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An Expert System of C-13 NMR Chemical Shift of Polymers

Hisayuki TATsuMI and Atsuo NISHIOKA

Synopsis

An expert system (ES) of Carbon-13 NMR Chemical shift of polymers has been developed by
the use of a commercially available tool, SOGEN, for personal computer (e.g. PC9801). This
system can display a list of some plausible names of synthetic polymers among selected 14 kinds
of polyolefins including some copolymers by the input of any set of the chemical shifts of polymers,
observed or trially selected values in the range from 7 to 50 ppm. This range was adopted to
satisfy the upper limit of the number of the chemical shift values with 1 ppm interval. The
certainty factor (CF) was assumed to distribute over+1 ppm around the referenced observed
values of the chemical shifts of each polymer with triangle membership function based on fuzzy
method. By setting up 44 rules, which have integer values of chemical shift with 1 ppm interval
in LHS, and possible polymer names with their calculated CF values in RHS, and further introduc-
ing some correction to the CF values for large discrepancies from expected output, good results has
been obtained for the system in serving to predict possible polymer names with descending order

of their CF values.
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25, HEB OFERE R 63 LA s D TRETICET
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£1. KIVAv7avoiHh ERL LERESA BEE RO> 7 oK
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26-27 ppm : CF =0.68x0.68/2
=0.2312
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ppm DEEETLFh b CFIX0.5 &5 L, Fic
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DEECERETH 5 1ppm HRD >~ 7 + 2R S5,
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RBicrhr7 o v —1 B & TIeD LT —
AEED CF R ABIC 1Ici S &, %HER polymer ©
BEHENED CHEREE LD LT T, £ZT
COHEEREHICT 51 CF oA o MomEx
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ppmHICEB Lich — A THHH, ZORIED 27T &
0¥ 29 ppm #1ZfE % £F2 polymer & CF ic& 535D
CTRERTE N D BT T VWb, BEDOLDHE
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The polymer is

IPP (28.83 ppm) (HEfEE=10.32)
CEP3 (28.74) +0.38
CBUTP (2825, 28.74) +0.36
CEPB (27.48, 28.83) +0.25
PBUT (27.78) +0.16
SPP (28.48) +0.07
CEHXE  (27.33, 29.57) +0.08
CEP2 (27.47) +0.07
CBUTE  (27.35) +0.03
LDPE (27.33) +0.03
CEOCE (27.28, 27.33) +0.03
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4D > 7 MED/NEER YIS T, Other shift not
exist Lt AT 5 &
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CEOCE CF=+0.52

Lieh, Fi/BEANE A AL, Other shift not
exist £ ASJT5 &

HDPE CF=+0.92
CEOCE CF=+0.51
LDPE CF=+0.10

Ligh, RYRERIE LN 5, CEOCE o 3Lk
HDPE D 4D > 7 b FTRTELHTH 5,

7.2 LDPE
BB 7 b 2L TANT S & FinoHRERN
HhEhns CFiE CF),
LDPE CBUTP CEPB PBUT SPP
1.00 0.58 0.58 0.53 0.38

LDPE ® CF 231127 5 D% 7 ppm, 8 ppm I ¥ — &
B 7 bhBHY, 2D ZXLDPEDAXCF=1¢ L,
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X T _XT—-1&LkedTH D, (EL ZDREFILEE
CTBRHEAKEWEERHLDOTIAXEBEVWTANL
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LDPE CEPB CEP3
0.97 0.77 0.58
CBUTP PBUT SPP

0.58 0.53 0.38
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21, 28, 46 ppm ® 3@ AL, Other shift not
exist i X b FaeH & 7e %,

PP IPP CEPB CBUTE PPNE
0.75 0.75 0.69 0.35 0.34
CEHXE LDPE CEOCE
0.08 0.03 0.03

Other shift exist & AJJ3 5 & SPP (v oA 4272
Fu2) DEMERD,

SPP PP CEPB PPNE CEP3
0.92 0.61 0.58 0.34 0.23
CBUTP LDPE
0.05 0.03

PP 73 [AEZ % o1k Other shift & ¥4 — A 2% PP
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7.4 CEP
zFLvy—Trb UV VvHEBSEKIIARILS v 2 a3t
FAkT=F v v (C2HY) 2%\ o (CEP2), 7=
Ly (C3H6) 7% b (CEP3) &b bh, =
O E 7 7y 217 5T 5 S0 (CEPB) 3%
h, &€/ ~—0OMBtLLEEDETT Ty 7 b ET
T %, EREBOF — 2 22 TERETAN Lk
B L MR,

CEP2 CEP3
(20, 27, 30, 33, 37) (20, 21, 24, 28, 37, 46)
CEP2 0.88 CEP3 0.91
CEPB 0.83 IPP 0.77
LDPE 0.63 PP 0.77
CEP3 0.57 PPNE 0.53
SPP 0.43 LDPE 0.41

PBUT 0.34
CBUTP 0.07

PPNE

(21, 24,

0.07
CEPB
28, 30, 33, 37, 38, 46)
CEPB 0.96
CEOCE 0.81
CEHXE 0.81
IPP 0.74
PP 0.74
CEPNE 0.68
LDPE 0.64
CEP3 0.57
PPNE 0.39
CEP 2 0.38
CBUTP 0.11

