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Directions for improving poly(glycidyl azide) properties
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 !"#$%#&'(%!)*+$,!-.#/(+'0$,*'12-(-.34#/!-.#/(&$50(6"'"'(!7(%!"'7(89()'0:(0!(&$50(!7(#6'54(!%,'#!-'"*'(

0-!,6.-(5604#6".#/(3'64&;#.#/("'(-."')$6*!"$&(-(<8=>(,!?4("*0,!#$)4)!6*$@(A!)*+$,( 0$"( &$50( 0!(-1'B#*-*$(

?!%!)*+$,('6!0'"2-(#$)4)!6.(!(50!%"*4(%!750'-*$"*'(<:(C()43(D:(?02,.("'&-*E?56;(%!%4)',"!B#*;(#*$56.1(5*E(

-()'0'#/(5*$7$+76*$5*;0.#/(%!7(%!50'#*;(#$)4)!*74@(F',0!(6-,2#*G(4-'HE:(I$('6!0'"(#$)4)!6.(-#6$B"*$&(3.1(

50!5!-'".(&'?!(5?1'7"*?(+'0$,*'12-(-.34#/!-.#/("*I(&'?!(0-!,6.-!@

J*0,!#$)4)!6'( ,$%,$6$"04&$( H,4%E( %!)*+$,2-:( ?02,.#/( -5%2)";( #$#/;( &$50( !3$#"!BG( H,4%.( KL"*0,!-$&(

M"*0,!$50,!-$&N( &'?!( $?5%)!6!O!,4@( P"".+( %,6$750'-*#*$)$+( 0$&( H,4%.( &$50( 65."0$6!-'".( %!( ,'6( %*$,-56.(

-( %!1!-*$( 43*$H1$H!(-*$?4( AQJ( M'"H@(P!"Bv#(B"+n#$A*$%N:( #6.)*( %!)*M'6!0'"MQN(-*".)4N@( P""$( %!)*+$,.( 0$&(
H,4%.(0!(!0,6.+'"$("'(%,6$1!+*$(RR(*(RRP(-*$?4S

L( A!).JPTTK(M'"H@(A!).+$,(O,!+(MDL"*0,'0!+$0/.)LDL+$0/.)(!U$0'"$NN:(#6.)*(%!)*+$,(MDL+$0.)!'6!0'"!LDL

+$0.)!N!?5$0'"4:

L( A!).JPTK(M'"H@(A!).+$,(O,!+(DL"*0,!+$0.)(!U$0'"$N:(#6.)*(%!)*+$,(DL+$0.)!'6!0'"4(!?5$0'"4:

