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1(&+&'&0/!3!D'4!#@$1)+(/!9$+>()/0!/+!;>+@&./*ES!

YE ;&.)4)/(!0$!4&('/!)&%)7,/!./!0$!*,*1/%*)&%!./!"##S!
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"&,*!/-1&*/(&%*!*,''/**)2/;/%+!0Q)%40,/%'/!./!'/*!7,$+(/!1$($;H+(/*!*,(!0$!'(&)**$%'/!./*!

;,0+)'&,'@/*!D6"^"##ER!!!
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!

A&,(! 0Q>0$5&($+)&%!./*!4)0;*S!./,-!1(&+&'&0/*!.)*+)%'+*!1/,2/%+!U+(/!,+)0)*>*!c!1(&+&'&0/! G!\!

1(&+&'&0/!3!D#4!#@$1)+(/!YE!

!
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O$! K18*0(! """b5! ;&%+(/! 0$! '(&)**$%'/! ./! ./,-! 4)0;*! D6"^"##E! (>$0)*>*! .$%*! 0/*! ;U;/*!

'&%.)+)&%*!D)R/!1CS!'&%'/%+($+)&%S!4&('/!)&%)7,/!./*!*,*1/%*)&%*!/+!+/;1*!./!+(/;1$8/!4)->*ES! 0Q,%!

'&%*+(,)+!$2/'!0/!1(&+&'&0/!G!/+!0Q$,+(/!$2/'!0/!1(&+&'&0/!3R!p%/!'(&)**$%'/!0)%>$)(/!/*+!&5+/%,/!.$%*!

0/*! ./,-! '$*! ;$)*! 0/! 1(&+&'&0/! 3! '&%.,)+! K! ,%! )%'(>;/%+! ;&?/%! 1$(! 5)'&,'@/! ./! [ZZ! %;! 5)/%!

*,1>()/,(!K!'/0,)!./!gm!%;!'$0',0>!1&,(!0/!1(&+&'&0/!GR!A&,(![]!5)'&,'@/*S!,%/!>1$)**/,(!./![SY]!�;!

$!1,!U+(/!;/*,(>/!1&,(!D6"^"##E%S3!'&%+(/!]il!%;!1&,(!D6"^"##E%SGR!O/*!;,0+)'&,'@/*!D6"^"##E%S3!

1(>*/%+/%+!>8$0/;/%+!./*!'&,0/,(*!.Q)%+/(4>(/%'/R!#/1/%.$%+S!'/00/*P')!*&%+!;&)%*!@&;&8H%/*!7,/!

0&(*7,Q,%/!>+$1/!./!*>'@$8/!)%+/(;>.)$)(/!/*+!)%+(&.,)+/!DK18*0(!"""bEER!!
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:::>B>B> :.J40%./%&'%&4(&J-*/%&"-."70%&'%&4(&#0#3%.#"-.&'%&H11&
!

B4)%! ./! ;&.,0/(! 0$! '(&)**$%'/! /+! 0Q$('@)+/'+,(/S! ./*! 4)0;*! &%+! >+>! '&%*+(,)+*! $2/'! ./,-!

*,*1/%*)&%*!./!"##!c!,%/!'&%+/%$%+![Z!;9!./!'@0&(,(/!./!*&.),;!%&+>/!D6"^"##![Z!;9!"$#0E%!

/+!0Q$,+(/!*$%*!$..)+)&%!./!*/0!%&+>/!D6"^"##E%R!O/*!./,-!*,*1/%*)&%*!1(&2)/%%/%+!.Q,%!;U;/!0&+!

./!"##!'&%'/%+(>!K!l!r!;^;!1,)*!.)0,>!K!XSl!r!;^;!$2/'!,%/!*&0,+)&%!./!"$#0!.$%*!,%!'$*!/+!./!

0Q/$,!.)*+)00>/!.$%*!0Q$,+(/R!z,/0!7,/!*&)+!0/!1(&+&'&0/!./!*>'@$8/!,+)0)*>S!&%!'&%*+$+/!*,(!0$!K18*0(!

"""bI! ,%! /44/+! +(H*! ;$(7,>! ./! 0Q$..)+)&%! ./! */0! *,(! 0$! '&%*+(,'+)&%! ./*! 4)0;*R! IQ,%/! 1$(+S! 0$!

'(&)**$%'/! ./*! 4)0;*! D6"^"##! [Z! ;9! "$#0E%! /*+! 10,*! 0/%+/! 7,/! '/00/! ./*! 4)0;*! D6"^"##E%R! I/*!

)%'(>;/%+*!;&?/%*!1$(!5)'&,'@/!./![g!%;!/+!Y[!%;S!&%+!>+>!;/*,(>*!1&,(!0/*!*?*+H;/*!D6"^"##!

[Z!;9!"$#0E%SG!/+! D6"^"##![Z!;9!"$#0E%S3S! (/*1/'+)2/;/%+R!IQ$,+(/!1$(+S!/%!1(>*/%'/!./![Z!;9!

