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Gas chromatograph

Fig. 1 Schematic system diagram for pyrolysis-

gas chromatography (PyGC)?

@ carrier gas, @ pyrolyzer, ® and @ temp.
regulator, ® enricher, mass spectrometer,
@ integrator, recorder, amplifier,
detector, @ column
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Fig. 2 Temperature-time profile for the sample

under pyrolysis®

» (a) : desirable rapid heating, (b) and (b)’:
undersirable slow heating, Te : equilibrium
pyrolysis temperature (400~900°C)
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Sample holder
(position I)

Power supply| |[;
for heater | Sample holder

(position II)

To column

Fig. 3 Schematic diagram of verticall microfur-
nace-type pyrolyzer!?®

Position I : ambient temperature; Position II :
pyrolysis temperature
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Fig. 4 Schematic flow diagram for high-resolution
PyGC with a capillary columni®

A : carrier gas inlet, B : pyrolyzer, C : split-
ting resistance, D : modified splitter, E : heat-
er for splitter, F : packing material, G : capil-
lary column, H: column oven, I: connector
to FID, J:FID, K:air inlet, L : hydrogen
inlet, M : make-up gas inlet, N : vent
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Fig. 5 High-resolution pyrograms-of a high density
polyethylene (HDPE) at 650°C®
(A) : before hydrogenation, (B) : after hydro-
genation
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Fig. 6 A high-resolution pyrogram of a low density polyethylene (LDPE) at 650°C18
2M : 2-methyldecane, 3M : 3-methyldecane, 4M : 4-methyldecane, 5M : 5-methyldecane, 3E : 3-

ethylnonane, 4E : 4-ethylnonane, 5E : 5-ethylnonane

Table 1 Possible fragmentation products of Gy,

from the site of branching in PE®)
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R R ! short branches

n: z-undecane; 2M : 2-methyldecane; 3M : 3-methyl-
decane; 4M : 4-methyldecane; 5M : 5-methyldecane;
3E:3-ethylnonane; 4E : 4-ethylnonane; 5E : 5-ethylno-
nane; 4P : 4-propyloctane

NBENPD YIav—vav®T52L1CED, BE
Licth%ho LDPE dho it BB R 1°C-
NMR = & 2 JlI5E{#E & #kw= Table 2 iR1L7. \WTFh
@ LDPE & oWTHE#EMIRIL 7 F VS =7 13>
T INES 2AFALES ~F A BEDIETHEET S L,
BRUOThEhoyE#EEOEERED PC-NMR o#l
EEENL ) BO—FERL TV BT ERBH15.
PyGC iz 1 5 LDPE G D ER TIL, o
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THENRIETHSL Lavb, Hxbhic LDPE 2§
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Fig. 7 Partical pyrograms of reference copolymers
and LDPE in C,;-region!®

2M, 3M, 4M, 5M, 3E, 4E, and 5E are the
same as in Fig. 6, and 4P is 4-propyloctane.

DHFE2RHCIBET7F 7Y s vROWTHLHHTE
%. Fig. 8 i, HA4&HCcESAS I LDPE %% v
VYRBEBIRT, =F e v AT RRABECHGT,
BT RGPS FRORS 16 7572 5 vic
DWCRA—&HETHE LIz I r 75 a0 C, HKD &
— 7N bRD I C~Cs DEEN G Y FEH»TFBIC
HLUTERLE. ChODRERMD, EhsE880ET
B% Co RO G i MESTFHBEC B3 8%, —FHk
BROTHD C, RO G DEFEMEIHFRCITEA
EERFERT—ETH D L2WD TR IR,
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Table 2 Estimated SCB content in LDPE’s by
PHGC and by 1*C-NMR spectroscopy!®

Estimated SCB content/1000 C2)
Methyl Ethyl Butyl Amyl Hexyl Longer® Total®

LDPE-A

1.3 49 83 23 0.2 17.0
0.4 6.4 (7.9 (2.6 2.8 (19.9
LDPE-B
1.5 7.2 11.2 2.2 0.3 22.4
0.5 7.2 @5 @D (3.5) (24.9)
LDPE-C
1.3 48 86 1.9 0.4 17.0
0.5 6.4 (6.4 (2.2 2.4) (7.3
LDPE-D ‘
1.0 2.1 45 06 0.3 8.5
0.1 2.3 @4 (0.7 1o 6.7

a) Estimated SCB content PHGC are given first, and
estimated SCB content by 13C NMR spectroscopy are
given in parentheses. b) The longer chain branches
are not taken into consideration in the case of PHGC.
¢) Content by NMR involves also propyl branch
content between 0.2 and 0.5.

M, (X10-¢)by OSMO

0.76 148 2.75 5.14 10.2 47.0
1\\ ] I I I

I
30

]
o

))

10

Branch numbers/1000C

| N O I T (Y S Y AN ]
2345678910 12 15 16

Fraction number

Fig. 8 Distributions of short chain!® branching in
different molecular weight fractions from
a given LDPE®
— : by PyGC, --:by 13C-NMR; O: total,
¥ : butyl, @ : ethyl, Il : methyl, A : amyl

G 22 GC OBEREIL:ELXFORMBEX +F 72 V€~ a v~DIGH 423

3.1:2 PP OM&RAIM & £ / 7 — MAUOESE
w2 Fig. 9 1, Hiffio PE 0BE L RRICK
KL A L PyGC CEIR| L 7o 2Rl O R
7c% 3EED PP 0GR M r 77 2%RLIC. &
neonit e 75 A TEFAZE Cyp G G 07 + 7
2 —DE—I7HCOWTRSEE, 27V (m) EF511 (1)
DECTATFVATAYV—D_BEDS L, 74V 57
54 v 7 PP(A) CIXER m 28, Y voAx7 7
497 PPO) TR \D, TEIT 497
PP(B) Tz AL r & m X EHE ThHh, 2hb
OB RERMC S L ONMARAESA I SRBRLTVS
EhmB. X, Cup G5 Ce DRy s <—DE—7
B oW FR Fh =8, WNER ZEROT7 AV
<~ —2BREh, 2 TLIARNKERGEBEISRRD
hs.

Table 3 i, AlEt,Cl/TiCl; %, AlEt,Cl/VCl, RX
8 AlEL,Cl/VCl/7 =y —A%o 3D PP (I, 11 &
O IID) 2R AR L CRRB L 7 RO OWT,
PyGC EK Ut BC-NMR TR fo 5 P74 5 1 i 88
BofizRlLic. Chboflix, <M w77 akD Cy
DFA47 F (diad) RO Cie D + 54 7 F (triad) o HY
v-7BEY AUCHELL D THS. PYGC XU
1BC-NMR O JIEE R —Be X CHEIL, Ti RAdg
iz N@) k&, VROMETIE NG 2HAkEWE

Table 3 Number of average syndiotactic sequence
length (V) and isotactic sequence length
(Ny) in PP's obtained by PyGC and
1BC-NMR2Y

PyGC 13C-NMR

Ns Ni Ns Ni

Preparative conditions

PP-I(A)

AlEtaCl/TiCls catalyst, hexane 4 4 g9 7
extracts removed residue : .

