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Fig. 1. Approximate range of experimental tech-
niques to study blend morphology; 1. in-
teratomic 2. molecular 3. compatibilized 4.
incompatible 5. voids[ 12].

2. FT-IR Spectroscopy
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Coleman 5-& poly(e—caprolacton) (PCL)3} poly
(vinyl chloride) (PVC)¥-#lr e FTIRGTE 8%
2% $48 4ul4 PVCS $EgFEA PCLS
carbonyl”717} shifte} 74 Yeolx= 7e #HA3n
o) AHE F HELY 55 4adeen Ay
o}[15]. Hsu 2%[16]7} Garcia[17]+ 22} poly-
styrene(PS)3} poly(vinyl methyl ether) (PVME)
2dcE FTIRZ o378 A3} 1132em o4 2F7}e]
shoulder& 7}2 PVME®] C=0 bond¢ 1085cm™!
9} 1107cmtol| 419] 7}¢+ doublet peake] ArelA A
717} o] blend sampled 7}d8tx Wzhg o Aleds)
Halets Z1E WSk o] doublet peak ] AFthAql
27]7} PS/PVME &dlE9] 484 o] rizkghe otA)
Btk 53] Hsu 25 9Jsbw[16] AH-&4o] =
PS/PVME E# =29 FTIR Spectrums]= 1085cm-!
peak7} 1107cm™ peak®r} 2 AnE B9y uig
oA a4l PS/PVME 2elze)
1085cm™! peak7} 1107cm™! peak®t} =bo
Zskdct.

5L o] peake} A PS¢ phenyl ringe] C-H
out—of —plane bending vibrations) 7]91&F 698¢cm !

fe Ave
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Fig. 2. Relative intensity of the doublet of the
1100cm™! region for P(S—co-1VN)/PVME
blends. The composition of styrene in the
copolymer is 80 wt.% [21].

peak =3t PS/PVMEE# =2 AH&Ad wlztsicia
B 3gc}. Hsu 5¢ PS/PVMEe] djgk FTIRZ#
Lt styrened G FFFA9 PVME &=z 73
oo A Aad) Fig. 2% styrened} 1-vinyl-
naphthalene #% & (P(S—<o-1VN))2} PVME £
ol A Balze) a4 v|XEe Edse 249
A%< FTIREA 241 A7g vehd Zoloh21].
a4 & § 9l%e] Hsu 59 A7 2#E gt
o] #4gk A3} styrenedm 1-VN2| FAo] 80/20d
7% blendWel| A FEFA ] 2£40] 50% olstd =
AgAdo) glodt 2 ol e Aol §iEE Tg
behavior, optical clarity ¢ data®} @74 gqls}r}.

olgigt FTIR ool o 484 &4 poly-4-
propiolactone®} poly-e—caprolactone®} Z-& polyes-
ters} poly(vinylchloride), poly(vinylidene chloride)
blend7-& polyester/chlorinated polymer3-¢] C=0
groups}t C-Cl groups st 2zl Hal=Ad
£ 2 RtEn gge] o EddA Ri H3
rd21]. HTole HEls AsAd vAE T4
Aol o3k dtaly] §Jste] FTIRo] &-4H3 3l
t}[22-26].

Fig. 3-& 20: 8034 ¢ amorphous polyurethane
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Fig. 3. Comparison of FTIR Spectra of APU Blends
with PEO and PVME[27].