"$#0!.$%*!0$!*,*1/%*)&%!./!"##S!0$!'(&)**$%'/!./*!4)0;*!/*+!1$(4$)+/;/%+!0)%>$)(/!.H*!0/*!1(/;)H(/*!

5)'&,'@/*!$0&(*!7,/!*$%*!$..)+)&%!./!*/0!0$!'(&)**$%'/!.>5,+/!1$(!,%/!$,8;/%+$+)&%!0/%+/!V,*7,QK!%!

�!gP]!$2$%+!.Q$++/)%.(/!,%!(>8);/!0)%>$)(/R!
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O/*! /44/+*! &5+/%,*! *,(! 0$! '(&)**$%'/! */;50/%+! /44/'+)4*! 1&,(! ,%/! 7,$%+)+>! 4$)50/! ./! */0!

;&%&2$0/%+!$V&,+>!.$%*!0$!*,*1/%*)&%!./!"##R!O$!7,/*+)&%!/*+!K!1(>*/%+!./!*$2&)(!K!1$(+)(!./!7,/00/!

7,$%+)+>!0/*!/44/+*!*/!4&%+!(/**/%+)(R!F%!,+)0)*$%+!,%)7,/;/%+!0/!1(&+&'&0/!GS!%&,*!$2&%*!'&%*+(,)+!./*!

4)0;*! D6"^"##! -!;9!"$#0E%SG! $2/'! -! >8$0! K! [�! ]! /+! [ZR! O/*! >1$)**/,(*! *&%+!;/*,(>/*! /%! B39! /+!

'&;1$(>/*!K!0$!'(&)**$%'/!&5+/%,/!1&,(!0/!*?*+H;/!D6"^"##E%SG!1&,(!0/7,/0!-�ZR!O/*!(>*,0+$+*!*&%+!

1(>*/%+>*! *,(! 0$! 3)8,(/! GGGPlR! O/*! 1&)%+*! /-1>();/%+$,-! ./*! ;,0+)'&,'@/*! '&%*+(,)+*! $2/'! ./*!

*,*1/%*)&%*! ./! "##! 1&,(! 0/*7,/00/*! [S! ]! &,! [Z!;9!"$#0! &%+! >+>! $V&,+>*S! *&%+! *,1/(1&*>*R! A$(!

$)00/,(*S!1&,(!,%!%&;5(/!./!5)'&,'@/*!>8$0S!0/*!4)0;*!1(>*/%+/%+!0/*!;U;/*!'&,0/,(*!.Q)%+/(4>(/%'/!

7,/00/!7,/!*&)+! 0$!7,$%+)+>!./!*/0!$V&,+>/R!#/*! 4)0;*!*&%+!.&%'!./!;U;/!>1$)**/,(!@&;&8H%/!*,(!

./*!*,(4$'/*!./!+$)00/!'/%+);>+()7,/!DK18*0(!"""bGER!!

!

'()*+"!TTTUi!-!T7?%*"7/"!3"!%$!?5+/"!(57(8*"!2*+!%$!/+5(22$7/"!3"!?(%42!@Q9F9..!R!4P!9$.%A7MT!65*+!R!L!^!
@"AM!R!L!,!@!AM!R!L!N!@$A!"#!R!L!,^!@!A!

#/*!(>*,0+$+*!;&%+(/%+!7,/!0/*!/44/+*!.Q$..)+)&%!.Q,%!*/0!;&%&2$0/%+!'&;;/!0/!'@0&(,(/!./!

*&.),;!.$%*!0$!*,*1/%*)&%!./!"##!*/!4&%+!*/%+)(!.H*![!;9R!B,+(/;/%+!.)+S!,%/!4$)50/!7,$%+)+>!./!

*/0!;&%&2$0/%+! *,44)+! K!;&.)4)/(! 0Q$('@)+/'+,(/! ./! %&*! 4)0;*! /+! +&,+! $V&,+! *,110>;/%+$)(/! %Q$! 1$*!
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?a&2G&

'()*+"!TTTUb!-!G05#5)+$60("2!3"!?(%42!@Q9F9..!R!4P!9$.%A7MT!65*+!7!L!NMN!g!,^MN!g!,DMN!"#!,NMN!@3"!
)$*/0"!>!3+5(#"A!$:"/!R!L!,!@HAM!R!L!N!@ZA!"#!R!L!,^!@.A&!Y"2!+$=*+"2!2*+!%"2!1/0$7#(%%572!6+5:("77"7#!

3"2!4"2*+"2!3<16$(22"*+!"7!H'P&!!

"&,*! *&;;/*!.&%'!/%!;/*,(/S!/%!&;/++$%+!&,!%&%! 0$!1(>*/%'/!.Q,%/!>+$1/!./! *>'@$8/!

)%+/(;>.)$)(/!/+!/%!;&.)4)$%+!0$!4&('/!)&%)7,/!./!0$!*,*1/%*)&%!./!"##S!./!8>%>(/(!./*!'(&)**$%'/*!

+(H*!.)44>(/%+/*!$,-!$('@)+/'+,(/*!2$()>/*R!!!