PP-1(B)

AlEtaCl/TiCls catalyst,
diethyl ether extracts _3‘4 3.7

PP-11
AlEtaCl/VCls catalyst 6.5 1.7
PP-III1(A) :

AlEt2Cl/VCl4/anisole catalyst,
diethyl ether extracts (ex- 6.8 2.8
traction 1)

PP-1I1(B)

Hexane extracts of the residue
in extraction I(extraction II) 13.1 4.6 83 3.0

PP-III(C)

Heptane extracts of the residue
in extraction Il (extraction III) 8.3 84 7.2 6.9

PP-III(D)
The residue in extraction III

2.5 51.8

4.6 15.1
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TMCTIC ] m WV vV X x X
SEQUENCE et et e e e —

Cs (A)
'i\h—s iso-PP
LONG ISOTACTIC SEQUENCES
Cla v v VI VII VIII IX X X1
= G779 €202 C237Ca5 Co6Cag C97Cap €33 C35C37  C357Cy0
Q2 (m) (m) (rx) [1] [T] ] ﬂ] M
a : M
y : n i
. S il i
] i l'i h s" ii N
) 1
S
‘ f ) [ 38 ]

[
1
L]
It
te
[N
i
[
1
!
[
[

ii

(B)
atac-PP

L T T T

He o oom = or = e o - -
P = m e e e e e e — — =
P o= - o e e e e m e e om -
P = m e e - e e e e e o -

P m e m e m e e e = = -
[N

=8

(C)
synd-PP

RETENTION TIME (MIN)

O~

130
COLUMN TEMP (°C)

40

b—a250——

260

Fig. 9 High-resolution pyrograms of isotactic-, atactic— and syndiotactic—polypropylenes (PP’s)

at 650°C2»

LRGN —HrhFhomb®odkc—HL LT,
PP-1(B) &, PP-III(C) % &1L T HB L, NG &
NG DX bbb, FHOTERMIEEA SR
CTHBDI, B-EDIIFS SIERAED S =, 780
B\ Z 23y s. Fig. 10 @ PP-I(B) & PP-III(C)
oW T PyGC TRIE LT +9=— (Cy,~Cis) &
Oz =— (Cu~Ci) DEBOMH <M v 7S5 2%
Rli. ZThbd 1w ahb PP-I(B) & PP-
HIC) oELd, Fr~—FRITI V275 4
y Z-diads(m) L v vt x 275 4, 7-diads(r) D

HNBEIITEAERUTH BN, v a<=—-FHRTI,
~FwrEIT 4 5 7-triads(mr) OKHWEIL PP-1(B)
>PP-III(C) THHEZ LML b 5.

—%, Fig. 9 0.4 w75 A LT, a, b, c DD
L7z Cla D54 =—DE—IHDO S BLREDE-E
HECERL 2,4,6-F ) A F AT E VO -2 LE-
B#ia (-C-C-C-C) ®RBLi 25, 2,4 RO 3,5

C o] .
CRAFNA 7 &V OHNBRED OHTE L CREESOR
R (%) HEEOPP OY v Od R IT 4 vF 4 —D
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Tetramers(diADS) Pentamers (triADS)
1 [
Cis
rr
C’: mm heterotoctic
m PP-I1(B) mr
Cu glls 2
mT r mm) C1e ?
T !
R4 3

PP-II(C)
mr
mr

| \

¥ "

Fig. 10 Partial pyrograms of PP-I(B) and PP-III
(C) for tetramer and pentamer regions?!

D

e TH D Cpomi r O EROHEIHE {r-Cis/ (r-
C,+m-Cp)} LT m o b LIcRY Fig. 11
Rl — R TA V22T 45 7 PP TREREKEX
bTnLafFEELw, PP hov v odxs27 4 v
Fa—HKEL LB THEKAL, X, RCYyvvA
BIF 4T 4 —THETHE, F2VRIDAFY
v ARMIETER Lic PP 013 5 ARE/EANES VT L
Db,

3:1s3 TFLY-FoEL o iKkEaE PE-P)} O
SimmEe®  PE-P) oA v 7T Az—8CI, #i
WRL7 PE RO PP D2 fr /5 A THEAZIRD E—
7k, =FLVEMESr VvV VBEBNOBRTHE—7
SR YL TW5. Fig. 12 & PE & PP o 50/50 o
BA&Y (A), E=40.8wty D% b>F 5 vRAE
THB Lic P(E-P) (B) R, E=52.0 wt% DK D
Aoy aRMET AR L P(E-P) (C) woWT
£ & B By - K RHMET X v BRI - R MEhE
Afwrak Rl (B) ordh (C) Xhdb=
F L v ORABMEV bbb bT, =F L vOESHE

1 1 1 1

1
0 0.5 1

Relative peak intensity
r—Cla/ (r—C13+m~—C13)

11 Relationship between observed tail-to-
tail 2 and relative racemic %, of various
PP’s21)

(A)

Gz Cas Cpy
Ce Cr Cecﬂczocz,czz Cox Coe

c?B

(B)

C,
? CoCn ¢ Cs C7

12 [ Cay

©

;z Ci3 € Cis CigCy7 Cia CoC20
WL L LI —

1 L 1 1

1
20 40 60 80 100

Retention time/min

Fig. 12 High-resolution pyrograms of ethylene-

propyrene copolymers {P(E-P)’s} at
650°C1®

(A) : physical blend of polyethylene (PE)
and polypropyrene (PP) (PE/PP=50/50 wt%),
(B) : P(E-P) by Ti-catalyst {E/P=40.8/59.2
wt?)}, (C) : P(E-P) by V-catalyst (E/P=
52.0/48.0 wt%)
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BIfET 2 n-7 ah v X b K& REKE Cro HBLL
TWBZENRDNDB. ZDZ EnbF 2 VRBECER
L7=P(E-P) DIz 54, ~F U ARMETCERLES
DIY=F VVORWEHEFRYEL TSI L2300
5. ZoB%R%E Fig. 13 1, B <1 e 754 ko
n-7 Nh vORER, B rhFho n-7oh v E—
7 OB ABEOXNEMEY ey P LTURLE. Th
BOREEREND, -7 Ah VvOREBEHEO = 5K PE &
PP oBEEWHTIE, PE OZDOBHF LRI L TH B, +
2 VA TER LI PE-P) TRth I I RERT S
Bladb, ~FovafloBACIRIEA SR L
S TWBIENGE. 25 LT m,y, FIDERD
5 XY, PE-P)OHENLT v & 2#:dh 5\,
Ty IWERTLENTES.

1.0

=4
—

0.01}

Nc (peak area %/carbon number)

0.001 . .
0 10 20 30

Carbon number

13 Relationships between carbon number and
molar yield (¥c) for the series of n-alkane
peaks on the pyrograms of polyolefinst®

O : PE, @ : physical blend of PE and PP(PE/
PP=50/50 wt%), A : P(E-P) by Ti-catalyst
(E/P=40.8/59.2 wt%), A :P(E-P) by V-
catalyst (E/P=52.0/48.0 wt%)

Fig.