Table 1. Classification of Hydrogen Bonds[ 27]

IR Frequency| Enthalpy
Type | Shift Av AH Examples
em™!  |keal. mol™!
Weak 10-50 x1 PVC-polyesters
. —-OH; Amide, Urethane
Medium | = 300 ¥5 | (Self-Association)
. -COOH
Intermediate | = 600 6-8 (Self-Association)
Acid Salts
Strong | 800-2000 > 8 (-COOH/NHP)

(APU)3} poly(ethylene oxide) (PEO) % #
A9 APU/PVME Ealzeol 110CoA 245 F
IR spectrum .2, Z+& polyetherzte Zxl= AMS-
of n Fae Aol ghe Aen{2r)
APU9 &4 peak: A C=0 groupd F4
2 C=0 77+ 1737cm1¢} 1711cm™1ol| A 1»]-E‘r
g APU/PEQ Z3T A% urethane—ether %
£ 0% peak7} A3 shift Ho &S %
t}. APU/PVME 23z #A$1= EAq
FAHA ga o). old FaAFel o FTIR
spectrum 49 frequency shifte] #32 «JE- Table 1
A gelesdsh. A4 FaRe AN BERE

171—%}_

o f]y
RO e

o

A% shift7} =24 Jeptes 2& 4 5 9dch
3. Fluorescence spectroscopy
§3& debs EAEE BE Y05 A EA4)
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J excitation
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Fig. 4. Energy diagram of excimer and monomer
emissions[ 31].

Table 2. Excimer Forming Polymers[30]

CH-CH,

R . CODE NAME

Polystyrene

Poly-vinylnaphthalene

(©X°) PN
P2VN
@?@ PVBP

PVK

—CH-CH-| PAN

Poly—2—vinyl naphthalene

Poly—4—vinyl biphenyl

Poly—2—vinyl fluorenone

Poly-N-vinyl carbazole

Polyacenaphthalene

3= vHAS g AzxE 2z qr[28, 29]. dukA
22 gaA F4v} =44 aromatic ringe 7= I
EAbETe] 4% FPuE 54 ehpich tH:‘?.
A9l ¥F IEAEZE  polystyrene, poly(vinyl
naphthalene) ¥ polycarbazole 5¢ 5 4 ItH(T-
able 2 #x) [30] 333-& pyrene, anthracene, na-

sdsteh, Al44 A 23, 1993

- Z9A

phthalene @ carbazole & 7] HAQS 7 EA
Aol o $ET SE Uk
A e WADEATO BAE Fhe 9
deloll = EAEo) el ofe) Hehel B4
(83 % A) 2 H2AE BAHAo] FDeA 9
o Fig. 4o vehd e 2o olun a4,
excimerglt = Bz} M*9} vl Abe] Mo} REA
ol At o]Fo old FAHH AT ZA (com-
plex) (M—M)*%& 2)u]dlt}. excimer A ZH-E 9
e vl A (M-M) 2 #d=HM g o
£ vehliA = ole dekAe ¥F whEe s
71 Aol A 2 ¥}, T8}l 4] 2] excimer 34
delde we Qb Qeifs Fad S4d
chromophoredl] 3|23} aromatic ringg 7}3 18
s - excimerE FAE 4 e A} over-
lape] dofd 4 9l: van der Waals #2)(0.3nm
HE)E FA% e 715t 27¢ 2h5dA F o)
9] chromophore7} 28] sandwich #9d< 39
excimer7} A HcH 32].

Excimer fluorescence®] $4ow= wrlE £¢ ¢
Qo] Q4 A aromatic TEA}= t}E thekx]
7k EAYelE A WolE energy ©]%(migra-
tion)o] dofd 4= Slrh= AHolr}. o] energy?] %
£ excimerdA Yxo EE Ae)r} 7+ excimer
Ael7t 222 d7tx dojubA =} o2 mecha-
nism3}lol| energy ©]F F&L EE excimer A
H37} blend AZAG 294 44 47 snxa ex-
cimer ¥3A 7|7} B A AL A =zt
cimer 34 929 Exojut .43‘i—3]-§_% %-‘E_'— ] %
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Fig. 5. Excimer to monomer intensity ratio Ip/Iy 05_ ! I - o ;'
. . I
versus the difference in host and guest o i E E X
e . L I
solubility parameters for poly (2 - vinyl- I : | : E ! !
naphthalene dispersed in a series of poly- 0.0 : L | i ¢ : | |
calkylmethacrylate) host _matrices. The 5 10
% of )
acronyms refer to the host polymers are as wt% of copolymers
follows; PMMA (methyl), PEMA (ethyl), P, Fig. 8. Ratio of excimer to monomer fluorescence

