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;m.(]h(4JI(n#),)01:)(8$R")0$(1&#)%)".31#)"(x"))%91-
U.:(=_r(xr;ieee(!Q(>+I(K#"2$41:.(R&:%8-.(1&#)%)".318-+(
1:13+2)01:)( 21( *)4)8E( 136)"$#4&( _KmQrmI( =)4+1-
"$( 0$%):$01:)( /31( %E#1( ie�D( 0( #.4*."1#&"2.( fh( �_I(
Y)2%'1/$( ")24+1"50(41%")82E,#.82.%(0$"1M):)( -1%) 
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2

Γ

µ ( <6/2+.( Γ( -.,#( L"./:+E( 01"#)L8+E( ,2$B%)L8+( ".31%,1(; 
8-+((�D(1(µ2(-.-(/"&6+4(4)4.:#.4AI(J1"#)L8+(#.()#"2$41:)(
4.#)/E(%&4&31:#50I(Y)2*&,28213:+%+(T3#")01:)(*"2.2(
,#"2$%10%)0$( T3#"( 4.4B"1:)0$( )( 0+.3%)L8+( *)"50(
eD\(z4(<J91#41:(r:#.":1#+):13A(0(%)4)"2.(314+:1":.-I(
Y)2#0)"$(*"5B.%(T3#")01:)(*"2.2( ,#"2$%10%)0$(T3#"(
4.4B"1:)0$()(0+.3%)L8+(*)"50(eDf(z4(<J91#41:(r:-
#.":1#+):13A(B.2*)L"./:+)(*"2./(*)4+1"14+I(

J1"#)LP( *N( ")2#0)"50( 0)/:$89( %)*)3+4."50(
60+.7/2+,#$89( 4+."2):)( 21( *)4)8E( 0)/),282.3:.6)(
*N;4.#"&(_=;`e\( 2( 2.,*)3):E( .3.%#")/E( ,2%31:E( #$*&(
@=n(T"4$(@34.#"):I

Q.4*."1#&"$(24Z#:+.:+1( <TcpA(*)3+4."50(60+.7/2+-
,#$89(0$2:1821:)(21(*)4)8E(*)4+1"50(#"1:,4+#1:8-+(
")2#0)"50(0("5M:$89(#.4*."1#&"189I(n#),)01:)(,*.%-
#")R)#)4.#"(��;�rn(g1,8)(�h]e(2(#."4),#1#)01:E(%&0.-
#E(?./,):(?Q_;=\I(>)(21*+,&(0+/4(&M$#)(*")6"14&(
n=@_QY!(?!m!C@YI(Q"1:,4+#1:8-Z(0)/:$89(")2#0)-
"50(*)3+4."50( <c = 1 g/dm3A(4+."2):)( *"2$( /'&6)L8+(
R13+(bee(:4I(J1"#)L8+(Tcp(0$2:182):)(-1%)(#.4*."1#&"$D(
0(%#5"$89(#"1:,4+#1:8-1(0$:),+'1(he(v(

=)#.:8-1'( 2.#1( ")2#0)"50( *)3+4."50(4+."2):)( 21(
*)4)8E(c.#1,+2."1(m1:)(cn(ie(<?13U.":(r:,#"&4.:#,AI(
=)4+1"$( /31( %1M/.-( *"5B%+(0$%):$01:)( #"2$%")#:+.D(
0(-./:)"12)0$89(%1*+31":$89(%&0.#189D(1( -1%)(0$:+%(
*"2$-4)01:)(01"#)LP(L"./:+E(2(#$89(*)4+1"50I(

JOMKCK*9BHBP*K*KDQ*I;RJKSMKS

D$"6"20)61/012"* %06.15"'1#$* 2%3%4(5)67&* +&(),-

-.(/01#$*(*(#$*."#$%&"'()*&*6%.0&%6"#$*

_91"1%#."$,#$%Z()#"2$41:$89(*)3+4."50(60+.7/2+-
,#$89(*"2./,#10+):)(0(#1B.3+(\I(K#"2$41:)(/01(")/21-.(
60+12/D(2("14+):14+(2(9)4)*)3+4."&(4.#1%"$31:&(N,N-
;/+4.#$3)14+:).#$3&( <=>?!@?!AD( "5M:+E8.( ,+Z(41,E(
4)3)0E(<MnA()"12(,#)*:+.4(*)3+4."$218-+("14+):(<DPramA(
<#1B.31(\D(*"5B%+(NC\XNC]A()"12(2(%)*)3+4."&(B.2'1/:.-
6)(4.#1%"$31:&(N,N;/+4.#$3)14+:).#$3&(+(4.#1%"$31:&(
.#."&(4):)4.#$3)0.6)(/+<63+%)3&(.#$3.:)0.6)A(<=>?!-
@?!;co;=>@C?!AD("5M:+E8.(,+Z(2101"#)L8+E(*")8.:#)0E(
>@C?!()"12(Mn(<#1B.31(\D(*"5B%+({C\;{C`AI(