32 HESEGOMEME

3:¢2¢1 FOUOZBPYL=-ZRF L UHBEEOEHRS
752 77Vr=t Y A-AF 1y (AN-ST) 7~
VAR AF M-AF LY (MA-ST) StEAMGKL X OB
Ak IR 2 TH-NMR /¢ S CL @B %21T 5 =
ERABEETIX e ot PYGC Td, 729 e=1+ )
D X5 is kiAo' s < —BArABART 5 By g4
RO BECIY, REROFETA N T 2 TREBHED D54
21X PEG-20M <> FFAP 7Y oEEHKEOEH
RBEL ZEBR TV, ok, FATELARS
7 ARENBEIN, ThbOLFf <P b T =—

KAGAKU Vol. 35 (1986)

BRI EDOKRENRT S 72 + DGO X BEHOBILE
ERIR T L, BHREOEZELIEVWY T AF
¥5 Y —H S5 A (R 0.3 mmx 50 m) i OV-101 o &
5 IefERME G BEEAAER AR BvTd AN-ST 3tHE
&tk Fig. 14 wiqf v 795 ao—@Al%R3 L
S5, FPIAR—BRNTBRBEAETRTD 7 5 7
AVYER, TAV Vbl B - ST LATE
5. oA e 5 A boFEC— 28 ohT, BRS
f4=— (SA) LM T4 <— (SAA, ASA, SSA,
SAS) 1z, TR LhBE#ETAT A EHY = —DEAYHD

A
S ASA

SAS

SSS
i Lsstasnn
50 100 150 200 250
Temp. /°C
0 10 20 30 40 50
Time/min
Fig. 14 A high-resolution pyrogram of acryl-

onitrile-styrene copolymer {P(AN-ST)}
at 510°C22

A : acrylonitrile unit, S : styrene unit

1.0

Diad concentration
=)
o

0 0.5 1.0

AN-mole fraction in feed

Fig. 15 Relationships between diad sequence distri-
butions in various P(AN-ST)’s and mono-
mer feed in the copolymerization2?

@, A, B : observed data by PyGC; Solid,
curves : calculated by terminal model copoly-
merization theory
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BhEWK

SAf e rs A ECRBRShT, REARCFELRDO
eH%. Fig. 15 &£ EHRD AN-ST HEESED S
Arm 75 abDFA<—8 (AA, SA, SS) DHNER
Ko, BRYBCLBERROMELRTT > TRDILFH
diad @ A% KEAOEH (FH) LHELTR

L. &<k HlE Tr 54 < —F (AAA, AAS,
ASA, ASS, SAS, SSS) DHIKAEREN L, i triad
DEENFHRTHENTES.

3.2:2 FEHIEKSEOD ARG A ARRRRE
e ERAWCTER LA LB P OB ND XD
AN+ 5o &k, NMR 7R CHEEERZ E5%
V. ZZTiE, EAMEEsA e s 7 akAVE PYGC
DOFHET MA-ST ZHMEAHOMMBEE HHTLIC
EBNT 5. Fig. 16 c@—&HTREL AT V-
77y A AF A (ST-MA) 5 v X AREAHKERE
HESEDOENMEA(f v 75 a%R L. ZAXES
Tt MMM, SSS Krov—7nWHET L), 5
VIRBUNC T > T B, —TJ5, MSM, SMS /p KRR
xRt 5 © — 2 BIEBCE o T H T e

(A)
5
1%
=1 = %
=2 @
N s =
n n
=
= )
IR R AR
(B)
S
g _|&
s| |»n I
Se £ N
wn = = wn
=S M A
22 ‘1\| wn +
‘___)J._‘_L“Lnl Jll ‘J.IJ “*‘J"'l;—
0 10 20 30 40 50 60

Retention time

Fig. 16 High-resolution pyrograms of styrene-
methylacrylate copolymers {P (ST-MA)’s}
at 510°C3®

(A) highly alternating P(ST-MA) (ST/MA
=50.2/49.8 mol%), (B) random P(ST-MA)
(ST/MA=49.7/50.3 mol%)

Eﬁ:ﬁ%%GC@%ﬁ%mkﬁﬁ%owmmﬁ#yayﬂuﬁ—vsy«wmm 427

53, hikh TEENBOREAK THH I LT — E|
Dy 58K THB. LiLihb#h &idvxz, MM,
SMM, SSM % LT /s ) OBET SS iR lD E— 74
Bl IhDoEnd, SR ZAETRCI LA
5.

Table 4 = PyGC THRIEIND2 4 r 7T &5
LHL7 MA-ST, AN-ST ROtz %7 ) MR F N
(MMA)-ST,BUF + 57 7 %7 v 422 (TCNQ)-
ST A HIEAAEFOXZEHOEN {degree of disorder-
ed configuration, DDC (%)} %/rL 1. Zh bR

b A ABRRMEEEYE FC AR S hic MA-ST, AN-

ST, MMA-ST /&0 ZEILELSEW Tk 100 =/
—-— M7 4~6 OXEKD FELIAFFE L T2,
TCNQ & ST oz bRk E, = —E5LH
BEBBSEALBR L TR 4 L EME CREREET D
T, RIEEe R Ay b OREAGIVERL T
WA T EBGD.

Table 4 Estimated degree of disordered configu-
ration in highly alternating copolymers??

Copolymers DDC, %
P(St-alt-TCNQ) 1 0
P(St-alt-MA)tt 5.9, 5.8
P(St-alt-AN) 11 6.8, 6.9
P(St-alt-MMA) 1t 4.0

t Ref. 25; 1t Ref. 24

323 XFL YAV TV U F—si— FREEHEOR
Mg 52020 Z2F Ly ST) avFsrv(d) % s
FFEALYF Y AXBIRFIE LY EV I T =4 VEES
25E, BEOEFCA—DDOHTFHHTHE ) <~
BN LW T — < — T 5y 5 ST-17
—,t— FIeES (TB) 238 0h, chbR) =—7
Ly FRBED T vy 7 BB LRI 70/
DEEE YL ENRE ShTW5®. Laliah
b, SFbo EE s < —OEER ~S-I~ OE®ER
BHEZEZFOE B Az ErD NMR X 5T
LS CHote. Fig. 17 s (TB-2) # 0.2mg
% 510°C THHRE LI L X0 HRAERpY, OV-101
Y RBEC BAT LT, HIAFLETV—HT A (BR
0.3mmx80m) #HWTHELTHLhI M rTF
AHR L. AAr 75 A bRiz@Es v~ — BO =
s=— (1, 8), #4<=— (I, 88), + 51 ~<— (SS§)
Eeme T, BREA<— (I5) ROERF 717 —
(ISS, SIS) A EAEBINB. ZhbOBEMINT

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

428 BUNSEKI

KAGAKU

Vol. 35 (1986)

O
—
(=}
[\
S
©w

<
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Fig. 17 A high-resolution pyrogram ot a tapered block styrene-isoprene copolymer

{TB-P(ST-I)} at 510°C2»