BMA (n-butyl), PIBMA (iso-butyl), PsBMA
(sec—(ethyl), p,BMA (n-butyl) PtBMA (tert—
butyl), PiBOMA (isobornyl), PCMA (cyclohe-

intensities of blends containing PVME and
one of the PS(e®), P(S8—co—pMes2) (m)
and P(S—co-mMeS2) (a) [44].

xyl), PPhM: (phenyl), PBzMA (benzyl). [ 37].

Polymer-1
Polymer-2

( P o3 \¥
-\ ~ [}
D f\‘ }—D A _‘s\
A N 5
l‘
~ M A
-7 A D o~/ \ i
’ \ D
! .
1 Sao

miscible and high NRET immiscible and low NRET

Fig. 7. Schematic representation of the use of NRET to study the misciblility of polymer blends. D and A stand
for donor and acceptor, respectively[32].

ETAAE ZAE 7 UE 9F A5 %7 fFo)
t}[33-43]. Frank$} Gashgari[37]= 2219 poly

(alkylmethacrylates) 2] host polymer<: o) fluores-
cenceE e & guest poly(2-vinylnaphthalene)

J. of Korean Ind. & Eng. Chemistry, Vol.4, No.2, 1993
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(P2VN) & A5 =(0.2 wt.%)Z FARAA AFEAS
#Esel o]FL F ¥ TEAY solubility pa-
rameter z}ol9}t Ip/Iyzhe- plotdk 23} Fig. 5o} 2
A}E o S’j\:]- 252 solubility parameter 3}o|
7} zero% o I/IM%A“’] HrgE WL o Aol
Adigre] A wet L/lugte F7HEE w3
%, I/Lgtel Had EdTr} 71 £ A44%

Bols AgHo R 15 7ot
Fig. 6& 2 ¥|#d3} p- @ m-methylstyreneo] 20%
"é“’ d TE¢A9 PVME &z o] PVME 244
& L/Iughs plotd A, FF38A 249 F
7}°ﬂ et L/lugte st weba 24g4e] F7t
35 oF 4 glch. w3 ~€e|dl#} p-methylstyrene &
ZHA e PVMES] djg 4842 23} mme
thylstyrene FgAeke] A-g4Rct Jage o
g olth[44]. =3}, styrened} 1-E-& 2-vinylnaph-
thalene 3238 A2} PVYME E#Ed sz o]y
gl fluorescence spectroscopy A7 A#E Falet
A7 3 FTIR 47 2o QA9ehe Ze] i
o] olt}[45]. Excimer #4177} ¢le nEx o
o A4 Aol AEITER excimer FA/}E
BERAE F % TERAIE $5E 5 Ut
el ¥}eA (donor) FEAE % 2
2ol TFRANL, A +84 ek (accep
5 TEHA

2 2¥Ae] TERAA o T
: pdcee YRR /L0 2o Auis

2o 4 2] donor$} acceptor®) FFurE A 7)u] I/1,
Qe g el of el 444 Hxr} v
5, 7 LEA7F 4ol Erhd, donorell 4 accep-
torZ B|EAFA o 1]%] ¢]% (nonradiative energy tr-
ansfer : NRET)2 do7 7o]x, acceptorol] 2
HRAE L% AR Aelth(Fig. 7). &3 a¥xte}
segment orderZ o]z 934 74, As WEAES
2 w2 oyA|olge dojiA] ¢konE donor

o RAE LFo] AAA =tk gdebd, L/Lgkel
AETE Sl F5d AR Hu o)Ro] e
ATl 4] Ari[32].