J'1L8+0)L8+( 9$/")/$:14+82:.( *)3+4."50( 60+.7-
/2+,#$89(/.#."4+:&-E(+89(21,#),)01:+.(0(")3+(:)L:+%50(
,&B,#1:8-+(B+)3)6+82:+.(1%#$0:$89I(c1(*)4)8E(*)4+1-
"50(4.#)/E(>qn(2B1/1:)(2189)01:+.(&2$,%1:$89(*)-
3+4."50(0(")2*&,28213:+%189()"61:+82:$89D(-1%(+(0(L")-
/)0+,%&(0)/:$4D(0(#$4(+89(16".618-Z( +( -.-(213.M:)LP(
)/(01"&:%50(L")/)0+,%1(<*N(+(#.4*."1#&"$AI(J$4+1"$(
:1:),#"&%#&"(60+.7/2+,#$89(B1/1:)(0(18.#):+.D(%#5"$(
0$%12&-.(,+3:.(*)0+:)018#0)(21"50:)(/)("/2.:+1(-1%(
+("14+):D()"12(0(")2*&,28213:+%189(,.3.%#$0:$89D(0$-
%12&-E8$89(*)0+:)018#0)(-./$:+.(/)("14+):(X(0(0)-
/2+.D( .#1:)3&( )"12( 0( *)M$08.( /)( 9)/)03+( %)45".%(
>?@?I(J$:+%+(2.B"1:)(0(#1B.3+(fI(c.(0263Z/&(:1(*)-
#.:8-13:.(0$%)"2$,#1:+.()#"2$41:$89(60+12/(-1%)(:)-
L:+%50D(+,#)#:.(B$')(2B1/1:+.(2189)01:+1(#1%+89(60+12/(
0(4./+&4(,#),)01:$4(/)(.%,*."$4.:#50(B+)3)6+82-
:$89(;(*)M$08.(/)(9)/)03+(%)45".%(>?@?I(m13.M$(#&-
#1-(212:182$PD(M.(0(3+#."1#&"2.(B"1%&-.(/1:$89(:1(#.41#(
2189)01:+1(*)3+%1#+):50(0(*)M$0%189(X(:10.#(B1/1:+1(
&%'1/50D(%#5".(41-E(B$P(,#),)01:.(0(L")/)0+,%&(,#),)-
01:$4(/)(.%,*."$4.:#50(B+)3)6+82:$89D(*")01/2):.(
,E(-./$:+.(0(0)/2+.(3&B(B&R)"189I(c.(0263Z/&(:1()B.8-
:)LP("5M:.6)(")/21-&(B+),%'1/:+%50(+(,)3+(0(*)M$08.(#1-

T*"*:*)*4*"**UV*D$"6"20)61/012"*%06.15"'1#$*3%4(5)67&*+&(),-

-.(/01#$
T*"*:*4*)**UV*D$"6"#0)6(."0(%'*%A*%:0"(')-*/0"6*3%415)6/

n$4B)3(
*"5B%+

DPram
1A MnGPC-MALLS

BA 
g/mol

Mw/Mn

dn/dc 
843/g

c101"#)LP(
>@C?!8A 
(v(4)3I

NC\ \d 100 000 \Dai eDed` -

NCf bi ]be(eee \Dh` eDeah -

NC] id `he(eee \Dd` 0,063 -

{C\ 46 230 000 fDbe eDed] 11

{Cf h\ fh`(eee fDah eDed] 20

{C] b\ ]he(eee fD]i eDebf 30

{C` 43 226 000 fDhh eDeba 40

1A(KB3+82):.(2(Mn(0$2:182):.6)(4.#)/E(C=_;?!qqnI
BA MnGPC-MALLS(0$2:182):.(0(>?�(4.#)/E(C=_;?!qqnI
8A(KB3+82):1(:1(*)/,#10+.(0+/4(1N(m?YI
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%+.(B1/1:+1()%121'$(,+Z(:+.2BZ/:.(/31(*"10+/')0.-()8.:$(
,#"&%#&"(#0)"2E8$89(,+Z(0(")2#0)"2.I