CFoftBEILHWI&R O > 7 v 5Mx i L
TH %5 ETROML TH 5D,

7k
CEP?
CEP3
CEPB
IPP
SPP
7 b
CEP2
CEP3
CEPB
IPP
SPP
¥7Z b
CEP2
CEP3
CEPB
IPP
SPP

20 21 22 23 24 25 26 27 28 29

20.0 27.6
20.8 21.8 24.6 28.7
21.8 27.5 28.8
21.8 28.8
20.3 20.8 28.5
30 31 32 33 34 35 36 37 38 39
30.0 33.3 37.6
37.8
30.0 30.4 30.9 33.2 37.6 38.0

40 44 45 46 47

46.0 46.4
46 .4
46.4
46.6 47.2

CEP3 &£ CEPB i3> 7 23 X < AT\ % %5 24 ppm D
HELF—THDHZ ENTHH 24ppm DAL — LT
CEPBDO CF=—-1#%{f> tMiE o CFHICKEL 5
2B ENTESLD, CEP2 LXKl 1+ 45Tit

i VN
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WMED> 7 + BT 5 &
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PBUT 10.7 27.8 35.2 40.4 ﬁ.?,’fo&;gé’feb o RiK, BREERLET .
CBUTE 11.1 26.8 27.4 30.0 30.5 34.1 39.8 (1.01) PBUT (RIEX
g5 St

F-THBHIEDT S D ; (R
& ppm@ﬁﬁi) TS £ 5}6 30 ppm E%ggg ggg(blnck €3 rich) (g{%g

A=z PBUT @ CF=—1 %25 L ROKICEY
. v 7 FOEBUTKR %4, TTH 5D,

IRERVE LN D

PBUT
CBUTP
CBUTE

0.83 CBUTE 0.97
0.67 PBUT 0.58
0.64 CBUTP 0.57

[ THE POLYMER 1S PBUT)] (R fEE = +0.83) Wl iz 4 Bov- Ve ERT 3

L&Y RENEFLE,
F0>3%7 | FEwMAINLN-IEERRLET,

BWFTov— vt @RT B Eic&y (REK=+0.34) KV ELL,

=21
b L
1 ) THE CHEMICAL SHIFT 1S 27 PPM (+0.20<=TH {5 W <=+1.00)
=5
2 ) THE POLYMER 1S CBUTE (W {5 E=+0.14)
3 ) THE POLYMER IS CBUTE (B 18 ®=+0.37)
4 ) THE POLYMER 1S CEP (B 1€ E=+0.38)
5 ) THE POLYMER IS CBUTP (B 15 B =+0.07)
6 ) THE POLYMER IS LDPE (5 {5 B =+0.35)
7 ) THE POLYMER IS PBUT (58 15 ®=+0.34)
8 ) THE POLYMER 1S CEHXE (5§ 12 B =+0.35)
9 ) THE POLYMER 1S CEPNE ({5 ®=+0.30)
1 0 ) THE POLYMER IS CEOCE ({2 B=+0.3%)
1 1 ) THE POLYMER IS SPP (B 1€ B=+0.38/
1 2 ) THE POLYMER IS CEP(block C3 rich) (B E E=70.25/
1 3 ) THE POLYMER IS HOPE (B E R=-1.00,
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[ THE POLYMER IS PBUT) (HIEE = +0.83) tw¥>Z &l 4 BON-LVLEST S
LIREDRENEL R, _
ZO03HT 2 FEKBEBRAINEN-NVEERRLET .

BTov— e RT3 & s (RIEHR=+0.58) KAV IFLL,

Jv=J)v 4
L

CHEMICAL SHIFT IS 10 PPM (+0.20<=H {8 B <=+1.00)
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POLYMER IS P3UT
FOLYMER IS CBUTE
) THE POLYMER IS CBUTP
} THL FOLYMER 1S CEP
FOLYMER IS LOPE
FOLYMER 15 CEHXE
THE POULYMER 1S CEPNE
THZ FOLYMER IS CZOCE
POLYMER IS PP
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[ THE POLYMER IS PBUT] (R{EE = +0.83) c w2tz 4 BON- L EEAT 3
LRV RENELE, o
¥F0>5T 3 FEBCMAAIN N -WVERRL ET,

MWFow— e @iATseicdn (REXR=+0.74) KTV ELLE,

W=34

b L

- 1 ) THE CHEMICAL SHIFT IS 40 PPM (+0.20<=H {§ B <=+1.00)

2 B0
2 ) THE POLYMER 1S PBUT (38§ ®=+0.37)
3 ) THE POLYMER IS CBUTE (RS M=+0.14)
4 ) THE POLYMER IS CBUTP (R 1E M=+0.34)
5 ) THE POLYMER 1S LDPE (W15 E=-1.00)
6 ) THE POLYMER 1S PF ‘B fE m=-1.00)

5. HOW HpEic L 2 @M — L 0B (£D 3)

B 2. a2 O fl
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[ THE POLYMER IS PBUT) (RfER = +0.83) t w2 Itk 4 BO - V2 ERT 3
EWEODRENEL S,
FTo3>vT 4 88 ;lﬁiéni W= JbEERL T,
DTov—-— vrx@RT 30 s (RWEF=+0.83) L% v gL,
=29
L
% B 1 ) THE CHEMICAL SHIFT IS 25 PFM (+0.20<=H {5 W <=+1.00)
L3
2 ) THE POLYMER IS PBUT (REE +34)
3 ) THE POLYMER IS CBUTP <Kfi§-+o.3o>
4 ) THE POLYMER 1S CEPNE (li§l= 0.20)
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