o]2]g NRET #tdo] <&t fluorescence A+

& ZEA} aromatic ring 2 FFEZ A
o] firjetE $&o] rhsstrh: oA HZ B
HE BT Sk AAR o]F 4% A7) £
1HI Sl AAel o]EHW PMMAG s of
W RFENE 14% 25 A7)

¥ ﬂ'lm

o

e

methyl meth-

Zodstel, A 449 A 23, 1993

I. —CH~O‘C~C:CH2
|

CH, O CH;,
Donor

1. OOO —CH-0-C—C=CH,
| (.

CH, O CH,
Acceptor

1o/14

1 I 1 1 |

0 0.2 0.4 0.6 0.8 1.0
mole fraction of BMA

Fig. 8. Plot of fluorescence intensities(Ip/I,) of
acceptor label PMMA /donor label MMA-
BMA copolymer blend(50/50) vs. mole
fraction of BMA[46].

acrylate-butyl methacrylate ZF&A|o gE 1
2 12 wi% FFRAT Lalze) 424ATE o2
= 4 9l %, donor: 336nm, acceptor= 408nm
oAl HFRER L/Lghe 7 A3 Fig 8o 1}
ehi sich[46].

o] 13 o 7XHE FTF¥H %9 butyl methacry-
late 1*301 Z7tadeE 29 %‘“/E 12 PMMA¢9} £
=g A$ L/Lgte] ﬂxl Rk AhEAe] A

°1]1—11] o]Fo] A71A 4SS A vehix °““+

# el PVC/PMMA blenddl] djsjAx= o)
NRETH A& o]83te] A4S A7 o
|3 glci[47, 48].
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4. NMR Spectroscopy

Teble 3& T¥AHe] 2ao] 243 4 o= NMR
(nuclear magnetic resonance) spectroscopy-& %9
da # 528 9AF Zorh[49]. NMR spec-
troscopy At ol 4 chemical shift\} nuclear coupling,
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Table 3. Nuclei of Interest for Polymer NMR

Spectroscopy[ 50]
Natural ~ Resonant Magneto- .
. o Relative
Isotope  abundance, frequency  Spin gyric ratio®, o
% 1Tl y Sy
H 99.9844 42577 1/2  267.43 1.000
H (D) 0.0156 6.536 1 41.05  0.0096
3C 1.108 10,705 1/2 67.24  0.0159
UN 99.635 3.076 1 19.32  0.0010
BN 0.365 4,315 1/2 -27.102 0.0010
BF 100 40.055 1/2 25159  0.834
»Si 4.7 8.460 1/2 —53.14 0.0785
Sip 100 17.235 1/2  108.25  0.0664

2] tesla(T)=10,000 gauss(G).
n units of s7! T-1Xx 108
For equal numbers of nuclei at constant B,.

nuclear relaxation & NMR spectrum data 4]
oz gel Fod ARSI o)A
ez AR 7o 245+ nuclear relaxation
of s Auk zkeks] /st mab oh[50].
NMRAZI BANE FooE de ARg T
g Q59 2 e elnh 1 AA 3
Alge] Ade(zA, 34 2 |
Az} (lattice) gt B2}, AzLE FAFE o)
153 34 5ol s B F999 A7) 4
5 Aase] F& oA AZRE e o
Yef 2 upa A Hed o)A #e] ~#(spin)
HPAd 2 BE P AES dF FHe 3L
2} o] 2 (spin-lattice relaxation)o]z}z 2=
FTio2 ehdeh, 295 Axe Age
P E58817]) o) &l 284z} o]k
2-o]| 4] benzene protond} BC& e 7
20s0)2 ZEA LA AL o go
| 7z}, Rotating frameo 4] 2~
93] T2 vehlir|x g},
g o]ge] ofe] gqlE FHHoR o}
°]2{r(spmﬂpm relaxat1on)—4 EzA

27

mio

N

2
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1EA-E£‘-‘
ox

I o 2 Hr o> oL oox
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ok
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>

