A e A A Fxok EEA 7 ERE U] & vk 3tE Fxd F2 9
25 gt Ao T3k Ao AT = doy, §e ouEs Bate] JAAH Heo B3 AL
x3telit}, B84 Fxe T2 BAEEAY xRE BEA A%e 83 ujAFZMicrostructure) S
dA =T A7 = LAk 8484 AEAd0 #E e AHstalon, o] Aol iAo §f
A2 Gefjol]l el AHEI|E SFAL

51.1 A W +x

shebal e Zov gAH wido] e nEAE FHolAA (somers)dt &1, ol T3
Ao dFAe] AFA7E A dob LA ol L PR oR FAH AT
ALY Aol FAHol BAAES AdetA] Fae HleE F ogle A dA wd Fx2E

Configuration ©|&} 3t}
Configuration 2 T HEWA ZAAHEH, - EARHe] 3hshztgo] vz AY & Hg B9l
dojuypar, spsbakg-o] Z7f F4E FRAQ FRE JHAA "o ZEAbe] JojAl 7] EZ 9



. . . ) ) Lol =
configuration & isotactic, syndiotactic, 712] 3L atactic ©|t}. t}&¢ a3} o] 3ki

g e 9170
F4Eol 54 27 599 wFow Fehu g A isotactic ol s, opelm olHUR [ %

S5y gkl RolZlE @ik FF ANt WER wpHel B4 ZAU7t wEE Fahu gt AL
syndiotactic °l¢ a1, ofol= oldje At 5 & AHgATh EH FENAL BitHstel B4 Sa4717

FAAMSHA e A& atactic olet at, kol oA 45 A&

=

y R N N N R
Isotactic C C

otact R N VU W NS
Syndiotactic C C

i R o \ o \ o
- Atactic = C C


교재
p58 고분자 미세구조의 요소


Isotactic Symmetry Syndiotactic S}Jlrmnetty
|

I
I
’ |
A3} o] ¥R WPHoR Briw, v
Aol dIE ™, syndiotactice o ol . ny
W “'\ i
A

G

o) o) e o vl
A= AN=7F2

o S go g HALS
sl T2 8kslal itk o)A
configuratione FS1<171?

H HH
Q&% Polystyrene A}l A mw/r_/
A7) AW Al =it}
?i F Aoz BAH \C
I_I__'

Ei‘lmiﬂ-m

Here's how it works: the regular lines are chemical bonds in the plane
of the screen. The dark heavy lines are chemical honds pointed ou# of
the screen. The dashed lines are chemical honds pointed izfe the plane
of the screen.
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ol AFGH A 99 configurationd EFE w©FAZE FE o u, AdAL9 XA uwkEt
Head-to-tail ¥ Head-to-head & Y& 4 t}. ol #2137} o] Head-to taile AAZ o=
TR Al Z=3to] dojutk HA9olH, Head-to-head: ZATAA7F AR ¥e& B2k Exlujd Y
aEZo|th, #dd BEHL zte R AAREE 7| EAH o7 Head-to-tail 7-%3}ojof 3ir},

e Head-to-tail mCHz—(le__CHz_(le__CHZ'_(l]H_-_
X X X

e Head-to—head “““Cﬂz—(I:H-—'(lJH—CHg——-CHzf-(l:H——
X X X



< ARz Ak Ao Ao RE oy A Y] wsled diste] AbmH It
°** AR XPH 3 HMe I Bxlo] AgtEo] gl o] X3t EAEALo] o X oEIIT) =,
ol5 Atol¢] A7} Van der Waals (VDW)A 22} H8j&= 54 A= 7%?401“011*1“ H]ﬂ* ﬁﬂo}
A Z 9 11 olst A& F o] AlgHA o]t R

. -8
e agze AR oA = F EARE A el .
3k o} 4] 9] Lennard-Jones potential energy(¢p)S YER X e
ol %_ 0
O o O\ ey .
p=c [ (-2 (- ) =
r r o
"
LR
7Hg Ay A 7F wrolA|= A He] Van der Waals A€ AR .
ol o] Ao A Van der Waals Aol dojdt}. o= R AR
T pagbe) VDW ARE 19 Aejn olme] waldelAE o T e
2.8 kcal/mol o]t} A7} 45 Agx HojAw, A% o +2k 7{4}-:7
= 7kgtth ' '

whe}A] R AL A Al sxle] glolA o] gt Fao At
A g age 7}%0 Y=gk aliEAkl Polyethylene (PE)9] &2 R o2 ZaQl 47t nlA]=
daE o] WS BT vehd ot}

fL



PE -(-CH,-)- ¢ VDW ®$ =2 = uj, @® Carbon
otefet Lol TS Gt HaAH ® Hydrogen
B AL AP Ay A Aol s s
wolw AR oF 15 kJ/mol A F-2] o1

o
AW s Zr=t)

