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Abstract Thin diblock copolymer �lm have been investigated by x-ray and

neutron reectivity as well as small angle x-ray and neutron scattering. Two model

systems have been investigated. PS-PDMS (25 kg/mol-25 kg/mol), which has

a glass transition temperature of ca. 100oCfor the PS-block. This means that

the structure can be frozen below that temperature, thus the development of

the lamella structure may be follow by reectivity. It was, however, not possible

to reach the expected equilibrium structure. Hence the second model system,

deuterateted PEP-PDMS (4.4 kg/mol-4.4 kg/mol) was chosen for its low glass

transition temperature -56oC. This means that the system spontaneously should

form lammela ordered structures at room temperature. This ordering was studied

by neutron reectivity and small angle neutron scattering in the temperature

range from -140oC(below PDMS' glass transition temperature, -127oC) and up to

250oC(above the order-disorder temperature, 165oC). Results were found to be

in perfect agreement with theory. Surface morphology as function of temperature

was also measured, and holes in the surface resembled the periodicity measured

by reectivity.
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Polymer−solvent parameters for Chloroform @ 20C
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Polymer−solvent parameters for Cyclohexane @ 25C
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[�: z=()*På���z|�]�]\�R¨��æçgS��è
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÷G�GX ÿ ¸ æfj¨�)�$è
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´\¹»Ë`Þ Ç©Îvº�ÞÍº�Ã`à»¸v¹^º�ÞÍº	ÔkÇOË`ÌsÇ©Îvº7Ç^Îvµ·Æ�Ï¨ÜvÝÉÞ µÉÇ09�Ã�à¦ÖWº�Ý·µÉº	È�º	ÕÍÇ©ÎvÃ�Ç¦Ç©Îvº2:"Á>¹»ÃoÄ{Æ	Ë`ÔkÇ^¹^Ã�à^Ç�ÖWº�Ç;9�º�º	ÔÍÇ©Î\º7Ç;9�Ë�<sË`ÝÉÄkÞ º�¹
ÖvÝÉËkÆ�Ï"à=9}Ã`àÇ©ËkË>9}º	Ã`Ïa½=�7Î\º?k¸vµÉÆ�Ï`º�à^Ç@9}ÃoÄ�Ç©Ë Ç©º�à^ÇÇ©Î\µ·à�9}Ã`àÃZÞ º�Ã`à»¸v¹»º	ÞÍº	ÔkÇyË`Ì�Ç^Îvº�Öv¸vÝÉÏÛÖvÝÉËkÆ�Ï�Æ	ËA<WË�Ý·ÄkÞÍº	¹o½
BÂà»µÉÔv¶ÂØDC1ÀÂØ9�Ë�¸vÝÉÕ�¶`µÉÈ`º+Ç^Îvº}Ý·Ã�Þ º�Ý·ÝÉÃ2<sº	¹»µÉË"Õ$µ·Ô¨Ç©ÎvºE<WË�Ý·ÄkÞÍº	¹GFH<v¹»ËoÈkµ·Õvº�Õ{à^¸JI Æ�µ·º�ÔkÇ.Æ�Ë`ÔkÇ©¹»Ã`à»ÇaµÉà�<v¹»º	à»º	ÔkÇ.ÖWº�Ç;9�º�º	Ô
Ç©Î\º7ÖvÝ·ËkÆ�Ïkào½K�7Îvº5<sº	¹»µÉË"Õ µÉà+º	à»à^º�ÔkÇ©µÉÃ`Ý3µÉÔ Ç^Îvº7Æ	Ë�Ôvà»Ç©¹»¸vÆ	Ç^µ·Ë�Ô¨Ë�ÌWÇ^Îvº7ÜvÝÉÞL<v¹»Ë`Ü\Ý·º�µÉÔ Ç^Îvº7Ã`Ô\Ã`ÝÉÄ"à»µÉà¦Ë`Ì\Ç^Îvº�¹»º	Åvº�Æ	Ç^µ·ÈkµÉÇÊÄ
Æ	¸\¹^È�º"½
�7ÎvºM<sËG97Õvº�¹�9�Ã�à�<vÝÉÃ`Æ�º	Õ µÉÔ Ãþã`½ äÛÞÍÞ:Öv¹»Ã`à»à�àN<\Ã`Æ	º�¹�Ösº	Ç;9}º	º	Ô Ç;9}ËPO{ÃA<vÇ©Ë�ÔQ97µÉÔvÕvËG97àGF.Ã`ÔvÕ Ç^Îvº¬à»Ã`ÞR<vÝÉº

9}Ã`à�µÉ¹^¹»Ã`Õ\µ·Ã�Ç©º	ÕÑÌ�Ë`¹¨à^º�È`º�¹^Ã�Ý¦ÎvË`¸v¹»ào½S�7Îvº¬à»Æ	Ã�Ç©Ç^º	¹»µ·Ôv¶�µÉÞÍÃ`¶�º�µ·à�à»ÎvËG97ÔGµÉÔúÜv¶`¸\¹^º�¼&½ é)97µÉÇ©Î Ç^Îvº¬Æ	Ë�¹^¹»º	àT<sË`ÔvÕvµÉÔv¶
ÃVU�µ·Þ¨¸vÇ©Î\Ã`ÝvÞÍº	Ã�Ô.½7�7Îvº�à»Æ	Ã`Ç^Ç©º�¹^µÉÔv¶µ·ÞÍÃ�¶`º7ÎvÃ�à+ÔvË`Ç¦Ösº	º�Ô�ÖvÃ`Æ�Ïk¶�¹^Ë�¸vÔvÕ Æ	Ë`¹»¹»º	Æ	Ç^º	Õ.½KC�ÖvÃ`Æ�Ïk¶�¹^Ë�¸vÔvÕ Þ º�Ã`à»¸v¹»º	ÞÍº	ÔkÇ
ÕvµÉÕ Ô\Ë`Çyà^ÎvËG9 ÕvµXWsº	¹»º	ÔkÇyÆ�ÎvÃ`¹»Ã`Æ�Ç©º�¹^µÉà^Ç^µ·Æ�àÂÌ�¹»Ë`Þ Ç^Îvº à^Ã�Þ<\Ý·ºYFsº�:kÆ	º�<vÇÌ�¹^Ë�Þ<Ç©ÎvºÍ¶`¹»Ã`µÉÔÛà»Æ	Ã�Ç©Ç©º�¹^µÉÔv¶Z97Îvµ·Æ�ÎÑÆ	Ã�ÔIÖsº
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Ösº�?"¸\µ·Ç^º{ÕvµXWsº	¹»º	ÔkÇ7Ì�¹»Ë`ÞdÇ^ÎvÃ`Ç7Ë�Övà»º	¹»È`º	Õ�¸và»µ·Ôv¶R:kÁ>¹^ÃoÄkào½a´WË`¹7Ç©Î\Ã`Ç7¹»º	Ã`à»Ë`Ô�F`à»ÞÍÃ`ÝÉÝcÃ`Ôv¶�Ý·ºÔvº�¸vÇ©¹»Ë`Ô à»Æ	Ã�Ç©Ç©º�¹^µÉÔv¶9�Ã�à
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NG/    PS-PDMS 25k A7 Si-substrat par. beam 5.5A/6m 

BELOW 0.25

0.25 - 0.49

0.49 - 0.74

0.74 - 0.98

0.98 - 1.23

1.23 - 1.47

1.47 - 1.72

1.72 - 1.96

1.96 - 2.21

2.21 - 2.45

ABOVE 2.45

�x�`�c�N������ª>�����������>�x«E��x£�����������¦�^�É�s�O ?�����E�x«�¡E¢x£�¤
0 0.01 0.02 0.03 0.04 0.05

10
−8

10
−7

10
−6

Vertical mean of PS−PDMS thin film

In
te

ns
ity

 / 
a.

u.

q / AA−1

Vertical  
Horizontal

�x�v�Y�����x£��E���E��¢k£�����«v¤

´OµÉ¶`¸v¹»º¼s½ {s¿.ØDCÂè1Ø�Ë`Ì.×�ØvÁ>×�ÙyÚÛØZÇ©ÎvµÉÔ ÜvÝ·ÞÛ½
v�Ë`ÞR<vÃ�¹^µÉÔv¶ZÇ©ÎvºÍÇ^Îvµ·ÔGÜvÝÉÞ'<sº	Ã�Ït<sË`à»µ·Ç^µ·Ë�Ôvà�97µÉÇ©ÎÑÇ©Îvº�Öv¸\Ý·ÏKFcÇ^Îvº�ÎvË�¹^µpU	Ë�Ô"Ç^Ã`Ý�<sº	¹»µ·ËkÕÑµ·à�Æ�Ë`ÞR<vÃ�¹^Ã�ÖvÝ·º¨Ç©Ë�Ç^Îvº

à»Ë`ÝÉÈ`º	ÔkÇ�Æ	Ã�à^Ç�Ã�ÔvÕ><vµ·ÝÉÝaà»Ã`ÞR<vÝÉº	ào½���ÎkÄ?ÕvËÍÇ©Î\º{Öv¸vÝÉÏ?à»Ã`ÞR<vÝÉº	à7ÕvµpWWº�¹�Ã`Ô\Õs97Î\µ·Æ�Î Æ	Ã�Ô�Ösº{Ç©¹»¸và»Ç©º�Õ��S��Ë`Ç^Î Ç©Îvº�<vµÉÝÉÝ
Ã`Ô\ÕZÇ^Îvº�à»Ë`ÝÉÈ`º�Ô"Ç7Æ�Ã`à»Ç7ÜvÝÉÞ�9}º	¹»º{ÞÍÃ`Õvº{Ã�Ç�Ã`Þ¨Övµ·º�ÔkÇ7Æ	Ë`Ô\Õvµ·Ç^µ·Ë�ÔvàGF/97Îvº�¹^º�Ã`à7Ç©Î\º�ÞÍº	ÝÉÇ�9�Ã�à�ÞÍÃ`Õvº{Ã�Ç�¾`ä�ä u v7½D�7Îvº
È`º�¹^Ç^µ·Æ�Ã`Ý&ÞÍº	Ã�ÔZµÉÔ Ç©Îvº{Ç^ÎvµÉÔZÜ\Ý·Þ µ·à7Æ�Ë`ÞR<vÃ`¹»Ã`Ö\Ý·º@97µ·Ç^Î�Ç©Îvº�<\µ·ÝÉÝaÃ`Ô\Õ�Ç^Îvº{à^Ë�Ý·È�º	ÔkÇ}Æ	Ã`à»Ç7Öv¸vÝÉÏ¬à»Ã`ÞR<vÝÉº	ào½�������/�g�����
Ç©Î\º�à^Ë�Ý·È�º	ÔkÇ1Æ�Ã`à»Çà^Ã�Þ<\Ý·ºÍµÉà{µ·ÔGÇ©Î\º	¹»Þ ËkÕvÄkÔvÃ�ÞÍµ·Æ�Ã`Ý¦º�?k¸vµÉÝÉµ·Öv¹»µÉ¸vÞPF&Ç©Îvº�Ç^ÎvµÉÔÑÜ\Ý·ÞiÞ º�Ã`à»¸v¹»º	ÞÍº	ÔkÇÆ	Ë�¸vÝ·ÕÑµÉÔvÕvµÉÆ	Ã`Ç^º
Ç©Î\Ã`Ç7Ç©Î\º{Ý·Ã�Þ º�Ý·ÝÉÃ`ºÞÍµÉ¶`ÎkÇ�ÖWº{Ë�¹^Õvº�¹^º�Õ�Ë�¸vÇ©Á>Ë`Ì�Á�<vÝÉÃ`ÔvºyÃ`à59}º	ÝÉÝcÃ`à7µÉÔvÁ�<vÝÉÃ`Ôvº{Öv¸\Ç597µ·Ç^ÎZÕ\µXWsº	¹»º	ÔkÇ5<sº	¹»µ·ËkÕvào½

0 0.01 0.02 0.03 0.04 0.05 0.06
10

−9

10
−8

10
−7

10
−6

10
−5

10
−4

Mean of PS−PDMS samples

In
te

ns
ity

 / 
a.

u.

q / AA−1

Horizontal
Vertical  
Melt      
Solvent   
Pill      

´�µÉ¶`¸\¹^º¼s½Éæ`¿��7Îvº{ÃAU	µÉÞ$¸vÇ^ÎvÃ`ÝcÞÍº�Ã`Ô Ë`Ì.Ç©Îvº{Ç^Îvµ·Ô ÜvÝÉÞ Æ	Ë`ÞR<vÃ�¹^º�Õ?Ç^Ë Ç^Îvº{Öv¸vÝÉÏ?à»Ã`ÞR<vÝÉº	ào½
xÊÔ�Üv¶�¸v¹»º+¼s½ÉæVF�Ç©Î\º�ÃVU�µ·Þ¨¸vÇ©Î\Ã`Ý"Þ º�Ã`Ôvà.Ã`¹»º+Æ	Ë�ÞR<vÃ`¹»º	Õ{Ì�Ë�¹.ÕvµpWsº	¹»º	ÔkÇHà»Ã`ÞR<vÝÉº	ào½��7Îvº�Ë`¹»µ·¶�µ·Ô{Ë�Ì3Ç©Îvº}ÕvµÉà^Æ�à^Ç^¹^¸vÆ�Ç©¸v¹»º

ß�µÉà^á�â`ß�â&ã�ä�åsæ`ÐÒç�èÍÓ ésæ



ëaì&ísîaï&ìsîHícðañ�ëHìsîHòcóTô�õÛëaóaö1öÂ÷vì&ícø�ïúùÍø�ûsñ�ô�ï&üþý{ô�ÿvô�ñ	óaö1÷ví����aø�����ø�ñ�ö	�

µÉàyÃ�Æ	Ë�Þ$ÖvµÉÔvÃ`Ç^µ·Ë�ÔÛË`Ì�ÔvË`¹»ÞÍÃ`Ý�ÖWº�ÎvÃoÈkµ·Ë�¹ÂË`Ì�à^ÄkÞÍÞÍº	Ç©¹»µÉÆ¨ÖvÝÉËkÆ�Ï Æ	ËV<sË`ÝÉÄkÞÍº	¹»à�F`97Îvº�¹^º¨Ç©Îvº�Ä)97µ·ÝÉÝOË`¹»Õvº	¹@<vÃ`¹»Ã`ÝÉÝÉº	ÝHÇ^Ë
Ç©Î\º à»¸vÖvà»Ç©¹»Ã`Ç^ºoFWÃ`Ô\ÕIÃs<v¹^º�Ì�º	¹»º	ÔkÇ©µÉÃ`Ý�Ë`¹»µÉº	ÔkÇ©Ã�Ç©µÉË`ÔÛµÉÔvÕv¸vÆ�º	Õ Ö"Ä�Ç^ÎvºÍ¹^Ã�ÕvµÉÃ`Ý�ÅvËG9 Õv¸v¹»µ·Ô\¶�àT<vµÉÔIÆ	Ã�à^Ç^µ·Ô\¶s½@�7Îvº ÎvµÉ¶`Î
�E� ÈEÃ`ÝÉ¸vº Ã`Ç¹^ËkË�Þ<Ç©º	ÞR<sº	¹»Ã`Ç^¸v¹^º�Ð �q��� ¾`ä&ã`ÓR�>Ì�¹»º	º�U�º	àT�?Ç^ÎvÃ`ÇË`¹»µÉº	ÔkÇ©Ã�Ç©µÉË`Ô.½=�7Î\º Ã�ÔvÔvº�Ã`ÝÉº	ÕIà»Ã`ÞR<vÝÉº9�Ã�àyÃ�Ý·à»Ë
ÞÍº	Ã�à^¸v¹»º	Õ$Ö"ÄØDC1èÂØ Öv¸vÇ�Ç©Îvº�à»Æ	Ã�Ç©Ç©º�¹^µÉÔv¶�µÉÞÍÃ`¶�º�ÕvµÉÕ¨Ô\Ë`ÇHÕ\µXWsº	¹OÌ�¹»Ë`Þ Ç©Î\º�ÔvË�ÔvÁ>Ã`ÔvÔvº�Ã`ÝÉº	Õ�F�à»µ·ÞÍµÉÝ·Ã�¹^ÝÉÄÇ©Ë1Ç©Îvº�¹»º	à»¸vÝ·Ç^à
Ì�¹»Ë`ÞdÇ^Îvº�:kÁ�¹»ÃoÄ�ÞÍº	Ã`à»¸v¹»º	ÞÍº	ÔkÇE½

����  kl*�m)6�.0n�&¢¡�*2£)*�45678�¤M8�6�1

Ùyº	àT<vµ·Ç^º1Ç^ÎvºyÔvË`ÔvÁ>º�?k¸vµÉÝÉµ·Öv¹»µÉ¸vÞ à^Ç^¹^¸vÆ�Ç©¸v¹»ºÂÌ�Ë�¸vÔvÕ¬µÉÔ?Ç^ÎvºyØDCÂè1Ø?ÞÍº	Ã�à^¸v¹»º	ÞÍº�Ô"Ç�F~Ã¨Ôvº	¸\Ç©¹»Ë`Ô?¹»º	Å\º	Æ	Ç^µ·ÈkµÉÇÊÄ¨ÞÍº�Ã`à»¸v¹^º�Á
ÞÍº	ÔkÇ@9�Ã�à	<sº	¹»Ì�Ë`¹»ÞÍº	Õ.½	�7Îvº Ôvº	¸\Ç©¹»Ë`ÔI¹»º	Å\º	Æ	Ç^µ·ÈkµÉÇÊÄoFWÎvËG9}º	È�º	¹GFvà»ÎvËG9}º	ÕÛà»¸vµÉÇ©Ã`Ö\Ý·º Æ	Ë�Ô"Ç^¹^Ã�à^ÇÂÇ©ËZà^º�º¨Ã�Ì�Ã`µÉÔ"Ç@��¹^Ã�¶`¶
<sº	Ã`Ïa½y�7Îvº�¹»º	à»¸vÝÉÇ©µÉÔv¶�Æ	¸v¹»È`º{µÉàÂà»ÎvËG97Ô µÉÔ�Üv¶`¸v¹»º{¼s½ ås½y�7Îvº�¹^º{µÉàÂÃS9}º	Ã�Ï?Öv¸vÞR<ÛÃ�Ç7äJ_ ä`¾�¼`¾�}ÑäJ_ ä`ä`ä�ê¥aCe7f7Æ	Ë`¹»¹»º	Á
àT<WË�ÔvÕvµÉÔv¶¬Ç©Ë�¾�éV��}Ñ¾¦aC ½DCÂà1º�:Y<Wº�Æ	Ç^º	Õ�Ç©Î\µ·à	<Wº�¹^µÉËkÕ�µ·à1à^µÉÞÍµ·ÝÉÃ`¹�Ç^Ë¬Ç©Î\º�ÎvË`¹»µpU	Ë`ÔkÇ^Ã`Ý§<sº	Ã`ÏZ<WË�à^µÉÇ©µÉË`Ô�µÉÔ�Ç©Î\º�ØDCÂè1Ø
º�:Y<sº	¹»µ·ÞÍº�Ô"ÇE½KB1ÔvÌ�Ë`¹»Ç©¸\ÔvÃ`Ç^º	ÝÉÄ�Ç©Îvº7µÉÔvÁ�<vÝÉÃ`Ôvº�Æ	Ë�ÞR<WË�Ôvº	ÔkÇHFoà^º�º	Ô Ö"Ä$ØDCÂè1Ø�FoµÉà¦µ·ÞR<sË`à»à^µÉÖvÝÉº�Ç©ËÞÍº	Ã`à»¸v¹»º�Ö"Ä$àN<sº	Æ�¸vÝ·Ã�¹
¹»º	Åvº�Æ	Ç©µÉÈkµ·ÇÊÄk½

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
10

−5

10
−4

10
−3

10
−2

10
−1

10
0

Neutron reflectivity of PS−PDMS

In
te

ns
ity

 / 
a.

u.

q / AA−1

´Oµ·¶�¸v¹^º¼&½ å&¿Hè1º	¸vÇ^¹^Ë�Ô ¹^º�Åvº	Æ�Ç©µÉÈ"µÉÇÊÄ¬Ë�ÌH×�Ø\Á�×�Ù1ÚÛØZÇ©Î\µ·Ô ÜvÝÉÞÛ½

