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1. 18 NMR2| A&7H

£ NMR ~HEHL ol whe 334 (isotropic) 1 3-5AH]
(tumbling) ©l] 2J8l B)5HAI2] NMR A5 2H8-5 (anisotropic NMR
interactions) ©] B 1 3kE]7| witel] o} F2 AEE VERHA
=g

Z2u 32 NMR ~FER O] M5 o) Bl £ 7HAA| H=
t] ofi= uljfe]] SRR e A5 (3181 o]Fe] nlE i (chemical
shift anisotropy CSA), %=2+ #&= (dipolar coupling), A=At
HAEZ¥ (quadrupolar coupling §))°] BF AFEHA A YeR}7]
o]t

T2l IAVE NMR AHERE Fgshs 8oV NMR AFE
Holxj ol & T ARE Al = 5 ok ad 1 ). 22y
magic—angle spinning, cross polarization, 83l 2DAE, W7E
probe electronics 3 2 B2 7'H 4|7t D esiry

5 Z8 7FE NMR ARk 54 2l dist 37 4152
sl Walisle] whdo] Hivtar A7k % QIARE ARl
“ellxe] ghel 7z Tejan gt wet B JRE ¥3slka 9l
ol 53] CSAS} A=At e a8 Tz} Al dist
FEAES Tt A AL e ARl AR A 4 A

gtk

il

K

= =

Solution *C NMR

Solid State *C NMR

150 100 50 0 ppm

2! 1. 294 °C NMR spectrum}t & NMR spectrum| AZ4|m.

A3 gk [=1/2]0 3 Z2] 7ol 31eH kel Adsakge] v
S T 2 oPde] Bl =) Aleldd] AZH 5 T 719
FL3 S g Ago] ik T2 A7 1AE EAsk 'H, e,
PN, ¥F So] glom S Up 52 ARl EAh o] Qoo
&= A% Solth

12191 AEE A=A BHEES 27| ulizo]] o]52] AFERS
o] 71 718719k AR AIe] ZdEARgell <Jel <iec)
7R = o] ZAek= L, Li, B, 70, ®Na, “Al 5] o
T2 o] Pool] &3k

AP NMRe 573 7153 Algs A48 o] 74 92 74
0 AlRET opet A7gS stehs Hidke AR, & At 4
HHLO), s A oA} Solxie] Alazet vhild 5 72
W18l AE7} 7Fs sk Blo] Aol

1.1 1 2ol=s A NMRAHI ER]

BCon} PN 72 557} 28 uket Sixae] sald NMR A3
Edollx sixjolef] nlwa] & HITHA2] NMR A5 2k8-2 #HAs)st
3 Alsd FSH(S/N)E T7H1717] 28l theket i) 7
Atk

+ Magic-Angle Spinning(MAS) : ZE{S xF Booll thal] w2
7=l el w2 A spinning® 'H3} 1°F 720 dipolar coupling
constant”} 100 kHz 7} g “Aky) glo] 2 SEE" o= o3xds] A
3lo] Q7= Btk dAl|, #H %% MAS probet= 70 kHzE spinning
= o ag 29 a8 3 #5).

- Dilution:o]# 3] #4:2 NMR 2420 F5194E0] A9l

oL
iER

it

¥
:

i

ZEo
1985 st seleHED
1987 weEgiskw setek(AAh

1988~ |3 Univ. of Pennsylvania 31&}}H(8Ap
1993
1993~  ©|= Univ. of Pennsylvania 3}s}3}

: 1995  (Al% Agled)
y 1995~ LG |=dTd aRtAAT AR AlE]
2001 PL/E%

2001~  FEpelsoivieha sjsly) 2wy
A wg
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B,

Py =5474°
Bu

2 2. X} BO| eknt Alg7} 27l 2E{9] magic angle.!

Hﬁ\\:m_tia':—specmnn

Voo = 3405 Hz

|0 i
Y
{
]

1L, ve=30101z

|

1 »
400 200 0 =200 ppm

12! 3. 200 MHz NMROIA Est spinning £E2 E2/5H'P NMR spec—

tra. SYHQ FAM2 spinning SZ7t Z2HE 22 (0] HoRIo! EA

U 4 UCE i AFEOIM HISEE AEZERR2 40,000 HzY.