:::>B>?> :.J40%./%&'0&$%23#&'%&$*%23(;%&
!

O/! (/1(&'@/! *&,2/%+! 4$)+! $,!;&./!./!.>1&*)+)&%!1$(! +(/;1$8/!/*+! 0/! +/;1*! (/0$+)2/;/%+!

0&%8!%>'/**$)(/!K! 0Q&5+/%+)&%!./!;,0+)'&,'@/*R!F%!/44/+S!'/0,)P')!/*+!./!0Q&(.(/!./![]!;)%,+/*!1&,(!

0/*! *?*+H;/*! '0$**)7,/*! Df/$%! "#! $%&! YZZmE! /+! '&((/*1&%.! $,! +/;1*! .Q$.*&(1+)&%! /+! ./!

(>$(($%8/;/%+!./*!'&%*+)+,$%+*S!/%!1$(+)',0)/(!./*!'@$k%/*!./!1&0?;H(/R!B4)%!./!+/*+/(!0Q)%40,/%'/!

.,!+/;1*!./!+(/;1$8/!*,(!0/*!4)0;*!a!+&,+!%$%&1$(+)',0/*!bS!,%/!>+,./!$!>+>!(>$0)*>/!*,(!./*!4)0;*!

D6"^"##![Z!;9!"$#0E!1&,(!./*! +/;1*!./! +(/;1$8/!./![]!;)%,+/*S!]!;)%,+/*S![!;)%,+/!/+![Z!*!

$2/'!0/!1(&+&'&0/!./!*>'@$8/!G!DK18*0(!"""bLE!&,!3!DK18*0(!"""b-ER!!

A&,(! 0/! 1(&+&'&0/! GS! 0/*! )%'(>;/%+*! 1$(! 5)'&,'@/!;/*,(>*! *&%+! 1(&'@/*! $2/'! ./*! 2$0/,(*!

(/*1/'+)2/;/%+!./![gS![XS![X!/+![Y!%;!1&,(![]!;)%S!]!;)%S![!;)%!/+![Z!*S!(/*1/'+)2/;/%+R!A&,(!0/!

+/;1*!0/!10,*!4$)50/!0Q)%'(>;/%+!/*+!0>8H(/;/%+!10,*!4$)50/R!A$(!$)00/,(*S!0$!0)%>$()+>!/*+!(/;$(7,$50/!

.$%*! 0/*! g! '$*R! O$! +/'@%)7,/! ./! .>1&*)+)&%! '&,'@/! 1$(! '&,'@/! /%! )%+(&.,)*$%+! ./*! >+$1/*! ./!

*>'@$8/!)%+/(;>.)$)(/*!/*+!(&5,*+/!/+!%&,*!1/(;/+!./!.);)%,/(! 0/*!+/;1*!./!+(/;1$8/!K![Z!*!/%!

;&.)4)$%+!+(H*!1/,!0$!2$0/,(!./!0Q)%'(>;/%+!1$(!5)'&,'@/R!
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4P!9$.%A7MT!+1$%(212!$:"/!3"2!#"462!3"!#+"46$)"!3"!,N!4(7!@"AM!N!4(7!@!AM!,!4(7!@!A!"#!,^!2!@!A&!

I$%*! 0/! '$*! &h! $,',%/! >+$1/! ./! *>'@$8/! )%+/(;>.)$)(/! %Q/*+! )%+(&.,)+/S! 0$! *)+,$+)&%! /*+!

($.)'$0/;/%+!.)44>(/%+/!/+!&%!'&%*+$+/!*,(! 0$! 4)8,(/! GGGP[Z!7,/! 0$!'(&)**$%'/!.>1/%.!4&(+/;/%+!.,!

+/;1*!./!+(/;1$8/R!p%!)%'(>;/%+!./!YX!%;!$!>+>!;/*,(>!0&(*7,/!0/!+/;1*!./!+(/;1$8/!/*+!./![]!

;)%,+/*! '&%+(/! q!%;!1&,(! [Z! *R! #/*! (>*,0+$+*! %&,*!;&%+(/%+! 7,/! 0Q$5*/%'/!.Q>+$1/*!./! *>'@$8/!

)%+/(;>.)$)(/! '&%.,)+! K! ./*! '(&)**$%'/*! ($.)'$0/;/%+! .)44>(/%+/*! ;$)*! $11$(/;;/%+! +&,V&,(*!

0)%>$)(/*R!!

OQ)%40,/%'/!.,!+/;1*!./!+(/;1$8/!&5*/(2>!1&,(! 0/!1(&+&'&0/!3!/+!%&%!1&,(! 0/!1(&+&'&0/! G!

*,88H(/!./*!;&./*!./!'&%*+(,'+)&%!+(H*!.)44>(/%+*!/+!,%/! )%40,/%'/!./! 0$!.)44,*)&%!.$%*! 0/!'$*!./!