����� %w67ng!¨8�4ª©sng.045*l« 8�45.0n�¬�45n�M1

�7Îvº�Ç^ËV<sË`¶�¹^ÃA<vÎkÄ�Ë`Ì�Ç©Îvº�à»¸v¹»Ì�Ã`Æ�º{Ë`Ì�Ç©Îvº�×�ØvÁ>×�ÙyÚÛØ à^Ã�Þ<\Ý·º{Æ�Ã`Ô ÖWº$È"µÉà»¸vÃ`ÝÉµXU�º	Õ Ã`Ô\ÕZÞÍº�Ã`à»¸v¹^º�Õ Ö"ÄZCÂ´OÚþ½D�7Îvº
µÉÞ Ã�¶`º�à¨µÉÔþÜ\¶`¸v¹»º�¼&½ �ÑÆ	ÝÉº	Ã�¹^ÝÉÄGµ·Ô\Õvµ·Æ�Ã`Ç^ºZÇ^ÎvÃ`Ç Ç©Î\ºZÜ\Ý·Þ µÉà�ÔvË�Çg<sº	¹»Ì�º	Æ�Ç©ÝÉÄúË`¹»Õvº	¹»º	ÕTÃ`àR9�Ã�à¨à»º	º�ÔþµÉÔTÇ^Îvº ØDCÂè1Ø
ÞÍº	Ã�à^¸v¹»º	ÞÍº�Ô"ÇE½=�7ÎvºR<vÎvÃ�à^º µÉÞ Ã�¶`º ÎvÃ`àÖsº	º�Ô Ã�ÕvÕvº	ÕÑÌ�Ë`¹ÎvµÉ¶`Î\º	¹ÞÍÃ`¶`Ô\µ·ÜvÆ�Ã`Ç^µ·Ë�ÔvàÇ©ËZµ·ÝÉÝ·¸\à^Ç^¹^Ã�Ç©º Ç©Îvº�Æ�ÎvÃ�Ôv¶`º�à1µÉÔ
Ç©Î\º@<\ÎvÃ`à»º"½��7Îvº=CÂ´OÚ®9�Ã�à�ËV<sº	¹»Ã`Ç©º�Õ?µÉÔ�Ç^ÃV<D<\µ·Ôv¶ ÞÍËkÕvº"½���ÃV<D<\µ·Ôv¶ ÞÍËkÕvºµ·à�¸và»º	Õ�F"Ösº	Æ�Ã`¸và»ºyÇ©ÎvºÌ�Ë`¹»Æ	º�à�ÃV<D<vÝÉµÉº	Õ
µÉÔ¨Ç^Îvµ·à¦ÞÍËkÕvº�Ã`¹»º}Þ$¸vÆ�Î¨Ý·ËG9}º	¹�Ç©ÎvÃ�Ô¨µÉÔ Æ	Ë`ÔkÇ^Ã`Æ	Ç�ÞÍËkÕvº"½7xÊÔ¨Æ�Ë`ÔkÇ©Ã�Æ	Ç�ÞÍË"Õ\º}Ç^Îvº�Ç©µp<Íµ·àOµÉÔ¨Æ�Ë`ÔkÇ©Ã�Æ	Ç�97µ·Ç^Î¨Ç^Îvº�à^¸\¹^Ì�Ã�Æ	º
Ç©Î\¹^Ë�¸v¶`ÎvË�¸vÇ�Ç^Îvºyº�:Y<Wº�¹^µÉÞÍº	ÔkÇHFA97Îvº�¹^º�Ã`à�µ·Ô�Ç©ÃV<J<vµ·Ô\¶$ÞÍËkÕvº1Ç^ÎvºyÆ	Ã`ÔkÇ^µ·ÝÉº	È�º	¹�µÉà�Ë`à»Æ	µÉÝ·ÝÉÃ`Ç^µ·Ô\¶�Ã`ÔvÕ?Ë`ÔvÝÉÄ�Ç©Ë�¸vÆ�ÎvµÉÔv¶$Ç^Îvº
à»¸v¹^Ì�Ã�Æ	º�Ë`Ô\Æ	º7µÉÔ º�Ã`Æ�Î Æ	ÄkÆ	ÝÉº"½7�7ÎvµÉà+ÞÍËkÕvº7º	ÝÉµ·ÞÍµÉÔvÃ`Ç^º	à+à»Îvº�Ã`¹OÌ�Ë`¹»Æ	º�à097Îvµ·Æ�ÎÍÆ�Ã`ÔÍÕvÃ`ÞÍÃ�¶`º�à^Ë�Ì�ÇOà^Ã�Þ<\Ý·º�à+Ã`ÔvÕÍ¹»º	Õv¸\Æ	º
µÉÞ Ã�¶`º¬¹»º	à»Ë`ÝÉ¸vÇ^µ·Ë�Ô.½M�7Î\º]<vÎvÃ�à^º?à^ÎvµÉÌ�Ç�Ì�¹»Ë`Þ Ç©Îvº�µ·Ô\Õv¸vÆ	º�ÕúË`à»Æ	µÉÝÉÝ·Ã�Ç©µÉË`Ôvà�µÉÔ Ç©Î\º?Æ	Ã�ÔkÇ©µÉÝ·º�È`º	¹$µ·à¨Æ	Ë`¹»¹»º	ÝÉÃ`Ç©º�ÕGÇ©ËÛÇ^Îvº
à»Ç©µÉÆ�Ï"µÉÔv¶ Ë`ÌaÇ^ÎvºÇ©µp< Ç©Ë Ç©Îvºà»¸v¹^Ì�Ã�Æ	ºk½7�7Î\º1Æ�ÎvÃ�Ôv¶`ºyµÉÔ�à»Ç©µÉÆ�Ïkµ·Ôv¶¨ÞÍµ·¶�Î"Ç�Ösºµ·ÔkÇ©º�¹N<\¹^º�Ç©º	Õ�Ã`à�Æ�ÎvÃ�Ôv¶`º�à�µÉÔ�Ç^Îvºà^¸\¹^Ì�Ã�Æ	º
Æ	Ë�ÞR<WË�à^µÉÇ©µÉË`Ô�F"à»µÉÔvÆ	ºÇ©Î\º{ÖvÝ·ËkÆ�Ïkà7ÕvµpWWº�¹�ÞÍº	Æ�ÎvÃ�ÔvµÉÆ	Ã`ÝÉÝÉÄ"½
xÊÔÑÇ©ÎvºÛã¯:aã�°HÞ�<vÎvÃ`à»ºÍµ·ÞÍÃ�¶`º µ·Ç{Æ�Ã`ÔIÆ�Ý·º�Ã`¹»Ý·Ä�ÖsºÍà^º�º	ÔÑÇ©ÎvÃ�ÇÇ©Îvº�¹^ºÍÃ`¹»º Æ�ÎvÃ`Ôv¶�º	àµÉÔ Ç^ÎvºS<vÎvÃ�à^ºYF�97Îvµ·Æ�ÎÑÞÍË`à»Ç

ÝÉµ·Ï�º	ÝÉÄ�Ã�¹^º{ÈEÃ`¹»µÉÃ`Ç©µÉË`Ô\àÂµÉÔ�Ç©Îvº¨Æ	Ë`ÞR<sË`à»µ·Ç^µ·Ë�Ô�F\à^µÉÔvÆ	º$Ç©Îvº¨Æ�ÎvÃ`Ôv¶�º{µ·Ôt<vÎvÃ`à»º�ËkÆ	Æ�¸v¹»à�Ã`Ç1Ã`¹»º	Ã`à7Ë�Ì¦ÃV<D<\¹^ËG:a½kÇ^Îvº$à»Ã`ÞÍº
Îvº�µ·¶�Î"ÇE½

´\¹»Ë`Þ Ç^ÎvºTã¯:aãS°HÞª<vÎ\Ã`à»º�µÉÞÍÃ`¶`ºYF¦Ç^Îvº±�>Æ�Ë`¹»Ã`Ýp�Ià»Ç©¹»¸vÆ	Ç^¸v¹^º ÞÍµÉ¶`ÎkÇÍº�:Y<vÝÉÃ`µÉÔþÇ^Îvº ØDCÂè1Ø�à^Æ�Ã`Ç©Ç^º	¹»µ·Ô\¶ µÉÞÍÃ`¶`ºk½
�7ÎvºÇ©Î\µ·ÔZÜvÝÉÞdµ·à�º�È"µÉÕvº�Ô"Ç^Ý·Ä?ÔvË`Ç�µÉÔ?Ç©Î\º	¹»Þ ËkÕvÄkÔvÃ�ÞÍµ·Æ�Ã`Ý&º�?k¸vµÉÝ·µÉÖv¹»µ·¸\Þ²97µ·Ç^Î�ÝÉÃ`ÞÍº�Ý·ÝÉÃ`¹�Ë`¹»Õvº�¹^µÉÔv¶$Ã�Ý·Ë�Ôv¶$Ç^Îvºà^¸\¹^Ì�Ã�Æ	º
ÔvË�¹^ÞÍÃ`Ý;F"Îvº�ÔvÆ	º¶`µÉÈkµ·Ô\¶ ¹»µÉà^ºÇ©ËÍÃ�ÔZµÉÔvÁ�<vÝÉÃ`Ôvºà»Æ	Ã`Ç^Ç©º�¹^µÉÔv¶ Æ	Ë`ÞR<sË`Ôvº�ÔkÇ7µ·Ô Ç©Î\º{à^Æ�Ã`Ç©Ç^º	¹»µ·Ô\¶¨µÉÞÍÃ`¶`ºk½

é`å ßÂµ·à»á`Á>ß�Á�ã�ä`å&æ`ÐÒç�è Ó



ëaì&ísîaï&ìsîHícðañ�ëHìsîHòcóTô�õÛëaóaö1öÂ÷vì&ícø�ïúùÍø�ûsñ�ô�ï&üþý{ô�ÿvô�ñ	óaö1÷ví����aø�����ø�ñ�ö	�

³ �`�3�¦�©���s�O ?�¦ª>���>� ���©� ®�±¯´�®�±�µ £�¤

³·¶v�k {���¸�E�E��¢x��������vª>�E���·������¹ ´ ¹ µ £{¤ ³ ���3�s�E��ª��¦�x£�����0¹ ´ ¹ µ £{¤

³ §v�k {���¸�E�E��¢x��������vª>�E���·����� °�´"°�µ £{¤ ³ ���3�s�E��ª��¦�x£����� °�´"°�µ £{¤

´OµÉ¶`¸v¹»º¼s½ �s¿�CÂ´OÚ:µ·ÞÍÃ�¶`º	à7Ë�Ì.Ç^Îvº{×�Ø\Á�×�Ù1ÚÛØZà»¸v¹^Ì�Ã�Æ	ºk½

ß�µÉà^á�â`ß�â&ã�ä�åsæ`ÐÒç�èÍÓ éV�



xÊÔ�Ç©Î\µ·à¬à»º	Æ�Ë`ÔvÕº<vÃ�¹^Ç�Ë�Ì1Ç^ÎvºÛ¹»º	à»¸vÝÉÇ©àGF�Ç^Îvº�ÞÍËkÕvº	Ý1à^Äkà»Ç©º	Þ�9�Ã�à¬Æ�ÎvÃ�Ôv¶`º�ÕþÇ^Ë ×�ç�×�Á�×�Ù1ÚIØ.½��7ÎvµÉà¬à^Äkà»Ç©º�Þ ÎvÃ�à
ÖsË`Ç©ÎI¶`ËkËkÕZÔ\º	¸vÇ^¹^Ë�Ô�Ã`ÔvÕ):kÁ>¹^ÃoÄ�Æ	Ë`ÔkÇ^¹^Ã�à^Ç�»Éã�¼Ê½E�7Îvº$ÝÉËG9U¶�Ý·Ã�à^àÂÇ©¹»Ã`Ôvà»µ·Ç^µ·Ë�Ô�Ç©º�Þ<sº	¹»Ã`Ç^¸v¹»º	à¨Ð¾½	¿/À/¿Á �¥Â ¼V{VuovTÃ�ÔvÕ
½	¿/À/¿Á ��Â ã�¾&æ¯uVv7Ó&Ç^Ë`¶`º�Ç©Îvº�¹�97µÉÇ©Î�Ç©Î\º�Ý·ËG9}º	¹¦ÞÍË�Ý·º�Æ	¸vÝÉÃ`¹�9}º	µÉ¶`ÎkÇÂÐÒés½ é`ÏkÁ�é&½ é�ÏaÓ\Ã�¹^º7º�:Y<Wº�Æ	Ç©º�Õ�Ç©Ë{ÞÍÃ`Ï�º7Ç©ÎvºÂà^Äkà»Ç©º	Þ
ÞÍË`ÖvµÉÝÉº¬º	ÔvË�¸v¶`Î Ç^ËÛ¹»º	Ã`Æ�ÎGÇ^Îvº	¹»ÞÍË"Õ\Ä"Ô\Ã`ÞÍµ·Æ�à»Ç©Ã�ÖvÝÉº¬à^Ç^¹^¸\Æ	Ç©¸\¹^º�àE½ZÃÂËG9}º	È�º	¹GFcÇ^Îvº?à»Ç©¹»¸vÆ	Ç^¸v¹»ºS97µ·ÝÉÝ�Ösº¬ÕvµpIÍÆ	¸vÝÉÇ$Ç^Ë
�>Ì�¹»º	º�U	º��¨Ã�à59�Ã�à7µ·ÔkÇ©º�ÔvÕvº�Õs97µÉÇ©Î Ç^Îvº�<v¹»º	Èkµ·Ë�¸và�ÞÍË"Õ\º	Ýaà»Äkà^Ç^º	ÞÛ½
�7ÎvµÉà�Æ�ÎvÃA<vÇ©º�¹�µ·à$Õvµ·ÈkµÉÕvº	Õ µÉÔkÇ©Ë�Ç^Îv¹^º�ºS<vÃ`¹»Ç©ào½S�7Î\º�Üv¹^à»Ç�<vÃ�¹^Ç{µÉà�Ã�ÔÑµÉÔkÈ`º�à^Ç^µ·¶�Ã`Ç©µÉË`ÔÑË`Ì}Ç©Î\ºM<WË�Ý·ÄkÞÍº	¹$à^Äkà»Ç©º	Þ

¸và»µ·Ô\¶s:kÁ>¹^ÃoÄkàGFWÌ�Ë`¹à^ÞÍÃ�Ý·Ý¦Ã�Ôv¶`ÝÉº¨à»Æ	Ã�Ç©Ç^º	¹»µ·Ôv¶ZÃ`Ô\Õ ¹»º	Åvº�Æ	Ç^µ·ÈkµÉÇÊÄoF�97Îvº�¹^ºÍÇ©Î\º Æ�Ë`ÔkÇ©¹»Ã`à»ÇHFsË�¹^Õ\º	¹»µ·Ôv¶�Ã`ÔvÕÑÝÉÃ`ÞÍº	ÝÉÝ·Ã�¹=<Wº�Á
¹»µ·ËkÕvµÉÆ	µÉÇÊÄ�µ·àµÉÔkÈ`º	à»Ç©µÉ¶`Ã�Ç©º�Õ.½=�7Îvº à^º�Æ	Ë�ÔvÕt<vÃ�¹^ÇyÆ	ËoÈ�º	¹»àÂÃZÞÍË`¹»º¨Ç^ÎvË`¹»Ë`¸v¶�ÎÛµÉÔ"È�º	à»Ç©µÉ¶`Ã�Ç©µÉË`ÔÛË�Ì�Ç©Î\º¨à»Ç©¹»¸vÆ	Ç^¸v¹»º¨¸và»µÉÔv¶
Ôvº�¸vÇ©¹»Ë`Ô�¹^º�Åvº	Æ�Ç©µÉÈ"µÉÇÊÄ�Ã`Ô\Õ�à»ÞÍÃ`ÝÉÝsÃ�Ôv¶`ÝÉºyà^Æ�Ã`Ç©Ç^º	¹»µ·Ô\¶$Æ	Ë�Þ$ÖvµÉÔvº�Õ]97µÉÇ©ÎZÀÂ×�Ø�½o�7Îvº1ÝÉÃ`à»Çq<vÃ`¹»Ç}µ·ÔvÆ�Ý·¸\Õvº	à�Ç©º�ÞR<Wº�¹^Ã�Ç©¸v¹»º
ÞÍº	Ã�à^¸v¹»º	ÞÍº�Ô"Ç^à�Ë`ÌHÇ^Îvºà^Ç^¹^¸\Æ	Ç©¸\¹^ºyÞÍº	Ã`à»¸v¹»º	Õ�Ö"Ä?ØDCÂè1ØZÃ�ÔvÕZÔvº	¸vÇ^¹^Ë�Ô?¹»º	Åvº�Æ	Ç^µ·ÈkµÉÇÊÄ"½�CÂÔ Ã`Ç^Ç©º�Þ<\ÇE9}Ã`à�Ã�Ý·à»Ë¨ÞÍÃ�Õvº
µÉÔZÞÍº�Ã`à»¸v¹^µÉÔv¶ Ç©Îvº{ÝÉÃ`ÞÍº�Ý·ÝÉÃ`¹5<sº	¹»µ·ËkÕZÖkÄ]CÂ´OÚ:Ã`à7ÃÍÌ�¸vÔ\Æ	Ç©µÉË`Ô Ë�Ì.Ç^º	ÞR<Wº�¹^Ã�Ç©¸v¹»º"½�C Îvº�Ã`Ç^à^Ç^Ã`¶`º@9}Ã`à7Õvº�à^µÉ¶`Ôvº�Õ�Ã�ÔvÕ
ÞÍÃ`Æ�ÎvµÉÔvº�Õ�Ì�Ë�¹7Ç©ÎvÃ�Ç5<v¸v¹T<WË�à^ºk½

Äs��Å  !#"�$�$�%'&)(�$�*,+'-/.0"213 45"�676�*�.08�&)(

-0.42 -0.22 -0.02 0.18 0.38

 HORIZONTAL SCATTERING VECTOR (1/A) 

-0.42

-0.32

-0.22

-0.12

-0.02

0.08

0.18

0.28

0.38

 V
E

R
T

IC
A

L 
S

C
A

T
T

E
R

IN
G

 V
E

C
T

O
R

 (
1/

A
) 

SAXS
PEP-PDMS, 4k-4k

 

BELOW 2.20

2.20 - 2.40

2.40 - 2.60

2.60 - 2.80

2.80 - 3.00

3.00 - 3.20

3.20 - 3.40

3.40 - 3.60

3.60 - 3.80

3.80 - 4.00

ABOVE 4.00

³x�`�.�©�©�������©���x«E7�x£�����¦���3�`Æs�s�É�s�O ?�E¤
0 0.1 0.2 0.3 0.4 0.5

10
2

10
3

10
4

↓
Bragg peak from PEP−PDMS

↓

Kapton

q / AA

In
te

ns
ity

 a
.u

.

³Ç¶v� � ���>�>��ª¸�`��«�§E�x«E��¯���x£��E������¢k£�����«v¤

´Oµ·¶�¸v¹»º@{&½·ã�¿.ØDCÂÀ1Ø�Þ º�Ã`à»¸v¹»º	ÞÍº	ÔkÇ�Ë`Ì.×�ç�×�Á�×�Ù1ÚIØ.½
�7Îvº7µÉÞR<v¹^ËoÈ�º	Õg:"Á>¹»ÃoÄ�Æ	Ë�Ô"Ç^¹^Ã�à^Ç�ÞÍÃ`Õvº7µÉÇ�<sË`à»à^µÉÖvÝÉº�Ç©Ë{ÞÍº	Ã�à^¸v¹»º�Ç©ÎvºÂÝ·Ã�Þ º�Ý·ÝÉÃ`¹0<sº	¹»µÉË"ÕÍÖkÄ�ØDC1ÀÂØ.½��7Îvº�<sË`ÝÉÄkÞ º�¹

ÞÍº	ÝÉÇg9}Ã`àg<vÝÉÃ`Æ	º�Õ ÖWº�Ç;9�º�º	ÔúÇ;9}ËtO{ÃA<vÇ©Ë�Ô\97µ·Ô\ÕvËG97à$Ã�ÔvÕúÇ©Î\º�¹»º	à»¸vÝÉÇ©µÉÔv¶Ûà»Æ	Ã`Ç^Ç©º�¹^µÉÔv¶ÛµÉÞÍÃ`¶`º?µ·à à^Î\ËG97Ôúµ·ÔTÜv¶`¸v¹»º

¼�ä



ëaì&ísîaï&ìsîHícðañ�ëHìsîHòcóTô�õÛëaóaö1öÂ÷vì&ícø�ïúùÍø�ûsñ�ô�ï&üþý{ô�ÿvô�ñ	óaö1÷ví����aø�����ø�ñ�ö	�

{s½Éã`½r�7Îvº��}¹»Ã`¶�¶S<Wº�Ã`ÏZÌ�¹^Ë�Þ Ç^Îvº�ÝÉÃ`ÞÍº	ÝÉÝÉÃ¬Ë`¹»Õvº	¹»µÉÔv¶�µ·à	?k¸vµ·Ç^º�º	ÈkµÉÕvº	ÔkÇ1Ã`Ç�ä`_ ä�é`é`é�}ÑäJ_ ä`ä�ä`¾¥aC Æ�Ë`¹»¹^º�àN<sË`Ô\Õvµ·Ô\¶ Ç^Ë
ÃÍÝ·Ã�ÞÍº	ÝÉÝ·Ã�¹5<Wº�¹^µÉËkÕ�Ë�Ì�ãCésãE}KãÈaCÍ½Y�7Îvº{à»Æ	Ã`Ç^Ç©º�¹^µÉÔv¶ µ·ÞÍÃ`¶�º=9�Ã�à7ÔvË`Ç�ÖvÃ�Æ�Ï"¶�¹^Ë�¸vÔvÕ�Æ	Ë`¹»¹»º	Æ	Ç^º	Õ.½

Äs��� +c-/.0"�1É¡�*�£)*�456�8�¤M8�6`1

C Ç^ÎvµÉÔ¬ÜvÝÉÞL9}Ã`à�àN<vµÉÔ�Æ	Ã�à^Ç^º	Õ�¸và»µÉÔv¶�à»µ·ÞÍµÉÝ·Ã�¹�Æ	Ë�ÔvÕvµÉÇ©µÉË`ÔvàÐ©ãC¾{Þ ¶AÊ`ÞÍÝ\à»Ë`ÝÉ¸vÇ^µ·Ë�Ô�Ë`Ô�Ã�×�µ·¹»Ã`ÔvÎ\Ã{Æ	ÝÉº	Ã`Ô\º	Õ�à»¸vÖvà»Ç©¹»Ã`Ç©ºYF
àT<v¸vÔ�Ã`Ç7é�ä`ä�ä ¹T<vÞ Ì�Ë`¹�ê�äÍà^º�Æ"½ÉÓ{Ã`àÂÌ�Ë`¹�Ç^Îvº�Ç©Î\µ·ÔÛ×�ØvÁ>×�ÙyÚÛØ ¸vÔvÕvº�¹�Ç©Îvº$Ã`à»à^¸vÞR<vÇ^µ·Ë�Ô�Ç©ÎvÃ�Ç�Æ�ÎvÃ�Ôv¶`ºË`Ì�<sË`ÝÉÄkÞ º�¹
à»Ä"à»Ç©º�Þ�9}Ë`¸\Ý·Õ�ÔvË�Ç�Ã`ÝÉÇ©º�¹�Ç©Î\º$Ç©Î\µ·Æ�ÏkÔvº�à^à�à»µÉ¶`ÔvµÉÜvÆ	Ã�ÔkÇ©ÝÉÄ"½r�7Îvº�Ôvº�9 ÜvÝ·Þ�9}Ã`à�ÞÍº�Ã`à»¸v¹^º�Õ ÖWË�Ç©ÎP97µÉÇ©ÎÛÃ�ÔvÕ)97µÉÇ©ÎvË�¸vÇ
Ã`ÔZÃ`Ô\Ã`ÝÉÄoU�º	¹�Æ	¹»Äkà^Ç^Ã`ÝÊ½��7Îvº{¹^º�à^¸\Ý·Ç^µ·Ôv¶R:kÁ>¹^ÃoÄÍ¹»º	Åvº�Æ	Ç©µÉÈkµ·ÇÊÄ�Æ	¸v¹»È`º�à�Ã`¹»º1à»ÎvËG97ÔZµ·Ô Üv¶�¸v¹^º={&½ ¾&½
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³Ç¶DÍ& {�hÎ�ª���Ï>��§$§�Î��ÐÎ=�a�x����Î�«E§g�H�x���E���E��Î�«�Î�«�Î�¢ÇÑ��©��Ï��Ï�Ñ	ª>�ÐÎ�¢�Î¯Ï��{�©��£E��Î¯Ï>��§v¤ ¥a�E��¶�Î����	¯Ï>����«E§ ¢x������¢��x«�Ò��Ï�Ó�Î�ª�Ó�ª§Î�ª&����Ó.�E� ´ �xª`Ï�Ó�§E�E��Ó�§	¶�Ñ}����Ó�Î�«�Î�¢ÇÑ���Ó�Ïc��Ï�Ñ	ª�Ò�ÐÎ�¢�¤sÔ��T��Ó©�¯Ó�Ï�Ìc����Ó�Ï¸Ó©ª���¢x�E���x��«��xª��x£q��Ï��»�¯Ó�§DÌ��a�E�x�����Î�«@¶�Ó¦ª�Ó�Ó�«�ÕÏ>��£ú����Ó+§�Ó��E���y���3����Ó+�ÕÏ>�x«E¯Ó�ª ¤