AR o] A (UCe 73S Aol 1.108% EAT) A} F52
S8 ] nlelal] wiell 7183 Qi B ol iz o
2 VR A Fek e He o FFale] o]aigt et Asakg ol
A= Wyt Italls AHERo] UERd 7 givk & vlsde] et
2 712le &3 anisotropic chemical shielding effects) <= 53+ 212;
ShA| Bl Z2] ~HE- o] glo] frk

* Multiple-Pulse Sequences : B AJAAE A1 A= 71
iz FHA 7] FA%E FaE o Qlvk TR Al o)
&5t o]HFZY decoupling?}t & 3t 5% 3E<t decoupling & T
of] AR 4= glek 'H NVR AFEZ] 29, CRAMPS (combined
rotation and multiple pulse spectroscopy) &2 ol Bxkar 2l
AF o2 Q= HAAIAE AMESITE 5238 2D NMR A3 +=
T v AT

- Cross Polarization : MAS$} 87 'H, “F, *'P3} 2-& 557}
& EH3) WEERHE]S] polarizationd S/NG Z7HA|7|1 oS
AgAjele]l 7Ickl= AR 20171 $Jaik C, PN, Si ke B]utet
g B2 #FEE $A4E T A 4 30

1.2 Magic-Angle Spinning

=7} Als 2-2-(the dipolar interaction) 2} 3F8H4 7124 A5 2k
(the chemical shielding interactions)& & T} (3 cos”0—1) 8-S
SHgiTk Goldolld, wE F3799] T5AblE o] 37k IR 02= ¥
T3} (sin 6d9) = 214,

Magic—angle spinning A5 87121 2F (rotor) 2] S5 A Bo
oisl mi] 2K (54.74°) 2 Fot 7Ree] -50] A71A gtk 3k o}
gj2lo] wIEsE uf Oo] Hrk

(3 cos’6-1)=0, 6=54.74°

MAS &= RE=A] Bl S 2R8e] =7)7h BdskEA 0]

Bl gl 2 Aot Sk

DEXED J)E A 22 A1 3 20119 249

(T2),

¥
st
Spin : -
Tocking Decoupling ReDli.‘f;on
B _ Relaiion
C
Acquisition Delay
P TR TRTY

Contact Time

T 4 Tag > €—Tp —>
2 4. Cross polarization BA AR AZ polarization2 AH &Z 7|2t
(spin locking period, the contact time) St fHX| 11 n/2 A= proton
ot Jpstet!

Agx= ol vlEHl 7HFEE war 2] <l & tiA¥lal 252
719} 5 9 ok A3e) Rl R H O] AR w70 kHz7}
A 233k 4= Q) il A=) Ble Y dEAel] A Ee 2
&5 A3 spinning 4% (Hz ©9) 2 #2)¥ t<4=2] spinning
sidebands”} LFERdTE

HSHd 45282l MZFnrt v MAS SEoME AlE+= static
NMR 2~ E-o| 27 A AdZol 5A YA ¢kl spinning
sidebandsell $1X|51A] Hth MAS AHE- o Aot F5ul= o
& A7l BBl static A~HEHo MR} o] 53]

1.3 Cross Polarization

Cross polarization 124 NMRoA 73 23+ 71H £9] 3l
ot} o] 7ol 'Ho R 72 F3EE 813 © 2RE] polarization
S Bou PN 7S spulst s ow 27 4= grk AARR §ik=
Az FAS8(S/N) & F7H7 1= Alolth

7P Cross polarization AV O yfy, QAF 3jalet A0 4l
35 ST TES Sado]a Se luket o]t}

W Fe 23S Ak A As sb) w2491
Az TA Eol= A1 slell FolA ek o] Fh-sk HellA
W2 ~E—-Az) o]ehs fEshAl Et viRe il =gA] olglst
+ 33l o] ojgkeleR 7ok art Qs AFE Al «
8 A WHRARES: proton©|U fluorine @] 710l SEsHA] ¥k