0Q$5*/%'/!.Q,%/!>+$1/!./!*>'@$8/R!!
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'()*+"!TTTU\!-!c:5%*#(57!3"!%<16$(22"*+!"7!?57/#(57!3*!754;+"!3"!;(/5*/0"2!65*+!3"2!?(%42!@Q9F9..!,^!
4P!9$.%A7M'!+1$%(212!$:"/!3"2!#"462!3"!#+"46$)"!3"!,N!4(7!@!A!"#!,^2!@$A&!

:::>B>B> :.J40%./%&'0&J(/$%0*&'%&J-*2%&'%#&H11&

B4)%!.Q>+,.)/(!0Q)%40,/%'/!.,!4$'+/,(!./!4&(;/!./*!"##!*,(!0$!'(&)**$%'/!./*!4)0;*!D6"^"##ES!

%&,*!$2&%*!(/;10$'>!0/*!"##!./!'&+&%!1$(!./*!"##!./!+,%)')/(R!O$!'&%'/%+($+)&%!./!0$!*,*1/%*)&%!

./! +,%)')/(! $! >+>! 4)->/! K! ZSg[! ;^;! r! /+! $,',%! */0! %Q$! >+>! $V&,+>R! A&,(! 0$! '(&)**$%'/! ./*! 4)0;*!

D6"^"##+,%ES! 0/*!./,-!1(&+&'&0/*! G! /+! 3!&%+!>+>!,+)0)*>*R!:&,+/4&)*S! )0! *Q/*+!$2>(>!7,Q,%)7,/;/%+! 0/!

1(&+&'&0/! G! 1(&.,)*$)+! ./*! 4)0;*! @&;&8H%/*! /+! .&%+! 0Q>1$)**/,(! $,8;/%+$)+! $2/'! 0/! %&;5(/! ./!

5)'&,'@/*! D3)8,(/! GGGP[ZER! <%! /%! .>.,)+! 7,/! 0$! '(&)**$%'/! >'@&,/R! O$! 1(>*/%'/! .Q,%/! >+$1/! ./!

*>'@$8/!/*+!.&%'!)%.)*1/%*$50/!1&,(!0$!'&%*+(,'+)&%!./*!4)0;*!D6"^"##+,%ER!

!

!

!

"&,*! $2&%*! 4$)+! '(&k+(/! ./*! 4)0;*! D6"^"##+,%E%SG! V,*7,QK! []! 5)'&,'@/*! DK18*0(! """b$$ER! O$!

'(&)**$%'/! &5+/%,/! /*+! 0)%>$)(/! *,(! +&,+/! 0$! 8$;;/! >+,.)>/! /+! '&((/*1&%.! K! ,%! )%'(>;/%+! 1$(!

5)'&,'@/!./!q!%;!#/++/!2$0/,(!/*+!5/$,'&,1!10,*!4$)50/!7,/!+&,*! 0/*! )%'(>;/%+*!;/*,(>*!.$%*! 0/!

'$*!./!4)0;*!D6"^"##ES!7,/07,/!*&)+! 0/!1(&+&'&0/!&,! 0$!4&('/! )&%)7,/!,+)0)*>/R!#/*!4)0;*!1(>*/%+/%+!

>8$0/;/%+!./*!'&,0/,(*!.Q)%+/(4>(/%'/!'&;;/!0/!;&%+(/!0$!K18*0(! """b$[R!#&;;/!1&,(!0/!'&+&%S!

'/*!'&,0/,(*!*&%+!(/0$+)2/;/%+!@&;&8H%/*!*,(!+&,+/!0$!*,(4$'/!.,!4)0;R!O$!*/,0/!.)44>(/%'/!/*+!7,/!

0/!'@$%8/;/%+!./!'&,0/,(!/*+!;&)%*!$5(,1+!.,!4$)+!.Q,%!)%'(>;/%+!1$(!5)'&,'@/!;&)%.(/R!

!
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'()*+"!TTTU,,!-!c:5%*#(57!3"!%<16$(22"*+!"7!?57/#(57!3*!754;+"!3"!;(/5*/0"2!65*+!*7!?(%4!
@Q9F9..#*7A7MT!&!Y"2!65(7#2!"R61+(4"7#$*R!257#!+"%(12!6$+!3"2!%()7"2!65*+!2"+:(+!3"!)*(3"!65*+!%"2!="*R&!

Y"2!(4$)"2!/5++"26573"7#!>!3"2!605#5)+$60("2!3"!%$!2*+?$/"!3"2!?(%42!457#+$7#!%"2!/5*%"*+2!
3<(7#"+?1+"7/"2&!

O$! +&1&8($1@)/!./*! 4)0;*! D6"^"##+,%E!$!>+>!&5*/(2>/!/%!B39!DK18*0(! """b$.ER! O$!K18*0(!

"""b$.B! '&((/*1&%.! K! 0$! 1(/;)H(/! '&,'@/! ./!6"! *,(! 0$! *&,*P'&,'@/! ./! 1&0?>0/'+(&0?+/*R! #&;;/!

1&,(! 0$!K18*0(! """b.S! &%! %&+/! ,%/! ./%*)+>! /%! 6"! +(H*! >0/2>/R! O$!K18*0(! """b$.L! '&((/*1&%.! K!