L( A!).VWXJ(M'"H@(A!).MH).#*7.)("*0,'0$NN:(#6.)*(%!)*M'6!0'"MQN(H)*#.7.)4N(Y<Z@

["')!H*#6";( H,4%E( %!)*+$,2-( -.5!?!$"$,H$0.#6".#/( 50'"!-*;( 0$:( 6'-*$,'&;#$( H,4%E( \L"*0,!-;:( &'?!(

$?5%)!6!O!,@(A,6$750'-*#*$)'+*( 0$&(H,4%.(5;(%!)*+$,.(!0,6.+'"$(-(-."*?4("*0,!-'"*'( 0.%!-.#/(6-*;6?2-(

-*$)?!#6;50$#6?!-.#/:( &'?( "*0,!-'".( %!)*50.,$"( )43( "*0,!-'".( %!)*#/)!,$?( -*".)4( M-1'B#*-*$( ?!%!)*+$,(

#/)!,?4(-*".)4(*("*0,!-*".)4N@

A!+*E76.(#/','?0$,.50.?;(5%')'"*'(6-*;6?2-(6(%!-.I56.#/(H,4%(*50"*$&$(6'5'7"*#6'(,2I"*#'@(]$7"'?(6$50'-*'&;#(

,2I"*#E(+*E76.(6-*;6?'+*(+'1!#6;50$#6?!-.+*(KL"*0,!-.+*(*(\L"*0,!-.+*(!,'6(,2I"*#E(+*E76.(%!)*+$,'+*(

H,4%.( %*$,-56$&( *( 7,4H*$&(+!I"'( 6'4-'I.G( %$-";( %,'-*71!-!BG:( ?02,'(+!I$( B-*'7#6.G( !( "*$%!+*&')".+(

-%1.-*$(-*;6'"*'($50,!-$H!(-.50E%4&;#$H!(-( 1'^#4#/4(H12-".+(%!)*+$,4@(_'(H,4%'(O4"?#.&"'(+!I$(3.G(
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#/','?0$,.6!-'"'(&'?!('4?5!$?5%)!O!,(M'"')!H*#6"*$(7!(0$!,**(6-*;6?2-(3',-".#/(F*00'N@(J*$(7$#.74&$(!"'(

-%,!50(!(-.34#/!-!B#*(7'"$H!(%!)*+$,4:(&$7"'?(4+!I)*-*'(40)$"*$"*$(H!(7!(%,!5056.#/(%,!74?02-@(`2I"*#'(

0'(&$50(-*E?56'("*I(-(%,6.%'7?4(6+*'".(3*)'"54(0)$"!-$H!(-(?)'5.#6".#/(+'0$,*'1'#/(-.34#/!-.#/@

T!I"'(-*E#(-"*!5?!-'G:(I$(-(%,6.%'7?4(6-*;6?2-(%!)*+$,!-.#/(!(*#/(-1'B#*-!B#*'#/(-.34#/!-.#/("*$(

7$#.74&$(-%,!50(3*)'"5(0)$"!-.@(a"'#6;#$(&$50(+*$&5#$('0!+2-(0)$"4(-(50,4?04,6$@( !,6.50"'(&$50(0'?'(347!-'(

%!)*+$,4:(-(?02,$&(7!7'0?!-$('0!+.(0)$"4(6"'&74&;(5*E(%!6'(H,4%'+*($?5%)!6!O!,!-.+*:('(-*E#(-(1'^#4#/4(

H12-".+@(K7,2I"*'(0!(%!)*+$,.(-.5!?!$"$,H$0.#6"$(!7(6-*;6?2-("*5?!#6;50$#6?!-.#/@

b!( )'0( >9@(RR(-*$?4( ?!"#$%#&'( 6'50!5!-'"*'( H,4%( 0)$"!-!L'6!0!-.#/( &'?!( $?5%)!6!O!,2-( 7)'( 6-*;6?2-(

%!)*+$,!-.#/(3.1'(&$7.";(6,$')*6!-'";@(A,6$1!+$+(3.1!(65."0$6!-'"*$(%!)*+$,4(6'-*$,'&;#$H!(%!750'-"*?(

'6.7!-.(!(#/','?0$,6$($?5%)!6!O!,4@(K3$#"*$(6"'".(&$50(56$,$H(6-*;6?2-(0$H!(0.%4(6',2-"!(6'-*$,'&;#.#/(

0)$"( -( 1'^#4#/4( H12-".+( &'?( *( "*$( 6'-*$,'&;#.#/( H!@( A!750'-!-.+( %,6$750'-*#*$)$+( 6-*;6?2-(

-*$)?!#6;50$#6?!-.#/( %*$,-56$H!( ,!76'&4( &$50( V[A( M'"H@( V)*#.7.)( '6*7$( %!).+$,N( #6.)*( %!)*M'6.7$?(

H)*#.7.)4N("'0!+*'50(&'?!(%,6.?1'7(6-*;6?4(7,4H*$H!(,!76'&4(+!I"'(%,6.0!#6.G([6*7!AQ\:(#6.)*('6.7!-'".(

%!)*M#/)!,$?(-*".)4N('(-1'B#*-*$(?!%!)*+$,('6.7?4(-*".)4(*(#/)!,?4(-*".)4(YC:DZ@

V,4%'( O4"?#.&"'( '6.7!-'( "'7'&$( 6-*;6?!+( !,H'"*#6".+(-1'B#*-!B#*( -.34#/!-$:( +*+!( I$( "*$( 6'-*$,'(

-(5-!&$&(347!-*$(0)$"4@(̀ 2-"!#6$B"*$(6-*;6?*('6.7!-$(5;(-.5!#$("*$3$6%*$#6"$:(#!(&$50(%!#/!7";(347!-.(0$&(

H,4%.(O4"?#.&"$&@(c?1'7'(5*E(!"'(6(0,6$#/('0!+2-('6!04('(4%,6.-*)$&!-'".(,!6?1'7(%,6$3*$H'(6(-.76*$)$"*$+(