Cross polarization A& #A| A=A58 Q7 skl Al57}
w2z} o A W2 A spinningsh i ekl & dojde) 1)
A oFojZ CPMAS NMR (cross polarization magic—angle spin—
ning NMR) o]} H-&

2. 1A NMR2| &K} Ao S4EAMAF0|

0[0

=2
S

2.1 Introduction

A NMR dlF=e] agxpzo] maldeelx] ARex=7] witel
IR} A0 BT il F23t 7o) =l o NMR 714
& pEA A9 FFeFAel 29} m)A|l R (microstructure) 1)
I 50 A, A7, 3EER] AR Alolel dAVdE AlEeick
Glgod, 1Ak AR 414”1 AkE28-(local interactions) = 3+
3fek 915 53] 25 (mobile) ©] 4] ¢27] wiE]| chemical shifts
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e =23 7179 A K (conformational information) S A&
3lal proton relaxation rates< 3424} 34Hthe morphology) ©ll that
ARE Algal & 3= ok 14 NMRS 53 1z} 212 W84S
FUE SR AR 5= ot

TA] NMR2 220 %2 M efo] £ broadstal i3slks ~HE
FS P53P] o] £ NMREL 3] /L=l oS S0
carbon spectrum®l 54 4152 chemical shift anisotropy £} dipolar
broadening®] Zgtel| 2J3) HlolAA| €k o]w chemical shift aniso—
tropy A1%-2 carbon] type°l &A% 4= kHzZUSE 5A 7%
Sitt o32] 7 carbon types 7HA= aEAlelA chemical shift an—
isotropy AR B HAAA Ao Ha onigls AFE
2S- LRt Dipolar broadening 50 kHz7HA] 5ol 4= Q)11 o]
= chemical shift B9)EC}F G4 2 glolch o] K& 2oko] spectra
= 23R ARE2] S8k (dynamics) & A8R=E AR = 9171 S
IR0 F2A ARE AR = = ik
TAVGelA 2R ] tish #Ak=Ee] JEE 47] HEikE
A4 752821 chemical shift anisotropy £} dipolar interaction
& s B o7t il o= magic—angle spinning(MAS) ¥} high—
power decoupling” & Z§teto] AREERoZM o|Fd = Qlrk 1
3% spectrai= spinning 57} chemical shift anisotropy A15.%F
] #3} dipolar broadening=-} Blirate] whs o] #1538 = Qlok.

FEALe] Bx138Hmolecular dynamics)-& -gMejlx ¢} v 3k uj
APgelA Bx =2)7] wiel]l 1A 1Ak} FaVdel|A o] Al
it o]ekr[ZH(relaxation times) o & o7t F5 ASHCE 'k
o} A T3 Al gRjellA o] o]@ATRE- ol A scanAlo]
of o} 71 AREE: kR of 87| whizel] AlEol 5H1(S/N) 7 o}
Solx]7] @} o)A A= proton VA Y= FE Alo]of cross
polarizationg ARg-8Ho 24 =23k 4= QIt}. Cross polarization (CP)
< ARESPE acquisitionAolol] Ao E Fx W1l proton?]
relaxation time-2 AREE = QT =7} 352 proton®] magnetization
< 73 RS AP whtell A=E S 4 Utk Cross
polarization®] 7] $HAI= cross polarization 4557} HAkS] F
wit} k] el ol = ook

T4 NMR spectra® ARz QlofA] B The ofehe & Als
7} &9 heterogeneous 3ICH= Ho|th olE 591, semicrystalline
polymerelli= crystalline 173212} amorphous 134} 4 7152] AW
el S A & = Sl BEsh AR tHE 324 4 (mor—
phology) ©l| t3l] chemical shiftellA] 2= zjelqte] QlA| Flo] ol &3t
7H 3L FREsfo Rt Hok v S TF 150 2 EelM S At
ole]] 7Rk Tl 728 4% Stk A& 591, cross polarization
<523 dipolar coupling®] Al710l etz vie] g7k 23 Ae
3t protons 714 carbong 11# 3 amorphoust rubbery $F
domain® R ER= crystalline domainols] @4 o w=c) ueb
< cross—polarization timeS ©]-831H crystalline signal®] spec—
trums & 7 L o 31 ARES o] 88k Al9] T mobile parts
o419 signalS ¥E38h= spectrumS B &= Utk HE2 T3]
cross—polarization A7k AESEo 24 T dolA] Lk signal
55 A EeleheAl ThsEkA stk

o|&A RTINS Aol tiE e RHE S AleE skt U
Agshs 7490tk dukdel A0 7 1 rigiddt phaset B mobile

