3C  NMR

Analysis of Polymers by 13C NMR Spectrometry

Tadao KADOSAKA and Kanemasa MAKITA
Osaka Customs Laboratory;,
4 10 3,Minato Ku, Osaka Shi, 552 Japan

Many kinds of polymers and copolymers were studied with 13C  Nuclear
magnetic resonance (33C NMR) spectroscopy for purpose of accumulating data with
which a lot of imported polymer samples would be able to easily and certainly
identified in customs laboratory.

13C  spectra were obtained on Hitachi R 26 pulsed 13C NMR spectrometer
(10MHz, 4K bit memory computer). This report contains 3C NMR spectra of 37
kinds of polymer and copolymers and assignments of their signals.
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Fig.1 C 13 NMR spectra of sample and
Assignment
Sample Signal Chemical shift Assignment ' Mf:;é’ft?;im
I { 44.2 PPM a a @ DO
Polystyrene 2 47 CH, p CH @ 8900
sulfonate sodium b 69.7 ® 1
{128.7 ¢ {
C
131.3 e
d 143.9 SO;Na / n
e 151.5 b : dioxane as reference

@ : Solvent (@ : Number of transients (3 : Pulse interval
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Fig.2 C 13 NMR spectra of sample and
Assignment :
Sample Signal Chemical shift Assignment Mcegr?clllirtril(l)im
I a 31.0ppM (q* ) a CH3 @ CDCl
Polyisobutylene _ b 38.9 (s* ) ©@ 16400
(Opanol B-10) 59.2  (d*) CHZ ® 2
a CH3 n
I | a 26.9 @ CDCly
Poly-1.4-cis butadiene | b 32.5 Hz\ /CHz @ 7300
{129.3 (d*) CH=CH e
129.5 (d*)
b: =CH—CH,—in trans
structure
il a 23.4 \ @ CDChL
Poly-cis-isoplene b 26.5 HZ E ‘é /C ® 16400
(Cariflex IR 309 . 2
) c 32.4 cH 3/ i ®
d 125.2 (d*)
e 135.1 (s*) n

+ Results of off-reasonance spectra

s . Singlet

d : Doublet

q : Quartet

@ : Solvent (@ : Number of transients (3 : Pulse interval
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Fig.3 C 13 NMR spectra of sample and
Assignment
Sample Signal Chemical shift Assignment Mce:rfgﬁri%int
I a 28.7 PPM c d b a b ) @®» CDCly
Polyoctenylene b 32.3 CH=CH—CH,—(CH,),—CH,~ @ 11200
[Vestenamer 8012) c 129.6 e 4
I a 32.3 @ CDCl,
Polynorbornene b 39.3 @ 16400
{Norsorex N) c 41.4 ® 1
d 43.0 " l@ 10W/V%
e 133.1
il a 32.5 a: =CH-CH, in butadiene @ CDCl,
High impact b 40.8 group @ 15000
polystyrene { 44.1 b ® 2
46.0 HZ;CH
d 125.7
e 128.2 }C
f 145.7 d n

s : Singlet d : Doublet q : Quartet
@ : solvent (@ : Number of transients (3 : pulse interval (@ : concentration
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Fig.4 C 13 NMR spectra of sample and
Assignment
Sample Signal Chemical shift Assignment Mcegsgﬁ?;im
1 | a ~25 PPM @ CDCl,
Chlorinated . | b ~47 ® 11600
polypropylene ) c ~62 ® 2
11 a ~45 @ CDCl,
Chlorinated rubber b | ~863 @ 29100
(Alloprene R-10) c ~175 ® 2
il a { 35.4 @ (CDs),CO
Vinylidene fluoride 38.1 @ 17700
—hexafluoro— b { 44.2 F F ® 1
propylene copolymer 46.8 ! !
{Fluorel FC-2170) c 95.5 CHZ*(J: HZ_(I:
d 7.1 | F/m CF./ n
e’ 120.2
132.5
f .
134.4
g 145.0 J

@ : Solvent (@ : Number of transients (@) : Pulse interval
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Fig.5 C 13 NMR spectra of sample and
Assignment
Sample Signal Chemical shift Assignment M:::félirt?;im
1 a ~40 PPM @® CDCl
Brominated b 122.9 CH,—CH — @ 16400
polystyrene c 132.5 @Brm n ® 4
(Pyro-Chek 68 PB) d 142.0
II a 22.2 b cde ® D0
Polyvinyl alcohol b 45.6 @ 23800
c 65.9°, CHZ"ClH ® 1
d 67.4;, OH /m
e 68.2 .
f 174 .4 residual group :
g 181.0
CH,—CH
|
OCOCH; /n
f a
m {38.4 a [ @® CDCl,
Polyvinyl methyl ether 2 40.4 CH,—CH @ 7000
| .
56.4 ® 1
b O CH: / n <
75.8 b