#6;50$#6?*( 7-4'0!+!-$&( '6!04@( _'( #/','?0$,.50.?':( '( -1'B#*-*$( 6-*;6'"$( 6( "*;( ,.6.?!(-.34#/4( %!7#6'5(

!%$,!-'"*'(6-*;6?'+*('6.7!-.+*(50'"!-*1!( *(50'"!-*(!H,'"*#6$"*$(-(50!5!-'"*4(6-*;6?2-(0$H!(,!76'&4@(

A,6.?1'7$+(+!I$(3.G('6.7$?(#.&'"4,4(M-(%!50'#*(#.?)*#6"$H!(0,*+$,4:(#6.)*(C:=:dL0,*'6.7!L<:D:eL0,*'6."'N:(

?02,.( &$50( 6-*;6?*$+(!( #*$?'-.#/(-1'B#*-!B#*'#/(-.34#/!-.#/:( ')$(-.&;0?!-!("*5?*$&( $"$,H**( '?0.-'#&*(

,!6?1'74@(]$H!(H-'10!-".(,!6?1'7("'50E%4&$(%!(!H,6'"*4(7!(0$+%$,'04,.(De(f\@(a"'#6"*$(0,-')56$(5;('6.7!-$(

6-*;6?*( !,H'"*#6"$( "*$( 6'-*$,'&;#$( -( 50,4?04,6$( 1'^#4#/'( H12-"$H!( /$0$,!'0!+2-@( ]'?!( %,6.?1'7( +!I$(

%!514I.G(6"'#6"'(,2I"*#'(-$(-1'B#*-!B#*'#/(%!+*E76.('6.7?*$+(%,!%.)4('('6.7?*$+(H)*#.7.)4(Y=:eZ@

A!7!3";( ,2I"*#E( 4-*7'#6"*'( %!,2-"'"*$( -1'B#*-!B#*( '6.7?4( $0.)4( *( '6.7?4( %,!%.)4@( F( %,6.%'7?4(

-EH)!-!7!,4(!(714I56.+(1'^#4#/4("'50E%4&$(6+"*$&56$"*$(H-'10!-"!B#*(,$'?#&*(,!6?1'74@(F.&'B"*G(+!I"'(

0;(6')$I"!BG(46"'&;#:(I$(-(%,6.%'7?4(714I56.#/(1'^#4#/2-(-EH)!-!7!,!-.#/("'50E%4&$(#6EB#*!-!(,!6?1'7(

50,4?04,.('6.7!+$0.)!-$&(7!("*0,.)!-$&@(g"$,H*'( ,!6?1'74( &$50("'(%!7!3".+(%!6*!+*$:( #6.)*("*$("'50E%4&$(

50'3*)*6'#&'( %,6$6( -.0-!,6$"*$( ?',3!?'0*!"4( "'( #6EB#*( -EH)!-!7!,!-$&( 6-*;6?4( '6.7!!,H'"*#6"$H!@(

F(B-*$0)$(%!-.I56.#/(,!6-'I'^("')$I.(50-*$,76*G:(I$(H,4%'('6.7!+$0.)!-'(*('6.7!-'(5;(-.,'h"*$(,2I".+*(

$?5%)!6!O!,'+*:(6$(-6H)E74("'(,2I".(+$#/'"*6+(,!6?1'74@

?:';+%!&!'@-*-A

F(0!?4(%,'#()'3!,'0!,.&".#/(65."0$6!-'"!(6',2-"!(%!)*+$,.(6'-*$,'&;#$(H,4%.('6.7!+$0.)!-$(M%!)*M'6.7$?(

H)*#.7.)4NN:( &'?( *( 6'-*$,'&;#$( H,4%.( '6.7!-$( M%!)*M'6.7$?( -*".)4NN@( c."0$6E( %,6$%,!-'76!"!( %!%,6$6(

+!7.i?'#&E(%!)*+$,2-(#/)!,!-'".#/(6(-.?!,6.50'"*$+('6.7?4(5!74@(K#$"E(&'?!B#*!-;(*(*)!B#*!-;(%,!74?04(

%,6$%,!-'76!"!("'((%!750'-*$(-*7+'(jQLQPc(!0,6.+'"$H!(%!)*+$,4:('"')*6.($)$+$"0',"$&('(0'?I$(%!%,6$6(