0Q>+$1/! *,)2$%+/! S'Q/*+PKP.)(/! 0Q$.*&(1+)&%! .Q,%/! '&,'@/! ./! "##! ./! +,%)')/(! *,(! 0$! '&,'@/! ./!

10$7,/++/*R!<%!'&%*+$+/! 0$!1(>*/%'/!./! 0&%8*!%$%&'()*+$,-!./!+,%)')/(!;$)*!K! 0$!.)44>(/%'/!.,!'$*!

./*!"##!./!'&+&%S!0$!./%*)+>!/*+!%/++/;/%+!;&)%*!>0/2>/S!0/*!4)0;*!*/;50/%+!10,*!1&(/,-R!O$!*,(4$'/!

1&,(($)+! U+(/! '&;1$(>/! K! ,%/! 1)0/! ./! ;)N$.&R! F%4)%S! *,(! 0$! K18*0(! """b$.#S! '&((/*1&%.$%+! K!
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Parameters of the fit for sample (GN/h-NCC 0mMNaCl) with intermediate drying step 

 
(GN/h-NCC 0mMNaCl)2 with intermediate drying step  
 
  Thickness (nm) SLD ( X 10-6 Å-2 ) Roughness (nm) 
Layer 1 Si  2.1 0.2 
Layer 2 SiO2 0.8 3.4 0.2 
Layer 3 PE 5.4 1 2 
Layer 4 

GN 
4.2 1.6 2 

Layer 5 (NCC/GN)m 16.7 1.3 8 
  
Valeur du χ2 = 11 
 
(GN/h-NCC 0mMNaCl)3 with intermediate drying step 

 

  Thickness (nm) SLD ( X 10-6 Å-2 ) Roughness (nm) 
Layer 1 Si  2.1 0.1 
Layer 2 SiO2 0.9 3.4 0.1 
Layer 3 PE 6 1.1 1.5 
Layer 4 

GN 
4.4 1.4 1.3 

Layer 5 (NCC/GN)m 35.2 1.3 8.4 
 
Valeur du χ2 = 8 
 
(GN/h-NCC 0mMNaCl)4 with intermediate drying step 

 
  Thickness (nm) SLD ( X 10-6 Å-2 ) Roughness (nm) 
Layer 1 Si  2 0.3 
Layer 2 SiO2 0.8 3.4 0.1 
Layer 3 PE 7.8 1.1 3 
Layer 4 

GN 
2.4 1.7 1 

Layer 5 (NCC/GN)m 63.7 1.3 9.5 
  
Valeur du χ2 = 4 
 
(GN/h-NCC 0mMNaCl)7 with intermediate drying step 

 
  Thickness (nm) SLD ( X 10-6 Å-2 ) Roughness (nm) 
Layer 1 Si  2 0.1 
Layer 2 SiO2 0.9 3.4 0.2 
Layer 3 PE 4.1 1 2.5 
Layer 4 

GN 
2.5 1.6 1.4 

Layer 5 (NCC/GN)m 192.3 1.3 10.9 
  
Valeur du χ2 = 10 
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Number of bilayers Nanoparticles volume fraction (%) 
2 70 
3 70 
4 70 
7 70 
 
 
Parameters of the fit for sample (GN/h-NCC 0mMNaCl) without intermediate drying 

step 
 
(GN/h-NCC 0mMNaCl)2  
 
  Thickness (nm) SLD ( X 10-6 Å-2 ) Roughness (nm) 
Layer 1 Si  2.1 0.1 
Layer 2 SiO2 0.6 3.5 0.1 
Layer 3 PE 5.8 1.1 2 
Layer 4 (GN/NCC)m 24.4 1.6 8.8 
 
Valeur du χ2 = 6 
 
 
GN/h-NCC 0mMNaCl)4  
 
  Thickness (nm) SLD ( X 10-6 Å-2 ) Roughness (nm) 
Layer 1 Si  2 0.1 
Layer 2 SiO2 0.4 3.5 0.2 
Layer 3 PE 5.5 1 5 
Layer 4 (GN/NCC)m 105 1.5 12 
 
Valeur du χ2 = 30 
 
GN/h-NCC 0mMNaCl)7  
 
  Thickness (nm) SLD ( X 10-6 Å-2 ) Roughness (nm) 
Layer 1 Si  2.1 0.1 
Layer 2 SiO2 0.9 3.4 0.2 
Layer 3 PE 4.6 1.1 0.6 
Layer 4 (GN/NCC)m 496.9 1.3 15.9 
 
Valeur du χ2 = 20 
 
Number of bilayers Nanoparticles volume fraction (%) 
2 86 
4 81 
7 70 
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Parameters of the fit for sample (GN/h-NCC 10mMNaCl) with intermediate drying 

step 
 
 
GN/h-NCC 10mMNaCl)2 with intermediate drying step 
 
  Thickness (nm) SLD ( X 10-6 Å-2 ) Roughness (nm) 
Layer 1 Si  2 0.1 
Layer 2 SiO2 0.5 3.4 0.2 
Layer 3 PE 5.2 1.1 0.6 
Layer 4 (GN/NCC)m 27.5 1.5 7 
 
