.
4 i g 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
28 ()
@ 2015 International Centre for Diffraction Data. All rights reserved.
— ((CEHT 02)(C2H3I02)3)n-00-064-1453 (FD3)




Polyvinyl alcohol

100,000 |ﬁ'| Cukal:1.5406 A (PD3)
| 2K mol. wt.
80,000 [
' 78% hydrolyzed
|
' 78% hydrolyze
£ 50,000 |
< /
£ 50,000 \
40,000
30,000
20,000
10,000
] 10 15 20 25 30 35 40 45 50 a5 60 65
28 ()
@ 2015 International Centre for Diffraction Data. All rights reserved.
— (CHZCH({OH))n-00-064-1620 (PD3)

70

Intensity

Cuku1: 1.5406 A (PD3)

| 110K mol. wt.
|"!"-| 99% hydrolyzed
Thermally crystallized

1
i Cukal: 1.5406 & (PD3)
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28107

@ 2015 International Centre for Diffraction Data. All rights reserved.
— (CH2ZCH(OH))In-00-064-1616 (PD3)

35 45 50 55 60 65 70

8 (7)
@ 2015 International Centre for Diffraction Data. All rights reserved.
— (CH2ZCH(OH))In-00-064-1489 (PD3)

20 40




Methyl cellu

ON]S

30,000 f‘\ CuKa 15416 A (PD3)
J \
|
25000 \\ Amorphous?
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2807
@ 2015 International Centre for Diffraction Data. All rights reserved.
|— (CB.45 H14.9 05 )n - 00-062-1290 (PD3)
80,000 lf| Cukal: 15406 A (PD3)
70,000 || A .
I
0000 || i Thermally crystallized
= 50,000 | -| |' ||
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2807

@ 2015 International Centre for Diffraction Data. All rights reserved.
— (CB45H14.9 058)n-00-062-1291 (PD3)




Summary

Raw data diffraction patterns generated from analysis of polymer samples are
being added to ICDD PDF-4 databases
Important considerations:
* Polymer chemistry
* Polymer processing
* Sample orientation in diffractometer - reflection vs. transmission
* Sample type (powder, film, fiber)
Use caution when using a single peak amorphous pattern to define the amorphous phase
e Pay attention to sample prep
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Electron diffraction
pattern

Electron backscatter -z Ring pattern

pattern

Bond lengths/angles

ooy 2
Syrmery Code B
Comiraen e
&
= 5
5 - -
G
. Simulated profile
b
5
= 600
5
5 o0
£ a0
P P T TR 300
i 200
i 100
< I A AT 0 1 VA, ¥ P T RN
£ o @g.n. 74 S 10 15 W B WD B A 45 0 55 @ B 0 75 @0 5w
e Print |Preferences |Temperature Series Toolbox Property She onds | SAED EBSD Ring |Smulated pr Zton Data 80
2013 International Centre for Difiraction Data. All rights reserved.
3D Stru Ctu re Cukelil506A v [ Simuiated Profik (Exp-based) L
[ (ce H10 05 )n - 00-063-1436 (Cale)
Fixed Slit Intensity v | [¥]Raw Diffracton Data (PD3) 15,000
() 4 1 [n]e]o |~ = \500
10.8501 8.147340 20| 1]o0 ~ 2 10,000 R d'ff t' d t
12.15%| 7.276300] 275 -1 | 1 | 0 E 15000 aW I raC |On a a
122891  7.196380 BRI 5,000 |
13.8027|  6.410440 o0 [ 1]t I 12500 PD3
148530  5.95343 BN [\ B R IS NP N W R S =
149645  5.915270 8 1|01 5§ 10 15 20 25 30 35 40 45 S50 55 60 65 70 2
5 £ 10,000
17.0595 5.193260 2| o [ 2 hd 280) E
Status: Primary QM: @ Ristveld Pressure/Temperature: Ambient 7 500
Optical -
Chemical Formula: €5 H10 05 Jn 5,000
Structre Structural Formua:
Experimental Empirical Formula: C6 H10 05 2,500
5 10 15 20 25 30 ki 40 45 50 55 60 65 70)
Weight %: C44.45 H6.22 049,34 .
Miscellaneous 2807
Atomic %: C28.57 H47.62023.81 § . .
- : © 2013 International Centre for Diffraction Data. All rights reserved.
ysical ANX:
— (CEH1005)n- 00-063-1436 (PD3)
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