KB3+82):)( "50:+.M( /'&6)LP( %):#&")0E( "14+):(
0,2$,#%+89()#"2$41:$89(41%")82E,#.82.%(2(81'%)0+8+.(
")2*"),#)01:$4+("14+):14+D(4:)ME8(,#)*+.G(*)3+4.-
"$218-+("14+.:+1(<DPramA(*"2.2(eDfhf(:4(</'&6)LP(-./:.-(
*)0#1"21-E8.-(,+Z(-./:),#%+(4):)4."$82:.-(210+."1-E8.-(
/01(1#)4$(0Z631(0(,2%+.3.8+.(4):)4."&(0+:$3)0.6)(
[fh^AI(

J(*"2$*1/%&(*)3+4."50(60+.7/2+,#$89(2("14+):14+(
2(9)4)*)3+4."&(>?!@?!(<NC\;NC]D(#1B.31(\AD(-1%(+(#$89(
2( "14+):14+(2(%)*)3+4."&(>?!@?!( +(>@C?!(<{C\-
;{C`D( #1B.31( \A( :1-4:+.-,2.( ")24+1"$(41%")82E,#.82.%(
,#0+."/2):)(0(18.#):+.I(=)"50:&-E8(24+."2):.(01"#)L8+(
*")4+.:+1(9$/")/$:14+82:.6)(<

h
R

90°A(:1:),#"&%#&"(0(18.-
#):+.(+()B3+82):.-(/'&6)L8+(%):#&")0.-("14+):(81'%)0+8+.(
")2*"),#)01:$89('1G8&8950(4)M:1(,#0+."/2+PD(M.(=>?!-
@?!(0$,#Z*&-E(0(")2#0)"2.(-1%)(+2)3)01:.(41%")82E-
,#.82%+I( m1#)4+1,#( =>?!@?!;co;=>@C?!(4)6E( B$P(
)B.8:.(0(")2#0)"2.(-1%)(*)-./$:82.(82E,#.82%+(3&B(-1%)(
:+.0+.3%+.(16".61#$(%+3%&(2(:+89I(J1"#)L8+(

h
R

90°(0(")2*&,2-
8213:+%189(,.3.%#$0:$89D(0$%12&-E8$89(*)0+:)018#0)(
#$3%)(/)("14+):D(,E(0+Z%,2.(:+M(#.()#"2$41:.(0(18.#):+.D(8)(
L0+1/82$()(16".618-+(41%")82E,#.82.%(0(#$89(")2*&,28213-
:+%189I(m1#)4+1,#(

h
R

90°(0.(0,2$,#%+89(")2*&,28213:+%189(
,.3.%#$0:$89(<0(0)/2+.(*)(B.2*)L"./:+4(")2*&,282.:+&D(
.#1:)3&(+(*)M$08.(>?@?A(,E(/)(,+.B+.(2B3+M):.D(8)(L0+1/-
82$()(#$4D(M.(82E,#.82%+(2189)0&-E(,+Z(0(:+89(*)/)B:+.I(
g./$:+.(*)3+4."$(2("14+):14+(2(%)*)3+4."50()(4:+.-,2.-(

2101"#)L8+(>@C?!(<{C\(+({CfD(#1B.31(fAD(*)(B.2*)L"./-
:+4(")2*&,282.:+&(0(0)/2+.D(#0)"2E(/01(")/21-.(82E,#.%I(
="10/)*)/)B:+.(,E(#)(*)-./$:82.(41%")82E,#.82%+(+(0+Z%-
,2.(16".61#$I(=)/)B:.(2189)01:+.()B,."0)013+(082.L:+.-(
#1%M.(+::+(B1/182.([dX\e^D(21"50:)(0(*"2$*1/%&(*)3+4.-
"50(60+.7/2+,#$89(2("14+):14+(2(9)4)*)3+4."&(>?!-
@?!(-1%(+(2(%)*)3+4."50(>?!@?!;b;[4.#1%"$31:(<63+-
%)3(9.%,1.#$3.:)0$Â ()("5M:.-(3+82B+.("14+):(<)/(b(/)(bfA(
+(/'&6)L8+("14+):(<DPram(|(\eX\eeAI(=)(")2*&,282.:+&(B.2-
*)L"./:+)(0(0)/2+.D()B,."0)01:)(21"50:)(*)-./$:82.(
41%")82E,#%+(-1%(+(+89(16".61#$I(

Y)2%'1/$(")24+1"50(0,2$,#%+89()#"2$41:$89(0(*"1-
8$(*)3+4."50(60+.7/2+,#$89D(:+.213.M:+.()/( ")2*&,2-
8213:+%1D(0$"1M):.(-1%)(
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µ
D(4+.,282E(,+Z(0(21%".,+.(eDfXeD]I(