'"')*6E( 6'-',0!B#*( &!"2-( \)- -( +*$56'"*"*$( %!,$'?#.&"$&( Y<:dL<9Z@( J'( %!750'-*$( %!,2-"'"*'( -."*?2-(

46.5?'".#/( %!7#6'5( '"')*6.( -*7+'( -( %!7#6$,-*$"*( Mk_P`N( H'62-( %!-50'1.#/( %!7#6'5( 3'7'"*'( +!I"'(

50-*$,76*G:(I$(,!6?1'7(-(%,6.%'7?4(H,4%.('6.7!+$0.)!-$&(H$"$,4&$(56$,$H(,$'?#&*(-02,".#/@(b!-!7$+("'(0!(

&$50(!3$#"!BG(%'5+('35!,3#&*(#/','?0$,.50.#6".#/(7)'(-*;6'"*'('6!0L-!72,(MLJLlN@(A,6.?1'7!-$(-*7+!(k_P`(

H'62-(%!-50'1.#/(-(%!#6;0?!-$&(O'6*$(5%')'"*'(%,6$750'-*!"!("'(,.5@(<@
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Rys. 1. F*7+!(k_P`(H'62-(%!-50'1.#/(-(-."*?4(5%')'"*'(%!)*M'6.7?4(H)*#.7.)4

A,6$%,!-'76!"!( ,2-"*$I( !6"'#6$"*$( 50'3*)"!B#*( -.+*$"*!".#/( %!)*+$,2-( %!7#6'5( *#/( 714H!0,-'1$H!(

!H,6$-'"*'@( b)'( %!)*+$,2-( 6'-*$,'&;#.( H,4%.( '6.7!+$0.)!-$( 6'!35$,-!-'"!( ,!6?1'7( 6( -.0-!,6$"*$+(

%E#/$,6.( H'64( -( %,23#$( *( "'50E%"*$( 6+*'";( 3',-.:( "'0!+*'50( %!)*+$,( '6.7!-.( %!( 50',6$"*4( 0$,+*#6".+(

6-EH)'1(5*E@(J'(50'3*)"!BG(0$,+*#6";(!6"'#6!";(-(0$"(5%!523("*$(+*'1'(-%1.-4(!3$#"!BG()43(3,'?('0!+2-(

0)$"4( -( 1'^#4#/4( H12-".+( %!)*+$,4( '6.7!-'"$H!@( _'?'( 6')$I"!BG( -.50E%4&$( -( %,6.%'7?4( %!)*+$,2-(

6(%!750'-"*?'+*('6!0'"!-.+*@

F(%,6.%'7?4(%!750'-"*?2-('6.7!+$0.)!-.#/(6'!35$,-!-'"!(,2I".(+$#/'"*6+(,!6?1'74(-(6')$I"!B#*(!7(

*)!B#*(7!50',#6'"$H!(#*$%1'@(F(%,6.%'7?4("*I56.#/(0$+%$,'04,(714H!0,-'1$H!(!H,6$-'"*'(M!7(89(m\(7!(<C9(m\N(

%!-50'1$(H'6.("*$(5;(H'6'+*(%')".+*:('(%!50',6!".(%!)*+$,(#/','?0$,.64&$(5*E(6+"*$&56!".+*(-1'B#*-!B#*'+*(

$"$,H$0.#6".+*@(F(%,6.%'7?4(6-*E?56!"$&( 0$+%$,'04,.(!H,6$-'"*'( M!7(<89(m\(7!(C<9(m\N(%!-50'&;(H'6.(