´OµÉ¶`¸v¹»º={s½ ¾s¿.ÀÂÁ>¹»ÃoÄ�¹^º�Åvº	Æ�Ç©µÉÈ"µÉÇÊÄ¬Ë�Ì.Ç^Îvµ·Ô ×�ç�×�Á>×�ÙyÚÛØ�ÜvÝ·ÞÛ½

Ø\Æ	Ã`Ç^Ç©º�¹^µÉÔv¶ÍÕvº	Ô\à^µÉÇÊÄMÊ¦aCeDÖ C1Övà^Ë�¹N<\Ç©µÉË`Ô?ÝÉº	Ô\¶`Ç©Î>Ê¥aCe�f �7ÎvµÉÆ�ÏkÔvº	à»à5Ê¥aC ß�Ë�¸v¶`Î\Ôvº	à»à5Ê¥aC
×.ÃoÄ`º	¹ åJ_ �`¼�Ø�ãCä�eDÙ éJ_�æ�é�Ø`ãCä�e/Ú {�ä`ä ¾
Øv¸\Övà^Ç^¹^Ã�Ç©º ãG_ �sæEØ�ãCä�eDÛ ãG_ é`é�Ø`ãCä�e/Ù Ü ¾

��Ã`ÖvÝÉº={s½Éã`¿.ÚÛËkÕvº�ÝK<vÃ`¹»Ã`ÞÍº�Ç©º	¹»à�Ì�Ë`¹7Ç^Îvº{Ç©ÎvµÉÔ ÜvÝÉÞ�½
�7Îvº1¹^º�Åvº	Æ�Ç©µÉÈ"µÉÇÊÄÍÆ	¸v¹»È`º�à�Î\ÃoÈ`º�Ösº	º�Ô?à»µ·Þ¨¸vÝ·Ã�Ç©º�Õ?ÖsË`Ç©Î�Ã`à}Ã$à»µ·Ô\¶`ÝÉºÂÝÉÃoÄ`º	¹r97µ·Ç^Î�Ç^ÎvºyÃoÈ`º	¹»Ã`¶�º�à^Æ�Ã`Ç©Ç^º	¹»µ·Ô\¶$ÝÉº	Ôv¶�Ç©Î

Ë`ÌcÇ^ÎvºyÇ;9�Ë�Ö\Ý·ËkÆ�Ïkà�F`Ã`Ô\Õ¬Ã`à�Ç©Îvºyº�:Y<sº	Æ	Ç^º	Õ¬ÝÉÃ`ÞÍº�Ý·ÝÉÃ`¹�à^Ç^¹^¸vÆ�Ç©¸v¹»º"½��7Îvº1º�:Y<sº	Æ	Ç^º	Õ�à^Ç^¹^¸vÆ�Ç©¸v¹»º�µÉà�¹»º	Æ�Ë`Ôvà»Ç©¹»¸vÆ�Ç©º	Õ�Ì�¹»Ë`Þ
Ç©Î\º{Ý·Ã�Þ º�Ý·ÝÉÃR<Wº�¹^µÉËkÕ Ì�Ë`¸vÔvÕ µÉÔ Ç©Îvº�ØJCÂÀÂØ º�:o<sº	¹»µÉÞ º�ÔkÇ�½��7Îvº{Ç^ÎvµÉÆ�Ï"Ô\º	à»à7Ë`Ì�Ç©Îvº{ÜvÝÉÞb9}Ã`à7º�Ã`à»µ·ÝÉÄ¬Ì�Ë�¸vÔvÕ Ì�¹^Ë�Þ(Ç^Îvº
O{µÉº	à»à^µÉ¶�Ì�¹^µÉÔv¶�º	ào½s�7Îvº¬ÜvÝÉÞ:Ç©ÎvµÉÆ�ÏkÔvº	à»à$µÉà$Ç^Îvº	ÔúÕ\µ·ÈkµÉÕvº	ÕúµÉÔkÇ©ËÛÃIà^¸vµÉÇ©Ã�ÖvÝÉº¬Ôk¸vÞ$Ösº	¹¨Ë`Ì5<sº	¹»µ·ËkÕvàGF�97Îvº	¹»º¬Ç©Î\º¬Ì�¹^º�º
µÉÔ"Ç^º	¹»Ì�Ã`Æ�º¨ÎvÃ�à{ÖWº�º	ÔGà»º	ÇÇ©Ë Ösº ×�Ù1ÚIØ Ã�ÔvÕ Ç^Îvº�à»¸vÖvà»Ç©¹»Ã`Ç©º µÉÔ"Ç^º	¹»Ì�Ã`Æ�º Ç^Ë ÖWºÍ×�ç�×UÌ�¹»Ë`ÞSÃ`ÔÑº	Ôvº�¹^¶�º	Ç©µÉÆ<WË�µ·ÔkÇË`Ì
Èkµ·º�9$½�CÂà7Æ�Ã`Ô ÖWº{à»º	º�Ô�Ç^Îvº{Ç;9}Ë ÞÍËkÕvº�Ý·à7Ã�¹^ºµÉÕvº	ÔkÇ©µÉÆ	Ã�ÝcÃ`ÔvÕ ÔvËÍÆ�Ý·º�Ã`¹5��¹^Ã�¶`¶g<Wº�Ã`Ïkà7Æ	Ã�Ô�Ösº{µ·Õ\º	ÔkÇ©µÉÜvº	Õ�½
��ËÛË`Övà»º	¹»È`º?Ç©Îvºs��¹^Ã�¶`¶)<sº	Ã`ÏkàGF.ÃIÇ©Î\µ·Æ�Ï�º	¹ ÜvÝ·ÞÝ9}Ã`à<v¹»º�<vÃ�¹^º�Õ Ì�¹^Ë�ÞiÃ Æ	Ë`Ô\Æ	º	ÔkÇ^¹^Ã�Ç©µÉË`Ô Ë`Ì$æCäIÞÍ¶VÊ�ÞÍÝ�Ã`Ç¨Ã

àT<vµ·ÔÑàT<Wº�º	ÕGË`Ì�é`ä`ä�ä?¹T<vÞ Ì�Ë�¹{ê`äZà^º�Æ"½�C Æ	Ë`Ô\Æ	º	ÔkÇ^¹^Ã�Ç©µÉË`ÔÛÖsº	ÝÉËG9 ãCä`äZÞ ¶AÊ`ÞÍÝ09}Ã`àÆ�ÎvË`à»º	Ô Ç©Ë ÃoÈ`Ë�µ·Õ Ç©ÎvºÍ¸và»ºÍË`Ì
Ç©Î\º{Ã`ÔvÃ�Ý·ÄYU	º�¹7Æ	¹»Äkà^Ç^Ã`ÝcÇ©ËÍ¹»º	à»Ë`ÝÉÈ`ºÇ©Î\º{Ç©ÎvµÉÆ�ÏkÔvº	à»à7Ì�¹^µÉÔv¶�º	ào½��7Îvº{¹»º	Åvº�Æ	Ç©µÉÈkµ·ÇÊÄ?Æ	¸v¹»È`ºÌ�¹»Ë`Þ(Ç^Îvº{Ôvº�9UÜvÝÉÞ(µÉà�à»º	º�ÔZµÉÔ
Üv¶�¸v¹^º={&½ ê&½7�7Î\º{¹^º�Åvº	Æ�Ç©µÉÈ"µÉÇÊÄ¬Æ�¸v¹^È�º	9}Ã`à7ÞÍº�Ã`à»¸v¹^º�Õ]97µÉÇ©ÎvË�¸vÇ7Ã`Ô Ã�ÔvÃ`ÝÉÄYU	º	¹�Æ�¹^Äkà»Ç©Ã`ÝÊ½
�7ÎvºË�}¹»Ã`¶�¶\<Wº�Ã`ÏKÔvËG9<Ösº	Æ	Ë�ÞÍº	à?ÈkµÉà^µÉÖvÝÉºIÖv¸\Ç�Ç^ÎvºIÆ�¸v¹^È�ºÛµÉà�ÕvµpIÍÆ	¸vÝÉÇZÇ©ËT¹»º	Æ�Ë`Ôvà»Ç©¹»¸vÆ�Ç¬Õv¸vº Ç©ËTÇ^ÎvºÑÞ Ã�ÔkÄ

ÝÉÃoÄ`º	¹»ào½=�7ÎvºÍÇ©ÎvµÉÆ�ÏkÔvº	à»à=9�Ã�àÌ�Ë`¸vÔvÕÑÇ©Ë Ösº�êV��ä`ä�aC Ì�¹»Ë`Þ Ç^ÎvºÍ´\Ë�¸v¹^µÉº	¹Ç^¹^Ã�Ôvà^Ì�Ë�¹^ÞPF�97ÎvµÉÆ�ÎÑÆ	Ë`¹»¹»º	àT<WË�ÔvÕvàyÇ©ËZ¾sæ`½Éæ
ÖvµÉÝ·ÃoÄ�º	¹»àE½s�7Î\º?ÞÍËkÕvº	Ý}ÎvÃ`à ÔvË�Ç$Ösº	º	ÔTÜvÇ©Ç^º	ÕTÇ^ËÛÇ©Î\º�ÕvÃ�Ç©ÃÛÖsº	Æ�Ã`¸và»º?Ë�Ì7Ç©Îvº�Ý·Ã�¹^¶�º¬Ôk¸vÞ$Ösº	¹¨Ë`Ì5<vÃ�¹^Ã�ÞÍº	Ç©º�¹^ào¿$¼`¼

ß�µÉà^á�â`ß�â&ã�ä�åsæ`ÐÒç�èÍÓ ¼sã
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³ÇÎVÍH
7Ó©�HÓ©�����x���x��Ñ+����Ï��¯Ó&��������Ó&���E�x���¦�`Æs��ÒÉ�s�O ?�s¡E¢x£{¤
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³Ç¶DÍ��o����Ï��ÇÓhÏ}�¸Ï¸Î�«Eª>� �¯Ï>£ ���.���HÓ=Ï�Ó�Þ�Ó������x�	�x��ÑÍ����Ï��¯Óy���§�Ó��ÐÓhÏ�£��x«�Ó¦����Ó+�����x����«HÓ©ª�ª.���v����Ó¦¡E¢x£�¤

´OµÉ¶`¸v¹»º={s½ ês¿.ÀÂÁ>¹^ÃoÄ�¹»º	Å\º	Æ	Ç^µ·ÈkµÉÇÊÄ¬Ë`Ì.Ç©ÎvµÉÆ�Ï?×�ç�×�Á�×�Ù1ÚÛØ�ÜvÝÉÞ�½

à»Æ	Ã`Ç^Ç©º�¹^µÉÔv¶ZÝ·º�Ôv¶`Ç^Îvà�Fa¼`¼ Ã`Ö\à^Ë�¹N<vÇ^µ·Ë�ÔIÝÉº	Ôv¶�Ç©ÎvàGF&¼�éZÇ^ÎvµÉÆ�Ï"Ô\º	à»à�F&¼�¼ ¹^Ë�¸v¶`ÎvÔ\º	à»à1Ã�ÔvÕGÃZÖ\Ã`Æ�Ïk¶`¹»Ë`¸vÔ\Õ.½{ß�º�à^¸\Ý·Ç^µ·Ôv¶�µÉÔ
¾`¾�äg<\Ã`¹»Ã`ÞÍº	Ç^º	¹»àE½7�7ÎvµÉà7Æ	Ã`Ô�F"ÎvËG9�º�È`º�¹�F�ÖsºyÕ\¹^Ã�Þ Ã�Ç©µÉÆ	Ã�Ý·ÝÉÄ�¹^º�Õv¸vÆ�º	ÕZÖ"Ä?ÜD:kµ·Ôv¶Í¹»º	ÝÉÃ`Ç^º	Õs<vÃ`¹»Ã`ÞÍº	Ç^º	¹»àE½7�7ÎvµÉà597µ·ÝÉÝaÖsº
º�:Y<vÝÉÃ`µÉÔvº�Õ�µÉÔ Þ Ë�¹^ºÕvº�Ç©Ã�µ·ÝaµÉÔZÇ©Îvº{à»Ç©¹»¸vÆ	Ç^¸v¹»ºyÃ�ÔvÃ`ÝÉÄkà^µÉà7à»º	Æ	Ç^µ·Ë�Ô.½
�7ÎvºyÇ©ÎvµÉÆ�ÏÍ×�ç�×�Á>×�ÙyÚÛØ¬ÜvÝÉÞÍàE9}Ã`à}Ã`Ô\Ã`ÝÉÄoU�º	Õ¬Ã�Ç�Ösº	Ã�ÞÍÝ·µÉÔvº@�E��¾¨Ã`ÇEÃÂÃ�à^ÄkÝÉÃ`Ö�FAÃÂÃ�Þ$Öv¸\¹^¶¨Ö"ÄÍÎvµÉ¶`Î�µ·ÔkÇ^º	Ôvà»µ·ÇÊÄ

à»Ä"Ô\Æ�Îv¹^Ë�Ç©¹»Ë`ÔP:kÁ>¹^ÃoÄ�¹»º	Å\º	Æ	Ç^µ·ÈkµÉÇÊÄ"½gBÂÔ\Ì�Ë`¹»Ç©¸vÔvÃ�Ç©º�Ý·ÄYFcÇ©Î\º�à^Ã�Þ<\Ý·ºR9}Ã`à{ÕvÃ�Þ Ã�¶`º�ÕIÖkÄIÇ^ÎvºÍÈ`º	¹»ÄÛµÉÔkÇ©º	Ô\à^ºÍ¹»Ã`ÕvµÉÃ`Ç^µ·Ë�Ô.½
�7ÎvµÉàÆ	Ã`Ô ÖWºÍà»º	º�ÔIµÉÔ Üv¶�¸v¹»º�{s½ és½��7Îvº¨µÉÔkÇ©º�Ô"Ç^µ·Ë�ÔË9}Ã`àyÇ©ËZË`Ö\Ç©Ã`µÉÔIÃZÎvµÉ¶`Î ¹^º�à^Ë�Ý·¸vÇ^µ·Ë�ÔI¹»º	Åvº�Æ	Ç^µ·ÈkµÉÇÊÄ�Æ	¸v¹»È`º¨ËoÈ`º	¹1Ã
ÝÉÃ`¹»¶`º	¹�ÕvÄkÔvÃ`ÞÍµÉÆ	Ã�ÝW¹»Ã`Ôv¶�ºÂÇ^ÎvÃ`Ô�Ã`Æ	Æ�º	à»à^µÉÖvÝÉºÂÃ�Ç�Ç^Îvº1¹»Ë`Ç^Ã`Ç^µ·Ôv¶¨Ã`ÔvËkÕvºk½�CÂà�Ç©ÎvºÜvÝÉÞß9}Ã`à}Õvº	à»Ç©¹»ËoÄ`º�Õ�ÔvË¨¸\à^Ã�ÖvÝ·ºyÕvÃ�Ç©Ã
9}º	¹»ºyË�ÖvÇ©Ã�µ·Ô\º	Õ.½

´Oµ·¶�¸v¹^º={&½ é&¿��7ÎvºÎvµ·¶�Î µ·ÔkÇ©º�Ôvà»µ·ÇÊÄ¬Ì�¹»Ë`Þ(Ç©Îvº{à»ÄkÔvÆ�Îv¹»Ë`Ç©¹»Ë`Ô�ÎvÃ`à7Æ�Ý·º�Ã`¹»Ý·Ä�ÝÉº	Ì�ÇÂÃ Õ\Ã`ÞÍÃ`¶�º	Õ?Ç^¹^Ã�Æ	ºµÉÔZÇ^Îvº{ÜvÝÉÞÛ½

¼`¾ ßÂµ·à»á`Á>ß�Á�ã�ä`å&æ`ÐÒç�è Ó



ëaì&ísîaï&ìsîHícðañ�ëHìsîHòcóTô�õÛëaóaö1öÂ÷vì&ícø�ïúùÍø�ûsñ�ô�ï&üþý{ô�ÿvô�ñ	óaö1÷ví����aø�����ø�ñ�ö	�

Äs��j àâá)8�&ã©ä8�$�!  67.0m)4567m).0*lngåçæ�è±æ�-/æLéc«  

�7Îvº7Üv¹»à»Ç�Ô\º	¸vÇ^¹^Ë�Ô ¹»º	Å\º	Æ	Ç^µ·ÈkµÉÇÊÄ�º�:Y<sº	¹»µ·ÞÍº�Ô"Ç^à+º�:kÃ�Þ µÉÔvº�Õ¨Ç^Îvº�Æ	Ë�ÔkÇ©¹»Ã`à»Ç.Ã�ÔvÕÍà^Ç^¹^¸vÆ�Ç©¸v¹»º�Ã`Ç¦Ã�Þ$ÖvµÉº	ÔkÇOÆ	Ë�ÔvÕvµÉÇ©µÉË`Ôvà+Ì�Ë�¹
ÕvµpWWº�¹^º�ÔkÇ�Ç^Îvµ·Æ�ÏkÔvº�à^à»º	à}Ë`ÌcÇ^ÎvºyÜvÝ·ÞÍào½��7Îvº2:kÁ>¹^ÃoÄ º�:Y<sº	¹»µ·ÞÍº�Ô"Ç^à�à»ÎvËG9}º	Õ¬Ç^ÎvÃ`Ç}Ç©Î\º1ÜvÝÉÞÍàq9�º�¹^º1Ë`¹»Õvº	¹»º	Õ�Ã�Ç�Ã`Þ¨ÖvµÉº	ÔkÇ
Æ	Ë�ÔvÕvµÉÇ©µÉË`Ôvà�ê©¸\à^Ç7Ã�Ì�Ç©º	¹Âà^Ã�Þ<\Ý·º=<v¹»º�<vÃ�¹^Ã�Ç©µÉË`Ô.½
�59}ËZà»Ã`ÞR<vÝÉº	à�9�º�¹^ºR<v¹»º�<vÃ�¹^º�Õ Ì�Ë�¹�Ôvº�¸vÇ©¹»Ë`ÔG¹»º	Åvº�Æ	Ç©µÉÈkµ·ÇÊÄYFaË�Ôvº�Ì�¹»Ë`ÞSÃTæ�½ { ÞÍ¶VÊ�ÞÍÝ+Æ	Ë�ÔvÆ	º�Ô"Ç^¹^Ã�Ç©µÉË`ÔÑÃ`ÔvÕGË�Ôvº

Ì�¹»Ë`Þ Ãþã�¾�ÞÍ¶VÊ�ÞÍÝ�Æ	Ë�ÔvÆ	º�ÔkÇ©¹»Ã`Ç©µÉË`Ô�FcÖsË`Ç©ÎTàN<vµÉÔ Æ	Ã�à^Ç^º	Õ Ë�Ô Æ	ÝÉº	Ã`Ô\º	Õ à»¸vÖvà»Ç©¹»Ã`Ç©º�à�Ã`Ç$é`ä`ä�ä�¹N<\ÞiµÉÔ ê`äÛà»º	Æk½Z�7Îvº
¹»º	à»¸vÝ·Ç^µ·Ô\¶ Æ�¸v¹»È`º	à�Ã�¹^ºà»ÎvËG97Ô�µÉÔ Üv¶`¸\¹^º={s½ ¼s½
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7.6mg/ml PEP−PDMS sample for neutron reflectivity
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³ÇÎVÍ7
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12mg/ml PEP−PDMS sample for neutron reflectivity
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³Ç¶DÍ�
�Ó�Þ�Ó�ë����x�	�x��Ñyë©�HÏ>�¯Óc� �¯Ï\����Ó °>® £}Vî>£�¢�ª¸Î�£q�E¢ÇÓ�Î�«E§����Ó¦ª>�x£��E¢ÇÎ��ÐÓ©§	ë���Ï>�¯Ó�¤

´Oµ·¶�¸v¹»º	{&½ ¼&¿Hè1º	¸vÇ^¹^Ë�Ô�¹»º	Å\º	Æ	Ç^µ·ÈkµÉÇÊÄ�Æ	¸v¹»È`º�à�Ì�Ë`¹�×�ç�×�Á>×�ÙyÚÛØ?Ã�ÔvÕ�Ç^ÎvºÆ	Ë�¹^¹»º	àT<WË�ÔvÕvµÉÔv¶$ÞÍËkÕvº�ÝcÆ	¸v¹»È`ºk½7�7Î\ºyÞÍËkÕvº�Ý
Æ	¸\¹^È�º	à�ÎvÃoÈ`ºÖsº	º�ÔZ¹»º	à»Ë`ÝÉ¸vÇ^µ·Ë�Ô?à»Þ º�Ã`¹»º	Õ.½
�7Îvº�Ç^Îvµ·Æ�ÏkÔvº�à^à$Ë`Ì�Ç©Îvº?ÜvÝ·ÞÍà¨Æ	Ã`ÔGÔvË�Ç�Ösº¬à^º�º	Ô ÕvµÉ¹»º	Æ	Ç^Ý·ÄYFaà»µÉÔvÆ	º�Ç^Îvº]O{µÉº	à»à^µÉ¶ Ì�¹^µÉÔv¶�º	à�Ã�¹^º�à»¸D<D<v¹»º	à»à»º	Õ.½M�7Îvº
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Æ	Ã`ÔZÖsº{Õvº	Ç^º	¹»Þ µÉÔvº�ÕZÌ�¹»Ë`Þ(Ç©Îvº{Ç^Ë`Ç©Ã�ÝcÇ©ÎvµÉÆ�ÏkÔvº	à»ào½