J3>1&* 3Q* '"* ."#$%&"'()* 2%3%4(5)67&* +&(),-.(-
/01#$*&*6%.0&%6"#$*&%-'1#$

J(8.3&(2B1/1:+1(0*'$0&(*N(:1(=>?!@?!()#"2$-
41:.(*)3+4."$(")2*&,2821:)(B.2*)L"./:+)(0(0)/2+.D(
1(*N(&,#131:)(*)*"2.2(/)/1:+.(/)(")2#0)"&()/*)0+./-
:+.-( +3)L8+(h;*")8I( ")2#0)"50({KN(3&B(N_3I(m1,#Z*:+.(
4.#)/E(>qn(B1/1:)(

h
R

90°( +(")2%'1/$(")24+1"50(60+12/(
0(")2#0)"2.I(J$:+%+(*)/1:)(0(#1B.3+(]I(C"&*$(14+:)0.(
0(82E,#.82%189(*)3+4."&(0(L")/)0+,%&(%01L:$4(&3.-
61-E(*")#):)01:+&I(n#)*+.G(,*")#):)01:+1(-.,#(213.M:$(
)/(01"#)L8+(01"#)L8+(*{(6"&*(14+:)0$89I(J(*"2$*1/-
%&(*)3+4."50(60+.7/2+,#$89(210+."1-E8$89(>?!@?!(
*{(|(bXd([dD(i^I

<#$)5"0*B
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J(L")/)0+,%&(%01L:$4D(#"2.8+)"2Z/)0.(6"&*$(14+-
:)0.("14+):(,E(81'%)0+8+.(,*")#):)01:.I(K/*$891:+.(
.3.%#"),#1#$82:.(*)4+Z/2$(:1'1/)01:$4+(/)/1#:+)("1-
4+):14+(60+12/(*)0)/&-.(+89(")28+E61:+.D(8)(,%&#%&-.(
20+Z%,2.:+.4(")24+1"50(82E,#.82.%I(J(L")/)0+,%&(13-
%13+82:$4D(:+.,*")#):)01:.(6"&*$(14+:)0.(0('1G8&-
89189(=>?!@?!(:+.()/*$891-E(,+Z(.3.%#"),#1#$82:+.D(
8)(*)0)/&-.(,%'ZB+1:+.('1G8&8950(:1(,%&#.%(#0)"2.:+1(
,+Z(0+E21G(0)/)")0$89(*)4+Z/2$('1G8&8914+(+(0(".2&3-
#18+.(24:+.-,21:+.(")24+1"50([b^I(J*'$0(*N(:1(%,2#1'#(
+( ")24+1"$(41%")82E,#.82.%(=>?!@?!(*)%121:)(:1(
,89.418+.(xI(

J*'$0( *N( :1(
h
R

90°( )#"2$41:$89( =>?!@?!( -.,#(
0+/)82:$(0(*"2$*1/%&(NC\XNC](<#1B.31(]AI(=)/)B:.(
213.M:)L8+( )*+,1:)( #1%M.(0( 3+#."1#&"2.(/31(*)3+4."50(

2( "14+):14+( 2( %)*)3+4."&(B3)%)0.6)( �;%1*")31%#):&(
+(>?!@?!()"12(*)3+.,#")0$4("/2.:+.4([\\̂ D(1( #1%M.(
/31(*)3+4."50(2("14+):14+(2(=>?!@?!(+( "/2.:+.4(
2(9+*.")261'Z2+):.6)(*)3+.#."&([a^I(K#"2$41:.(0("14189(
#.-(*"18$(41%")821,#.82%+(NC\XNC](0"12(2.(20+Z%,21-
:+.4(01"#)L8+(*ND(24:+.-,21-E(,0)-.(")24+1"$()%I(/0&-
%")#:+.I(J(81'$4(B1/1:$4(21%".,+.(*N()B,."0)01:)(
4):)4)/13:$( ")2%'1/( ")24+1"50I( ="2$( *N( *)0$M.-(
\]Dh()B,."0)01:)(0$#"E81:+.( ,+Z( 82E,#.%(=>?!@?!(
2(")2#0)"&I(