Valeur du χ2 = 2.3 
 
GN/h-NCC 10mMNaCl)3 with intermediate drying step 
 
  Thickness (nm) SLD ( X 10-6 Å-2 ) Roughness (nm) 
Layer 1 Si  2 0.1 
Layer 2 SiO2 0.4 3.4 0.1 
Layer 3 PE 4.8 0.9 1.4 
Layer 4 (GN/NCC)m 44.1 1.5 8.7 
 
Valeur du χ2 = 10 
 
GN/h-NCC 10mMNaCl)4 with intermediate drying step 
 
  Thickness (nm) SLD ( X 10-6 Å-2 ) Roughness (nm) 
Layer 1 Si  2 0.3 
Layer 2 SiO2 0.3 3.5 0.2 
Layer 3 PE 5.5 1.1 1.0 
Layer 4 (GN/NCC)m 56.8 1.5 8.9 
 
Valeur du χ2 = 1.58 
 
GN/h-NCC 10mMNaCl)7 with intermediate drying step 
 

 

 Thickness (nm) SLD ( X 10-6 Å-2 ) Roughness (nm) 

Layer 1 Si  2.1 0.2 
Layer 2 SiO2 0.1 3.4 0.2 
Layer 3 PE 5.5 1 1.5 
Layer 4 (GN/NCC)m 104.6 1.5 9.2 
 
Valeur du χ2 = 2 
 
Number of bilayers Nanoparticles volume fraction (%) 
2 81 
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3 81 
4 81 
7 81 
 
 
Parameters of the fit for sample (GN/h-NCC 10mMNaCl) without intermediate drying 

step 

 
GN/h-NCC 10mMNaCl)2  
 
  Thickness (nm) SLD ( X 10-6 Å-2 ) Roughness (nm) 
Layer 1 Si  2.1 0.1 
Layer 2 SiO2 0.2 3.4 0.1 
Layer 3 PE 3.8 0.9 2.3 
Layer 4 (GN/NCC)m 35.1 1.65 8.5 
 
Valeur du χ2 = 0.1 
 
GN/h-NCC 10mMNaCl)4 
 
  Thickness (nm) SLD ( X 10-6 Å-2 ) Roughness (nm) 
Layer 1 Si  2 0.3 
Layer 2 SiO2 0.7 3.4 0.3 
Layer 3 PE 4.9 1 2.5 
Layer 4 (GN/NCC)m 87.2 1.55 10.6 
 
Valeur du χ2 = 1.6 
 
GN/h-NCC 10mMNaCl)7 
 
  Thickness (nm) SLD ( X 10-6 Å-2 ) Roughness (nm) 
Layer 1 Si  2 0.2 
Layer 2 SiO2 1.6 3.4 0.1 
Layer 3 PE 4.7 1 1.4 
Layer 4 (GN/NCC)m 164.7 1.55 12.5 
 
Valeur du χ2 = 2.8 
 
Number of bilayers Nanoparticles volume fraction (%) 
2 89 
4 84 
7 84 
!
!
!
!
!
!
!
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Parameters of the fit for sample (GN/h-NCC 10mMNaCl)4 with intermediate drying 

step mesured in D2O or H2O 
 
(GN/h-NCC 10mMNaCl)4  
 
  Thickness 

(nm) 
SLD ( X 10-6 Å-2 ) Hydration 

(%) 
Roughness (nm) 

Layer 1 Si  2.1 0 0.6 
Layer 2 SiO2 2.4 3.4 33 0.5 
Layer 3 PE 8.9 1.1 26 4.3 
Layer 4 

GN 
7 1.8 54 2.7 

Layer 5 (GN/NCC)m 19.1 1.9 89 2.6 
Layer 6 (GN/NCC)m 54.3 1.9 96 2 
 
Valeur du χ2 = 14.8 
 
 
Parameters of the fit for sample (GN/h-NCC 10mMNaCl)7 with intermediate drying 
step mesured in D2O or H2O 

 
(GN/h-NCC 10mMNaCl)7  
 
  Thickness 

(nm) 
SLD ( X 10-6 Å-2 ) Hydration 

(%) 
Roughness (nm) 

Layer 1 Si  2.1 0 0.8 
Layer 2 SiO2 2.8 3.4 34 1.7 
Layer 3 PE 4 1.1 25 2.5 
Layer 4 

GN 
4.4 1.8 42 0.5 

Layer 5 (GN/NCC)m 6 1.9 30 5 
Layer 6 (GN/NCC)m 156.6 1.9 79 8.1 
Layer 7 (GN/NCC)m 55.6 1.9 97 8.8 
 
Valeur du χ2 = 16.1 
 
Parameters of the fit for sample (GN/h-NCC 10mMNaCl)4 without intermediate 

drying step mesured in D2O or H2O 
 
(GN/h-NCC 10mMNaCl)4  
 
  Thickness 

(nm) 
SLD ( X 10-6 Å-2 ) Hydration 

(%) 
Roughness (nm) 