= o

o 4l

52

3t phase U} ] 7] o] &AIZHS Zh=t). w2 799l spin—lattice
relaxation time< crystalline phaseol¥] o]5= o] ~HEHS: 7]
H3AE= scanAlelell 71 AlZkE: ZTokok itk o] 739, Rkl
one—pulseA&oL} direct polarization 28-S ARgaIA] ZRS o]2hA]
7+e 7= 9 mobile 3t phaseel tfsl ~AHEHS Ii= Al 7Fs3sith

Cross polarization®} magic—angle sample spinning< AF&-3j|4]
AL crystalline fraction®] 1%als ~FE-L- polymer confor—
mation®ll gt F23F RS F3kslc) dLkshd, chemical shiftsi=
A|B7} BV dell EAIE wixe] garsls|#] o7 wiizolr). S delx
y—gauche effect= conformational averaging Wizl FHhgkkch
A2 induced chemical shiftE 7FA7 gt} ©]& conformational
averaging< crystaloli= #A=ER] oA mAX Bl thek chemical
shiftst= F-d -2 gk} ol th2A] @ 4= It} Syndiotactic
polypropylene =2 4% crystal structureo*] %72 carbon®]
ARTZ Sl F 712] ©R2 magnetic environmentsS 7FAA] E1
CP/MAS spectrumel|d = 7§2] ¥xe] ¥=17} #=9T) Isotactic
polypropylene 7-%ollX] methylene carbonsel] thaliA= 3t 712
v|T5te] f5Eo] AHERL- o} th2 A Hk

A A9 crystalline phase®A] chemical shift averaging@}
Y3 magnetic environments”} §li= 2= crystalline polymers
ollx] £ sharp lines2 zH 3t} tjekst conformations 7H41&=
amorphous polymer®l4 linesE5-2 18% 22 AX broadsth. &
2] motion<- glass transition temperature(7,) ol =2]7]
o], chemical shifts2] averaging< {13 2+ conformation< I
¢k chemical shiftE 7F|A Frh o2& carbon chemical shifts
9] P EHE ExtUsH broadslid liness 24| ¢t Linewidth
= MR spinning®]4} B Y decoupling B! T 352 APdelld A9
< FslHeEE 2o1EA] gt

T oPdelr] 322} 2Alle) 2HEY s T G4 oA €
o} 7, oPdelAli= chemical shiftsE Hd3fer 2] 543k molecular
motion®] $J¢] sharper lines®] T=5]31 spin—lattice relaxation times
3} spin—spin relaxation times®] TA3] S1EA] T} B2 7350l
motion- dipolar coupling®] A1 Fo1Eal 1188152 proton
2AEHRS A #5713 gtk

Chain conformation®] 523, NMRA32 tF-2 proton mag—
netization®] WS F3l o] 71 dolo] 1A} AAle] 25 TVHeR=
= AR = Qlok 181 AF o] Ak magnetization®] HIE
@ TS AL 1zlo] v BV JEIE o kel met spin system
< monitorshi= Y#9] pulses 52 2-4351= A0t} Chemical shifts 2}
38 polymer systems?] &gkof|x] 2] zjoli= tPIEAINA st
9] GBS HEE 0 Z exciteAl7]aL saturateAl7 = Aol 7Vt A
5 Alolell magnetization©] WK St AREe] B2l AT At
Ha)o] Zotie] o)&sht 78 NMRAEE 1~20 nm length scale
of| i ML E Skt AReE 5 Qick

nD NMR-2 5281+ wAjPdell] 1324} AA19] structure, conformation
1213 dynamics & 78Rz ARE 4= Qi) o] A& through—
bond J couplings& ARESH= S del|x] ] A3 HT} dipolar cou—
pling¥} spin exchange”} magnetization transferel] %2 AREEICH
= Aol t=r} o] A5 chemical shift assignmentsS £
71 RUR= conformation®} morphology S S7dhk=t ©] ¥IH3] A}
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|E T} AP nD NMR 2] ] HEAR1 542 53] proton dimen—
sion®lA &V spectraith Ealkso] DA Sirk= Zlo|th