CH3 - CHZ - CHZ . CH3

[ A N

1 2 3 4

C .
C, ‘ planar cis C; ~ C, distance = 2.6A

— e ——
—
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[qh]

N

k|
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//’(»J
T

—
—_—
e — —— ———

g

\ planar trans C, — C, distance = 3.9A




ojo} o] AgFEagbe] F] Aol ot aFAfe] YA wlEF %] WEE Conformation®] 2} 34,
olZ 3 ;EAY] FHF Fgo] AAHTH
el

Conformation & THE& HH, =

7} ) conformation & 7] oJHH, 717
AR =217} W& trans(s ) conformation, ¥ T o2 Y& gauche(s) conformation ©] IL¥-z}ol
T2 g4

20
Hard-sphere modelZ ¥ conformation

315

£
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o

o 10F

[

)]
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|5

5 5

o

@ cis, trans, and gauche

D 1 1 i A
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2 E HAglo] trans conformation

< 7FA™, gauche
< (Helical conformation)<

g s,
\ ¢ c. S ci
O\ _c 4 fran - ~o” e CIS
1 TN _C | 4C

\C/

BARA AMES A F THFE U B 5 o, AAE v E

QA= sl FAH= conformann o], E}EO
Qlstel A TAX FEj=A

o] Aol ZA4 4

B AAZ Twist o= 39

Loop o=z FA mE= uFge ==
3(intramolecular bond)¢] &REE T},

Helical conformation 9] %7]& 8¢ 7224 1

19l Y S o) go
Axu/t

Aoz e,

o714 Ax wEEAe] b9l u =
e S92 3 Al dEAvF 1 3] As)E

ayS

FA O ot & Fxlgo
o] Hi-&E

o]

It =, 1x3/1 olek #7138k, 1

# 5]= Helical conformation ©]t}



LEde adE A% 545 7 udA
A} 2] Helical conformation®] of|& 4
Lot YHx, aEa 1 %715 UEd A
|},

S35 7Hz gy 1EAEL Helical
conformations 7}A| W, ol 1A} =
AL ARAAE T2 247 At

= ZHE0H

TEAY] S A7 F AR
Aol VDWH Y oyl &= o] 23}
AokA, JAA o7t HATF ==
YA 2 AKX AY FAA = conforma
tiono] dojuAl #Hr}

ol o7} I 4 A& AlE 3|
HAA7F F& A5, o] AidAE EAAE
o] frEAdo] BAE wdue EA4S A

SIS o

R=—CH,—CH—{CHa)—~CzHs
—CHy —CH—(CH3),
R=—CHy,~CoHg,— CH=CH,
~CHp=CHpz—CH—{CHs)2
—0—CH3,—~0=CHp—~CH—(CH3)?2
-=

R==CH—(CHz)2,~CoHs

CHs
R=D, <O-F,

CH3

Oh 3



71 o|& Polyacrylonitrile2 &30 =24 9] nitrile7]| & z2tE BEx12 AAE Ho=
sl AR (kinked) 725 7FAH, o= <&l Hlw A A 3H(rigid) E4& 7HITh

st Aelg I ¢ e AFEY FAHLAUE vuy Be A=
TAAES HAA A4S 7FT 21 d 2 Polyisopropene<
TR gty HRom ¢ =3 g8y 7ho| 47]9 EFAALSvlT)
4ol methylZ7] & 7FA1aL Atk o] 719 A|gefol] 2ste] 4=
BAAG, 157 GARG go] AAEE, o Aol whake o

JgalA A Fej wEo} gheh.

o 72 JA <L FZ(configuration) S F4 &
g 2 Sofukgo o] 2RAQA A wjd
the ol HAFE L, 1 ARV} isotactic

o] Aloj7} 7hsd 4 9l
= iegler—natta Zwjo]™, HA|7}A] o] HIEH

polypropylene <

ofsl Ak gl

%
o
N i

& Hole= HH ZufE o] &3 ER}L9] tacticity control HH
tiste] A= g




5.1.2 Tacticity control

Hx A97e MDA T ExE W= Ziegler-natta ZiE A3 F3HHo| thele] Ay H
t}& o = Metallocenes o] &3t A 2-¢ 3o dsto] Aw 3o}

»  Jiegler-Natta =&

F& A AEE AL A2 AFotud £330 2 isotactic polypropylene 2 =33t}
7]'7(]7]' uAt sl Aagd 1RAE ves 583 o)t

AHgEtE Sl o229 aws ol 1
TiCls / Al(CoH5)oCl = & A',l\/ _
TiCly / Al(CoHg)3 %= Cl—Ti-C1 and -=+—— TiCl; and Al{T>H3)>C1
VCly / Al(CoHR)2Cl T2 =2 Ziegler-
Natta ZFwje} 1 ZFvjolt},

Sujet 25w FHue] dEAEsoR These are two sets of Fieglar-WNatta catalyst/co-catalsyt
&9 A systems. Either way, we have four chlorine atoms.