S èÂº�:kÇà»Ç©º�<~97µÉÝ·Ý¦Ösº�Ã Õvº	Ç^º	¹»ÞÍµ·ÔvÃ�Ç©µÉË`ÔÑË`Ì�Ç©ÎvºÍÇ©Ë�Ç©Ã�Ý¦Ç©ÎvµÉÆ�ÏkÔvº	à»à{Ë`Ì�Ç©Îvº�ÜvÝÉÞPFcµÊ½ ºk½sÇ©Îvº�Ôk¸vÞ¨ÖWº�¹{Ë`Ì�ÖWËG:kº	à{µÉÔ
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µ·à7ÔvË�Ç7ÃÍÇ©¹»µ·ÈkµÉÃ`ÝcÇ©Ã�à^ÏKF"à»µ·Ô\Æ	ºÆ	Ã�¹^º�Ì�¸vÝcÆ	Ë�Ôvà^µÉÕvº�¹^Ã�Ç©µÉË`Ôvà�Ë`Ì�<vÃ�¹^Ã�Þ º�Ç©º�¹}¹»º	Õ\¸vÆ	Ç^µ·Ë�Ô�Þ¨¸và^Ç7Ösº{ÞÍÃ`Õvºk½

S �7Îvº+Ã`Ô\Ã`ÝÉÄ"à»µÉàHÆ	Ë�¸vÝÉÕ{ÖWºE<Wº�¹^Ì�Ë�¹^ÞÍº�Õ�97µ·Ç^Î�Ý·º�à^à�<vÃ�¹^Ã�Þ º�Ç©º�¹^àa¸\à^µÉÔv¶�Ç^Îvº�ÏkµÉÔvº	ÞÍÃ`Ç^µ·Æ�Ã`Ý�Þ ËkÕvº�Ý�½Hß�º�Æ	Ë`Ô\à^Ç^¹^¸vÆ�Ç©µÉÔv¶
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xÊÇ$à»ÎvË`¸vÝÉÕúÖsº�Ï�º�<vÇ¨µ·ÔTÞ µÉÔvÕþÇ©ÎvÃ�Ç¨Ç^Îvº?ÕvÄkÔvÃ�ÞÍµ·Æ�Ã`Ý}Þ ËkÕvº�Ý�µÉàÍº�:kÃ`Æ�Ç�Ã`Ô\ÕúÇ©ÎvºZÏkµ·Ô\º	ÞÍÃ`Ç^µ·Æ�Ã`Ý}Þ ËkÕvº�Ý�µÉà Ã`Ô
ÃV<D<v¹»ËG:kµ·ÞÍÃ�Ç©µÉË`Ô¬Á+Ç^ÎvË`¸\¶`ÎZË`Ì�Ç©º�Ô ¶`ËkËkÕ.½

�7Îvº¹»º	à»¸vÝ·Ç^µ·Ô\¶<\Ã`¹»Ã`ÞÍº	Ç^º	¹»à}Ì�Ë�¹7Ç©Îvº�<\¹^Ë�ÜvÝ·º¹»º	Æ�Ë`Ôvà»Ç©¹»¸vÆ	Ç^µ·Ë�Ô?µÉà�à»¸vÞÍÞ Ã�¹^µpU	º�Õ�µÉÔZÇ©Îvº{Ç^Îvº{Ì�Ë`ÝÉÝ·ËG97µÉÔv¶ÍÇ©Ã�ÖvÝÉº"½

¼`å ßÂµ·à»á`Á>ß�Á�ã�ä`å&æ`ÐÒç�è Ó
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ÚÛÃ`Ç^º	¹»µ·Ã�Ý �7Îvµ·Æ�ÏkÔvº�à^à~aC ß�Ë`¸v¶�ÎvÔvº�à^à\aC
��ËV<ZÝ·ÃoÄ�º	¹ ×�ÙyÚÛØ ê`é ã�¾

xÊÔ"Ç^º	¹»µ·Ë�¹7Ý·ÃoÄ�º	¹»à ×�ç�×yÊ�×�ÙyÚÛØ æC¼VÊ&æ�¼ ãC¾VÊ&ã�¾
Øv¸vÖvà»Ç©¹»Ã`Ç^ºyÝÉÃoÄ`º�¹ ×�ç�× é`ä ã�¾

Øv¸vÖvà»Ç©¹»Ã`Ç^º Ø\µ·ÝÉµ·Æ�Ë`Ô Ü ê
��Ã`Ö\Ý·º�{&½ é&¿HÚIË"Õ\º	Ý§<vÃ�¹^Ã�Þ º�Ç©º�¹^à�Ì�Ë`¹7Ç^Îvº{×�ç�×�Á>×�ÙyÚÛØ?Ç^ÎvµÉÔ�ÜvÝ·Þ Ã`Ç�¹»Ë"Ë�ÞdÇ©º�ÞR<Wº�¹^Ã�Ç©¸v¹»º"½

CTÇ^ÎvµÉÔ�ÜvÝÉÞ à^Ã�Þ<\Ý·º�9}Ã`à.ÞÍË`¸vÔkÇ©º�Õ�97µÉÇ©Î�Ç^Îvº�à»¸v¹»Ì�Ã`Æ�º�<vÃ`¹»Ã`ÝÉÝÉº	Ý~Ç^ËÂÇ©Î\º�µÉÔvÆ	µÉÕvº	ÔkÇ�Ôvº	¸\Ç©¹»Ë`Ô{Ösº	Ã`ÞÛ½7�7Îvº�¹»º	à»¸vÝÉÇ©µÉÔv¶
µÉÞ Ã�¶`º¨µ·àà»ÎvËG97ÔÛµÉÔIÜv¶�¸v¹^ºg{s½Éã`ã�Ð�ÃsÓNF`97Îvµ·Æ�ÎIÆ	ÝÉº	Ã`¹»ÝÉÄZµÉÔvÕvµÉÆ	Ã�Ç©º�à@<sº	¹»Ì�º	Æ�Ç1Ë�¹^Õ\º	¹»µ·Ôv¶?Ë`Ì+Ç^Îvº¨ÝÉÃ`ÞÍÝÉÝ·Ã�º$ÔvË�¹^ÞÍÃ�Ý.Ç^Ë�Ç^Îvº
à»¸v¹^Ì�Ã�Æ	º�Ã�à�º�:o<sº	Æ�Ç©º�ÕË» ¾�¾`F�éV{`F`ésæ¯¼�½qz}º	Ô\º	¹»Ã`ÝÉÝ·ÄYF~à»ÄkÞ ÞÍº�Ç©¹»µ·Æ�Ö\Ý·ËkÆ�ÏÍÆ	ËA<WË�Ý·ÄkÞÍº	¹»à+Ã`¹»º�Ë�¹^Õvº�¹^º�ÕÍÃ`Ç�Ç^ÎvºÂà»¸v¹»Ì�Ã`Æ�º"½7�7Îvº
ÞÍµ·Æ�¹^Ë�¶`¹»ÃV<vÎ�µ·ÔZÜv¶�¸v¹^º={&½·ã�ã`Ð�Ö�ÓHµÉÝÉÝ·¸và»Ç©¹»Ã`Ç^º	à7Ç^Îvµ·à2<vÎvº	Ô\Ë`ÞÍº	ÔvÃ&½
�7Îvº Õvº�¶`¹»º	º Ë`Ì1Þ Ë�à^Ã�µ·Æ�µ·ÇÊÄTµ·Ô5Ç©Î\º�×�ç�×�Á�×�Ù1ÚIØTÜvÝÉÞ Æ�Ã`ÔKÖWº�º�à^Ç^µ·ÞÍÃ`Ç^º	Õ5Ì�¹»Ë`Þ Ç^Îvº)97µ·Õ\Ç©Î5Ë`ÌyË`Ôvº Ë�Ì1Ç^Îvº

��¹^Ã�¶`¶s<Wº�Ã`Ïkào½ ´�µÉÇ©Ç^µ·Ô\¶�Ã�¾`Ù'z}Ã`¸\à^à»µ·Ã�Ô Ç^Ë�Ç©ÎvºS<sº	Ã�ÏI¶�µ·È�º	àÃ)97µ·Õ\Ç©Î Ð�´��äÃÂÚKÓ7Ë`ÌlkhmYn � äs½ ä`ä&æ�ê�aCRe7f�½R�7ÎvµÉà
ÎvÃ�àyÇ^Ë�Ösº Õvº	Æ�Ë`ÔkÈ`Ë�Ý·¸vÇ^º	ÕP97µÉÇ©ÎÑÇ©Î\º µÉÔvà»Ç©¹»¸vÞÍº	ÔkÇ©Ã�Ý.¹»º	à»Ë`ÝÉ¸vÇ^µ·Ë�ÔokhmYn � äs½ ä`ä�éV�daCRe7f	½{´\¹»Ë`Þ<Ç©Î\µ·àÃ`Ô ¸D<D<sº	¹ÝÉµ·ÞÍµÉÇ
Ì�Ë`¹1Ç©Îvº$Þ Ë�à^Ã�µ·Æ�µ·ÇÊÄ�µ·Ô�Ç^Îvº$Ç^ÎvµÉÔ�ÜvÝ·Þ Æ�Ã`Ô�Ösº�º	à»Ç©µÉÞÍÃ`Ç©º�Õ�Ç©Ë¬Ösº�{&½ {Au"½rxÊÇÂÎvÃ�à�Ösº	º	ÔIÃ`à»à^¸vÞÍº�ÕZÇ^ÎvÃ`ÇÂÇ©Îvº¨à^¸vÖ\à^Ç^¹^Ã�Ç©º
µÉà5<Wº�¹^Ì�º�Æ	Ç©ÝÉÄ?Å\Ã`Ç7Ã`Ô\Õ�ÕvËkº�à�ÔvË`Ç�Æ�Ë`ÔkÇ©¹»µ·Ö\¸vÇ©ºÇ©Ë�Ç^Îvº{Öv¹»Ë`Ã�Õvº	ÔvµÉÔv¶ Ë`Ì�Ç©Îvº�<sº	Ã�Ïa½
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S0151138 .SAN 

NG/    PEP-PDMS 17, Temperature ramp 5m/5m/3A,300s 

BELOW 0.15

0.15 - 0.31

0.31 - 0.46

0.46 - 0.62

0.62 - 0.77

0.77 - 0.93

0.93 - 1.08

1.08 - 1.24

1.24 - 1.39

1.39 - 1.54

ABOVE 1.54

³·ÎVÍ7�:T��"Wx«�¡E¢x£ ª�Î�£q��¢ÇÓ	��Î�ª}£����E«6T¸Ó�§�X¯ÓhÏ3T3WÇë�Î�¢x¢ÇÑpWx«
T��HÓ{�N���7�q��WUT��\T���Ó�ª���Ï>�ÕÎ¯ë�Ór��Î¯Ï¸Î�¢x¢ÇÓ�¢(T��qWx«\Wx«Hë©��£rWx«E
¶�ÓhÎ�£{¤7¥a��Ó}ª�ë�Î�T3TÐÓ�Ï�Wx«E\Wx£EÎ�¯Ó5ë©¢ÇÓ�Î¯Ï�¢ÇÑ{ª>�E�N�Hª���Ó�Ï>�ÕÓ�ë�T�¯Ï>§�Ó�Ï3Wx«E}«E�¯Ï�£qÎ�¢.T��[T���Ó¦ª>��Ï��XÎ¯ë�Ó�¤

³Ç¶DÍ�ÆW¢ÇÓ�ë�TÐÏ>��«Z£�WÇë�Ï>��¯Ï�Î¯���Z���+�9s�Ò��O�g�~��¢ÇÑ�£EÓhÏ ¤I¥a��Ó�ÕÏ�Ó�Óaª>��Ï��XÎ¯ë�Ó�Wxª9Wx«E§"WÇëhÎ�TÐÓ�§�¶�ÑlT���Ó7Î¯Ï�Ï��T��¤A�>ë�¢x��ª¸ÓhÏW¢x�����
Î�TqT���ÓgÎ¯Ï�Ï>�N�a��Ó�Î�§�ª>�E�¯Ó�ª�T�ª\T���Î�TtT���Ó ª���Ï>�ÕÎ¯ë�Ó$¢ÇÎNÑ¯Ó�Ï
Wxª0Î¯����Ï�� ´ ¤���Î�¢x�^T���Ó[T��CWÇë��	«�Ó�ª>ª����DT��HÓ[Wx«
TÐÓ�Ï�Wx�¯Ï+¢ÇÎTÑ¯Ó�Ï>ª ¤
��§HÎ¯�CT¸Ó�§�ÕÏ>��£vu w¯í�x�¤

´Oµ·¶�¸v¹»º�{s½Éã`ã�¿1ÐÒÃsÓ��7Îvº¨Ë`¹»µ·º�ÔkÇ©Ã`Ç^µ·Ë�ÔvÃ`ÝHË`¹»Õvº	¹»µ·Ô\¶�µ·ÔÛÇ^Îvº$×�ç�×�Á�×�Ù1ÚÛØ Ç^Îvµ·ÔIÜvÝ·ÞÍàyÞÍº	Ã`à»¸v¹»º	Õ�ÖkÄZØDCÂè1Ø.½OÐ�Ö.Ó��7Îvº
à»¸v¹^Ì�Ã�Æ	ºÃVIÍÔvµÉÇÊÄ¬Ì�Ë�¹7Ë`ÔvºË`Ì�Ç©Î\º{ÖvÝ·ËkÆ�Ïkà7µÉà7µ·ÝÉÝ·¸\à^Ç^¹^Ã�Ç©º	Õ>97µÉÇ©Î ×yxÊÁ>×�Ø�½

ß�µÉà^á�â`ß�â&ã�ä�åsæ`ÐÒç�èÍÓ ¼V�
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Äs��  à�*�!¨~*�.0"�6�m).0* éc*�~*�&>y)*2&)4513« *�"�¬�m).0*�!¨*�&]67¬{z]13kl*�m)6�.0n�& ¡�*�-
£)*�456�8�¤M8�6`1

C5à^Ç^¸vÕvÄ�Ë�Ì\Ç^Îvº�Ý·Ã�Þ º�Ý·ÝÉÃ`¹Oà»Ç©¹»¸vÆ	Ç^¸v¹»º�Ã�Ç�Õ\µXWsº	¹»º	ÔkÇ �E� Á>ÈEÃ`ÝÉ¸vº	à�9}Ã`àOÇ©Î\º}Ô\º�:kÇOà^Ç^º�< µ·Ô Ç©Îvº�µÉÔkÈ`º	à»Ç©µÉ¶`Ã�Ç©µÉË`Ô�Ë�Ì\Ç^Îvº�Ç©ÎvµÉÔ
ÜvÝÉÞÛ½ � Æ	Ë`¸\Ý·Õ�ÔvË�Ç�Ösº$ÈEÃ`¹»µ·º�Õ�F3à»µÉÔvÆ	º�Ë�ÔvÝÉÄ�Ë�Ôvº�<sË`ÝÉÄ"ÞÍº�¹�9�Ã�à�Ã`ÇÂÎvÃ`ÔvÕ�½EÃÂËG9}º	È`º�¹�F3Ç©Îvº�µÉÔkÇ©º�¹^Ã�Æ	Ç©µÉË`Ô)<\Ã`¹»Ã`ÞÍº	Ç^º	¹
� Æ�Ë`¸vÝÉÕ ÖWº?Æ�ÎvÃ`Ôv¶�º	ÕGÖkÄ Ç^Îvº?Ç^º	ÞR<sº	¹»Ã`Ç©¸\¹^ºk½]�7Î\º¬µ·ÔkÇ^º	ÔvÕvº�Õ º�:Y<sº	¹»µ·ÞÍº	ÔkÇ�9}Ã`à$Ç©ËÛÖv¹»µÉÔv¶ÛÇ©Î\º¬à^Äkà»Ç©º�ÞiµÉÔkÇ©ËÛÇ^Îvº
ÕvµÉà^Ë�¹^Õ\º	¹»º	Õ à^Ç^Ã`Ç^º�Ã`Çq½}|ä½�~5��� � ã¯{`¼AuVvþÃ`ÔvÕ�ÞÍº	Ã�à^¸\¹^º�Ã�¹»º	Å\º	Æ	Ç^µ·ÈkµÉÇÊÄ�Æ�¸v¹»È`º{µÉÔ�Ç©Îvº¨Õvµ·à»Ë`¹»Õvº�¹^º�ÕZà»Ç©Ã�Ç©ºk½y�7Î\º	Ô
Öv¹»µ·Ô\¶?µÉÇ1ÖvÃ�Æ�Ï Ç©ËZÇ©Îvº Ë`¹»Õvº	¹»º	ÕIà^Ç^Ã`Ç©º¨Ã`ÔvÕ ÞÍº	Ã`à»¸v¹»º$Æ�Ë`ÔkÇ©µÉÔk¸vË`¸và»ÝÉÄ�Ç^Ë�ÞÍË`Ô\µ·Ç^Ë`¹yÇ©Îvº Ë`¹»Õvº	¹»µÉÔv¶?Ë�Ì¦Ç©ÎvºÍà»Ç©¹»¸vÆ	Ç^¸v¹^ºk½
xÊÇ=?k¸vµ·Æ�ÏkÝÉÄÛÇ©¸\¹^Ôvº�Õ Ë�¸vÇÇ©ÎvÃ�ÇÇ©ÎvºÍà»Ä"à»Ç©º�Þ 9}Ã`àÇ©ËkË ÞÍË`ÖvµÉÝ·ºYF&Îvº�ÔvÆ	ºÍµÉÇy¹»º	Ã�Æ�Îvº	Õ Ç©Îvº�¹^ÞÍËkÕvÄkÔvÃ�Þ µÉÆ	Ã�ÝOº�?k¸vµÉÝ·µÉÖv¹»µ·¸vÞ
Ì�Ã`à»Ç©º�¹7Ç©ÎvÃ�Ô Ç©Îvº{Ç^µ·ÞÍº{Ì�Ë`¹7ÃÍÞÍº	Ã�à^¸\¹^º�Þ º�ÔkÇ�½
xÊÇ�9}Ã`à7ÎvËA<Wº�Õ�Ç©ÎvÃ�Ç�Ç©Î\º�à^Äkà»Ç©º�Þ Æ�Ë`¸vÝÉÕ ÖWº~��Ç©¹»ÃV<D<sº	ÕJ��Ë`¹>��Ì�¹^ËAU	º	ÔJ� µÉÔ�Ç©Î\º�ÕvµÉà^Ë�¹^Õvº�¹^º�Õ�à»Ç©Ã�Ç©ºYF3µÉÌ�Ç^Îvº�à»Ã`ÞR<vÝÉº

9}Ã`à�?k¸vº�ÔvÆ�Îvº	Õ�Ösº	ÝÉËG9KÇ©Îvº1¶`ÝÉÃ`à»à¦Ç©¹»Ã`Ôvà»µ·Ç^µ·Ë�ÔÍÇ©º	ÞR<sº	¹»Ã`Ç^¸v¹^ºÂÌ�Ë`¹+Ç^ÎvºÂ×�ç�×�Á>ÖvÝÉËkÆ�Ïc½§�7Îvº�à»Ã`ÞR<vÝÉº7Ã`ÔvÕ�à»Ã`ÞR<vÝÉº�ÎvË�Ý·Õvº�¹
9}Ã`à�Îvº�Ã`Ç^º	Õ Ç©ËKã�å`äAuAv5FcÃ�¹»º	Å\º	Æ	Ç^µ·ÈkµÉÇÊÄ Æ�¸v¹»È`º�ÞÍº	Ã�à^¸v¹»º	ÕGÇ^ËÛº	Ôvà»¸v¹»º�Ç©ÎvÃ�Ç$Ç^Îvº¬ÜvÝÉÞc9}Ã`à$Õvµ·à»Ë`¹»Õvº�¹^º�Õ�FaÃ�ÔvÕ Ç©Î\º	Ô
?k¸vº	Ô\Æ�Îvº	ÕÛµÉÔIÝÉµp?"¸\µ·ÕÛÔ\µ·Ç^¹^Ë�¶`º	Ô�½5�7Îvº ÜvÔvÃ�Ý.Ç^º	ÞR<Wº�¹^Ã�Ç©¸v¹»º$Ë�Ì¦ÃV<D<\¹^ËG:a½3Á�ã�ä�ä u v�9}Ã`ày¹^º�Ã`Æ�Îvº�Õ)97µ·Ç^ÎvµÉÔI¼?ÞÍµÉÔ.½2�7Îvº
��¹^Ã�¶`¶	<Wº�Ã`Ï�9}Ã`àOÞÍº	Ã�à^¸v¹»º	Õ Æ	Ë�ÔkÇ©µÉÔ"¸\Ë`¸và»Ý·Ä�97µÉÇ©Î\Ë`¸vÇ¦ÖvÃ�Æ�Ïk¶`¹»Ë`¸vÔvÕ$Æ	Ë`¹»¹»º	Æ	Ç^µ·Ë�Ô�Ç©Ë{ÞÍµÉÔvµÉÞ µpU	º�Ç^Îvº7Ã`Æ�?"¸\µ·à»µ·Ç^µ·Ë�Ô$Ç^µ·ÞÍº"½
CÂà�Æ�Ã`Ô?Ösºà^º�º	Ô¬µÉÔZÜv¶`¸v¹»º2{&½·ãC¾$Ç^ÎvºÖvÃ`Æ�Ïk¶`¹»Ë`¸\ÔvÕ�Ý·º�È`º�ÝWµÉà�Þ$¸vÆ�Î�Ý·ËG9}º	¹}Ç©ÎvÃ�Ô?Ç^Îvºà^µÉ¶`ÔvÃ�Ý F`Îvº�ÔvÆ	ºÇ©Î\º1ÖvÃ�Æ�Ïk¶`¹»Ë`¸vÔvÕ
à»¸vÖvÇ©¹»Ã`Æ�Ç©µÉË`ÔS9}Ë`¸vÝÉÕÍÔvË`Ç�Æ�ÎvÃ`Ô\¶`º7Ç©Î\º�<Wº�Ã`Ï à^Î\ÃV<sºÂË`¹y<WË�à^µÉÇ©µÉË`Ô.½HèÂº�Ã`¹�Ç©Îvº1Ë`¹»Õvº	¹»Á�Õ\µ·à»Ë`¹»Õvº	¹OÇ^¹^Ã�Ôvà^µÉÇ©µÉË`Ô�FoÇ©Î\º2<v¹»Ë`ÜvÝÉº
µÉàyÔ\º	Ã`¹»ÝÉÄ�à^µÉÔk¸và^Ë�µ·Õ\Ã`Ý;F\¶�µ·ÈkµÉÔv¶ZË`ÔvÝÉÄ�Ã�Ü\¹^à»Ç1Ë�¹^Õ\º	¹@�}¹»Ã`¶�¶M<sº	Ã`Ïa½�CÂàÇ©ÎvºÍà»Äkà^Ç^º	Þ<¶`º�Ç©àÕvº�º�<sº	¹µ·ÔkÇ^ËZÇ^Îvº Ë`¹»Õvº	¹»º	Õ
à»Ç©Ã`Ç^º$Ð�ÎvµÉ¶`Î\º	¹ �q� ÁaÝ·ËG9}º	¹¦Ç^º	ÞR<sº	¹»Ã`Ç©¸\¹^ºkÓ&Ç©Îvº7µÉÔkÇ©º�¹^Ì�Ã�Æ	º	à�ÖWº�Æ	Ë`ÞÍº�Ô\Ã`¹»¹^ËG9úÃ�ÔvÕÍÃ`ÝÉÞÍË`à»Ç¦à^Ç^º�<vÁ>Ý·µÉÏ`ºk½KC à^Ç^º�<S<v¹»Ë`ÜvÝÉº
97µÉÝ·Ýa¶�µ·È�º1¹»µÉà^ºÇ©Ë�Î\µ·¶�Îvº	¹7Ë�¹^Õvº�¹q�}¹»Ã`¶�¶g<sº	Ã�Ïkà$Ð�º	ÈkµÉÕvº	ÔkÇ�Ì�¹»Ë`Þ(´WË`¸v¹»µÉº	¹�Æ	Ë�Ôvà^µÉÕvº�¹^Ã�Ç©µÉË`ÔvàoÓ©½
�7Îvº�à»Ã`ÞR<vÝÉº�9}Ã`à1Þ Ë�¸vÔkÇ©º�Õ�µ·ÔÛÃ]<v¹^µÉÞÍµ·Ç^µ·È�º$à»Ã`ÞR<vÝÉº�ÎvË�Ý·Õvº�¹�FD97ÎvµÉÆ�ÎP9�Ã�à�ÜvÝÉÝ·º�ÕP97µÉÇ©ÎÛÔvµÉÇ©¹»Ë`¶�º	Ô�¶�Ã`à�Ç^Ë?ÃoÈ`Ë�µ·Õ