Layer 1 Si  2.1 0 0.3 
Layer 2 SiO2 0.5 3.4 60 0.3 
Layer 3 PE 5.9 1.1 10 0.3 
Layer 4 (GN/NCC)m 7.2 1.9 48 2 
Layer 5 (GN/NCC)m 13 1.9 70 7 
Layer 6 (GN/NCC)m 132.1 1.9 88 15.2 
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Valeur du χ2 = 5.7 
 
Parameters of the fit for sample (GN/h-NCC 10mMNaCl)7 without intermediate 

drying step mesured in D2O or H2O 

 
(GN/h-NCC 10mMNaCl)7  
 
  Thickness 

(nm) 
SLD ( X 10-6 Å-2 ) Hydration 

(%) 
Roughness (nm) 

Layer 1 Si  2.1 0 0.5 
Layer 2 SiO2 2.5 3.4 21 0.6 
Layer 3 PE 12.5 1.1 14 4.8 
Layer 4 (GN/NCC)m 15 1.9 74 7 
Layer 5 (GN/NCC)m 19.6 1.9 85 18 
Layer 6 (GN/NCC)m 162.3 1.9 93 14.4 
 
 
Valeur du χ2 = 8.1 
 
Parameters of the fit for sample (GN/h-NCC 10mMNaCl)2 never dried mesured in 

D2O or H2O 

 
(GN/h-NCC 10mMNaCl)2  
 
  Thickness 

(nm) 
SLD ( X 10-6 Å-2 ) Hydration 

(%) 
Roughness (nm) 

Layer 1 Si  2.1 0 0.8 
Layer 2 SiO2 3.3 3.4 18 0.8 
Layer 3 PE 12.2 1.1 8 6 
Layer 4 (GN/NCC)m 15 1.9 78 6.1 
Layer 5 (GN/NCC)m 220.3 1.9 91 19.8 
 
 
Valeur du χ2 = 10.1 
 
Parameters of the fit for sample (GN/h-NCC 10mMNaCl)4 never dried mesured in 

D2O or H2O 
 
(GN/h-NCC 10mMNaCl)4  
 
  Thickness 

(nm) 
SLD ( X 10-6 Å-2 ) Hydration 

(%) 
Roughness (nm) 

Layer 1 Si  2.1 0 0.3 
Layer 2 SiO2 3.1 3.4 23 0.3 
Layer 3 PE 13 1.1 8 7 
Layer 4 (GN/NCC)m 14.9 1.9 78 4.6 
Layer 5 (GN/NCC)m 345.9 1.9 87 33 
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Valeur du χ2 = 7.5 
!
!
!
(NCC/XG/NCC/GN)0,5,I 

 
  Epaisseur (nm) SLD ( X 10-6 Å-2 ) Rugosité (nm) 
Couche 1 Si  2,1 0,4 
Couche 2 SiO2 0,5 3,4 0,2 
Couche 3 PE 3 1,1 1,1 
Couche 4 NCC 17,4 1,5 8,8 
Couche 5 XG 3,9 0,5 4 
 
Valeur du χ2 = 1,5 
!
!
(NCC/XG/NCC/GN)1,I 

 
  Epaisseur (nm) SLD ( X 10-6 Å-2 ) Rugosité (nm) 
Couche 1 Si  2 0,4 
Couche 2 SiO2 0,6 3,5 0,3 
Couche 3 PE 3,4 1 1,1 
Couche 4 NCC 11,9 1,44 5,9 
Couche 5 XG 2,4 1,01 1,2 
Couche 6 NCC 13,7 1,11 3,2 
Couche 7 GN 6,6 0,5 2,3 
 
Valeur du χ2 = 1,6 
!
!
(NCC/XG/NCC/GN)1,5,I 

 
  Epaisseur (nm) SLD ( X 10-6 Å-2 

) 
Rugosité (nm) 

Couche 1 Si  2 0,5 
Couche 2 SiO2 0,9 3,5 0,4 
Couche 3 PE 2 1,1 1,6 
Couche 4 NCC/XG/NCC/GN 43,6 1,5 7 
 
Valeur du χ2 = 1,7 
!
!
(NCC/XG/NCC/GN)2,I 

 
  Epaisseur (nm) SLD ( X 10-6 Å-2 

) 
Rugosité (nm) 

Couche 1 Si  2 0,3 
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Couche 2 SiO2 0,7 3,4 0,3 
Couche 3 PE 3 1,1 2 
Couche 4 NCC/XG/NCC/GN 54,3 1,5 7,4 
 
Valeur du χ2 = 1,9 
 
  
(NCC/XG/NCC/GN)2,5,I 

 
  Epaisseur (nm) SLD ( X 10-6 Å-2 

) 
Rugosité (nm) 

Couche 1 Si  2,1 0,3 
Couche 2 SiO2 0,8 3,5 0,3 
Couche 3 PE 3,4 0,9 1,2 
Couche 4 NCC/XG/NCC/GN 60,2 1,4 7,6 
 
Valeur du χ2 = 6,7 
!
(NCC/XG/NCC/GN)3,I 

 
  Epaisseur (nm) SLD ( X 10-6 Å-2 

) 
Rugosité (nm) 