1'0-!%')"$@( A!"'70!( %!-50'1.( %!)*+$,( "*$( 0,'#*( -1'B#*-!B#*( -.5!?!$"$,H$0.#6".#/@( A!7!3".(+$#/'"*6+(

6'!35$,-!-'"!(-(%,6.%'7?4(76*'1'"*'("'(%,23?E(!0-',0$H!(%1!+*$"*'@

b6*'1'"*$(!0-',0.+(%1!+*$"*$+("'("*$-*$)?;(%,23?E(?!%!)*+$,4('6.7?4(H)*#.7.)4( *( 0)$"?4($0.)$"4(6!50'1!(

5i)+!-'"$(6'(%!+!#;(?'+$,.(!(6-*E?56!"$&(56.3?!B#*(,$&$50,'#&*(!3,'64(M!7(d9(7!(C99(?)'0$?("'(5$?4"7EN@(

["')*6'(i)+4(4?'64&$:( I$( H-'10!-"$( 5%')$"*$( %!)*+$,4(-(+'5*$( %!%,6$76'( %!&'-*$"*$( 5*E( !H"*?2-:( ?02,$(

+!I"'(6*7$"0.i?!-'G(&'?!(6'%')$"*$(5*E(%!-50'&;#.#/(-(#6'5*$(!H,6$-'"*'(H'62-@(a'!35$,-!-'"$(6&'-*5?!(

%,6$750'-*!"!("'(,.54"?'#/(CLe@(T!I"'(6'!35$,-!-'G:(I$(%!&'-*'&;#.(5*E(%1!+*$^(6"'&74&$(5*E(!?!1!(<(++(

"'7(%,23?;:(0,-'(!?!1!(9:9D(5$?4"7.(*("*$("',456'(%,23?*@(a'%')$"*$(-1'B#*-$(%,23?*("'50E%4&$(%!(6'H'B"*E#*4(

!H"*?'(M9:C(5$?4"7.(!750E%4(#6'5!-$H!N(*(!7,2I"*'(5*E(#'1?!-*0.+(5%')$"*$+(%,23?*(!,'6(,!6#/!76$"*$+(5*E(

%1!+*$"*'(-$(-56.50?*#/(?*$,4"?'#/@

Rys. 2. A1!+*$^( "'7( %,23?;( V[A( L( <:>8( 5$?4"7(

76*'1'"*'(%1!+*$"*'

Rys. 3. A1!+*$^( "'7( %,23?;( V[A( L( D:DC( 5$?4"7(

76*'1'"*'(%1!+*$"*'
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Rys. 4. A1!+*$^( "'7( %,23?;( V[A( L( D:8n( 5$?4"7(

76*'1'"*'(%1!+*$"*'

Rys. 5. a'%')$"*$( %,23?*( V[A( o( =:9n( 5$?4"7(

76*'1'"*'(%1!+*$"*'

A!7#6'5(3'7'"*'(!6"'#6!"!(,2-"*$I(+*"*+')";(6'-',0!BG(%!750'-"*?2-('6.7!-.#/:(?02,'(&$50(-.+'H'"':(3.(

%!)*+$,(3.1(46"'".(6'(-.5!?!$"$,H$0.#6".@(F(%,6.%'7?4(6'-',0!B#*(%!"*I$&(<9(p(M*)!BG(+$,2-('6.7!-'".#/q

*)!BG(+$,2-("*$O4"?#&!"')*6!-'".#/N("*$(6'!35$,-!-'"!(,!6?1'74("'-$0(-(0$+%$,'04,6$(-.I56$&(!(D9( (!7(

0$+%$,'04,.:(?02,'(!7%!-*'7'1'($"$,H**('?0.-'#&*(,!6?1'74(H,4%.('6.7!-$&@

`2-"!#6$B"*$(-(%,6.%'7?4(%!)*+$,4('6.7?4(H)*#.7.)4(6'!35$,-!-'"!(,!6?1'7(%!7(-%1.-$+(%,!+*$"*!-'"*'(

B-*$0)"$H!( -( 6'?,$5*$( -*76*')".+( !,'6( jQ( MjQLQPcN@( J'( 6'#/!76;#.( ,!6?1'7( -%1.-'( 6'-',0!BG( H,4%(
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