2.2 Chain Conformation in Polymers

AP NMR spectras= chemical shift7} structure2} conformation
= gl &3] wliEol] 1A} 24)19] chain conformationell Tl &
Q3 HRE AT G dellr 2] 3R, chemical shiftst= 5+
-2 © 2= chemical structure W%<1 local magnetic environment
of oJall APt g8 spectra®h= 2] chains restricted®)
I chemical shiftsi= 3a3}EA] =T} ©]72 carbon chemical
shifts7} AV structure s A7eh=t] ARE 5= 352 SJv|gith

324 NMReJA chemical shift:= conformation®]l &3] w#o],
crystalline morphology 2+ amorphous morphology A2 THRAIE
Tkt ARE 4 k. o132 9217} crystalline, amorphous
1831 interfacial phases”} 8% semicrystalline TAEARES H3¢
S 2SS EAATE & A slETh 22Y chemical shifts 9}
conformationAlolel] 2P &e]ar 8 et TAlE 171 wizel], structure
+ H-8 chemical shifts7ho® 21 A4S F glck wH94E %
A3t aFAolA FAEE Y)=] Ale]ol] magnetization exchange?] 4
59} 71 oFEAEE =730 24 conformations A=A 7Fs

o NMReA 2} #20] chemical structureold] Hak= 55 23
5= 5= Uk o3 AP NMRo] T340l reactivity £ curing
= A7kt AEs S E g Al Btk 1A NMRS &6 Wk
PJE0] 4] 9= 7390l cure kineticsE FA51=H] ARE 4= 9l
=2 ) Q== W 5 SRl

2.3 Semicrystalline Polymers

Semicrystalline polymerolA] crystalline®} amorphous ~7#]31
interfacial phasesZHE]9] signald #2]3t7] Y= zF AollA
molecular dynamics 2} relaxation times”} HFETR= S o] 88h= 7|
g eslct

214 NMR spectrum®A chain conformation®] &E¥R= cross
polarization (CP) 2} direct—polarization (DP) &0 & L8 poly—
ethylene?] carbon spectrum© & & 50 vERiIT)E F -5l
line narrowingg ¢J8l acquisitiondh= £<F MAS$} high—powered
decoupling=- AME319C) CP spectrumeld] 71 & T3+ all—trans

M oox

¢

SEL;‘- e e e POV S

sl

60 50 40 30 20 10 0
Carbon chemical shift(ppm)

J&! 5. Cross polarization SHX| 9211(a), 3t (b) ¥ polyethylene
carbon I# NMR spectra.?

DEXED J)E A 22 A1 3 20119 249

conformation®A] crystalline polyethylene®l <% 33.6 ppmell
o] 2.5 ppm Y =2 field ol 3= broad shoulder amorphous
material®ll 7IETE CP A3 AlEs= crystalline’do] 418
ERJAL direct polarization spectrum®*+= spectral intensity 2] A
HloPdo] amorphous® o5+ TRe 237} 54} 174 NMR spectra
oA peak intensities 2] o}5* 7135k B W= spectras ¥-4451=d] o}
T TEE 7E0lok 3 HolFErt

AVGelA L5 polymers®] %1 71 inversion—recovery pulse
sequences ©18alM S 1= otk 7igke 8 60114 B0l
cross polarization®l 7IHks & AeS AMgSIM 7P a8F0% &
A 9’