Peak No. Structure Related sequence Peak No. Structure Related sequence
1 C=C-C-C 1 23 Ci12H14 1S
2 C=C-C=C I 24~.28 Ci13Hise IS
3 C=(l)—C=C I 29, 30 Ci14Hi1s IS
C 31 Ci14Hie IS
4, 5 CeHs I 32, 33 Ci14His IS
6 Ph-C S 34 Ph-(|3=C SS
7 Ph-C-C S Ph
8 CsHaie 1I 35 Ph-C-C-Ph SS
9 Ph-C=C S 36 Ci14Hie IS
10 CoHi4 II 37 Ph-(P-C SS
11 Ph-C-C=C S Ph
12 Ph-C-C-C S 38 Ph-C-C-C-Ph SS
13 CieHie II 39 cis Ph-C=C-Ph SS
14 Ph-C=C S 40 trans Ph-C=C-Ph SS
¢ 41 Ph-C-C-C=C Ss
15 Ph-C=C-C S Ph
16~18 CieHie II 42 mostly SS SS
I 43, 44 C21Hz24 SIS or ISS
19 Ph-C=C-C-C 1S 45 CzeHza SIS or ISS -
20 Ciz2Hie IS 46~51 Cz1Hz4 SIS or ISS
21 Ci1z2H1e 1S 52 Ph—C~C*(%— C~(IJ=C SSS
22 Ci12His 1S Ph Ph

FhoWmE ) ~-BNOESRLBERBERLY L - T
%. Table 5 &, 5 o TB RK¥hzouwT PyGC
PHBRIINT, 7574V AR EBREIRI- B/
BROE M]%) Offiw ¥ & TRLA. TB-1~TB-3
CoWTL, ERBEOCEAR (100 =/ < —HArY
fehAie L35 4) PEBPCHFEL TS, —F,
WED 7wy 7IERE(TB-S) el THE LR M]
=0.17 L5 fEv, ZDOFHHTE 49000 H HHETE X
s MJ% (0.18) wIkEiciE L, PyGC co filIEHc
Wb DEBEMEND B Z ERBEMTTWB.

3e2:4 ZXF UV V-MAKEERAFLrTOy IRKEHE
DHEBAFRODOBERY ZF L VROREHEHSYw =
FUrV-BKEILAF vV T e, 7 HEESEL TR

AR X 2RO THEONABEEDOHIERLED S 5 2T
RERBEEHERIL-L TS, L LeAib, BEDOAEY X
FLvv PS(h) L RYVEKRKFEILAF v PSWE) oYER
RO IER LR X - Th B oo, TES
Pk NMR eV Cid, MEDO 7 v, 7B LSGO
HEREYRET A LEETH -7z &AM, PS®K),
PS(d) RO lTH 10% o d ket PS(h)-PS
(d)-PS(h) BoO=F7r ., 7 EESECOWT 510°C
TELSMBLUTHE L1 » 75 a1%, OV-101 %545
LA SAF+ €59 —h 5 4 (HE 0.3mmx40m)
DEHA, K4=—, bPSA4=—D>5b, h ik
EABEPEERGEELICDIX, 4= —RDONWTDHR
TH-1®2, AULEAEHEETIHERMY Y 7+, 5

€/ =< -,
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Table 5 FEstimated minimum junction in tapered block styrene-isoprene
copolymers {TB-P (ST-I)s} 27
Fragment distribution (monomer unit ratio, %) , .
Sa&nple Compositiont Mvgtlgg}xl{ar il = = E)slizlflzlrxattxﬂ
0. (nature)  (pA£5j0-¢4) I s i IS ss [ sSS junction, %
TB-1 S/1(50/50) 4.3 23.0 57.5 1.9 5.7 4.0 3.4 4.6 4.0
(tapered)
TB-2 S/1(50/50) 6.3 26.1 55.0 2.6 5.9 3.3 3.1 4.0 4.0
(tapered)
TB-3 S/1(50/50) 10.6 28.1 54.8 2.2 5.5 3.3 2.8 3.3 3.7
(tapered) ’
TB-4 S-S/1(25-25/50) 9.7 18.6 67.7 1.2 - 0.33 3.0 0.23 9.0 0.24
(tapered) .
TB-5 S-1(50/50) 4.9 18.0 68.2 1.3 0.34 2.9 —_— 9.2 0.17(0.18)

(ideal block)

t S, styrene unit; and I, isoprene unit (molar ratio)

) — (FSCC) (AR 0.2mmx50m) Tix, Fig. 1812
FT Lo, TXTCOE— 2 oV TUEEL RN
ER X2, Table 6 & 24D 7 » » 7 HEEAHEIT
DN, HFAFy ETY —HAVTELRI (S
SAFEDLFA=—DE—7HEMNDH, RU FSCC %
Auvt@Bbhicfe 75 2 kofe—7%ERBL TR
BHERRERR L. chboligsns FSCC AW
B ACREEC B BECERENTRTH D Z L2357
nb.

—e, BECEAETARIR Y= 1 RORST
3, /< —BACBEELT, BEALFE-RE H-T) &

monomer-h

/

trimer-h

monomer—-d

i dimer-d
toluene ~
FiiT ‘ T T’" ) 1 T
010 20 30 70 80 90

Retention time/min

Fig. 18 A high-resolution pyrogram of an ordi-
nary styrene (h)-deuterated styrene (d)
block copolymer at 500°C2®

Table 6 Content of d-blocks in ordinary styrene (h)-

deuterated styrene(d) block copolymers?

Content of d-block, mol%*t

Sample

By this method By previous methodtt
SD-1 19.1 (£0.1) 19.6 (+0.5)
SD-2 20.7 (£0.1) 21.1 (£0.5)

t TResults based on at least four determinations.
tt Obtained using relative trimer yields.

HDEYELT EFHNERER TS E EXDRTW

5. HEZhSOBAFOSIEHRRELCESD Ml L
FRToKEEN H-T Ch 5 2 L e i Hmms RS
hoz i\, —F, EARRTHLIORRIK LD
22 —NUELTEAIRDLZ LR X > TR EINS
B-B (T-T) #&XH-H H-H) &akloRERS
i, FOFEHERBL TH-> THRER XD RITO
Mt kX EY Ex bz L ExbhS. PyGC
CBbLh37 =4 v BATARSh: PS R0~ A
w75 A Fe@E»bh%, Ph-CH,-CH,-Ph, KO Ph-
CH,-CH-(Ph)CH, 7z & /¥ — 7 DHEN b, 3kt
SFEPEIARL LS 0.1~0.3% BEFED H-T Lsto
RERKSIELELTWDZ LIS bR,

3:2:5 BEFPFALELX2IUYNLRAKESD =
B BV TAFLARZ) U— b&UBﬁﬁ;@E
&k, TIAF 5 7, Bk €5 1, FADAL VA
ROEE mENE s SR bl s AFCERA SR TV
3. choOBATORIE, RICHEEMOMERBR
FHo—@ArRT o, EHCEOBEROE, < —
B CERIhHREAGYNDD, ThOOPELE
e DBREB LM T AR, NAEEED S 2
CLRESHAR BN THEABELEIR TS, L
ML S, BEOELNLLERS D bR A FHEGELE
HRAYEBERIOFTAZ 13, IR ® NMR oFE
PGTHIRE A Y RAHE THo7e. Fig. 19 HE
$egE bERinE & LT R ShTw s SEEAEERY
0.08mg % 450°C THENEL CH LR LM RE
& OV-101 % EEMKMELT5 FSCC (HE 0.2mm
x30m) FAWTHELTEOhI MR 7T 2%RL
tr. A w756 EOEE— 7 3RESEEEBRTD A
#2220 b—}F (MMA) RO'7 A% LD RER
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R=n-C,; |7~ Cis

% <
CH,=C-C-0-R o
o

MMA Olefins nCig
i " 1 . . ﬂllllllli.]