9}Ã`Ç©º�¹+ÈEÃV<sË`¹+Ã�ÔvÕÍËG:kÄ"¶�º	Ô Ã`¹»Ë`¸vÔ\Õ Ç^Îvº�à»Ã`ÞR<vÝÉº7Ã`à�Ç©Îvº�Î\Ë`ÝÉÕvº	¹+Æ�Ë`¸vÝÉÕÍÔvË`Ç�ÖWº�º�ÈEÃ`Æ	¸\Ã`Ç©º�Õ.½EðE:"Äk¶�º	ÔR9�Ë�¸vÝÉÕ ËG:kµÉÕvµpU	º
Ç©Î\º Ü\Ý·Þ 97Î\º	ÔIÎ\º	Ã`Ç^º	ÕÑÃ`ÔvÕ Ç©ÎvºR9}Ã`Ç^º	¹@9�Ë�¸vÝ·Õ Ì�¹^º�º�U�º¨Õv¸\¹^µÉÔv¶ZÇ©ÎvºR?k¸vº	Ô\Æ�ÎIÃ`Ô\Õ µÉÇ1ÞÍµÉ¶`ÎkÇÕvÃ`ÞÍÃ�¶`º$Ç^ÎvºÍà^¸\¹^Ì�Ã�Æ	º
Ë`Ì�Ç©ÎvºÍà»Ã`ÞR<vÝÉºoF&Ì�¸\¹^Ç^Îvº	¹»ÞÍË`¹»º¨Ç^ÎvºÍµ·ÔvÆ�Ë`Îvº�¹^º�ÔkÇyà»Æ	Ã�Ç©Ç^º	¹»µ·Ôv¶ZÌ�¹»Ë`Þ�9}Ã`Ç©º�¹µ·à{à»µ·¶�ÔvµÉÜvÆ	Ã�Ô"ÇE½��7ÎvºÍÎvË�Ý·Õ\º	¹�9}Ã`àà^º�Ã`ÝÉº	Õ
97µÉÇ©ÎúÝÉËG9 Ç©º	ÞR<sº	¹»Ã`Ç^¸v¹^º?¶`¹»º	Ã`à»º"½]ÃÂº�Ý·µÉ¸vÞÝ9}Ë`¸vÝÉÕ ÎvÃoÈ`º?ÖWº�º	ÔúÜv¹»à»Ç�Æ�ÎvË`µÉÆ	º�Ì�Ë�¹$Ã�Ô µ·Ôvº�¹^Ç¨¶`Ã�à�à^µÉÔvÆ�º¬µ·Ç¨ÎvÃ`à¨ÎvµÉ¶`Î
Îvº�Ã`ÇOÇ©¹»Ã`Ôvà»Ì�º	¹GF�97ÎvµÉÆ�Î9�Ë�¸vÝ·Õ º	Ô\à^¸v¹»º�Ý·ËG9þÇ©º�Þ<sº	¹»Ã`Ç^¸v¹»º}¶�¹^Ã�ÕvµÉº	ÔkÇ©àOÖsº	Ç;9}º	º	ÔÍÇ^Îvº�à^Ã�Þ<\Ý·º�ÎvË�Ý·Õvº�¹¦Ã`ÔvÕÍÇ^Îvº�à^Ã�Þ<\Ý·ºk½
ÃÂËG9}º	È�º	¹GFCÎ\º	ÝÉµ·¸vÞ µÉà�È`º	¹»ÄyÈ`Ë`ÝÉÃ`Ç^µ·ÝÉº�Ã�ÔvÕ�ÝÉº	Ã�Ï@<\¹^ËkË`ÌkÎvË�Ý·Õ\º	¹»à.Ì�Ë�¹.Îvº�Ý·µÉ¸vÞ ÎvÃoÈ�º+Ç©Ë1ÖWº}Õvº�à^µÉ¶`Ôvº�Õ�Æ	Ã�¹^º�Ì�¸vÝÉÝ·Äk½cèÂµÉÇ©¹»Ë`¶�º	Ô
9}Ã`à7Ã`Ç�ÎvÃ�ÔvÕ Ã`ÔvÕZº	Ã�à^µÉº	¹�Ç^Ë�ÎvÃ`ÔvÕ\Ý·ºk½
�7Îvº¬à»Ã`ÞR<vÝÉºS9}Ã`à�Îvº�Ã`Ç^º	Õ Ç©ËKã`æ¯{AuAvUÃ`ÔvÕ Ç^Îvº?Ü\¹^à»Ç{Ë`¹»Õvº	¹��}¹»Ã`¶�¶><Wº�Ã`ÏÑÞ º�Ã`à»¸v¹»º	ÕGÇ©ËÛ¶�¸vÃ`¹»Ã`ÔkÇ^º	ºÍÇ©ÎvÃ�Ç$Ç^Îvº

à»Ã`ÞR<vÝÉº�9�Ã�à�µ·Ô�Ç^Îvº�ÕvµÉà»Ë`¹»Õvº	¹»º	Õ à»Ç©Ã`Ç^º"½y�7Îvº�à»Ã`ÞR<vÝÉº�9�Ã�à�Ç©Î\º	Ô)?k¸vº	Ô\Æ�Îvº	Õ�Ösº	ÝÉËG9UÇ^Îvº$¶�Ý·Ã�à^à7Ç^¹^Ã�Ôvà»µ·Ç^µ·Ë�ÔZÇ^º	ÞR<sº	¹»Á
Ã`Ç^¸v¹»º Ì�Ë�¹{×�ç�× ÐÒÁ�¼A{VuAv7Ó}Ã�ÔvÕ Ç^Îvº�ÎvË�Ý·Õvº�¹�9�Ã�à{µ·à»Ë`ÝÉÃ`Ç^º	ÕË97µ·Ç^ÎÑ¶�Ý·Ã�à^à=9}ËkË`Ý¦Ç©Ë ÞÍµÉÔvµ·ÞÍµpU	º¬Ç^ÎvºÍÎvº	Ã�Ç©µÉÔv¶�Ì�¹»Ë`Þ Ç^Îvº
à»¸v¹^¹»Ë`¸\ÔvÕvµÉÔv¶`ào½S�7Îvº?Üv¹^à»Ç{Ë`¹»Õvº�¹��}¹»Ã`¶�¶><Wº�Ã`ÏQ9�Ã�à{Þ º�Ã`à»¸v¹»º	ÕGÃ`Ç�Ã�¹»Ã`Ô\¶`º�Ë`Ì}Ç©º�ÞR<Wº�¹^Ã�¸v¹^º�à�¸D< Ç^ËÛ¹^ËkË�ÞSÇ©º�ÞÍÁ
<sº	¹»Ã`Ç©¸\¹^º�97Îvº�¹^º{Ç^Îvº�à»Ã`ÞR<vÝÉº�9�Ã�à�Ç©¹»Ã`Ô\à^Ì�º�¹^º�ÕZÇ^Ë�Ã¬Ôvº�97Ý·Ä�Õvº	à»µ·¶�Ôvº	Õ�Æ�Ë`ÞR<v¸vÇ^º	¹�Æ�Ë`ÔkÇ©¹»Ë`ÝÉÝÉº	ÕZÈ�Ã�Æ	¸v¸\Þ ËoÈ�º	Ô.½��7Îvº
à»Ã`ÞR<vÝÉº	9}Ã`à�Îvº�Ã`Ç©º�Õ?Ç^Ë�ã�æ�å u vGÃ`Ô\Õ�Ç^ÎvºÜv¹^à»Ç}Ë`¹»Õvº	¹q��¹^Ã�¶`¶�<sº	Ã�Ï¬ÞÍº	Ã�à^¸v¹»º	Õ?Ã`Ç�Ã¨¹»Ã`Ô\¶`ºyË`ÌaÇ^º	ÞR<Wº�¹^Ã�Ç©¸v¹»º	ào½��7ÎvµÉà
Ôvº�9TËoÈ`º�Ô�9}Ã`àOÔvË�Ç�¸\à^º�Õ¨Ì�Ë�¹�Ç^Îvº5?k¸vº	Ô\Æ�Îvµ·Ô\¶1º�:o<sº	¹»µÉÞ º�ÔkÇHFEà»µ·Ô\Æ	º�Ç©Îvº�Ì�Ë�¹^Æ�º	àOË`Ô Ç©Îvº�Ã�Ý·¸vÞÍµÉÔk¸vÞPFoÈEÃ`Æ�¸v¸vÞ à»º	Ã�Ý"Ã�ÔvÕ
º	ÝÉº	Æ�Ç©¹»Ë`ÔvµÉÆ	àÃ�¹^º º	ÔvË�¹^ÞÍË�¸vàÕv¸v¹»µ·Ôv¶ Ç^ÎvºS?k¸vº	ÔvÆ�Î�½���Ë ÃoÈ`Ë`µÉÕIÕ\Ã`ÞÍÃ`¶�º¨Ë�Ì�Ç©Î\º�Ã`ÝÉ¸vÞÍµ·Ôk¸vÞPF&à»º	Ã�Ý¦Ã`ÔvÕÑº	ÝÉº	Æ�Ç©¹»Ë`ÔvµÉÆ	àGF
Ç©Î\º{Ë`ÝÉÕ�ÞÍËkÕvµÉÜvº	Õ à»Ã`ÞR<vÝÉº{ÎvË`ÝÉÕvº	¹q9}Ã`à7¸và»º	Õ�½
�7Îvº¬¹»º	à»¸vÝÉÇ©µÉÔv¶ÛÇ^º	ÞR<Wº�¹^Ã�Ç©¸v¹»º¬Æ�¸v¹^È�º�µ·à¨à^Î\ËG97Ô µ·ÔúÜ\¶`¸v¹»ºS{s½Éã�é&½]C1à�½5~5���5µÉà¨¹»º	Ã�Æ�Îvº	ÕGÇ©Î\º¬º	¹»¹^Ë�¹^Ö\Ã`¹»à{¶`¹»ËG9

à»µ·¶�Ôvµ·Ü\Æ	Ã`ÔkÇ^Ý·Ä�µ·ÔÛà»µpU	º�Ã�ÔvÕ�Ç©Îvº¨Ç©¹»Ã`Ôvà»µÉÇ©µÉË`Ô�Ç©º�ÞR<Wº�¹^Ã�Ç©¸v¹»º�Æ	Ã�Ô�ÖWº¨º	à»Ç©µÉÞÍÃ`Ç©º�Õ�Ç©Ë¬ÖsºZãC¼`¼AuAv5FD97Î\µ·Æ�Î�µÉàÂÝÉËG9�º�¹�Ç©Î\Ã`Ô
97ÎvÃ�Ç7µ·à7ÞÍº	Ã�à^¸\¹^º�Õ�ÖkÄ¬¹»Îvº	Ë�Ý·Ë�¶`Ät»Éã�¼Ê½

´\Ë�¹�Ë`Ôvº�à»Ã`ÞR<vÝÉº�ÖsË`Ç©Î5Ç^ÎvºÛÜv¹»à^Ç�Ã�ÔvÕ5Ç©ÎvµÉ¹»ÕKË�¹^Õ\º	¹S��¹^Ã�¶`¶Q<Wº�Ã`ÏkàM9}º	¹»º Þ º�Ã`à»¸v¹»º	ÕKÌ�Ë`¹¬Ã à»º	Ç�Ë�Ì1ÕvµpWsº	¹»º	ÔkÇ
Ç©º�ÞR<Wº�¹^Ã�Ç©¸v¹»º	ào½R�7Îvº�Ç;9}Ë>�}¹»Ã`¶�¶Z<sº	Ã�Ïkà�9�º�¹^ºR<vÝÉË`Ç^Ç©º�Õ Ã`ÔvÕGÃ à^Ç^¹^Ã�Ç©µÉÜvº	ÕGÜvÝÉÞ®9�Ã�à{à^µÉÞ$¸vÝÉÃ`Ç^º	Õ~97µÉÇ©ÎGÃ�à^¸\µ·Ç^Ã`ÖvÝÉº
¹»Ë`¸v¶�ÎvÔvº	à»ào½ �7Îvº ¹»Ë`¸\¶`ÎvÔvº�à^àZµÉàZÃKÞÍº	Ã�à^¸v¹»ºIË�Ì�Ç©Î\ºÑµÉÔkÇ©º�¹N<vÎ\Ã`à»ºË97µÉÕvÇ©Î��§F�97ÎvµÉÆ�Î�9}Ã`à Æ�Ë`ÞR<vÃ`¹»º	Õ�97µ·Ç^ÎUÇ^Îvº
Ã`Ô\Ã`ÝÉÄ"Ç^µ·Æ�Ã`Ý+º�:Y<v¹^º�à^à»µÉË`Ô ¶`µÉÈ`º�ÔGÖ"ÄÑØvº�Þ º�ÔvËoÈä» ¾�¾�¼Y� � Ö��� Ù�� F�97Îvº	¹»º��{µÉà$Ç©Î\º]9}º	µÉ¶`ÎkÇ©º�Õ à^º�¶`ÞÍº	ÔkÇ�ÝÉº	Ôv¶�Ç©Î.½)�7Îvº
º�:Y<sº	¹»µ·ÞÍº�Ô"Ç�µÉà�µÉÔZ¶�ËkË"ÕZÃ`¶�¹^º�º	ÞÍº	ÔkÇE97µ·Ç^Î Ç©Îvº{Ç^Îvº	Ë�¹^Ä¬Ã�à7Æ	Ã�Ô�Ösº{à^º�º	ÔZÌ�¹^Ë�Þ(Üv¶�¸v¹»º	{&½·ãCês½
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C Öv¸vÝÉÏ�à^Ã�Þ<\Ý·ºg9�Ã�à1ÞÍË`¸\Ô"Ç^º	Õ µ·Ô Ã`ÔÛËoÈ�º	ÔP97Îvº�¹^º¨Ç©Îvº Ç©º�ÞR<Wº�¹^Ã�Ç©¸v¹»º$Æ�Ë`¸vÝÉÕIÖsº¨Æ�Ë`ÔkÇ©¹»Ë`ÝÉÝÉº	Õ�µÉÔIÃZÆ	Ë`Ô\à^Ç^Ã`ÔkÇÂÅvËG9
Ë`Ì�Ôvµ·Ç^¹^Ë�¶`º�Ô.½���º�Ì�Ë`¹»º$º	Ã�Æ�ÎÛÞÍº	Ã�à^¸v¹»º	ÞÍº�Ô"Ç1Ç©Îvº à»Ã`ÞR<vÝÉº�9}Ã`àyÃ`ÝÉÝ·ËG9}º	Õ�Ç^Ë�º�?"¸\µ·ÝÉµ·Ö\¹^Ã�Ç©º$Ç^Ë�Ç^Îvº Ç©º	ÞR<sº	¹»Ã`Ç^¸v¹^º¨Ì�Ë`¹y¼
ÞÍµ·Ô�½�xÊÔ¬Ç©Îvº@?k¸vº	Ô\Æ�Î¬º�:Y<sº	¹»µ·ÞÍº	ÔkÇ�F`µÉÇy9}Ã`à}à»ÎvËG97Ô�Ç©ÎvÃ�Ç�Ç^Îvºyà^Ç^¹^¸vÆ�Ç©¸v¹»Ã`ÝWÃ`¹»¹^Ã�Ôv¶`º�ÞÍº	ÔkÇ09�Ã�à�Ë�Ô¬Ã$Ì�Ã�à^Ç^º	¹�Ç©µÉÞ º�à^Æ�Ã`ÝÉº
Ç©Î\Ã`Ô�Æ	Ë�¸vÝÉÕ Ösº�Ë�Övà^º�¹^È�º	Õ.½§�7Îvº�Æ	ËkË�Ý·µÉÔv¶¹^Ã�Ç©º7µÉÔ�Ç©ÎvºÂÔvº	¸vÇ^¹^Ë�ÔÍ¹^º�Åvº	Æ�Ç©µÉÈ"µÉÇÊÄ$º�:Y<Wº�¹^µÉÞÍº	ÔkÇ09�Ã�à¦ÃV<D<\¹^ËG:a½H{`ä{Õ\º	¶VÊ�ÞÍµ·Ô
97Îvº�¹^º�Ã`à7µÉÔZÇ^Îvº�ØDC1èÂØ�º�:o<sº	¹»µÉÞ º�ÔkÇ7µ·Ç�9}Ã`à7Ösº	ÝÉËG9 ãyÕvº	¶AÊ`ÞÍµ·Ô�F"Îvº	ÔvÆ�º�ÃÍÇ©Îvº�¹^ÞÍËkÕvÄkÔvÃ�Þ µÉÆ	Ã�Ý·ÝÉÄ?à»Ç©Ã�ÖvÝÉº{à^Ç^¹^¸vÆ�Ç©¸v¹»º
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´�µÉ¶`¸\¹^º={s½Éã�ê&¿K��µÉÕvÇ^Î�Ë`ÌHÇ^Îvº{µÉÔ"Ç^º	¹T<vÎvÃ�à^ºÃ`à7Ì�¸\ÔvÆ	Ç^µ·Ë�ÔZË�Ì.Ç^Îvº{Ç©º�ÞR<Wº�¹^Ã�Ç©¸v¹»º"½