334} chain conformation®] 123 NMRel|41¢] chemical shifts
o] & 38 7|71 AN B TR 291% carbon chemical shifts
of] 93k 2 4= ek B 78 polypropylene®]* a9} B crystalline
formsel] i3t carbon spectraZ Blwaiy] Bojsth S 7Y crystalline
forms< .. tgtgtg... conformationS 7FA|2= carbon spectrum®l|A]
9] 2J0]3= chain packing effects Z5E] 23], Methyl¥} methine
carbons®lA 2:19] intensity H]E2 a—form crystal structure
of| A TS &2 sites?] 479} YH|sILY,

Carbon NMR©]| semicrystalline polymersE &7-6R=t] == A}
|57 sH|NE W2 TR AFEE ARE 4 Ql): Silicon carbon
7} 77} Bl5sEkal W chemical shift 25 7HIck 28 82
side—chain®] Zo|7} Y& di—n—alkyl silane®] silicon NMR spec—
trumS B3tk Silane?] T 714 crystalline formse] F2 A=)
31 o) 2 uidd Form 13} B 38 2520l disordered sidechaine
7l Form I o]e}” 3= 739 disordered Form II signal:2- —23
~24 ppm =AoA YERdT) Crystalline polymerelA] silicon?]
relaxation times ¢}5= AoJA] spectrai= & CP/MASE ©]4-3]
A 7P avfH oz Ag 4 ik

8! 6. Dipolar dephasing® 2|8 pulse—sequence 12!

(b)

T TrreeY MBS ARaRE B A
30 20 10 0
Carbon chemical shift(ppm)

& 7. Polypropylene®l « form(a)@t Bform(b)2l CP/MAS spectra.?
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(a)
|
I
(b)
o
(c)
15 25 35

Silicon Chemical Shift (ppm)

12! 8. Poly(di—n—hexyl silane) (a) 2} poly(di—n—pentyl silane) (b) 1
2|2 poly(di—n—butyl silane) (c)2l silicon & NMR spectra.?

b|
I hie
& CHa o
N T | ;
i CH,—C [
g if.g!l
)QC\.G e 4 g h { 9 {
8" “o—ocH,—eH,-CH—CHy  § | 1
Poiy(n-butyl methacryiatej |
! i
| | |
e, | Al
I i
a
)
d 1
]
P 4, A Tkl A y N YV ——
gl e T “ e W
200 150 100 50 0 -50

Carbon Chemical Shift (ppm)

12! 9. Poly(n—butyl methacrylate) 2| carbon CP/MAS 1&| NMR spec—
trum.?

24 Amorphous Polymers

Amorphous polymers®] 124 NMR spectrai= magnetic en—
vironments”} T heterogeneous 7] Whizell, ARF SR crystal—
line polymers¥He 2 #2]%o] 9-& 4= ¢t} Amorphous phase
oA polymer:= NMR timescaleolx] W2A At 7814 942
tRJet conformations® EAISIC}. 1814 y—gauche effect® 15
chemical shiftel¥] 232 7EXA] a1 carbon spectrumelA A&
9= broad liness 7FAl Ptk ©] broadening IAFFOILF 1120
A ARE e Wol o154 $=tt Molecular dynamics+=
glassy stateolq] #|g=] 7 signals< CP/MASE ARgaiA 71 a3}
Aoz A=k

12} 9= poly (zr—butyl methacrylate) &] carbon NMR spectrum
= UeRla At RallsS BofEth 176 ppmelA carbonyl 1=
T BE UE AR XSS daEEEE A e JeERdt)
A& methylene 373 TR signal ¥t broad3llA] chain dyna—
mics7} 28] oksa WEhItE EAKES] methylene carbon&=2)

54

CH,
0 —CHy—G—

|
- [+ i
| 0# ""-0_.(;”1 Jﬂ."