: : : i e
C12 C13C14C15C16 Methacrylate
monomers

0 10 20 30 40 50 60

Retention time/min

i

Fig. 19 A high-resolution pyrogram of a multi-
component alkyl-methacrylate copolymer
at 450°C3v

PEH 12~16 R 18 DA x 27 ) v—}Fx /) <—T,
E¥—-7OMBAIIh B/ — 78T, HELA7
NFNLVEEZL DA 27D L—-1rDHDTHE. ZhALD
v — 7 ORIz GC/MS KU L -84 - K EdRn
BEptRALT, 7TArxrBoRFEEREYRDZZ LT
D i fz. Table 7 & PyGC oFEcRD LI -HLE
GHRABPOE 2, v —DEASRER L. 5EED
B LMEOBFRM TN ERERFE T 0.1~1.2% LIE
CRIFTHD. N, Cao~Ci OBIEAZ ) L— D
%ﬁ@ﬁ%u’MMeam%Ltljm,im%mmf
RLEHE M) THDH, 222571 (2M) Rk 10
%, fUDRMEMET 2~5% FiETHH, ThboRM4k
DN D, AIERUD Co~Cis DT AFAEXY S
ARZ ) — M, AFVECILERT L2 - A% ER
ELTHVWTWSZ RN, X, G RO Gy
DTNFNVAEIZY V= DT M rr5s kT
i3, < EfA -7 28RV b, RRD
Traa—ABAVLERTWSEZ LAHEIRS.

326 AVNRIRPOERET I /BREOER
BVARIEILT I BERTF FREATEE LE-XARE
AFTHD. —BCEVAI7BFROT7 IV BEEOER
XOMBERC X 5 IMAKNRE, ThicE [k 14+ VAL
Brm=t 27574 —EBT7 I 7BOWRIDTHR
TW50, DWNFEIPEHETH Y o, hich ORRY

Table 7 Estimated composition of methacrylate
copolymer3?)

Mol fraction in the copolymer, %

7

Ca Ciz Cis Ci14 Cis Cre Cis

11.3 25.7 33.5 18.4 8.9 1.7 0.5
0.7 (0.3 (0.1 @©n 06 1.20 (0.6

Values in parentheses are rsd (%) for five repeated runs.
Carbon numbers of R for CH2=CH (CHs) COOR

KAGAKU

Vol. 35 (1986)

Table 8 Estimated distributions of isomers among

the numbers with the same carbon num-
ber3v

Relative abundanceb), 2

2He) 2A¢) 2Be) 2Pe)  2Ee¢) 2Me) ne)
Ci12%)
— 1.8 3.4 3.9 3.5 9.5 77.9
0.9 0.9 (©0.9 0.9 (0.6) ©0.D
Cis ‘
— 3.7 3.6 3.2 3.6 9.9 6.0
0.2) 0.3 0.2 0.3) (0.2 (@©.D
Cis
5.94) 3.7 3.0 3.8 9.8 73.8
0.2) 0.8 .20 4.1) 0.5 0.2
Cis

4.7 4.0 4.0 3.5 3.7 10.1 70.1
(3.0) 3.2 1.2) (1.5) (1.0) 0.4) ©.1)
a) Carbon number of R for CH2=CH(CHs)COOR.
b) Values in parentheses are rsd(%) for five repeated
runs. ¢) Branching of R——2H : 2-hexyl, 2A : 2-amyl,
2B : 2-butyl, 2P : 2-propyl, 2E : 2-ethyl, 2M : 2-meth-
yl, 7 : normal. d) Total value for 2H and 2A.

HFrz &, HEitid, V)77 > VvEBEO X S inK
SRR THRBEINTLE 5 L»EROFETIEONT
ERCEADEDH LI E% L OREYERL T\ 5.
RREDF OB LR, —BCEEY TR X
RTWLZ LMz TREEEZSULONNILY B D
DI, ERKOFETAH T AIIBAADIE, 5 AF
P ¥7 ) —CHLELAIBEYERT S E0HETH -
7o. L LUighis FSCC #Fw7: PyGC ©i3, Fig.
0 RRAER 2 V2DV VF— A ROV ER 2 LT
—HEARDWTD M v 75 a%R LI S5, 46X
NTCHWLFEET $ 7BRE {7 = =7 5 = v (Phe),
Frvv (Tyr), vV 7 b7 5w (Trp)} ML
—7HDPD » SWBBEIRE. 22T, VERZILT
—X¥AIX Trp BELXEFEHVDT, “frr35akic
i Trp BELBEBRTAEAN V F—AREAHF—AD Y
— 2R bhin\ 2 £y 5. Table 9w 8EEOK
REEF 2 v <7 k& 0.3 mg #EERRK L LCTHL:
%Y VF — nEFA—FtD 540°C B ML, FSCC ¢
SEELTELhL S fes/SakDobr=y, 7.7 —
Ny pZ V=N AV F—AROPAD b —ABEF—
=7 L LTHRWT, EBIBERT - KEYSRBIIE L3
WRL7c. £ AREFET, a1y (Lew) RU4
Yag vy (lle) @onwTd rhFhiclfnics: —
—IBR YR EROBREDREERNTHETH S &
EXFEIh TV 5.
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| L | 8 —— O

i (.)C'Zﬂz : | ??“2 ' : (,? 72

“TC'CH'NHT"“"‘?\C—CH—NHMMI C-CH-NH-
I I | i i

\\\\\sl C)ﬁrah
@'CH3 “°'©‘CH3
(A)
(phe : 3, Tyr : 3, Trp: 6) Mu
| . L s

(B)
(Phe : 3, Tyr : 6, Trp : 0)

}

e ne—— " 1
50 140 210 Temp./°C
L 1 1 1 N 1 i (]
0 8 10 20 30 40 50 60 Time/min
Fig. 20 High-resolution pyrograms of enzyme proteins at 540°C12)
(A) : lysozyme, (B) : ribonuclease A
Table 9 Values of aromatic amino acid residues determined by PyGC1»
Aromatic amino acid content (residues/molecule)
Protein Phe Tyr Trp
T
Theory Found®) Theory Found?) Theory Foundc?
Ribonuclease A 3 2.5+0.3 6 7.0£1.0 0 0
Mpyoglobin 7 6.8+0.9 2 2.6+0.4 2 1.94+0.2
a-Chymotrypsin 6 6.440.8 4 3.9+0.6 8 8.3+0.8
a-Chymotrypsinogen A 6 5.7+0.7 4 4.1+0.6 8 7.5+0.7
Trypsin 3 3.7+0.5 10 9.1+1.3 4 4.3+0.4
. Ovomucoid 5.3 5.1+0.6 6.7 6.4+0.9 0 1.240.1
Haemoglobin (human) 30 30.6+3.9 12 13.94+2.0 6 6.0£0.5
Haemoglobin (bovine) 34 29.2+3.7 10 10.2%1.5 6 6.1+£0.6

a) From peak intensity of toluene. b) From peak intensity of phenol+p-cresol. c¢) From peak intensity of

indole.