à»ÎvË`¸vÝÉÕÍÖWºÂ¹^º�Ã`Æ�Îvº�Õ¨Ã�Ç+Ç©ÎvµÉà+à»Ý·ËG9KÎvº�Ã`Ç©µÉÔv¶&½K�7ÎvºÂà^Ã�Þ<\Ý·º59}Ã`à¦Îvº�Ã`Ç^º	Õ�µÉÔ"Ç^Ë{Ç©ÎvºÂÕvµ·à»Ë`¹»Õvº�¹^º�Õ¨à»Ç©Ã�Ç©ºoF~Ç©Îvº�Ô�ÞÍº	Ã`à»¸v¹»º	Õ
Ã`Çà»º	È�º	¹»Ã`Ý�Ç©º	ÞR<sº	¹»Ã`Ç^¸v¹^º�àÕvËG97Ô Ç^Ë Á ãC¾`äVuVv Ã`ÔvÕÑÇ©Î\º	ÔGÖvÃ`Æ�Ï�Ç^Ë Ç©ÎvºÍÕvµÉà^Ë�¹^Õ\º	¹»º	ÕIà»Ç©Ã�Ç©º ¸D<sË`ÔGÎvº	Ã�Ç©µÉÔv¶s½�CÂà{Æ�Ã`Ô
Ösº¨à»º	º�ÔIÌ�¹»Ë`Þ<Üv¶�¸v¹^ºg{s½Éã�¼&Ð�ÃsÓNFWÇ©Îvº Æ	¸v¹»È`º¨Æ	Ë�Þ<\Ý·º�Ç©º	ÝÉÄ�¹»º�<v¹»ËkÕv¸vÆ	º�àE½	�7Îvº à»Ý·ËA<Wº ÖWº�Ç;9�º�º	Ô Ç©ÎvºÍÕvµÉà^Ë�¹^Õ\º	¹»º	Õ�à»Ç©Ã`Ç^º
Ã`Ô\ÕIÇ©Î\º Æ�¹^Äkà»Ç©Ã�Ý·ÝÉµXU�Ã`Ç^µ·Ë�ÔÛÇ©º�Þ<sº	¹»Ã`Ç^¸v¹»º Ðh^ Â é`äVuovd» é�å�¼ÊÓy9}Ã`àÜvÇ^Ç©º�Õ Ç^Ë�Ç^ÎvºÍà^Æ�Ã`ÝÉµ·Ôv¶Z¹»º	ÝÉÃ`Ç©µÉË`Ô���� �`� ½��\9�Ã�à
Ì�Ë`¸\ÔvÕ�Ç^Ë¨Ösºäs½ ¾`¾&ã�}�äs½ ä`ä�¾�FH97ÎvµÉÆ�Î?µÉà�µ·Ôs<sº	¹»Ì�º	Æ	Ç�Ã�¶`¹»º	º	ÞÍº�Ô"Çr97µ·Ç^Î?ÚÛº�Ý·º�ÔvÏ`º�Èkµ·ÇNU1Ã�ÔvÕ�ÚI¸vÇ©Îk¸vÏk¸vÞÍÃ`¹�» ¾`ê�¼&à»Æ	Ã�Ý·µÉÔv¶
º�:Y<v¹»º	à»à»µ·Ë�Ô¬Ì�Ë`¹7Ã à^ÄkÞÍÞÍº	Ç^¹^µÉÆÕvµ·Ö\Ý·ËkÆ�Ï�Æ	ËA<WË�Ý·ÄkÞÍº	¹�µÉÔ�Ç^Îvºµ·ÔkÇ^º	¹»Þ º�ÕvµÉÃ`Ç©ºà»º	¶�¹^º�¶`Ã`Ç^µ·Ë�Ô�¹^º�¶`µÉË`Ô.½��7ÎvºyÇ©º�ÞR<Wº�¹^Ã�Ç©¸v¹»º
Æ	¸\¹^È�ºyÞÍº�Ã`à»¸v¹^º�Õ�ÖkÄ¬¹»º	Å\º	Æ	Ç^µ·ÈkµÉÇÊÄ Ð�Ü\¶s½Y{&½·ãCésÓ�9�Ã�àq?"¸\º	ÔvÆ�Îvº�Õ Ç©ËÍÇ©Îvº{ÝÉËG9 Ç^º	ÞR<sº	¹»Ã`Ç©¸\¹^º{ÝÉµ·ÞÍµÉÇ�½��7Î\º{à^ÎvÃA<WºË�Ì.Ç^Îvº
Æ	¸\¹^È�º¨Æ�Ë`¸vÝÉÕIÎvÃoÈ�º$Ösº	º�Ô ÃZ¹^º�à^¸\Ý·ÇyË`Ì�Ç©ÎvºR?k¸vº	Ô\Æ�Î.½=ÃÂËG9}º	È�º	¹GFvÇ^ÎvºÍÖv¸vÝÉÏÛÞÍº	Ã�à^¸v¹»º	ÞÍº�Ô"Çyà»ÎvËG9�º�ÕÛÇ©Î\Ã`ÇÇ©ÎvºÍà»Ã`ÞÍº
à»ÎvÃV<sº=9�Ã�à7Ì�Ë`¸vÔvÕ Ì�Ë�¹7Ç©Îvº{Öv¸\Ý·Ï�à^Äkà»Ç©º	Þ(Õv¸v¹»µ·Ôv¶ÍÃÍÝÉËG9 Îvº�Ã`Ç©µÉÔv¶�Ã�ÔvÕ�Æ�ËkË`ÝÉµ·Ôv¶Í¹»Ã`Ç^º"½
C Ç©Î\µ·Ô�ÜvÝÉÞw9�Ã�à5<v¹^º�<vÃ`¹»º	ÕZÌ�¹»Ë`Þ(ÃIæCä�ÞÍ¶VÊ`ÞÍÝcà»Ë`ÝÉ¸vÇ©µÉË`Ô Ã�ÔvÕ àN<vµÉÔ�Æ	Ã�à^Ç^º	Õ>97µÉÇ©Î�é`ä�ä`ä ¹N<\Þ(Ì�Ë`¹Âê`äÍà^º�Æ"½��7Îvº

ÜvÝÉÞc9}Ã`à{Ã�Ý·µÉ¶`Ô\º	ÕGµ·ÔGÇ^Îvº¬ØDC1èÂØ Ç©Ë�ÞÍº�Ã`à»¸v¹^ºÍµÉÌ�Ç©Îvº¬à»ÎvÃA<WºS9}Ã`à{Æ�Ë`ÞR<vÝÉº	Ç©º�Ý·Ä µ·Ô\Õvº�<sº	ÔvÕ\º	ÔkÇ$Ë�Ì�Ç^ÎvºM?k¸vº	Ô\Æ�ÎÑÌ�Ë�¹
Ç©Î\º$Ç©Î\µ·Ô�ÜvÝÉÞÛ½E�7Îvº$Ã�à^à»¸vÞÍº	Õ Ç^¹^Ã�ê©º	Æ	Ç^Ë`¹»Ä?Õv¸\¹^µÉÔv¶�Ç©Î\º�?k¸vº	Ô\Æ�Î�µ·à	<vÝ·Ë�Ç©Ç^º	Õ�µÉÔÛÇ©Îvº$Üv¶`¸v¹»º�Ã�à�Ã¬ÕvË�Ç©Ç©º�Õ�Ý·µÉÔvºk½E�7Îvº
Ç©º�ÞR<Wº�¹^Ã�Ç©¸v¹»º�Æ	Ë�¸vÝ·ÕGÃ�Ý·à»Ë ÖWº¬Ï�º�<vÇ{Æ�Ë`Ôvà»Ç©Ã�ÔkÇ{Ç©Îv¹»Ë`¸v¶�ÎvË`¸\ÇyÇ^Îvº¬º�:o<sº	¹»µÉÞ º�ÔkÇ{Ì�Ë`¹�Ç^Îvº�Ý·ËG9 Ç©º�ÞR<Wº�¹^Ã�Ç©¸v¹»º	àGF§97ÎvµÉÆ�Î
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Ç©Î\º	Þ(à»¸vµÉÇ©Ã�ÖvÝ·º{Ì�Ë�¹7¹^º�Åvº	Æ�Ç©µÉÈkµ·ÇÊÄ¬ÞÍº�Ã`à»¸v¹^º�ÞÍº	ÔkÇ©ào½
�7Îvº¨ÕvµXWsº	¹»º	Ô\Æ	º$µÉÔt:kÁ>¹^ÃoÄZà»Æ	Ã`Ç^Ç©º�¹^µÉÔv¶¬ÝÉº	Ôv¶�Ç©Î ÖWº�Ç;9�º�º	ÔÛÇ^Îvº¨Ç;9}Ë?Ö\Ý·ËkÆ�Ïkà	<\¹^ËoÈ�º	Õ�Ç©Ë�ÖWº µÉÔvà^¸JI Æ�µ·º�ÔkÇ1Ç^Ë?à»Ç©¸vÕvÄ

Ç©Î\º�Ý·Ã�Þ º�Ý·ÝÉÃ`¹{à»Ç©¹»¸vÆ�Ç©¸v¹»ºÍµ·ÔGÇ©Î\µ·ÔGÜvÝÉÞÍàE½R�7Î\º àT<vµÉÔGÆ	Ã`à»Ç©º�Õ Ü\Ý·ÞÍà�Æ�Ë`¸vÝÉÕGÖWº�ÞÍËkÕvº	ÝÉº	ÕGÖkÄRê©¸và»Ç{Ã�à»µ·Ôv¶�Ý·ºÍÝÉÃoÄ`º�¹yµÉÔ
Ç©Î\º�¹^º�Åvº	Æ�Ç©µÉÈ"µÉÇÊÄIÞÍËkÕvº�Ý�97µ·Ç^ÎGÃ`ÔGÃoÈ`º�¹^Ã�¶`º	ÕIà^Æ�Ã`Ç©Ç^º	¹»µ·Ô\¶ZÕ\º	Ôvà»µ·ÇÊÄk½Íç�È�º	ÔÑµ·Ô\Æ	¹»º	Ã`à»µÉÔv¶�Ç^Îvº�Ç©Î\µ·Æ�ÏkÔvº�à^à�Ë�Ì�Ç^Îvº�ÜvÝÉÞÍà
ÕvµÉÕGÔvË`ÇµÉÞ<\¹^ËoÈ�º$Ç©Î\º�¹^º�à^¸vÝÉÇ©ào½�ÃÂËG9}º	È`º�¹�FWÃ Æ	Ë�Þ$ÖvµÉÔvÃ�Ç©µÉË`ÔIË�Ì�Ã�Ô Ã�ÔvÃ`ÝÉÄYU	º	¹Æ�¹^Äkà»Ç©Ã`ÝOÃ�ÔvÕ ÃZ´\Ë�¸v¹»µ·º�¹yÃ�ÔvÃ`ÝÉÄkà^µÉàË`Ì
Ç©Î\º�ÕvÃ`Ç^Ã¬Õvº�Þ Ë�Ôvà»Ç©¹»Ã`Ç©º�Õ Ç©Îvº�Ã�ÖvµÉÝ·µÉÇÊÄ�Ç^Ë¬¹»º	à»Ë`ÝÉÈ`ºÇ©Îvº$Ç©ÎvµÉÆ�ÏkÔvº	à»àÂË�Ì�È�º	¹»Ä¬Ç©Î\µ·Æ�ÏZÜvÝÉÞ ào½E�7Îvº�Ç^ÎvµÉÆ�Ï"Ô\º	à»à�ÞÍº	Ã`à»¸v¹»º	Õ
ÖkÄP:kÁ�¹»ÃoÄ ¹^º�Åvº	Æ�Ç©µÉÈkµ·ÇÊÄ)9}Ã`àÌ�Ë`¸\ÔvÕ Ç^Ë ÖWºÍÆ	Ë�ÞR<vÃ`¹»Ã`ÖvÝÉº Ç©ËZÇ©Îvº�Ç^Îvµ·Æ�ÏkÔvº�à^àÞÍº	Ã�à^¸\¹^º�ÕIÖkÄPCÂ´OÚ µ·ÔÑÇ©Î\º�Ç©ÎvµÉÆ�ÏkÔvº	à»à
ÞÍº	Ã�à^¸v¹»º	ÞÍº�Ô"Ç^àE½
�7Îvº�ØJCÂèÂØ?Þ º�Ã`à»¸v¹»º	ÞÍº	ÔkÇ©à�Ë`Ì&Ç©ÎvºÂÇ©ÎvµÉÔ¬ÜvÝÉÞÍà�à»ÎvËG9�º�ÕÍÃ`Ô�¸vÔvº�:Y<Wº�Æ	Ç©º�Õ¬Ã`¹»¹»Ã`Ôv¶�º	ÞÍº	ÔkÇOË`Ì&Ç©Î\º�ÞÍµ·Æ�¹^Ë�à^Ç^¹^¸vÆ�Ç©¸v¹»º

µÉÔZÇ^Îvº�ÜvÝÉÞÍàE½0xÊÇ7µ·à�9}º	ÝÉÝcÕvËkÆ	¸\Þ º�ÔkÇ©º	Õ�µÉÔ Ý·µÉÇ©º�¹^Ã�Ç©¸v¹»ºÇ©ÎvÃ�Ç7à^ÄkÞÍÞÍº	Ç^¹^µÉÆ{ÖvÝÉË"Æ�Ï?Æ	ËV<sË`ÝÉÄkÞÍº	¹7Ç©Î\µ·Ô�ÜvÝÉÞÍà�Ë`¹»Õvº�¹}Ã�Ý·Ë�Ôv¶
Ç©Î\ºZà»¸v¹»Ì�Ã`Æ�º�ÔvË�¹^ÞÍÃ�Ý}Ë�ÌÂÇ^Îvº à^¸vÖ\à^Ç^¹^Ã�Ç©º"½�ÃÂËG9}º	È�º	¹GF�Ç©Îvº ØDC1èÂØ5à^Æ�Ã`Ç^Ç©º	¹»µÉÔv¶ µÉÞÍÃ`¶�º	àÍÆ	ÝÉº	Ã�¹^ÝÉÄGà^ÎvËG9}º	ÕþÃ ¹»º�<sº	Ã�Ç
<sº	¹»µ·ËkÕ)<vÃ�¹^Ã�Ý·ÝÉº	Ý.Ç©Ë¬Ç^Îvº$à»¸vÖvà»Ç©¹»Ã`Ç^º�Ã`à	9�º�Ý·ÝÊ½ECÂÔvÔ\º	Ã`ÝÉº	ÕIà^Ã�Þ<\Ý·º�àÂÕvµÉÕÛÔvË�Ç�Æ�ÎvÃ`Ô\¶`º{Ç©Î\º$à»Æ	Ã`Ç^Ç©º�¹^µÉÔv¶¬µÉÞÍÃ`¶`ºYF/97ÎvµÉÆ�Î
Æ	Ã�Ô�ÖWº$º�:Y<vÝÉÃ`µÉÔvº	Õ�ÖkÄZÇ©Îvº�È�º	¹»Ä?ÎvµÉ¶`Î �q� Á>È�Ã�Ý·¸\º{Ì�Ë`¹ÂÇ^Îvº�à»Äkà^Ç^º	ÞÛ½r�7Îvº�Ç©Ë�Ç©Ã�ÝHÕvº�¶`¹»º	º{Ë`Ì�<sË`ÝÉÄkÞ º�¹^µpU	Ã�Ç©µÉË`Ô Ë`ÌOÇ^Îvº
<sË`ÝÉÄ"ÞÍº�¹¦µ·à ��� æ�¼`å�F�Ã`ÔvÕ � Æ	Ã�ÔÍÖWº7Æ�Ã`ÝÉÆ	¸vÝÉÃ`Ç^º	Õ Ì�¹^Ë�Þ ��� ÙTÚ��  � g�ä`_ ä�êV{S» éA��¼Ê½K�7ÎvµÉà+¶�µ·È�º	àOÃ`Ç¦¹»ËkË`Þ Ç©º�ÞR<Wº�¹^Ã�Ç©¸v¹»º
Ã �q� Á�ÈEÃ�Ý·¸vºÂË`Ìc¾`ä&ã}Ã`ÔvÕ?Ã`Ç+¾�ä`äVuov�ã�êsæ�½KÃ1º	ÔvÆ�º�µÉÇ�µÉà�µÉÞR<WË�à^à»µ·Ö\Ý·º1Ç©Ë�Ã�ÔvÔvº	Ã�Ý\Ç^ÎvºÂà»Äkà^Ç^º	Þ Ç©Ë¨Ã�Ç©Îvº�¹^ÞÍËkÕvÄkÔvÃ�Þ µÉÆ	Ã�Ý
º�?k¸vµÉÝÉµ·Öv¹»µÉ¸vÞ(à»Ç©¹»¸vÆ	Ç^¸v¹»º"½
�7Îvº�ÝÉÃ`ÞÍº�Ý·ÝÉÃM<sº	¹»µ·ËkÕ�µÉÔ�Ç©Îvº¨à^Äkà»Ç©º	Þw9}Ã`àÂÞÍº�Ã`à»¸v¹^º�Õ Ì�Ë`¹ÂÇ^Îv¹»º	º�ÕvµpWsº	¹»º	ÔkÇ©ÝÉÄZ<\¹^º�<vÃ`¹»º	Õ à»Ã`ÞR<vÝÉº	ào½E�7Îvº�<sº	¹»µ·ËkÕ

ÕvµpWWº�¹^º�ÕIÕv¹»Ã`ÞÍÃ�Ç©µÉÆ	Ã`ÝÉÝÉÄ�Ì�¹»Ë`Þ ÞÍº	Ç^ÎvËkÕIÇ©ËZÞÍº	Ç^ÎvËkÕ�FsÎvº	Ô\Æ	º µ·Ç@9�Ã�àÂÕvµpIÍÆ	¸vÝÉÇÇ©Ë�Æ	Ë`ÞR<vÃ�¹^º¨Ç©Îvº<sº	¹»µ·ËkÕvàyÞÍº	Ã`à»¸v¹»º	Õ
Ì�Ë`¹¨Ç©Îvº?Ç©ÎvµÉÔúÜvÝÉÞÛ½s�7Îvº¬à»Ë`ÝÉÈ`º	ÔkÇ{Æ�Ã`à»Ç�à^Ã�ÞR<vÝ·ºS9}Ã`à¨º�:Y<sº	Æ	Ç^º	Õ Ç^ËÛÎvÃoÈ`º�ÃIÝ·Ã�Þ º�Ý·ÝÉÃ`¹�<Wº�¹^µÉËkÕ Æ	ÝÉË`à»º�Ç©ËÛÇ^Îvº¬Ç©Î\º	¹»Á
ÞÍËkÕvÄkÔvÃ`ÞÍµÉÆ	Ã`Ýsº�?k¸vµÉÝÉµ·Öv¹»µÉ¸vÞ à^Ç^¹^¸\Æ	Ç©¸\¹^º1ÖWº�Æ	Ã`¸\à^ºyË`ÌaÇ^ÎvºyÝ·Ë�Ôv¶�<v¹»º�<\Ã`¹»Ã`Ç©µÉË`Ô�Ç^µ·ÞÍºyÃ`ÔvÕ�Ç©º�Þ<sº	¹»Ã`Ç^¸v¹»º1Æ�Ë`ÞR<vÃ`¹»º	Õ�Ç^Ë
Ç©Î\º1Ë�Ç©Îvº�¹�ÞÍº	Ç^ÎvËkÕvào½��7Îvº	<sº	¹»µÉË"Õ�µ·Ô�Ç©ÎvºyÇ©Î\µ·Ô�ÜvÝ·Þß<\Ã`¹»Ã`ÝÉÝ·º�ÝWÇ^Ë¨Ç^Îvº1à»¸vÖvà»Ç©¹»Ã`Ç^ºÂµÉà�Æ	Ë`ÞR<vÃ�¹^Ã�ÖvÝÉº�Ç©Ë Ç©Îvº@<sº	¹»µ·ËkÕ?Ì�Ë�¹
Ç©Î\º1à»Ë`ÝÉÈ`º�Ô"Ç�Æ	Ã�à^Ç}à^Ã�ÞR<vÝ·ºYFA97Îvº	¹»º	Ã�à�Ç^Îvº	<sº	¹»µÉË"ÕZ<vÃ`¹»Ã`ÝÉÝÉº	ÝsÇ©Ë Ç©Îvºyà^¸\¹^Ì�Ã�Æ	ºyÔvË`¹»ÞÍÃ`Ýsµ·à�Þ$¸\Æ�Î¬à^ÞÍÃ�Ý·ÝÉº	¹}Ã`ÔvÕZ9�Ã�à�È�º	¹»Á
µÉÜvº	ÕZÖkÄ�Ôvº	¸vÇ^¹^Ë�Ô?¹»º	Åvº�Æ	Ç^µ·ÈkµÉÇÊÄ"½��7ÎvºyÞ µÉÆ	¹»Ë`à»Ç©¹»¸vÆ�Ç©¸v¹»ºÂÌ�Ë�¹^ÞÍº	ÕZÕv¸v¹»µÉÔv¶¨Ç^ÎvºyàN<vµÉÔZÆ	Ã`à»Ç©µÉÔv¶ µ·à�µÉÔvÅv¸vº�ÔvÆ	º�Õ�ÖkÄ�à»º	È�º	¹»Ã`Ý
Æ	Ë�ÞR<Wº�Ç©µÉÔv¶$Ì�Ë�¹^Æ�º	ào¿a¹»Ã`ÕvµÉÃ`ÝWÅvËG9�Ë`ÌHà^Ë�Ý·È�º	ÔkÇHF~º	ÈEÃV<sË`¹»Ã`Ç^µ·Ë�Ô�F~Ã�ÔvÕ¬à»¸v¹»Ì�Ã`Æ	º1º	Ôvº�¹^¶�µ·º�àE½7xÊÇ�µÉà�ÕvµpI Æ�¸vÝÉÇ�Ç^Ë$º	à»Ç©µÉÞÍÃ`Ç^º1Ç^Îvº
à»µXU�º1Ë�ÌcÇ©ÎvºÌ�Ë`¹»Æ	º�à�F`Öv¸vÇ}Ç©Î\º	<sº	¹»µ·ËkÕ�Ì�Ë`¹�Ç©ÎvºyµÉÔvÁ¸<\Ý·Ã�ÔvºÂË�¹^Õvº�¹^µÉÔv¶�Æ�Ë`µÉÔvÆ	µÉÕvº�àE97µÉÇ©Î�Ç©Îvºyà»Ë`ÝÉÈ`º	ÔkÇ�Æ	Ã`à»Ç�à»Ã`ÞR<vÝÉºoFA97ÎvµÉÆ�Î
ÞÍµ·¶�ÎkÇ7à^¸v¶�¶`º�à^Ç}Ç©ÎvÃ�Ç7Ç©Îvº{Å\ËG9 µÉÔvÕv¸vÆ�º	à�ÃR<v¹»º	Ì�º�¹^º�Ô"Ç^µ·Ã�Ý&Õvµ·¹»º	Æ�Ç©µÉË`Ô.½
�7Îvº�à»Äkà^Ç^º	Þ µ·à¨à^Ë�Õvº�º�< µÉÔkÇ©Ë�Ç©Î\º¬Ë`¹»Õvº	¹»º	ÕGà»Ç©Ã�Ç©º¬Ç^ÎvÃ`Ç�º�È`º�ÔÑà»¸v¹»Ì�Ã`Æ�º�º�Wsº	Æ	Ç^àZÐ <v¹^º�Ì�º	¹»º	ÔkÇ©µÉÃ`Ý�ÃVIÍÔvµÉÇÊÄ Ë�Ì�Ë�Ôvº