J(")2#0)"189(*)3+4."50(2("14+):14+(2(%)*)3+4."50(
B.2'1/:$89(>?!@?!(+(>@C?!(<{C\X{C`D( #1B.31(]AD(
0*'$0(*N(:1( ")24+1"$(41%")82E,#.82.%(B$'(B1"/2+.-(
2')M):$(:+M(0(")2#0)"189(=>?!@?!I(?1%")82E,#.82%+(
%)*)3+4.")0.()(4:+.-,2.-(2101"#)L8+(>@C?!(0("14+)-
:189(<{C\(+({CfD(#1B.31(]A(#0)"2E(0(")2#0)"2.(%01L:$4(
/0+.(*)*&318-.(82E,#.%D(:1#)4+1,#(0(")2#0)"2.(21,1/)-
0$4(#$3%)(-./:E(*)*&318-ZI(g.,#(#)(/)B"2.(0+/)82:.(:1(
"$,I(\D(%#5"$(*)%12&-.(")2%'1/(

h
R

90°(:1(*"2$%'1/2+.(*"5B%+(
{C\(0(")2#0)"189()("5M:$4(*NI(m1(#.-(*)/,#10+.(4)M:1(
,E/2+PD(M.(60+12/$({C\(+({Cf(0(%01L:$4(*N(0$,#Z*&-E(
0(")2#0)"2.(21"50:)(-1%)(*)-./$:82.(41%")82E,#.82%+(
-1%(+(-1%)(16".61#$I

=)-./$:82.(41%")82E,#.82%+({C\(+({Cf(:+.2:182:+.(
24:+.-,21-E(,0)-.(")24+1"$(2.(02"),#.4(*N()/(f(/)(bD(:1(
,%&#.%(82ZL8+)0.-(/.*")#):18-+(6"&*(14+:)0$89D(*)/)B-

T*"*:*)*4*"**WV*X6%5()'()*$1-6%-1'"5(#.')*Y hR
90°Z*'"'%/06?20?6*:"-"'1#$*3%4(5)67&*+&(),-.(/01#$*&*67['1#$*6%.3?/.#."4'(2"#$

T*"*:*4*)**WV*Q1-6%-1'"5(#*6"-((*Y hR
90°Z*%A*0$)*/0"6/*('*-(\)6)'0*/%4@)'0/

n$4B)3(*"5B%+ >'&6)LP(%):#&")01(
"14+):1AD(:4

h
R

90°D(:4

18.#): 0)/1BA .#1:)3 >?@?

NC\ `Dh bDe \hDe \`Dh \fDh

NCf \iDi iD` \iDe \hDe \iDh

NC] f`Db \`Dh ffDh 21,2 20,1

{C\ 11,6 13,6 bDa�(]]Dh 21,3 f`Dh

{Cf \fDi 14,1 aDd�(]eDh fiDe 26,3

{C] \bDi 14,4 \iDh 20,0 20,0

{C` \eDd 14,2 \dDd \dDh \dDe

1A(KB3+82):.(/31(81'%)0+8+.(")2*"),#)01:$89("14+):I
BA(J$2:182):.(*)(B.2*)L"./:+4(")2*&,282.:+&(60+12/$(0(0)/2+.I

<#$)5"0*9

T* "* :* )* 4* "***]V* X6%5()'()* $1-6%-1'"5(#.')* Y hR
90°Z* '"'%/06?20?6* :"-"'1#$* 3%4(5)67&* +&(),-.(/01#$* &* 6%.0&%6"#$* &%-'1#$*

&*."4)['%^#(*%-*3Q
T*"*:*4*)**]V**Q1-6%-1'"5(#*6"-((*Y hR

90°Z*%A*0$)*/0"6/*('*"_?)%?/*/%4?0(%'/*%A*-(\)6)'0*3Q

n$4B)3(*"5B%+
h
R

90°D(:4

*N(�(f *N(�(` *N(�(a *N(�(b *N(�(d *N(�(i *N(�(\e *N(�(\\ *N(�(\f *N(�(\]

NC\ f\Dd 20,4 \bD] - \hDe 12,2 - - 10,0 -

NCf fhDe 24,0 feDh - \iDe \hD] - - \fDh -

NC] fiDe faDh 23,6 - ffDh \dD` - - 16,3 -

{C\ \fDf�(feD` iDh�(ffD` iDh�(fbD\ bDa�(]]Dh - \dDa \iD` fhDa f`Dd fbDe

{Cf iDd�(f\Dh iD`�(fiDb aDd�(]eDe aDd�(]eDh - 14,6 21,3 ffDi fhDf 26,3

{C] 22,1 20,2 20,1 \iDh - 13,3 13,1 13,2 13,6 \`Dd

{C` \`Dh \`Dd \aDd \dDd - iDh 10,0 iDf 10,3 \eDb
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`1/V*UV*`%.2>"-*36%5()'(*$1-6%-1'"5(#.'1#$*Y hR
90°Z*5"26%#.a/0)#.)2*CbU*Y&16"[%'1*3%36.).*6%.2>"-*('0)'/1&'%^#(*6%.36"/."'("Z*
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