Couche 1 Si  2,1 0,1 
Couche 2 SiO2 0,8 3,4 0,2 
Couche 3 PE 3,1 1,1 2 
Couche 4 NCC/XG/NCC/GN 70,1 1,28 7 
 
Valeur du χ2 = 7 
!
!
!
Paramètres des fits de l’échantillon (NCC/XG)5,I mesuré à 22 % d’humidité (D20) 

 
(NCC/XG)5,I  
 

  Epaisseur (nm) SLD ( X 10-6 Å-2 ) Rugosité (nm) Fraction 
volumique (%) 

Couche 1 Si  2,07 0,8  
Couche 2 SiO2 0,3 3,47 0,3 100 
Couche 3 PE 3 1,1 2 72% 
Couche 4 (NCC/XG) 26,5 1,9 6,8 89% 
 
 
 
Paramètres des fits de l’échantillon (NCC/XG)5,I mesuré à 55 % d’humidité (D20 & 

H20) 

(NCC/XG)5,I  
 

  Epaisseur (nm) SLD ( X 10-6 Å-2 ) Rugosité (nm) Fraction 
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volumique (%) 
Couche 1 Si  2,07 0,8 100 
Couche 2 SiO2 0,62 3,47 1 100 
Couche 3 PE 1 1,1 0.3 77 
Couche 4 (NCC/XG) 28,1 1,9 6,2 93 

 
Valeur du χ2 = 14.8 
 

 
Paramètres des fits de l’échantillon (NCC/XG)5,I mesuré à 75 % d’humidité (D20 & 

H20) 

(NCC/XG)5,I  
 

  Epaisseur (nm) SLD ( X 10-6 Å-2 ) Rugosité (nm) Fraction 
volumique (%) 

Couche 1 Si  2,07 0,4 100 
Couche 2 SiO2 0,5 3,47 1 100 
Couche 3 PE 3 1,1 0,9 72 
Couche 4 (NCC/XG) 32,5 1,9 10,1 63 
 
Valeur du χ2 = 14.8 
 

 
Paramètres des fits de l’échantillon (NCC/XG)5,I mesuré à 98 % d’humidité (D20 & 

H20) 

(NCC/XG)5,I  
 

  Epaisseur (nm) SLD ( X 10-6 Å-2 ) Rugosité (nm) Fraction 
volumique (%) 

Couche 1 Si  2,07 0,3 100 
Couche 2 SiO2 1 3,47 1 100 
Couche 3 PE 2,7 1,1 1,7 60 
Couche 4 (NCC/XG) 36,5 1,9 12 46 
 
Valeur du χ2 = 14.8 
 

!
Paramètres des fits de l’échantillon (NCC/OXG)5,I mesuré à 22 % d’humidité (D20) 

 
(NCC/OXG)5,I  
 

  Epaisseur (nm) SLD ( X 10-6 Å-2 ) Rugosité (nm) Fraction 
volumique (%) 

Couche 1 Si  2,07 0,3 100 
Couche 2 SiO2 0,6 3,47 0,3 100 
Couche 3 PE 1 1,1 1,4 79 
Couche 4 (NCC/XG) 22,9 1,9 8,4 81 

 
Valeur du χ2 = 14.8 
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!
Paramètres des fits de l’échantillon (NCC/OXG)5,I mesuré à 55 % d’humidité (D20) 

 
(NCC/OXG)5,I  
 

  Epaisseur (nm) SLD ( X 10-6 Å-2 ) Rugosité (nm) Fraction 
volumique (%) 

Couche 1 Si  2,07 0,3 100 
Couche 2 SiO2 0,3 3,47 1 100 
Couche 3 PE 3 1,1 2 90 
Couche 4 (NCC/XG) 27 1,9 9,9 87 
 
Valeur du χ2 = 14.8 
 
!
Paramètres des fits de l’échantillon (NCC/OXG)5,I mesuré à 75 % d’humidité (D20) 

 
(NCC/OXG)5,I  
 

  Epaisseur (nm) SLD ( X 10-6 Å-2 ) Rugosité (nm) Fraction 
volumique (%) 

Couche 1 Si  2,07 0,8 100 
Couche 2 SiO2 0,8 3,47 0,4 100 
Couche 3 PE 3 1,1 1,7 68 
Couche 4 (NCC/XG) 27 1,9 9,1 69 
 
Valeur du χ2 = 14.8 
 
 
!
Paramètres des fits de l’échantillon (NCC/OXG)5,I mesuré à 98 % d’humidité (D20) 
 
(NCC/OXG)5,I  
 

  Epaisseur (nm) SLD ( X 10-6 Å-2 ) Rugosité (nm) Fraction 
volumique (%) 

Couche 1 Si  2,07 0,8 100 
Couche 2 SiO2 0,7 3,47 0,3 100 
Couche 3 PE 3 1,1 2 81 
Couche 4 (NCC/XG) 27,8 1,9 7,9 63 

 
Valeur du χ2 = 14.8 
!

! !
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