ÖvÝÉËkÆ�Ï Ì�Ë�¹�Ç^ÎvºyÌ�¹^º�º1à»¸v¹»Ì�Ã`Æ	ºkÓcÆ�Ã`ÔvÔvË�Ç�µÉÔvÕv¸vÆ�º1Ã�Ô¬Ë`¹»Õvº�¹^º�Õ¬à^¸\¹^Ì�Ã�Æ	º"½7�7Îvºyà^¸\¹^Ì�Ã�Æ	ºÂµÉÔvÕv¸\Æ	º	Õ�Ë`¹»Õvº	¹»µÉÔv¶�µÉà�µÉÝ·ÝÉ¸và»Ç©¹»Ã`Ç^º	Õ
µÉÔ�Üv¶`¸v¹»º�{s½Éã`ã�Ð�Ö.ÓNFY97Îvº�¹^º{Ç^Îvº�ÝÉÃ`ÞÍº	ÝÉÝ·Ã�º{Ã`¹»º{Ë`¹»Õvº	¹»º	Õs<vÃ�¹^Ã�Ý·ÝÉº	ÝcÇ^Ë¬Ç©Îvº$à^¸v¹»Ì�Ã`Æ�º{Öv¸vÇ�Æ�Î\Ã`Ôv¶�º	à7Ë`¹»µÉº	ÔkÇ©Ã�Ç©µÉË`ÔZÕvº	º�<Wº�¹
µÉÔ�Ç^ÎvºÜvÝ·ÞÛ½�C1´�Ú®<vÎvÃ�à^ºyµÉÞ Ã�¶`º�à�à»ÎvËG97à}Ç©ÎvÃ�Ç}Ç^Îvºà^¸\¹^Ì�Ã�Æ	ºyÆ	Ë`ÞR<sË`à»µ·Ç^µ·Ë�Ô¬Æ�ÎvÃ�Ôv¶`º�à}µÉÔ?Ã�¹^º�Ã`à}Ë`Ìaº�?k¸vµ·ÈEÃ�Ý·º�Ô"Ç�à»Ã`ÞÍº
Îvº�µ·¶�Î"ÇE½
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�7Îvº à^º�Æ	Ë�ÔvÕÛÞÍËkÕvº	ÝOà»Ä"à»Ç©º�Þ<µ·ÔkÈ�º	à»Ç©µÉ¶`Ã`Ç^º	ÕP9}Ã`ày×�ç�×�Á>×�ÙyÚÛØ�FD97Îvµ·Æ�Î µ·Ô Ç©ÎvºÍØDC1ÀÂØ Ã`ÔvÕË:"Á>¹»ÃoÄ�¹»º	Åvº�Æ	Ç^µ·ÈkµÉÇÊÄ�º�:kÁ
<sº	¹»µ·ÞÍº	ÔkÇ^à¨à»ÎvËG9}º	Õ à»¸vµ·Ç^Ã`ÖvÝÉº]:kÁ>¹^ÃoÄÑÆ	Ë�ÔkÇ©¹»Ã`à»Ç�ÖWº�Ç;9�º�º	ÔúÇ^Îvº?Ö\Ý·ËkÆ�Ïkà¨Ö\¸vÇ¨Ç^Îvº?Õ\µXWsº	¹»º	ÔvÆ�º�µÉÔúà»Æ	Ã�Ç©Ç©º�¹^µÉÔv¶ÛÕ\º	Ôvà»µ·ÇÊÄ
Ösº	Ç;9}º	º	ÔGÇ^ÎvÃ`Ç�Ë�Ì�Ç^Îvº¬ÖvÝÉËkÆ�Ïkà�Ã`ÔvÕGÇ^Îvº¬à»¸vÖvà»Ç©¹»Ã`Ç©ºÍÞÍÃ`Õ\º�µ·Ç�µÉÞR<WË�à^à»µÉÖvÝ·º�Ç^ËÛÃ`Ô\Ã`ÝÉÄoU�ºÍÇ©Îvº¬à»Ç©¹»¸vÆ�Ç©¸v¹»º�Ë`Ì}Ç©Îvº?ÜvÝ·Þ
µÉÔIÕvº�Ç©Ã`µÉÝÊ½@ÃÂËG9}º	È`º�¹�F\Õvº�¸vÇ©º�¹^Ã�Ç©µÉË`ÔIË�Ì+Ç©Î\º¨×�ç�×�Á>ÖvÝÉËkÆ�Ï�¹»º	à»¸vÝÉÇ©àyµ·Ô Ã�È�º	¹»ÄZÎ\µ·¶�ÎÛÔvº	¸\Ç©¹»Ë`ÔIÆ�Ë`ÔkÇ©¹»Ã`à»ÇÂÖsº	Ç;9}º	º�ÔIÇ^Îvº
ÖvÝÉËkÆ�Ï"ào½
�7Îvº1Ôvº	¸vÇ^¹^Ë�Ô¬¹»º	Åvº�Æ	Ç©µÉÈkµ·ÇÊÄ Æ	¸\¹^È�º	à}Æ	ÝÉº	Ã`¹»ÝÉÄ¨à»ÎvËG97à�Ç^ÎvºÂÝÉÃ`ÞÍº�Ý·ÝÉÃ`¹}à^Ç^¹^¸\Æ	Ç©¸\¹^º�Ã�àr9}Ã`à�º�:Y<sº	Æ	Ç^º	Õ.½�xÊÇr9�Ã�ày<sË`à»à^µÉÖvÝÉº

Ç©Ë Ë`Ö\Ç©Ã`µÉÔ?¹»º	Å\º	Æ	Ç^µ·ÈkµÉÇÊÄ�Æ	¸v¹»È`º�à�àT<vÃ`Ô\Ôvµ·Ô\¶¨ËoÈ�º	¹�Ô\º	Ã`¹»ÝÉÄ�à^µp:�Ë`¹»Õvº	¹»à�Ë�ÌaÞÍÃ`¶�Ôvµ·Ç^¸vÕvºk½��7Îvº1à»Ç©¹»¸vÆ�Ç©¸v¹»ºÂÃ�ÔvÃ`ÝÉÄkà^µÉà�Æ�Ë`¸vÝÉÕ
ÔvË�Ç$Ösº?à»Ë`ÝÉÈ`º	Õ ÖkÄÑÞÍº	Ã`Ô\à$Ë`Ì7Ô\º	¸vÇ^¹^Ë�Ôú¹^º�Åvº	Æ�Ç©µÉÈkµ·ÇÊÄÑÃ`ÝÉË`Ôvº?Õv¸vº?Ç^ËÛÃ`ÔT¸vÔvÌ�Ë`¹»Ç©¸\ÔvÃ`Ç^º?à»Æ	Ã`Ç^Ç©º�¹^µÉÔv¶�Õvº�Ôvà^µÉÇÊÄGË`Ì7Ç^Îvº
×�ÙyÚÛØvÁ>ÖvÝÉËkÆ�Ïc½M�.Ë�ËoÈ�º	¹»Æ	Ë�Þ º Ç©Î\µ·àg<v¹^Ë�ÖvÝÉº	ÞPFcÀ1×�Ø~9�Ã�à�¸và»º	ÕGÇ©ËIÕvº	Ç^º	¹»Þ µÉÔvº�Ç^Îvº¬à»¸v¹^Ì�Ã�Æ	ºÍÆ	Ë�ÞR<WË�à^µÉÇ©µÉË`ÔGË`Ì�Ç^Îvº
ÜvÝÉÞÛ½�À1×�ØIà»ÎvËG9}º	Õ Ç©ÎvÃ�ÇyÇ^ÎvºÍÇ©ËA< ÝÉÃoÄ`º�¹	9}Ã`àyÆ	Ë�Þ<sË`à»º	ÕÑË`Ì�×�ÙyÚÛØ�FsÃ`àº�:o<sº	Æ�Ç©º�Õ�F�97µÉÇ©ÎGÃ�Ç^ÎvµÉÆ�Ï"Ô\º	à»àyË�Ì�ê�éLaCRF
97ÎvµÉÆ�Î�µ·àÂÃV<D<v¹»ËG:kµ·ÞÍÃ�Ç©º	ÝÉÄ¬ÎvÃ�Ý·ÌOÇ^Îvº�Ç©Î\µ·Æ�ÏkÔvº�à^à�Ë�Ì.Ç^Îvº�µÉÔkÇ©º	¹»µÉË`¹�ÝÉÃoÄ`º�¹^à�Ð©æC¼¦aC Ó^½D�7Îvº{ÝÉÃ`ÞÍº�Ý·ÝÉÃ`¹�<sº	¹»µÉË"Õ µÉÔ�Ç©Îvº$Ç©ÎvµÉÔ
ÜvÝÉÞß9�Ã�à�Õvº�Ç©º�¹^ÞÍµÉÔvº	Õ�Ö"ÄÍÇ^Îvº	<sË`à»µÉÇ©µÉË`Ô¬Ë�ÌcÇ©Îvº@��¹^Ã�¶`¶�<sº	Ã`Ïa½��7Îvº@<Wº�¹^µÉËkÕ¬Ë`ÌcÇ^ÎvºyÖvµ·ÝÉÃoÄ`º�¹y9}Ã`à�Æ	Ë`ÞR<vÃ�¹^º�Õ¬Ç©Ë¨Ç©ÎvÃ�Ç
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The lamellar period in symmetric diblock copolymer thin films
studied² by neutron reflectivity and AFM

Nikolaj
³

Gadegaard ´ , Kristoffer Almdal, Niels Bent Larsen, Kell Mortensen
Risø National Laboratory, DK-4000 Roskilde, Denmark

Abstract

The lamellar structure of a symmetric diblock copolymer was studied as a function of temperature. We used
d
µ

PEP-PDMS with a molecular weight of 8.3 kg ¶ mol as model system. The polymer was dissolved in chloroform and
spin-casted on silicon wafers into thin uniform films. The degree and direction of lamellar ordering in the thin films was
measured by small angle neutron scattering. Neutron reflectivity was used to measure the detailed lamellar structure in the
thin
·

films. For the temperature scans only the first order Bragg peak was measured to determine the lamellar period in the
film. Our experimental results are compared to theoretical predictions on the scaling behavior of the lamella period as a
function of temperature. The morphology of the surface was investigated by atomic force microscopy. Holes were found
around defects in the films. The cross-section of the holes revealed the lamellar structure with a periodicity comparable to
what¸ was found by neutron reflectivity. ¹ 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Block copolymers have been studied extensively
during the past few decades. The incompatibility of
the
¾

blocks lead to microscopic phase segregation
with a wide range of morphologies. The phase be-
havior of a mono disperse system can be described
by
¿

the following parameters: the total degree of
polymerisationÀ N

Á
, the volume fraction of one of the

polymerÀ blocks f
Â

and the Flory–Huggins interac-AÃ Ä
tion
¾

parameter Å T . We have studied a symmetric

Æ
Corresponding
Ç

author

È É
block
¿

copolymer f
Â Ê

f
Â

, which is known to giveA B
ËÌ Í

lamellar structures 1 .
The
Î

phase behavior may be used as a surface
modification technique. When mixing a homopoly-
mer with a small amount of a block copolymer, the
block
¿

with the lowest surface energy will segregate
to
¾

the surface, leaving the surface with a lower
surface energy.

We
Ï

have studied the temperature dependence in
lamellar spacing for a confined geometry in a modelÐ
system of deuterated poly ethylene-alt-propylene-Ñ Ò Ñ
block-dimethysiloxane dPEP-PDMS

Ó
with a lowÔ Õ

molecularÖ weight 8.3 kg × molÖ and a low glass
PE
Ø

P Ù Útransition
¾

temperature T Û 56Ü C . This combina-gÝ
tion
¾

leads to a highly mobile system at ambient
conditions.
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2. Experimental

2.1. Sample preparation

The
Î

polymer was synthesized at Risø National
Laboratory
õ

with a volume fraction f
Â ö

0.503 andPE
Ø

P

a total degree of polymerisation N
Á ÷

141. The or-
der–disorder transition temperature was measured to
be
¿

165ø C by rheology.
For
ù

the thin films the polymer was dissolved in
chloroform, which is a good solvent for both blocks,
in
ú

concentrations of 10 and 70 mg û ml.Ö The thin
films were spin-casted on Piranha cleaned silicon.
The SANS samples were spin-casted on 3 ü 3 cm2

piecesÀ whereas the samples for neutron reflectivity
were spin-casted on wafers 10 cm in diameter. To
obtain high quality films, the surface was completely
flooded followed by maximum acceleration to a
speed of 4000 rpm that was maintained for 30 s.

A
ý

bulk sample for small angle neutron scatteringþ ÿ
SANS was made for comparison. The sample was

fixed in a sandwich of aluminum foil. �
We
Ï

measured the prepared samples by XPS X-ray�
photoelectronÀ spectroscopy to trace residual solvent,
but
¿

no chlorine signal was detected. Annealing at
elevated temperatures was not necessary as the poly-
merÖ is in a highly mobile state at room temperature� �
low glass transition temperature . A SPECS Sage

100 was used for the XPS measurements operating
with a Mg X-ray source at 100 W.

2.2. Neutron scattering

The
Î

neutron experiments were performed at the
cold source from DR3 at Risø National Laboratory.
The wavelengths for the SANS and reflectivity ex-

˚ ˚perimentsÀ were chosen to be 5.4 A and 4.75 A,
respectively.

We
Ï

used SANS to measure the lamellar spacing
in
ú

bulk and the degree of ordering in the thin films.
The
Î

thin film samples were aligned with the surface
parallelÀ to the incident neutron beam.� �

For the neutron reflectivity NR experiments, the
large sample was mounted in a specially designed
vacuum oven to prevent oxidation of the polymer at
elevated temperatures. The sample was brought into� �
the
¾

disordered state T � 175	 C and then quenched
to
¾

T 
 � 100� C within 5 min. The first order Bragg

 � �
1peakÀ at 4 � � � sin � � q � 0.045 was measured at

various temperatures up to T .OD
�

T

Due
�

to the very time consuming nature of neutron
˚ � 1

� �
reflectivity,� full scans q � 0.01–0.15 A were
only measured at room temperature and above T .OD

�
T

2.3. Atomic force microscopy

The
Î

surface morphology was measured using a
Digital
�

Instrument Dimension 3000 operating in tap-
pingÀ mode. Since PDMS is especially soft, tapping
mode was chosen to prevent undesired perturbation
or directly damaging the surface.

3.
�

Results and discussion

For
ù

the bulk sample, the peak position in the
˚ � 1SANS experiment was found at q � 0.045 A100

˚corresponding to a lamella period of 139 A.
The
Î

thin films, for the SANS experiments, were
aligned with the surface parallel to the incident
beam.
¿

As can be seen in Fig. 1 the lamellae are
perfectlyÀ aligned parallel to the substrate.

Fig.
ù

2 shows the resulting neutron reflectivity
curve at room temperature. The reflectivity curve
above T only shows the smooth Fresnel curveOD

�
T

from an isotropic polymer film.

Fig. 1. SANS contour plot of the thin film, showing perfect
ordering out of plane. The film was mounted vertically.
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Fig. 2. Neutron reflectivity curve with the corresponding profile measured at room temperature. The scattering length in the profile is
normalized to that of the substrate.

The reflectivity curve was fitted using the modi-$ %
fied Parratt 2 formalism where the interfacial width
is described by an error function. Correction for& '
experimental resolution 3 was included in the fit-
ting.
¾

Since PDMS has a neutron scattering length
close to zero, it is difficult to determine if the top
layer is PDMS or PEP by NR. The top layer is
defined as the free interface. From the XPS measure-
mentÖ it was possible to determine the surface compo-
sition and thickness. PDMS is expected to be the top
layer due to the lowest surface energy of the two( )
blocks.
¿

The element composition would be C:Si:O
50%:25%:25%, where we measured 63%:18%:19%.
The signal, however, decays exponentially in hydro-

˚ * +carbons with a characteristic length of 25 A 4 .
Combining this characteristic decay length with the
measured element composition, we can conclude that
the
¾

thickness of the outermost PDMS layer was
˚ ˚calculated to be 34 A , 3 A, in agreement with the

expected thickness for half a layer.
In the profile reconstruction of the reflectivity

curve, the information from XPS was used as a
starting guess for the top layer. The thickness of the
thin
¾

film is reflected in the width of the first order

Bragg peak. This information was used as a starting
guess for estimating the number of layers during
fitting. The fitted curve with the corresponding scat-
tering
¾

length profile is shown in Fig. 2.
It
-

should be noted that both the top and bottom
layers have approximately half the thickness of the
interior layers. This can be explained by the void
space left at the top and bottom interfaces. To com-
pensateÀ for this, the polymers collapse into Gaussian
coils. The composition of the free and substrate
interfaces is determined by the gain in interfacial
energy. It is energetically more favorable to cover
the
¾

substrate with PEP, which has a higher surface
energy than PDMS, whereas PDMS is more favor-
able at the free surface. The length of the interior

˚ ˚layers was found to be 77 A . 4
/

A leading to a
˚ ˚complete period of 154 A 0 8 A. This value is

slightly higher than for the bulk structure, which
meansÖ that the confined geometry gives rise to a
slightly more stretched structure than in bulk. The

˚ ˚interfacial width was found to be 14 A 1 1 A.
In
-

each temperature measurement a Gaussian was
fitted to the first order Bragg peak and the layer
spacing, corresponding to the fitted peak position,
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Fig.
4

3. First order Bragg peak position from NR plotted as a function of temperature. The scaling parameter was fitted in the range
PE
5

P 6 7T 8 T 9 T closed: symbols .g ODT

; <
plottedÀ as a function of temperature see Fig. 3 . The
change in sign for the slope at = 250 K, above T , isgÝ> ?
mostÖ likely to be a melting of PDMS 5 , rather than
the
¾

glass transition for PEP.@ A
Leibler 6 used a mean field approach to describe

the
¾

phase behavior near the order–disorder transitionB C
ODT . This region is often termed the weak segre-D E

gation regime WSR , due to the interface profile,
which is nearly sinusoidal. He predicted the transi-
tion
¾

to occur at F N
Á G

10.5, where the Flory–Hug-
gins interaction parameter H can be written as is the
sum of the enthalpic and entropic energies

AI J K B
L

1
M N

T

with A O 63.3 K and B P Q 4 R 10 S 2 . 1T U
Helfand and Wasserman 7 used a narrow inter-

face approximation to describe the strong segrega-

1 The
V

values were found from SANS experiments on a set of
polymersW with different degree of polymerisation. Unpublished.

X Y
tion
¾

regime SSR , Z N
Á [

30, where the profile is\ ]
nearly step-like. Semenov 8 derived an analytical

Fig. 4. AFM micrograph of the surface. The line indicates the
cross-section: seen in the figure below.
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expression for the scaling behavior of the repeat
distance D

`
in
ú

a lamellar structure. His scaling pre-
diction in the strong segregation regime is given as

D a b 1c 6
d e f

0.
g

17 2
h i

j k
Melenkevitz
l

and Muthukumar 9 used density func-
tional
¾

theory and identified a change in the scaling
parameterÀ for two different regimes: D m n 0.

g
22 foro N

Á
in
ú

the range from 15 to 95 while D
` p q 0.

g
17 forr N

Á s
95. In the SSR Melenkevitz and Muthukumar’s

expression reduces to Semenov’s.
The
Î

measured data are shown in Fig. 3, where the
data above the crystallisation temperature and below
T has been fitted to the scaling expression D tOD
u

Tv pw . The exponent is found to be px y 0.21 z 0.01
which is in very good agreement with Melenkevitz
and Muthukumar’s scaling exponent in the interme-{ |
diate regime 15 } ~ � 95 . The interfacial width
found in the reflectivity analysis corresponds to an
almost sinusoidal interface, which confirms this re-
sult.

The surface morphology was measured by AFM.
Defects
�

in the film, probably from the preparation� �
process,À induced holes in the film see Fig. 4 . A� �
cross-section Fig. 5 clearly shows the stratified

˚ ˚� �
structure. The periodicity 145 A � 10 A is fully

˚�
comparable to what is measured by NR 154 A � 5
˚ �A . As can be seen from the cross-section, the
outermost layer does not show half the thickness as
was measured by XPS. This can be explained by the
fact, that the AFM always measures on exposed
surfaces. On every plateau in the hole, the surfaces

Fig.
4

5. Cross-section of a hole in the thin film. It clearly shows the
stratified� structure of the thin film.

will be collapsed, hence only full periods will be
measured. It should be noted that the defect did not
penetrateÀ to the substrate. Consequently the expected
half
�

layer at the bottom of the film was not observed.

4. Conclusions

The
Î

highly mobile system, we have investigated,
has shown the induced order from the confined
geometry of the system. We have shown that the top
layer has half the length of the layers in the interior
structure using the powerful combination of XPS and
NR.
�

Segregation to the surfaces is driven by two� �
effects 10 . A large difference in surface energy
between
¿

the two blocks will drive the low surface
energy component to the surface. This is the fact for
both
¿

the free and solid surface. If the blocks have
similar surface energies the most flexible block will
tend
¾

to segregate to the surface. PDMS has a low
surface energy and is the most flexible of the two�
blocks
¿

the molecular weight averaged end-to-end
2
�

˚ 2
� �

1
� � � �

distance R � M is 0.924 A mol g and 0.4220
g

˚ 2 � 1A mol g for PEP and PDMS, respectively, at� � �
room� temperature 11 .