@ : Solvent (2 : Number of transients

(® : Pulse interval
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Fig.6 C 13 NMR spectra of sample and
Assignment
. . - . T Measurment
Sample Signal Chemical shift Assignment condition
1 a 21.0 PPM R @ CDCl,
Polyvinyl acetate b 39.3 4{~CHZCH ‘—i— @ 16000
c 67.1 \ 0—CO CH,/) n ® 1
d 170.0 ‘@0
i} ~38 a b O CDCL
: : —~CH,—CH—————
Polyvinyl cinnamate 63~ 68 @ 16400
c 117.9 0 ® 2
{ 127.8 h CO
d |
128.4 « CH
e 129.8 .
g CH
f 134.1 f
g | 145.0 ©] .
h 165.8 e n
i a 13.2 oo e @ cncl
] . CH,CH CH, CH——— 3
Polyvinyl butyral b 16.9 | | @ 16400
’ 0 0
c 36.8 \r ® 2
d 12.9 e
e 61~68 CIH
a
f 73.8 CH,—CH, m
g 77~80.4 residual
d e \
h 101.5 - ]
i 170.5 . I b
) 184.1 OCiOCHa n

D : Solvent (@ : Number of transients (@ : Pulse interval
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Fig.7 C 13 NMR spectra of sample and
Assignment

| Measurment

Sample Signal Chemical shift Assignment “ condition

PPM !C)CDCh
CHZ | @ 15000
e co L ® 4
OCH2 CH3 n ;

CDCls
65000
® 1
CHz
c 00 CH,/ n
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@ : Solvent (@ : Number of transients (3 : Pulse interval
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Fig.8 C 13 NMR spectra of sample and
Assignment
Sample Signal | Chemical shift Assignment l\gngl‘i’triglnem
I a CH,
Methylmetharytate- a {116'7 PPM o ® CDCls
- methylacrylate 19.1 CHy C- - - - @ 16400
Ivmer b 29.7 i ® 2
copolymer . 370 COOCH,
d 44.9 b g ¢e/m
C
e 51.7 -{-CH, -CH- - - { - -
f 53.3 |
176.3 COOCH, / m
g {177.3 g ¢
I a 13.6 > i, @® CDCls
Polymethyl ethyl b 18.6 d | @ 16400
methacrylate c 38.7 -bteHcoo- ) - @ 2
(Palaloid B-82) d 4.4 '
e 51.6 COOCH, / m
f 60.5 y ©°
g 175~180 cH,
d |
CH,—C
|
CO CH, CH, /n
g f a
m a 21,0 b e ® CDCly
Vinyl chloride- b { 46.3 f( CH, CH- ) @ 16400
vinyl acetate(86 : 14) 47.0 (;1' m ® 2
copolymer c 55.9 .
(VYHD) d 68.9 , )
e 170.5 cHao
0 CO CH, /n
e a

* Methyl aclylate 20%
@ : Solvent (@ : Number of transients (3 : Pulse interval
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Fig.9 C 13 NMR spectra of sample and
Assignment
r Sample Signal | Chmical shift Assignment Mgsﬁgir{in:;)t
I a 40.2 PPM @ CDCls
Styrene-maleic {42.8 b a a @ @ 9000
b —1+-CH,——-CH- -CH—CH—{—
anhydride copolymer 50.9 d ; ® 2
126.1 @ m VCO CO /n
¢ 127.1 c{ e\ fe
129.8 o
d 135~145
e 170.8
11 a 19.1 /b ’ ® D20
Poly vinyl pyrrolidone | b 33.2 —-CH, ———CH—/f—f—-J[—w ®@ 12500
44.1 ! i ® 2
¢ 46.1 /N\
: c d
d 178.0 CH, CO
| i
a CH,—CH, ¢/n
I a 18.9 ¢ d ¢ n @® (CD3):LD|
Vinyl acetate- b 21.0 -+-CH,—CH—+ -FCH,—CH- @ 13000
vinyl pyrrolidone 37.4 I'\I ! ® 2
(0}
7: 1 .
(7:3) copolymer c 39 ; ¢/ \g !
42. CH, CO f co
44.9 | | i
d 57.3 CH,—CH, /m \b  CHsn
e 67.6 a ¢
f 169.9
g 174 .4