——=CH, == CH-

Poly(styrene—co—methyl methacrylate) il

-
B ——
n

] 1 1
\
| v | \
- ¥ ',' 1 Al (1 rl v
M A \ [ !
An N IR

Lo, ] '
wAL WU L A L Ty
..‘w..i{_._. J: P ..\‘:-._.‘.I.-J._.. FEEPEE - ’T"T'

200 150 100 50 0 -50
Carbon chemical shift(ppm)

2! 10. Poly(styrene—co—methyl methacrylate) 2| 722} styreneX} methyl
methacrylate random copolymer2| 100 MHz carbon CP/MAS 1| NMR
spectrum. *= spinning sidebandsS LIEKH 2

—CH—CH— 60 —— CHy— CH e Gl — CHy—

Poly(styrene—co—butadiene)
L‘s/ |

—

oi {

R T
Proton chemical shift(ppm)

128! 11. Poly(styrene—co—butadiene) 2| 12 kHz MAS proton 14| NMR
spectrum.?

line 5 54152 21K} sharpslo] = v]=50] 2 Felgiey”

81102 2 FalEo] YeRdA] 282 amorphous materialQ! sty—
rene™} methyl methacrylate2] random copolymere®l] that CP/MAS
carbon spectrum-S HERATE Amorphous glassy state®l4E con—
formation 327} 171 wWhizell 5+ 7l monomere]l tigt line s y—
gauche effectsg 3 2 broaddlth Spinning speedel] WE A=
isotropic chemical shifts 2%E] spinning sidebands- #-2517] $13]
2 83k} 1467} 135 ppmollA2] ¥F5-2 styrene 2] nonprotonated
9} protonated signal5= #4511 HA YERS styrene FAKE2)
methine/methylene 3352 40 ppm Tl YERdth Methyl
methacrylate?] carbonyl> 176 ppme®l YEl}11 quaternary,
methoxyl, methyl signal<= 217} 53, 57, 26 ppmel] YERIT]

2.5 Elastomers

Elastomer+=MAS$} dipolar decoupling $I01% 1%23ls 224 NMR
spectraE YR wiEell 71 2710 A7t 1tAls sho vk W
elastomers- 220 15¢] 7, oPdeloA] chemical shift anisot—

ropy %} dipolar interaction. . Z%E]2] broadening®| chain motions

Polymer Science and Technology Vol. 22, No. 1, February 2011



E &

g

= 27 %

!'6::-’

: &6 & 4L
§ °f

g

o

e &

8 6 4 2 0
Proton Chemical Shift (ppm)
18! 12. Poly(styrene—co—butadiene) 2 12 kHz MASSIOA 2 2D
NOESY spectrum.?

o oJafl Ae] ket o5 one—pulsedd WO Z T Ao
A9 signalss A5 A5 =S gtk

O 112 12-kHz MASZ ¥ random poly (styrene—co—
butadiene) copolymer?] proton spectrum Ho3ETE o] IEAR=
Ao T, oPdel= =2 7 ppmelA polystyrene®] aromatic signal
o] Yeh}al 5.4 ppm *]ellA4] polybutadiene olefinic ¥|FE-S X
Frah= ofe] 712 o] 2 FejEo] vERATE 2 ppm Aol S
S F HEA o7 He]¥ signale polymer FAKES] Holol= signal
55 EFE) o] AFERS 7, Mot E4 52 25 ukE MASY
oM A SWd NMR spectras A= 4 o= HERIC

Polymer 40l 9Jo] det 11%23l5-9] proton 124V NMR A~ZHE
Ho| Lol AP NMR7TH 2] L= ob- Wdglo] AR8E &=
Q). J8 12+= 0.1—s mixing time¥} 12—kHz MAS Jejol|q] I
poly (styrene—co—butadiene) copolymer®] 2D NOESY AZHE
o]t} Cross YTEE 22 monomer unittiold] 2at oz} styrene
aromatic signal¥} butadiene olefinic ¥|FE Aol E ATk
19 9F5-8 immiscible styrene} butadiene monomer”} polymer
chaing vt 343 Jd=2RE 1ot 71 dolo] Ax ARiel7t 54
%= random copolymerelAqt B2 4= QJch.

2.6 Reactivity and Curing in Polymers

TAPRF NMRE 4] a181}oll- 9] changesE2 monitoringdh=
o] o] FQ3 Ho |t W yEAES B840 % W= curing
process= A% T ALgEEE g4 NMR 7o 2= Hkse] Hr
£ 34T 4 gk v1E AV NMRE] Falkso] drbdos gt
NMReW B FA= $ARE 32A1ellA curing €% NMR spec—
trumelk = 2 gst & WiglE S8lzel] doick NMR e &
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