1
|
TiCly and Al{C;Hz)y ——= C1—Ti-C1 and AL\/

A



WA Zu]Z2(Ti)o] Tk 9 ]%gég /\I—hund.ing orbital
R =+ =

9 A W ARE A8
ML o2 AAG, ol Ti o WF
AR Dol o FAY waol HFf
Aol Frwol wek e welA7 B4
A},

The x-orbitals of an allkkene monomer

Then electrons from one of the filled orhitals
can slip into the alkene's x-antibonding orhital,
making the titanium alkene complex stronger.

The electrons from the alkene's x -honding orhital
fit nicely into the empty orhital of the titanium.



Isotactic polypropylene with TiCl; and Al(CoHs5)oCl

Cl
TiClg / Al(CoHg)9Cl REG-Al A propylene®] \ H3C
nAAE Eebre) wAwel A, oo ofy CHaCH —Rb | W O
a3} L) FAY Bl W AL Tiow i CH; ?I
3] ol I, Tiol BEd 9= ALY ol g Cl., s
Tl Relsel agal ol F A% Reln nag Tt HTH
o) A7l i A
o8} A7) TriE Age. Cl/}
Cl
The x-electrons from propylene end
up filling titanium's empty orhital.
C Cl\
CHyCH, —Al 35 / /_H\‘ o CHCH—ALY|  H
Wi L CH—(cHy
Cl'l..l_ “.,\"'".I __C* CI gy, C_H
| a”” |

c””
1 1



o A& EYAIZ Al 2 tA] A5 o] Ti o AAE A Ehol ujflE o], N2 TFAE
A 2 oA o] sttt o] A A4 o] Polypropyleneo] FAdH T MZE GEFA7 FrhE =
IH32 A el Hufel deFA|el AT o Bt e dEACE A ZFe Wgo=Ewt
HZ3bo]or A 4= 9l7]e) isotactic configurations 2t 1Ex7F " 4= 9t}

=
ij.i
H ;’CH!
H:Hi";L H;C -
CH H
Cl H 2 [ | 1]‘I CH
\ch Yy \H3Cv "H
EH3CHZ —Al H ‘C"CH:] EH3EH2—%1:,,% |

':-;7 -H + Il mm— :

: C-H
2.0 o CILI::/D
a”” |



o] Hojl = VClyg / Al(CoHg)9Cl WHS-7 ol A

gale] e felstel Agatol
obel 1@} ol wysia,

syndiotactic polypropylene®] T&344S 4w A},

c1
CHyCH, —Al 195 Hﬁ
(|EH2 M,
&1, Cl.,
a”” | ™Na a” | N
Cl cl

This is our VCLyAl{T>Hz)>Cl initiating complex, but
for the sale of simplicity we're going to draw it like this.

Hﬂ{ H. _H Ht H H H
CHy EHE__C“H Cl., e
Cl'h L llllll I\.C Cl, (l-: CH IIII . -ﬂ_‘_,_ﬂ'ﬂ_ﬂ-’?\. CHE
o oo, — -CH3 ———» '
21N H /Vf H a”” | N
a”” | N a”” | N i\
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nszg o

WHOR Eu|SolA A% UFAE FFAABORA nRAE
dFESTY N AR wUE AXNgoRA RsE w

% % k] Weko =
A¥ o 2 X Syndiotactic configuration®. & 1E2}7}F w50 zt)

_H
Ha}‘[:;ﬂ’fc_H HA

: CH; H
— El fcx’ KCI;I; — = Ol \/ [

" H CH
3
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»  Metallocene Z &/

Metallocene ©oJ& 2 709 cyclopentadienyl S92 Alolo] 7]
Cyclopentadiene& OPEH AW a9 Fo] £ A PFoloE EilFo
cyclopentadienide &9°]& F/7F 54 %ol oty 2 E8WH g oAE= H(Fe) 27}
Agt3le] ferrocenes FAISHY,