Mo R
o

T

> Ho A
,

iz

IU

e

740]_1_ T o] %3te 3
£ A A T3} Tz}
% 9 %“301 e 74(‘”* 107% sec) & LJr
NMR Spectrum#tol 4 #)-¢ 3= =

= A% #3234 7H 235
PVME/PS = 50/50 AFTER PHASE SEPARATION
10000 -1100
o o 1o 3
3000 430 &
PS RICH PHASE ;
1000 2
= S
£ 8
= 300 e
&)
Z.
100 PHASE 8
PVME
A1 1 1 A iy 1 1
—200 —150 —100 —50 0 50 100 150 200
T(C)

Fig. 9. Temperature dependence of T, and fraction
of long T, component for phase separated
PVME : PS=50:50. Full lines correspond to
that of pure PVME and PS[51].

10,000
° PVME/PS=50/50 AFTER PHASE
SEPARATION
aLONG T. COMPONENT(%)
3000 o FT
1000
4100 =
.. 300 4 60
g g
: 2
(&}
100 1 30
&)
C?5
—
30
10 M . 1 L
0 50 100 150 200
T(T)

Fig. 10. Temperature dependence of T, (0O) and
fraction of long T, component (%) (A) for
PVME : PS=50:50 after phase separation.
Full lines correspond to that of pure PVME
and PS[517.

e L]-E}LHU:] T3 Tob 2 A% (&3 &) &
= o] Zof (¢F 1s) NMR Spectrum4of 4]
F7AE vepdich o] Ad-Axjo]sk
+ gkt dvelw Az AEF
Lxo we} F7hsh7] W)k R A A
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T3 2% plotshd EA¢-59
AlzH(onset) HE Hol| s

FAE 2% & dok T

£ scang AHEEt A& 4 dx, Toe 1 sechr}
e AZo2RE 78 F Qo

T\=T,1 dA 735 o] ¥ge) AHgo] Erbssiet.
T,<2-3 sec Y T,>1 secd 7% pulsed NMR
technique 7} 2% Al & ¥t} Pulsed NMR & &
Fourier Transform(FT) NMR Spectroscopys <1
Al AE Al dHe e vy AR (=30us)E
AHE8k= Aelch. FT NMR2 ofF okgh signalo|vt
obF & FE(10-50pg) 9] Al % AtAA 3qt
Al EAsta 247] RAES}F AL AE(d B0)E o
T o) $45H2 53 T & 5AY o AHL&-HH[49].

2EA A 444 A7 NMRe|] 345 7
& Kwei 59 A7} dlx4¢l 7olr}. PS/PVME

zdzo) 8 Q7T Al 4840 U= PS/
PVME alesl adafeldl os A2oss 7

NMRE Q73 A& 2 Fof B 258 pul
sed NMR7|7]18 A}&3led —200CelA 170°C7}A
<= gedlAd T, T.& €3 oJg PS/PVME &4
T 2o wE AR AFE d7stgde(51]. 2
2 PS/PVME 50/50 blend 2] 4832 A3 NMR
Ane 9w 4R AR A% F A9 T 94
ot g4 Al A Tio] 71 & AA A5

ol

AT

45%¢] AFdete Rustgh T, A$E A 43
2 Fi 4440l gl BUs Tl sl 30-50%

Fig. 99} 102 T\ ¢ T8 X 9&A4E vehd A
o2 AEE % blend7} PVME-rich phase®} PS-
rich phase® AHE-2lg& & ¢ Ak o=l % 79
T, =& Ty} ¢4 PVME 9 PS¢} T, T,9} )27
ol et SR gk 25L& o] NMR
ARE 9o F4tste] PS-PVME &dlc: 444
o] X%t segmental scale® A3 oA=&
microheterogeneous sttt 718 ukglc).