:@ : Solvent @ : Number of transients ® : Pulse interval
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Fig. 10 C 13 NMR spectra of sample and
Assignment
Sample Signal | Chemical shift Assignment Mce::girtrigint
1 a 36.0 PPM a b @ DO
Polyacrylamide 43.4 CH,—CH @ 25900
|
180.2
¢ CONH, /n @ 2
c
1 a 35.4 a b @ D,0
Polyacrylamide 42.8 CH,—CH @ 58300
methylol 63.4 | @ 10W/V%
177.8 CONH CH,OH) n
d
179.9 d ¢
L a 26.8 @ CDCl,
Styrene-acrylo- b 37.4 b b b a @ 10000
nitril copolymer 41.2 CH,—CCH CH,—CH ® 2
| !
119.4
¢ iz d {e/ I N
: ™) e
127.0 m n
d
128.7
139.8
e
141.7

(@ : Solvent (@ : Number of transients (3 : Pulse interval
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Fig.11 C 13 NMR spectraof sample , and
Assignment
Sample Signal Chemical shift Assignment Mf(?rfgiiri%int
I a 61.3 PPM /b b c  a @® CDCl,
Polyethylene b 70.3 ‘EOCHz CH2~)>OCH2 CH, OH |® 1100
glycol 300 72.6 n ® 1
I a 17.2 bc H bec @® CDCl,
Polypropylene glycol b 73.3 i @ 14700
CH,—C—0
(Av. M. W. 2000) c 75.2 | n ® 1
‘ CH;
a
il a 25.6 d a a d @ CDCl,
Polybutylene glycol b 28.6 CH, CH, CH, CH.0 @ 11500
(Polymeg 650) c 61.5 n ® 2
d 70.2 H O CH, CH, CH, CH, ]
c b d [
1 ?
| |

@ : Solvent (@ : Number of transients (@ : Pulse interval
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Fig.12 C 13 NMR spectra of sample and
Assignment
. . . ] . Measurment
Sample Signal Chemical shift ‘ Assignment condition
I a 16.9 PPM @ CDCl
Polyphenylene oxide b 114.8 @ 16400
c 132.8 ® 2
d 145.8
e 155.0
CH3
i a 43.2 @ CDCl
Polyepichlorohidrin b 69.6 CH 0 @ 16400
Hydrin 10 9.2
(Hydrin 100) c 7 CH,Cl J n ® 2
il a 43.6 b d c c ® CDCl
Epichlorohidrin- b 69.6 CH,—CHO— +—CH, CH:0= 3 10700
ethylene oxide 70.4 2
Y © CH,Cl Jm @
copolymer d 78.9 a )
(Hydrin 200) !

@ : Solvent (@ : Number of transients

(® : Pulse interval
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Fig. 13 C 13 NMR spectra of sample , and
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Assignment

Measurment

Sample Signal Chemical shift Assignment condition

PPM @ CDCl,
@ 10400
® 2

13.
22
24
26.
28.
31.
34.
61.
65
71.
73
f124.
125,
1132.
(132,
172.

30.
41.
44.
49.
68.
114.
127.
143.
156.

I

Polyester produced
from azelaic acid
and glycerin;
oil modified

(Paraplex RGA-8)

= B« S & P B w R

s

=

a @ CDCl,
CH; g f ® 4096

| e
b
fCWQ—OCHzC ® 1
|

e
H—
\
CH, OH

11

Epoxy resin
(Bisphenol A type)
(Epicot 834)

a
CH; g f

e bl i
o e ()
n \

CHs,

R -~ 0 o0 Ton
H N B O 0 O w = m\lmoo.m-u;-tcom@mno'oo'o\oo

e d c
—0O CH, CH—CH,

0

e b b @ HCOOH
%NH CH.CH. CH. CH. CH.— | 3 16400

e d a a ® 2
—CH,NH C CH, CH, CH,— @ 20W/V%
I

25.
26.
29.
35.
40.
69
168.
179.

il
Nylon—6, 6

d f
—CH,—
i
) O /n
f . dioxane as reference

= B S I « P T = 2 )
L T =R T )

@ : Solvent <@ : Number of transients (3 : Pulse interval (@ : Concentration
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