% ool oot
golee] i} of
o] &

Fol &g =M
]Eig Sl 9&l bis-chlorozirconocene < 343k},

il
2

—

oll

These hydrogens are acidic, that is, they like
to fall off. When they do, we get this nifty When we're feeling lazy we draw
aromatic anion.

cyclopentadienide ions like this.

i i } =
’ C
HhC/CxC,H CHY, H S eH 2 @ + Fe — ©
©)

W Ny
o—cC . ¢
H H H H errocene
Cyclopentadienide ions react with iron{II)
ions to give ferrocene, the iron sandwich.
Cyclopentadiene Cyclopentadienide anion



Fe Il (Tl

Zirconocene FEA= ofgiet o] methyl Cl (@7
alumoxane polymerel] &3] A7} HAZ 2 3= — \
o) okol L = & A . i5- i
o 2HM 9ol Metallocene =17} FA ) ferrocene a Zirconocene bis-chlorozirconocene

Aoy
+ CH;

I methyl alumoxane

(MAO)

0
o
rlo
N

m
K
o
flo
i)

A sty Wz o] 4249} a-agostic
3]gto 2 oA 3l W, propylene @ A= WAV S Zujg]
indenyl 2|t=9l 71 HeEgk AA2 X235 ol

Propylene has to approach the catalyst with its
methyl group pointed away from the indenyl ligand.




AAFEE v $obE wEAs Hejgls
Aol S5 9lste] WAYE ezes) )
It mER v AgEAW, WA BEE
FYEh e 1 A wsAge enha ek




This alkene—metal complex leads to isotactic polypropylene




oleol= v 28I 22 metallocene & AFEsHd, SZFA7E 9 WA w2 HE5HA
AR W Z 7= ol H fluorenyl EZF=e] JAGN= 9% b wWEkgto
webA] A= syndiotactic polypropyleneS & A slt},

CHESS-GAME

isopropylin®-cyclopentadienyl-n3-fluorenylizirconium dichloride SYMMETRY

[EA] oFg8 bis(2-phenylindenyl)zirconium dichloride®] metallocene Z1|E TS| x| +=
polypropylene?] tacticitys -9lo] A=71?

Cl— 5 - - CIHZI;'

the »ae form the meso form



5.1.3 ILEA} A& 4ol

AFA AFES] ol aRAAIRS FE, A HE 58 HES 74F 244 & IS A=
T8 54 F9Y shvtoltt. iR AFEY dEH 1@}5” Tl wet V2o w AAHET. 5, FHE
TSt e AFEAREY s A wEl AFEY fdAde] AdAH, Aol e FAAES
A= 2AFFA AAN FE(random coiDE 7FHIth vkl AFEAZE 3ol W A, AMES
FAsA A, Aoz wjredo e HAHH AL Y H(extended cham) A A H )

A AbEe] A2 Zol(contour length)w= 2zt mhr]e] Zo] L o]al 7§57} n o|¥ F nL ©] Hth
shARE A Sl QlojA HA 2 dolg A5 & ofHuh it A aitA= AA 7] witel
obgll 1¥le] spaiel 2 ddAY (end-to-end distance)

r & o]&sk= Aol o fF&sih 7 iAo wuA =
ABERALE ] conformationel] whEl @t A 4= doy v
o] B tg GEEF 3 FoAFL <rd> o7

ARG 5 glek. o] BRHAFEE FBUEGFE Aol
AR e O ole ke fuhd, ekl 2o
A oz EdAwh

<r2>Va=n"”2L

o5 5w, mrjdo] 3A 7} 10000 7 Y= aLF-Ake
A7 Zdol= nl=30000 A o1, WA gl= <2>%2=300 A o]t}
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5.1.4 Polymer blend

T A olde] nRAE Aol ¥ e Eey SdEs dn Ev SdEedA g Fadt
A o] 7 A AR Al otk L AkE 84 Miscibility)®} sk, & Alol= A4S
E840°] lth(miscibile)ol#} &tr] w727k FALSAY Ao spstagom el = A5l
Ahde] Zb7h w2 gA AfelAl we AE F84e] flthimmiscible)olel skl of 1 gho]
Zzke] o w Feldrth

Miscibility®} AFgE 211 9] compatibilitys + &EAH7F
el dubx o g Zgjw Bd=rv) obAH EAS YeERT] YEA
AR A3 o] Qlofok o] Fa st

st A2 2 A olX] g+=(immiscible) F+ 3L
EP Ao BdEste] #2 AR7E THAIA EAAS AT S
Inter—penetration network (IPN) o]#} @k},