3 2o Lee 5 pulsed NMR7)7]& o]43to] &
stoll 4] §43 ¥ polyurethane/polystyrene A% 2= w}
A} 3187} (interpenetrating polymer network (IPN’s)
o 4 dge 92 AW EFIA (heterog-
eneity) & A7k §A ool 2rgsE T,
T, Az9 A, 53] T, Al 297} A7ReA F

oL

K

Zdshsh, A4A A 23, 1993

5C 8, ppm
—49.00 -

—50.00 ~

«~ DPMi
i £=073%ppg
—51.00 |- é A =080
BENZ
A =0.66

Z4e

Cc7

! |
00.5 00.6

2

1 1
00.3 00.4

g

Fig. 11. Rummen’s plot of ¥C NMR chemical shifts
for methyl carbon on the middle segment of
2,6DMP trimer in n-alkanes and aromatic

solvents[ 54 ].
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Table 4. Solid State NMR Studies of Polymer Blends[53]
No. Polymer 1 Polymer 2 Method Observations Ref.
1 Polystyrene, PS; Polyvinylmethyl ether, T, and T, miscible but 51
M, =200kg/mol PVME; M,=51.5 vs. temperature microheterogeneous on 55
-200 to+170C segmental scale. 56
pulsed H NMR LCST=~84C
2 Polyvinylchloride, Poly (ethylene—co- wide line semi compatible; 57
PVC, vinyl acetate), pulsed line coprecipitated blends phase
M. =83 EVA; 9%5wt% VA, 'HNMR; T, separate at 120°C
and line width, at
53 and 177°C
3 Polyvinylidenefluoride, Polymethylme- T,, T,and T, at miscible in  amorphous 58
PVF,; thacrylate —200t0 160°C pulsed  phase PVF, crystals 59
M, =400 PMMA; M, =92 'H NMR and premelting
F NMR,
cross-relaxation,
line intensity
Same Polyethylme- same similar to PVF,/PMMA 58
thacrylate
(PEMA); M,=400
4 PMMA; Poly(styrene—co— pulsed inhomogenities on 2 to 15 60
acrylonitrile) (SAN) 'H NMR at-150 nm scale
t0 160°C, T), Teand T,
5 High density polyethylene Polypropylene(PP)  pulsed mixed crystalline regions in 61
(HDPE); M, =1000 M., =4,000 'H NMR at 200 “surface grown” fibers
t0130C, Ty, Ty and T,
6 Poly(styrene — b — ethylene pulsed n melt 23% PS 15 56
oxide) (PS-PEQ) di-block 'H NMR at-133 plasticized by PEO, PEO
39.3 wt% PS; M,=20 and t0227°C, Tyand T, crystallinity lowered by PS
13 for PEO and PS resp.
7  PS—perdeuterated—dy Poly (styrene-b— magic angle unstructured interfacial 62
butadiene), (SB) di-  ®CNMR T, line region around  rubber
block polymer, or PS  intensity domains
8 Poly(2, 6 dimethyl-1, 4- PS; M,=246, or same line miscible, but small regions 63
phenylene ether) M, =35, or isotactic  shape of undispersed atatic PS
(PPE); M, =375 polystyrene(i-PS);
M, =335
9 Low density polyethylene Polyamide-6, PA—6 pulsed “distinctly incompatible” 64
(LDPE) 'H NMR at 20 to
100°C, T, by free
induction decay(FID)
Table 4o) 27 $AES 484 A7l 48 A % A4S 24 o PYEE BE 184
£ solid-state NMR 978 423 eH[53]. A=) 444 Q7o) o] YEUZ SEG 57

5.8 B

ool A mEA BHlE AEA AT 4FHE
spectroscopy 7| ®loll that ¥zl 279} dHE

2L
rO
rO
Y

o e

ZHASL Q7] Wgel 2 #go] Y% Axetn

Az+gke}. Brillouin scattering[65], photoacoustic
[66] 2 Raman spectroscopy[16, 67]%& tt& ¥
BNEL LA BT A9 B3 UA (heteroge
neities) %, ZAAs} AR 5& AFsiEd A&
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