3e3 Z=XRTMELL OMATF ORI E

3.3:1 XFLY-TEZANVEY (ST-DVB) #K
Btk ZRTME AFLV-D 2 ARY LY
(ST-DVB) x H S5, 1+ vX@]-y1 7=} 7
574+ —BROGC gk rn=t 757 4 — ORDTEHF

TELTEA TR TW2 BEBE b - - HEAKTH
h, FhHLOEBEE X DVB otEAHK & - CHE
ThTh%. LELERLSy LVOLERED: » 5 7 &
YV ¥— a2 VI BEARO BMlY LEETS AR
'H-NMR % 18C-NMR 0@z H8cH b, ST-DVB
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FHEAEKIZOWTE, /) v —DHERAKPER LI » 1
R TOREENE, » 5 AEBR (Ty) OUED D\
BERDERERIZ /e~ /57 4 —DRTCAFELT
RO S BRI o S, B EBREY R U
bR THWBORBRTHS. Fig. 21 w FEHL D ST-
DVB #tEAHThZh# 0.15mg % 590°C <&y
LT, OV-101 #NBE B4 L FSCC (R 0.25

S (A)l H
ample
13
3 10 16
9
2 5 6784‘/11 14 17
Lol e . =
(B)
3 810 Sample C 13 16
9
2 14 17
11 —— —L
L 5\*37( .
s v
3 10 (C)
9 Sample E
11
2 6 13 14 15 16
5|7 2 17
RS N l —
8
10 (D)
9 Sample G
15
L i
0 10 2 30 40 5 60 70
Retention time/min
Fig. 21 High-resolution pyrograms of styrene-

divinylbenzene copolymers {P(ST-DVB)’s}
at 590°Cs2)

Sample numbers are the same as those in
Table 10. (A) : sample H (8T=89.0 wt%),
(B) : sample C (ST=81.8wt%), (C) : sam-
ple E(ST=54.5wt%), (D) : sample G(ST=
0wt%). Peaks 1 : hydrocarbons (Ci~
C4), 2:toluene, 3: styrene, 4 : isopropyl-
benzene, 5 : a-methylstyrene, 6 : m2- and -
methylstyrene, 7 : o-methylstyrene, 8: m-
and p-ethylstyrene, 9 : o-ethylstyrene, 10 :
m- and p-divinylbenzene, 11 : o-divinylben-
zene, 12 : m- and p-isopropenylstyrene,
13 : 2,4-diphenyl-1-butene (styrene dimer),
14 : hybrid dimers between ST, DVB’s and
EST’s, 15: dimers of DVB’s or EST’s and
hybrid dimers between DVB’s and EST’s,
16 : 2,4,6-triphenyl-1-he-xene (styrene trimer),
17 : hybrid trimers between ST, DVB’s and
EST’s

KAGAKU Vol. 35 (1986)

mmx25m) THELTHE LN —FED I v /T 2%
RL7c. DVB ofio#ne L dwffv—2 (-
7 8~12) g+ 5—7%, ST o@g#Er T2 ST
FA<— (=27 13) RO'F 54 =— (E—7 16) »
BATH. chbov¥— 7 0dRBOB(L A K ETLHL
TROBESEH PST 2boYet v — 7 04 RKRE BT
HZ b, HELLEEHYY ST 8 (HFR)

Table 10 Estimated styrene sequence between cross
linking points in ST-DVB copolymers3?

Mw of ST sequences

s . DVB, between networks MS elg::;;r}e{en
ample oty F from 7g by
_ From _ From DSC
dimer yield trimer yield
A 1.0 >10000(>>100) 15000(140) 20000
B 2.0 5200(50) 11000(110) 7500
C 10.0 1300(13) 2100(20) 1900
D 18.0 370(3.6) 490(4.7
E 25.0 120(1.2) 180(1.7)
F 33.0 <100(<C1.0) <100(<1.0)
H 11.0 800(7.7) 3100(30) 1700
The data in parentheses are ST units.
(A) He?
BR-1 \S©
@\ Benzothiazole
L
j IS L__
(B
NR-1 U
— J.L ‘ s . -l | L
(C)
NBR CS;
g W
, [ o
0 10 20 30 40

Retention time/min

Fig. 22 High-resolution pyrograms of cured rub-
bers at 630°C3%)

(A) : BR-1 (butadiene rubber cured by sul-
fur plus thiazole-accelerator), (B) : NR-1
(natural rubber cured by sulfur plus thiazole-
accelerator), (C) : NBR (acrylonitrile-buta-
diene rubber cured by sulfur plus thiazole-
and disulfide-accelerators)
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% Table 10 @iRL7. ZhbLOFER, PyGC TR HOEHRMLTH 37 oL bics 7 vV —VRIEHE
7L, DSC JIETHEOh T 1OLRDIMELRNE  FORBEBRYTHBEXV VFT7 V—1DE— 7 BB
DEV—BARLTWD I EXADDS. Thp. BELTARIPCHEEN L TULREBALT

3¢3:2 MBI ALAD ZRTME®Y F7 V-1 %D W5 Tid (A) OEENLERLILIDOTHD. XY
BRI HER L R TMBE L7 7 5 o= v 2 4 (BR-1) &

KRz (NR-1) ROF7V—AFH & CALT 4 F s CH— C = C oo
ROBERER L HETMHE L7 2 V=Y -7 4 b
#y=vaa (NBR) o3k £& 0.3mg % 630°C T#k ----é----

AL, OV-101 #NEEC B L C EiF 3w FSCC é

(W& 0.2mmx50m) THEEL, BHRFELAHIC FIRWY //§$

BREYRT FPD TRHEHL AR M1 v /5 2%
Fig. 22 @iRL7. = 288H3vThi 150°C ¢ 18
RIAAE L TR L7, REIORAEROHEREZ Y » 7
Av—HHTRELLLLORESBERARE L. WTTh
DAL R 7T A ERBFLKER A £ v F 4+ — L DOEH (A)

nylon 12

L (m =11)

) MN(A) (m :1~6, n=11)

HC(A) (m, n:0~10)

m=4 : nylon 6.12
‘ .
DN (m=10)

MN(A)’
(n=10) 5

m=3 4

HC(A)(m :0~9, n:0~5)

L [l N [ [ L 1 I}
0 10 20 30 20 50 ) 70
L 1 L 1 N . .
50 100 150 200 750 Time/min