The
Î

scaling behavior of the lamella period pre-
dicted theoretically by Semenov and Melenkevitz
and Muthukumar has been confirmed for the con-
fined geometry. The exponent was found to be in
excellent agreement with the theoretical prediction in
the
¾

intermediate regime.
AFM
ý

has shown to be a valuable tool in the
analysis of lamellar systems where it is possible to�
probeÀ the sample surface structure on a local micro-�
scopic scale and use small samples, whereas neutron
reflectivity� requires large samples and measures large� �
areas macroscopic , but provide information on the
interior film structure.
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ê � � TN ð N î > , P ð 2 ü î\ì�9Kì í � H ï ü ï"2 9Kì í �<O æ ü !Ff)9 ìWí:�<U
N!P 9 0 ì ü í\ì�9Kì í �<; î ü îIf 9Kì í �<O ï ü íRî)9 ìWí:�<U
NV0 æ ü !Ø^ 9Kì í � H f ü 2\ì�9Kì í �<O æ ü ïFìP9 ìWí �<U

ç Ó 2 Óï× Ó Ù ù Ó é <�S ì � æ�î � 2Fí T ü
= h`g h�vZzji vBC\[|1AkC�vml vBi vZpOyOvZpq| = r pO}�|1[pq|~}on�rpCrqtsuqtY<qtlwv x
y �{z\� ��./%p|Q��.1z\%�2

��}<~<} î ^ ð æ îéè æ�9FìWí � � ^ � Ó(L � î`� 2øè 2Ø^Rî/9IìWí � H ^ ð
� } b6��� î ^ ð æ 2øè%ï�9�ìWí � � ^ � Ó(L � î !éè 2RíIæ/9IìWí � H ^ ð

� ��.	, 0 %�S
* }<~<} î ^ ð æ ì è íØ^Ø2 Þ)5 ù$� - Ó�L � î���íøè f9ï�ï�9Fì í � H ^ ð
* } b6��� î ^ ð æ ìíè ì fØ^ Þ)5 ù$� - Ó(L � î`��íéè fFf�î/9IìWí � H ^ ð

y %�#&.���#-"a� y ��z\� ��./%�� R M '�� �

� ^ î ^ ð æ î�î/9Fì í �
- ^ � - Ó(L � î�ïK9�ìWí � H ^ ð

ÐÒÑÔÓ Ó(L � ×þÓ é«é�è û Ù&é ÕØ× ÓÿÕ Û Õ � Ý Ó Ûb2 × û�� S ì T ü
= hji � t?[}�}oh�C\[pO}1�(|��(r_p�h�vZzji vBC\[|1AkC�v
N û �Üã � Óï× NQP 9 0 N ð N N�0
^1� 5 [ Y ëWìWæ^ï ë ^�í fRí

ç Ó 2 Óï× Ó Ù ù Ó é <�S ì � ìWæ T ü
= h?� x�AkC\nP[l7v�h�vZpO}���r pO}
N û �Üã � Óï× 0 � × 2 Õ ù Ó Ý Ó Ù&é«è û ÙD� S � ï , � TÕ Ý�æ ^ [ Y Õ Ý_ì"^Ií [ Y
N!P 9 0 æIí ì 2
N ð N !If !�ì
NV0 !Ø2 æRí

ç Ó 2 Óï× Ó Ù ù Ó é <�S ìWæ T ü
= h`� ���(t�yOvB�kC\[pOy�qu[/C\[z vx|~vBC�}
N û �Üã � Óï× �1S î 9 N Õ ð ��� B T 0 û �Úà Ó ÙäÝ �VS î 9 N Õ ð ��� B TN ð N ì"^ ü î Y ã ù � û ÑÔÓ(LäÕ Ù Ó ì�í ü î
N!P 9 0 ì 2 ü fIëWì"^ ü í Y Ñ � û × û 2 û × � ìWf ü í
NV0 ìRï ü 2Ië�æ\ì ü ì Ð û �� Ó Ù Ó ì�î ü æ

� Õ Ý Óï× 29ï ü f
ç Ó 2 Óï× Ó Ù ù Ó é <�S ìWæ � ì"! T ü
îIí çxèJé�êIë�çZëWìWí�î^ïIî ð!ïRð
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= h(g s zjik�?C\��l�[t�� t�r+C\]DY<��AOw_w+�(pO}oq�[/C\[z{vZ|~vBC�}

� î ^ ð æ��^ D¡ 
N û �Üã � Óý× êuS � T ¬
N ð N ë N!P 9 0 íØ! ü ! ë�í ü íØ2
NV0 ë N!P 9 0 í�î ü 2 í ü íØ!Rí

ç Ó 2 Óï× Ó Ù ù Ó é <�S 2If T ü

çZèKé«ê e ç e ìWíRî9ïIî ð!ï1ð î\ì



S ì T 9 Õ × Ý«èÚÙ ð ü<¢ èÚÞFè��ÜÛ ü �������F¢ �F���\�F������F�I�U�¤£��(�F��¥����I�1���§¦:�	¨ ���I���F� ���F���7�o�o�ª©K�¬«V���b«1�®������?¯ ��� ���F���°©
¢R�(�W� ���M�-���I��±M���U�U +��K²_�����I�-���!���F���M¢ ���W� ±��I�����I� ü-N Ñ&P Ý ÑøÓ é�èJé �M¨ Ù&èÚà Óï× é«èÜÝ ã û 2 Y û � Ó Ù ÑÔÕ Þ Ó Ù �¤@ ù Ý û á Óï× ì fIf^ï ü

S æ T Y ÑÔ× èKéþÝ«èÚÙ Ó 9 ü&N Õ � Õ Û ÕI� èJé ü �-���W£¤�(��£¤�j�R�I�� +«V�M�-�F¢ ����� �C�q���M¢ ¢R�(���W���ª«1�®������?¯ �~� ���F���M¢R�(�W� üxN Ñ&P Ý ÑÔÓ é«èKé �
ç û é � è�ÚÛ ÓE¨ Ù&èÜà Óï× é�èÚÝ Ó Ý�é ù Ó ÙäÝ Óï×M� ìWfFf�í ü

S ! T P üa0 ù Ñ�8 Õ Ñ Ù � > ü 8 × è Ó �JèÜÙÔÞ ÑÔÕ �&é �$�âü 9 û × Ý Ó Ù&é Ó Ù � Õ ÙÔÛ �âü"ê � � Û Õ � üäÐ Ó � � Óý×þÕ Ý�� × Ó Õ ÙÔÛ � × Ó é�é�� ×þÓ Û Ó � Ó ÙøÛ Ó Ù ù Óû 2 Ý ÑÔÓ û × Û Óý× � ÕØ× Õ � Ó Ý Óï×7� � ù Ý�� Õ Ý«è û Ù&é � ùïû ÙN2 û × � Õ Ý�è û Ù Õ � ùïû	� � ×þÓ é«é�èÜá&è��KèÜÝ ã � Õ ÙÔÛ Ý ÑÔÓ � ÑÔÕ é Ó Û&è Õ Þ ×þÕ �çû 2 Ý ÑÔÓ
� Ó � ë � Û � éßÛ&èÜáN� ûäù � ùýû � û �Üã � Óý× ü ���F�M��³:´E�a¥?³ ¦���� �µ³ � ï�ïFî�ì"^ ð < !\ì ^Ø! e ^\ì ^�í � ì fIfRí ü

S 2 T 9 ü<0N¶$8 ÕØ× ù � 9 ü�§ Ó àäã � Õ ÙÔÛ�ç ü 9 è� � û à�è ù Ñ ü~N û �Úã � Óï× è ¶ïÕ Ý«è û ÙqèÜÙ&èÚÝ«è Õ Ý Ó Û áäã Ó � Ó ù Ý × û Ù Ý ×þÕ Ù&é�2 Óï× Ý û·� û Ù û�� Óï× ü
Õ Ù Ó?8 � Ó Ý Ñ û Û û 2�2 û × � Õ Ý�è û Ù û 2 á¸� ûäù � ùýû � û �Üã � Óý× é üK¹ ³ ²_¢�³Z���I��¢p³o���(�a³ � ïjî < æ�í ^�í e æ�í ^9ï � ì fØ^Rí ü

S ^ T @H8 Ó Ù � ü�� Ó á&é Ý Óý× ü�§ èÜà�èÚÙøÞ � û �Úã � Óï× è ¶ýÕ Ý«è û Ù � Ó Ý Ñ û Û&é ü ���(�����-�U� � æØ^�ì < î�î^ï e îFfØ! � ìWfFf\ì ü
S í T �âü�¬ èÜÙÔÛ Óý× ü:N ÑÔÕ é Ó Ý × Õ Ù&é�èÜÝ�è û Ù&é7èÜÙ � û �Úã � Óï× áN� Ó ÙÔÛ&é Õ ÙÔÛ áN� û ù � ùïû � û �Úã � Óï× � Ó �ÜÝ�é <º0 û	� Óõ×þÓ ù Ó Ù Ý Û Ó à Ó � û � ë� Ó ÙäÝ«é ü ² �¥a³o���V���F�»³o���(�®³ � ìFìWæ < ìjî\ì e æIfFf � ì fIfØ2 ü
S ï T 8 ×þÕ Ù �¤0 ü�¬ Õ Ý Ó é ü	N û �Üã � Óý× ë � û �Üã � Óý× � ÑøÕ é Ó á ÓïÑøÕ à�è û × ü �-�����(����� � æ ^\ì < îIfRî e fIíØ^ � ìWfFf\ì ü
S î T 8 ×þÕ Ù �¤0 ü&¬ Õ Ý Ó é Õ ÙÔÛ ¯ � Ó ÙÔÙ > ü 8 × Ó Û × è ù � é û Ù ü	¬ � ûäù � ùýû � û �Üã � Óý× Ý ÑÔÓý× � û ÛÔãäÙ Õ � è ù é < ÐÒÑÔÓ û × ã Õ ÙøÛ Ó(L � Óý× èKë� Ó ÙäÝ ü ²_�-�-£<³¸´E�a¥a³x�~�F�(¢�³ � 2�ì < ^Iæ ^ e îRî�î � ìWfFfIí ü
S f T ] Ù ù ü ð Ù ù ã ù � û �N¼ Û&è Õ1¬ × èÜÝ Õ ÙÔÙ&è ù Õ ü £��W��� �F�-���U�¾½!�������-� ü ìWfFf�î ü
S ìWí T Y ÑÔ× èKéþÝ«èÚÙ Ó 8 � ÕØ× � � üP0 Ý × � � Ý�� ×þÓ � û Þ �ØÓ � èKé �E� ÕØ× ÕI� Ý Óý× èKé Óï× èÚÙÔÞ Õ 2 û × ÛÔÙ Ó Û Ó � û � Ó�� ã�� ¼ × Ó û à Óý×«�ÔÕ Û Ó � Õ Þ ü 9 Õ é Ý Óý×$® éÝ ÑÔÓ é�èJé ��PÖÕ Ù � ÕØ×�� é Ð Ó(� Ù&èJé �ØÓ ¨ Ù&èÚà Óï× é«èÜÝ Ó Ý � ï û à Ó � á Óý× ìWfIfRí ü
S ìIì T N Ó Ý × 9 �ÔÙ � ü �$�-���j�( F£¤�(�����I� � �6� �F�(���I¢R�I���U��£¤���I� �-�����(����� ü	© û Ñ Ù � è�� Ó ãc¿ 0 û Ù&é � ìWfRîIf ü
S ìWæ T ©ëü�¬ ×þÕ ÙÔÛ × � � Õ ÙÔÛ ð ü > üa] ��� Óý× Þ	�ÔÝ ü ���I���M¢R���/ÀR�F�- 	�����¯ üª© û Ñ Ù � è�� Ó ãÁ¿ 0 û Ù&é � ! × Û Ó Û&èÚÝ«è û Ù Ó Û&èÜÝ�è û Ù �

ì f�îIf ü
S ì"! T � × èJé Ý û XéÓý×�ê � � Û Õ � ��� Ó �� 9 û × Ý Ó Ù-é Ó Ù �
ê ÙäÝ Ñ û Ùäã ©ëü ç ã Õ Ù � Õ ÙÔÛ 8 × Õ Ù �ª0 ü�¬ Õ Ý Ó é ü&@ × Û Óï×M� Û&èKé û × Û Óï×M� Õ ÙÔÛ ùýû�� ë� û é�èÚÝ«è û Ù � � ù Ý�� Õ Ý«è û Ù Ó(XéÓ ù Ý«éZèÚÙe� û 8 � û � ÕØ× � Õ é«é Ñ ãäÛ × û ù ÕØ× á û Ù&ë � û �Úãaî Û-è � Ó Ý Ñ ã{�Ké�è�� û LäÕ Ù Ó ð Û&èÜáN� û ù � ùïû � û �Üã�ë� Óï× é ü ���F�(�j�F¢ �F���U�(£¤�¥�(� � æFf\î«ì�î ð < ^FfØ2Fí e ^FfØ2^ï � ìWfFf�í ü
S ì"2 T 9 û ÑÔÕ Ù 0 è ��� Õ\� ï Õ à  û Ý 0 èÜÙÔÞ Ñ��rê � Õ � ÞIè ×V� ÕØ× è � � 8 × Õ Ù �¡0 üo¬ Õ Ý Ó é �V0 �&é Ñ è� �âüº0ÔÕ Ý�è  Õ\� Õ ÙøÛ Y ÑøÕØ× � Ó é 8 ü

9 Õ���ä×�¶ýÕI� ü ð ÙäÝ × û � ã�ë Û × èÜà Ó Ù�é�� × 2 Õ ù Ó é Ó Þ × Ó Þ Õ Ý«è û Ù èÜÙ áN� ûäù � ùïû � û �Úã � Óï× � Ó �ÜÝ�é ü ���F�M��³1´ �?¥a³"¦���� �µ³ � ïWí�î ! ð <!Fí9ï e !\ì í � ì fIf ! ü
S ì"^ T § �ÔÛ 8 è � § Ó èÜáN� Óï× ü ÐÒÑÔÓ û × ã û 2 � è ù × û � ÑÔÕ é Ó é Ó � ÕØ× Õ Ý�è û Ù èÜÙ áN� ûäù � ùïû � û �Úã � Óï× é ü � �F�(���I¢R�I���U��£¤���(� � ì"!�î%í ð <ìjíIíIæ e ìjí\ì�ï � ìWfRîIí ü
S ì�í T ¯ � Ó ÙÔÙ > ü 8 × Ó Û × è ù � é û Ù Õ ÙÔÛ ð �ÔÞ Ó Ù Ó > Ó �2 Õ ÙøÛ ü 8 �� ù Ý�� Õ Ý«è û Ù Ó(XéÓ ù Ý�é èÜÙâÝ ÑÔÓ Ý ÑÔÓ û × ã û 2 � è ù × û � ÑÔÕ é Ó é Ó � ÕØ× Õ ëÝ«è û ÙªèÜÙ áN� ûäù � ùýû � û �Üã � Óý× é ü�¹ ³7���F�(¢�³/���F�M��³ � î9ïFî�ì ð < íIf9ï e ï íØ^ � ìWf�î^ï ü

îFæ
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S ì�ï T 8 ×þÕ Ù ��0 ü/¬ Õ Ý Ó é �~© Ó(Xé× Ó ã > ü ç û é Ó Û Õ � Ó��!¯ � Ó ÙÔÙ > ü 8 ×þÓ Û × è ù � é û Ù � Õ ÙÔÛ Y ÑÔÕØ× � Ó é ©ëüo¯ �JèÜÙ � Õ ü 8 ��� ù Ý�� Õ Ý�è û Ù-ëèÜÙÔÛN� ù Ó ÛÁ� × é Ý�ë û × Û Óý× Ý × Õ Ù-é«èÜÝ�è û Ù û 2 Õ Ù èJé û Ý × û � è ù é ã�é Ý Ó � Ý û Õ � Óï× è û Û&è ù éþÝ Õ Ý Óäü ���I�M��³�´E�a¥a³"¦��(���µ³ � í�ìIî«ìWf ð <æFæIæIf e æFæØ!Iæ � ìWfRî�î ü
S ì�î T 8 ×þÕ Ù �·0 ü á Õ Ý Ó é ��© Ó�X ×þÓ ã > ü ç û é Ó Û Õ � Ó��ØÕ ÙÔÛ ¯ � Ó ÙÔÙ > ü 8 ×þÓ Û × è ù � é û Ù ü 8 �� ù Ý�� Õ Ý«è û Ù Ó�X Ó ù Ý«é7èÚÙ Õ éþã ��� Ó Ý × è ù

Û&èÜáN� ûäù � ùïû � û �Úã � Óï× Ù ÓýÕØ× Ý ÑøÓ û × Û Óï× ë Û-èJé û × Û Óï× Ý × Õ Ù-é«èÜÝ�è û Ù ü�¹ ³Z���I��¢p³��E�I�M��³ � fFæ\î«ìWí ð < íFæØ^ ^ e íFæ9ï í � ìWfFfIí ü
S ìWf Ttð �ÔÞ Ó Ù Ó > Ó �2 Õ ÙøÛ Õ ÙÔÛ¤Â ü ç üW� Õ é�é Óï× � Õ Ù ü(¬ � ûäù � ùýû � û �Üã � Óý× Ý ÑÔÓ û × ã ü 2 ü Ù Õ ×þ× û 8 èÜÙäÝ Óï× � ÑÔÕ é Ó Õ �N� × û L è � Õ Ý«è û Ù ü���I���j�F¢ �F���U�(£¤����� � f�î%í ð < î^ïWf e î�îRî � ìWf9ïjí ü
S æIí T ê ü ï ü�0ÔÓ � Ó Ù û à ü Y û ÙäÝ × èÜáN�ÔÝ�è û Ù Ý û Ý ÑøÓ Ý ÑÔÓ û × ã û 2 � è ù × û � ÑÔÕ é Ó � Õ ã Óý× èÜÙÔÞ èÚÙ áN� û ù � ë ùïû � û �Úã � Óï× � Ó �ÜÝ�é ü �-��¥a³���I�M��³ ¹ ��Ã&� � í�ìIî 2 ð < ï"! ! e ï 2Iæ � ìWfRîØ^ ü
S æ\ì T § ü&©ëü 8 Ó Ý Ý Óï× é ��P ü&©ëü-§ û Ñ é Ó��&P ü çxè ù Ñ Ý Óý×$�øÐ ü(ê ü�� èÚÝþÝ Ó Ù �éÕ ÙÔÛ ê ü Â�è ×��ØÓ � üY û ÙÔÙ Ó ù Ý�è û Ùñá Ó Ý 8 ÓýÓ Ù � û �Üã � Óý×� û � Ó ù �N� ÕØ×B8 Ó èÜÞ Ñ Ý � Û Ó Ù&é�èÜÝ ã � ù ÑÔÕ èÜÙ Û&è � Ó Ù&é«è û Ù-é �øÕ ÙÔÛ � Ó �ÚÝßà�èKé ùýû Ó � Õ é Ý�è ù � × û � Óý× Ý«è Ó é ü ���I���j�F¢ �F���U�(£¤����� � æ9ïî«ì�ï ð < 2RíØ!Ff e 2RíØ2^ï � ì fIfØ2 ü
S æIæ T 9 Õ ×«�_P ü 8 û éþÝ Óï×M� 9 û ÑøÕ Ù 0 è ��� Õ�� ï Õ à  û Ý 0 èÜÙÔÞ Ñ�� 8 × Õ Ù �_¬ Õ Ý Ó é ��0 �&é Ñ è� �âü°0øÕ Ý�è  Õ\�íÕ ÙÔÛ Y ÑøÕØ× � Ó Û 9 ÕM��ä×�¶ýÕI� ü0 Ý × � ù Ý�� ×þÓ û 2/éþã ��� Ó Ý × è ù � û �Üã û � Ó �øÙ áN� ûäù � ùïû � û �Úã � Óï× Ý Ñ èÜÙD�N� � é ü¬¹ ³����F�(¢�³&�E�I�M��³ � f�í < îRíIíØ^ e îRí\ì"^ � ì fIfFæ ü
S æØ! T ©ëü 9 Ó � Ó Ù �ØÓ à�èÜÝ ¶ Õ ÙÔÛ 9 ü 9 �øÝ Ñ � � � � ÕØ× ü�PÖÓ Ù-é«èÜÝ ã¾2®�ÔÙ ù Ý�è û Ù Õ �ÒÝ ÑÔÓ û × ã û 2ª� Õ � Ó �� Õ × û × Û Óï× èÚÙÔÞ èÚÙ Û&èÜáN� û ù �ùýû � û �Üã � Óý× é ü ���F�(�j�F¢ �F���U�(£¤�¥�(� � æØ2\î«ì"2 ð < 2\ìWfFf e 2IæIí ^ � ì fIf\ì ü
S æØ2 T � Ó ÙÔÙ Ó Ý Ñ ç ü10ÔÑ �N�� ü 9 ÓïÕ Ù&ëµ� Ó �ÜÛ Ý ÑøÓ û × ã û 2 áN� ûäù � ùïû � û �Úã � Óï× é <1¬ �N� � � Ó �ÚÝ«é � é�� × 2 Õ ù Ó é Õ ÙÔÛ Ý Ñ èÜÙ��¸� � é ü

���I���j�F¢ �F���U�(£¤����� � æ ^\î%î ð < æ\ì æIæ e æ\ì !Ø! � ìWfIfFæ ü
S æØ^ T ¯ ü ð ü�¬ Õ ùïû Ù ü �R��£¤� �j�F��«V� Ä �j�I�������I� üx@�L 2 û × Û ¨ Ù&èÜà Óý× é�èÜÝ ã N × Ó é�é � ! × Û Ó Û&èÜÝ�è û Ù Ó Û&èÚÝ«è û Ù � ìWf^ï"^ ü
S æ�í T © Ó Ù&é ê �Jé�ë ï è Ó �Ké Ó Ù ü�§ Ó ù Ý�� × Ó Ù û Ý Ó é�2 û ×ÒÓ�L � Óï× è � Ó ÙäÝ Õ � L ë × Õ ã � Ñ ã�é«è ù é � ìWfFf9ï ü
S æ9ï T ¬õü ð ü�� ÕØ× × Ó Ù ü�Å ©´ �I�ª«V� Ä �j�I�������I� ü�P û à Óï×M� ì éþÝ Ó Û&èÚÝ«è û Ù Ó Û&èÜÝ�è û Ù � ìWfIfFí ü
S æ�î T ¢ Õ × � Ó ã 8 ü�0ÔÓýÕØ× é ü ï Ó �ÔÝ û Ù�é ù Õ ÝþÝ Óï× èÜÙÔÞp� Ó ÙøÞØÝ Ñ é Õ ÙÔÛ ù × û é�é é Ó ù Ý«è û Ù&é ü �1�(£¤���j�F�R�R�a¨�� � !\î ! ð < æ�í e !9ï � ì fIfFæ ü
S æIf T ï è � û � ÕM ¯ Õ Û Ó Þ ÕØÕØ× Û ü ð L � Óï× è � Ó ÙäÝ Õ � � Õ Ù�� Õ �62 û × Ý Õ éËî üa¨ é Óý× Ù û Ý Ó é � 8 Ó á × � ÕØ× ã ìWfFf�î ü
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Abstract (Max. 2000 char.)

Thin diblock copolymer �lm have been investigated by x-ray and neutron reec-

tivity as well as small angle x-ray and neutron scattering. Two model systems have

been investigated. PS-PDMS (25 kg/mol-25 kg/mol), which has a glass transition

temperature of ca. 100oCfor the PS-block. This means that the structure can be

frozen below that temperature, thus the development of the lamella structure may

be follow by reectivity. It was, however, not possible to reach the expected equi-

librium structure. Hence the second model system, deuterateted PEP-PDMS (4.4

kg/mol-4.4 kg/mol) was chosen for its low glass transition temperature -56oC. This

means that the system spontaneously should form lammela ordered structures at

room temperature. This ordering was studied by neutron reectivity and small

angle neutron scattering in the temperature range from -140oC(below PDMS'

glass transition temperature, -127oC) and up to 250oC(above the order-disorder

temperature, 165oC). Results were found to be in perfect agreement with theory.

Surface morphology as function of temperature was also measured, and holes in

the surface resembled the periodicity measured by reectivity.
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