Column temp./°C

Fig. 23 High-resolution pyrograms of nylon 12 and nylon 6.12 at 550°C3%

HC (hydrocarbons), MN (mononitriles), L (lactams) and DN (dinitriles) are the same as
those defined in Table 11
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ANT 4 FRORER S HAV-TW5S NBR oG,

FoftREO -7 RbR%. ZHIXTE(B)D

BENEBEO LI ATENRLUTER LD EHER
h%o _‘jjy BR-1 601%7717& 2- 2 FNVFF T

=VYDE—273, NR-1 T3 2-2FA0F K7 v & 3-
AFAFFT7 2 vDE-IRBRIND. ZhHORK

S.
...._.{___-
T cH
3
s=c—}N<
' CH;
(B)

Table 11 Characteristic degradation products from

aliphatic polyamides3¥

KAGAKU

t Class of ¥ (A.bb_re-)
compounds \viation
Hydrocarbons (HC)
CHs-(CHia) m-CHs
CH32=CH-(CH3a) m-1-CHs
CH3a=CH-(CH3) m-2-CH=CH:
Mononitriles (MN)
CHs-(CH2) m-C=N
CH2=CH-(CH2) m-1-C=N
Lactams (L)
(CH2) "
0-6——NH
Dinitriles (DN)
N=C-(CHz)m-C=N
Cyclopentanone (CP)
(IDHz CH!>C=O
CH2-CHa:

Hydrocarbons containing one amide group {HC(A)}
OH
CHs- (CHz) m-C-N-(CHz) s-CH
QH
CH2=CH-(CH2)m-1-C-N-(CHz2)»-CHs
Q I
CH3=CH-(CH2)m-1-C-N-(CHz2) n-1-CH=CHa2
Mononitriles containing one amide group {MN(A)}t
OH
CHs- (CHz) m-C-N-(CH2) s-C=N
T od
CH2=CH-(CH2) m-1-C-N-(CH2)»-C=N
Mononitriles containing one amide group {MN(A)/}11
H O
i)
CHs-(CH2) m-N-C-(CH2)s-C=N
I-II (6]
1}
CH2=CH-(CH2) m-1-N-C~-(CH2)»-C=N

Structure

t+ Formed from w-aminocarboxylic acid-type nylons.
tt Formed from diamine-dicarboxylic acid-type
nylons.

Vol. 35 (1986)

LB OMEEIINFROMEITE L b L, MM ET
TH2LREFEF-EEEXRT. #-T, Mrs77aLkDZ
oo -7 ROBEY MsRVWRE L/td. X
NBR M r 7S5 A ETRFAT72vE 2-2FVFF
7= VHRRMEIhABZ LD, TOBEMRIEELLT
TES=VEFDEIATRI > TS EMRBIh
5. ko X 51, PyGC ofEiE Rz met = 2 v
RAEFI X IGEORBE L L O>WTBWERYE X 5.

3.4 SREBFTORTERM

3edel KUY F7 I RO B ERBMY AVT7 I
T OB ER L TR 4 ORI S A R W R EEI
bico TERT B0, DT TAHI I L2DOEHT
2, T —MOEHERED ESFTHBCLTCWBRTE

| (E9

(d)| (PPeT) e

n=>5

' Ay

10 20 30 40 50 60

Retention time/min

300 320 Column temp. /°C

5 100 200

Fig. 24 High-resolution pyrograms of various
polyesters at 590°Cs®)

b~j correspond to the compound in Fig. 25.
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BEWI

ferote. LLENRD, RNEREAF €5V —H T A
DEAV LY, KWEAGBEICHY EY 7 I FoRk
B f v 75 20 BTN R Licofc. T 2T,
57 x AOBIRESICYS 4, 6,8 11, 12 (M evE
Vo7 ive varEVBO BEREARIS 6.6, 6.9
6.10, 6.12, 12.6, 12.10, 12.12 1 = v O &5 12 1&
D—F#D JREFEAY 7 3 FieowT, 550°C &y
L, $+ €39 —» 5 2 TCHBELTEDESM =I5 A
PHEL, VT I FOAf v 75 R FRThOST
By ek Ulcdel Ui —@ OB AR H DR S
hT\wbo LB bhwe Lic. Fig. 23 ko, StiflE L
THFAry 12 BOFM4ny 6.12 D3fw 7T L%R
Liz. 2hibon.iq4 e 735 s ko HC, MN, L, DN,
HC(A), MN(A), MN(A)' /g X DBES C/RLIc—#D
SRR B DIZBICOWTIL Table 11 o ¥ L TRL

Wbt . #8 GC OFBRLEEBESTFOMMBEF 5272V €Y 2 vV ~OIGH

435

b, RILKE (HC) o=FEKORFI Cu(m=9) ¥ T
#gqRxh, Frdbio e/ <—ThH5b CD77x4
(L) &7 3 vEwdicat—aEoRIbAxFE {(HC(A)}
e, =1r)1 {MNA)} 218HAEBRCHEL T
5. —F, 74 uv 6.12 TRFO HEEH HIEL T C
(m=8) o HC, C,(m=9) ¥TnD MN, G, 0¥
B AEVERSCEETS C o=+ (DN)
mx, —HOKMIET I FERXE HCGA) & MN.
(A)' ORFIVEREhS. AL TEELL 12 &
DRV T I FEonTA e 756 oY —2705
fi~, 7% Table 12 K ¥ LB TRLK. ZOLIRHE
HREe PyGC oFEXAVRIIREAELEDLLYP S X
A7DRYVT I FiAfr 7T A bkDTh bR Y-
7 DHHN D, —HRECRAETE, MEFHEDOX + 7
72)E—v 2 VHABETH 5.

fo. FAwv 12 TR, TORHMEHD FHIhBLE 3e4:2 MU T IXFILDOMTFRHRMS® T LT x
Table 12 Summary of the characteristic peaks on the pyrograms of polyamides®®
Nylon samplestt
Cha;acteristics w-Aminocarboxylic acid-type Diamine-dicarboxylic acid-type
4 6 8 11 12 6.6 6.9 6.10 6.12 12.6 12.10 12.12
Lactams (L)
Ca-L(m=3) +++
Ce-L(m=5) +++ + ++ ++ ++
Cs-Lm=T) ++
C11-L(m=10) +
Ci12-L(m=11) 4+ 4+
Hydrocarbons (HCs) .
Cs-HCs(m=4) +44+ +++ +H+ ++  +4+ 4+ 4+ e+
C1-HCs(m=5) 4+ ++ e+ ++  ++ 4+ ++  ++ ++
Cs-HCs(m=6) 4+ ++ ++  ++ 4+
Cs-HCs(m="7) 4+ ++ ++  ++  ++ ++
C1e-HCs(m=8) ++ ++ ++ 4+ ++ ++
C11-HCs(m=9) ++ ++ ++ ++
C12-HCs(m=10) + 4 4+ ++
Mononitriles (MNs)
Ce-MNs(m=4) +4+  ++ ++ 44 +4+  ++ ++ ++ o+
C1-MNs(m=5) +4+  ++ ++ 4+ +4+  ++
Ce-MNs(m=6) +++ ++ ++ ++  ++ ++ ++ 4+
Cs-MNs(m=T7) ++  ++ ++  ++ ++ 4+
C10-MNs(m=8) ++ ++ ++ + ++
C11-MNs(m=9) +4++ ++ ++ + ++
C12-MNs(m=10) +++ ++ ++ ++
Ketone (CP)
Cyclopentanone +++ + 4+
Dinitriles (DN)
Ce-DN(m=4) + +
Ce-DN(m=7) + 4+ +
C1e-DN(m=8) +++ 44+
C12-DN(m=10) ++ 4+ 4+
t Ci-: compounds with carbon number z. tt +, ++4, +++ : relative abundances
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NMNBEST A2 —LDOMBESCIVAREINEEY =R

)
7 TR +03 ~C-0(CH)n)s T%
XD HTHEEEL, m=2 DEYV=FLVYF LT X
v—F@PET), m=3 oEY) Fer’vvyFr7zaL—r©
(PPrT), m=4 OXY 7+ L v 5 L 7% v— | (PBT),
m=bDRY)XvFvFL7xrL—| (PPeT), R m=
6 DRV ~FrvyFLrxrL—1+ (PHT) £ SNEKX
H, PET = PBT KL= =7V v 7S
AF o 7 ELTESEAMNCALGRTWS. PyGC 12
ROTFOBRSBEEBOBNIIHEFETHBH, KU 7T
IFVERBRRARY = AT VOBEE D, BORERYHOF
CHREEYFLIONE TR 200, HROKTA
H 5 2EHCIHE T, AAFRVEBRERS= AT A
2D TRICE2L EE LK & e BB R

BUNSEKI

KAGAKU Vol. 35 (1986)

ThTwighoic®. T, ERLCSEEDORY
= A7 AVEKH 0.1mg % 590°C CELHMELTHELR
Loy, HEEY OV-101 CHEL CEBSE
7o FSCC (R 0.20mmx30m) THREL TH LI
A4 r 75 ak Fig. 24 WR L1, Zhbosq4m
7 & kT a~h DS TRLUK LR 2 RERMI,
Fig. 25 ¥ LAY = 27 L O—REH I sy iR
ROFORSERMUTHE. ShbOBEN B EE
B Fig. 25 ORI H B A Y = A7 LOREERT,
e TRLEFBEDS LoD Z S DE
BABEC IV ERTEIDTHS. ChHLDOREEND,
—HOAY = A7 TSGR LB BB R L, <A
r 77 ABTRHAIND SBERYO Pk REERR
(€=21) ROTF V7 EAABDE) T A= L= AT
N (=7 ]) EDXS5K, 2AEFIAEELETD
D, X¥—7gD X527 1EE=ZD, v¥—2ho

~(CH)uore @ C-0- (CHy),-0-C @ c -0~ (CHy),-2-CH=CH,
1-co.
() (e)
Dienes 9 9 ] ? i
Olefines H-0-C- -C-0~(CHj),-2-CH=CH, CH;=CH- (CHy)-,-0-C- -C-0-(CHy)u-p-CH=CH,
\A (at @ and B) TA (at £ and 7) 1A (at @ and 7)
o Polyester(n =2,3,4, 5 6) A (at B and €
Il u : ! u
A (0-C- OT(CHz).T @ C-0-( CHg),TO C @ C 0* (CH), "'0 CNWW\
« A (at o and €)

1A (at ¥ and 3)

-6 Q) -bron

l‘COz
]

@_0

C-0-H
(i)

HOC@CO(CHz).OC©COH

lA(at B and 3)

I-COZ
0

o-&-@

C-0- (CHy)u-

H

4

Imm
9 0 0 0
1]
©-© @ CHy=CH- (CHy),_p-0-C- @- C-0-(CHy), -0-C- @-c—o- (CHy)v-2-CH=CH,
®)

Fig. 25 Thermal degradation mechanisms of terephthalate polyesters’®

A : thermal cleavage, b~j correspond to the peaks in Fig. 24
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4 &

ARETIE, BHFOXv 527429 €—v 2 VORBT
i, EbbdEExE, fkik IR ® NMR 7 X0y
FARZ P AVRFEOR L MM FEL LTERASH
T&i PyGC oBREORMMMELEIT X 5l L,
ThxAvicBaFOBRMBERIT~OIEHCOWT,
EELOPRETT > CEXHARALR LA, LR L
TEt=. BPTE, TIAF , 7T 2R EXHARLT
WBEETEY 1 FTROKFNFELRATLEVKE
PyGC DFENR FHAINBD B2, BOKOBIRE
BT 5L, BATFOF+3272) ¥—v 2 VOHFIS
»% PyGC offBSIH R L TEV D LTS X\
HED X > IR TV Z O HOEBEESEAN DA
HHDBMED, MOPFCHERXTELI AR ED
RECED I L HE .

EATFoNECL, BfIMEED R OB RRD
TH5%ThHD, FOLDRL, H2oThEmaTOMM
BEr+ 72720V ¥—va VOEBWNREIRTET
Wh. BOFOF T 28D E—Ya VICITELRBHR
HRENALUE L TR D, ZOREART T, HOWYWD
FEABR I T RIS\, 25 LR T, &
Hefbr A TE 7. PyGC oFHn, B4 B TER
I IEREIRB Z R LIc.
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Development of high-performance pyrolysis-
gas chromatography and its applications to mi-
crostructural characterization of high-polymers.
Shin Tsuee (Department of Synthetic Chemistry,
Faculty of Engineering, Nagoya University, Furo-cho,
Chikusa-ku, Nagoya-shi, Aichi 464)

Pyrolysis-GC (PyGC) has increasingly utilized in the
field of molecular chracterization of nonvolatile samples
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such as biological and geological materials and high-
polymers. PyGC is a simple but rapid and extremely
sensitive technique and often provides unique structural
informations not only for ordinary solvent-soluble
polymeric materials but also for intractable cured
polymers with three dimentional networks. PyGC in
the early stage, however, had some limitations associated
with various factors involved such as the difficulty in
attaining the specific pyrolysis of the samples, the
insufficient chromatographic separation of the deg-
radation products and the poor peak identification and
interpretation of the resulting pyrograms. However,
owing to recent developments in highly specific pyrolysis
devices, highly efficient separation columns for GC, and
specific identification of the peaks on the pyrograms by
GC-MS, PyGC has made a great stride toward being
a powerful tool for the structural characterization of
high-polymers. Among these, the advent of highly

KAGAKU Vol. 35 (1986)

efficient and chemically inert fused silica capillary
columns has revolutionally changed the-state-of-the-
arts of PyGC. The structural informations obtained
by this recent ‘“high-resolution” PyGC(HRPyGC) are -
often unique and complementary to those by the con-
ventional spectroscopic methods such as IR and NMR.
In this article, the instrumental and technical aspects
of HRPyGC are first discussed, and then its most recent
applications to the microstructural characterization of
various synthetic polymers and some natural polymers
(enzyme proteins) are presented.
(Received February 20, 1986)
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