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� ŦȀŔu2ǋðǉ^ō:êķiȈAc4ÜƨÉŢǋð����Rpantĸȇp2ÙēƨÔƍsceȬǜiö
cf4�p�s���njRpant©ŗtĸȇiŢcfzj�¤���¡}���¡ȹDABBFȺsąm?2Ŷ
Ǚĸ���¤/y�pw¡�z��tØǥsȤcfƮƹi]p`hatoTf3 
� Ƽ 1 ƺou2}�−v�ƀiƜUh���¤/y�pw¡�z��ŧŕ2íȏƨǋðsąm?ŶǙĸȷÏďŧŕ2
ȷÏď�p�u�{��¤sąm?Ùēķƾĸŧŕ2DABBF iÒƜahŶǙĸŧŕslUnȍyhĳ2ŦƮƹt
Ʃƨ£ĻǕ2éwűǧiǮah3 
� Ƽ 2 ƺou2DABBF i���¤��k¡ª2y�p��k¡ªsŢcf���¤/y�pw¡�z��iǅǍ
ƨsðĽa2DABBF tǋðǉ^ō:êķĸp2ŭŵȷÏďt¥ŸŲȑptƫȤslUnǽŮah3DABBF iȔ
Üĸ=ȷU���¤��k¡ªsŢcfw¡�z��u2ÚƒscNn DABBF tǋðǉ^ō:êķ=ȈAe2
íĈĸiƱah3ȔÜĸ=¸Uy�p��k¡ªs DABBF iŢcfw¡�z��u2ĚĪtȷUŭŵŲȑsc
eǋðǉ^ō:êķ=ȥĘCg2íĈĸiƱCr<Nh3´¦ce2DABBF iȔÜĸtȷU��k¡sĞÆcf
Apo2DABBF tǋðǉ^ō:êķsąm?ŲȑÌǒĽŶǙ=ƦƘcfApiŜd<sah3 
� Ƽ 3 ƺou2ȔÜĸ=ÓȦCghy�p��� ¤sªot DABBF tÙēķƾĸiǲ¾ah3̄ ĖǙĸ DABBF
j�wryy�¡ǸĞºi}�−v�êķsceŭŵCefApo2DABBF iŢcfÖƪry�p��� ¤s
iðĽah3Atx¡��uceƌasceȳǟrȬǜiöa2ȷU DABBF tǫȩƗiƱah3Cds2ýĖ
Ǚĸ DABBF j�wryy�¡ǸĞº<dðĽahȷUŭŵĚĪiŢcfx¡��u2ceȷUǫȩƗiƱah3
AgdtǋŬ<d2DABBF uŭŵŲȑsceÛƗƨsÙēƨÔƍiì@fAp=h<Nh3]h2y�p���
 ¤sªou2DABBF tǫȩƷoTfj�¤��¡}���¡ȹABFȺ�zp�tȔÜĸ=ÓȦCgfApo2
ǫȩƷñċtÌǋð=ńÓCg2Ǩ<@¦tÙēķƾĸaó¦anUfAp=h<Nh3 
� Ƽ 4 ƺou2¯ĖǙĸ DABBF j�wryy�¡ǸĞºp©ťƻsj�wryy��ąiŢcf��ȹjs�
�Ȝ���Ⱥ<d2}�−v�ƀsce�p�s���s���¤/y�pw¡�z��m�{��¤iðĽa2
ftƔĸƦƘ�p�|�iǽŮah3ȫď{�¡ÉȸȹESRȺ<d2���¤��k¡py�p��k¡tƢȮ
ȌÂsđĂcf DABBF =2ÙēƨÔƍsceșņƨsÐŖCgnUfAp=Ŝd<prNh3 
� Ƽ 5 ƺou2�p�s���sƕĸ=ȔÜĸtĲȯiì@bcU DABBF p2ȔÜĸtĲȯiì@s?U��
���¡ȹNPȺpU9ĸȇtƥrf¯Ʒt�p�s���njiƜUn2���p�¤�p�s���sŧŕt
Øǥpftǲ¾iǠNh3}�−v�ƀsce2���¤/y�pƢȮs DABBF2���¤��k¡s NP iŢc
f���¤/y�pw¡�z��iðĽah3Ĵdghx¡��iĮUÙoǓfp2DABBF =ȢǤanƚbh ABF
�zp�ƞŪtȬǜiöa2ŞsİUÙiÚ:nǓfp ABF �zp�ƞŪtȬǜp NP =ƥĸÞanƚbh��
yj�¡ȹMCȺƞŪto�¡zǜ=Ƅðahǐǜiöah3ǭǀÞēscfǲ¾ou2DABBF p NP tÙēķ
ƾĸsč>rȖUur<NhAp<d2���¤/y�pƢȮȚÏtŗ=ÙēƨÔƍiì@bc?2Äs DABBF
=ƂĸÞCg2ceİUÙiÚ:fApo2NP =ƂĸÞCghAp=ƱúCgh3]h2ǐǜsČÞahx¡�
�sƉĎiÚ:nǚƋCefp2ȬǜĽÏt ABF �zp�t^=ÌǋðanȎǜcfApsce2x¡��uo
�¡zǜsČÞah3Cds2ǐǜsČÞahx¡��iíǪÅ§oȭǔcfp2x¡��uȬǜsČÞah3
AguƢȮtȔÜĸt¸U ABF �zp�tÌǋð=ȓ?rNn;e2���¤��k¡ªt MC =ÄsȎǜah
h`oTf3´¦ce2ðĽah���¤/y�pw¡�z��u2ÙēƨÔƍtİĪ2ƉĎtƅÚ2Ǌȕŝȣs
ķbnǦœtǜČÞiƱah3 
� Ƽ 6 ƺou2ǛģÁĵĸp�p�s���sƕĸi¼eal���¤/y�p���k����tØǥiǠNh3
¯ĖǙĸ DABBF j�wryy�¡ǸĞºp DABBF õŢŭŵ��l�~¡iƄðan2DABBF tǉ^ō:êķ
iǠUr=d}�−v�êķiǠ9Apo2y�pĽÏ= nm o¤�¤oă¥sÏŒah���k����iðĽ
ah3Ĵdgh�k����uy�pĽÏ=ă¥sÏŒahApsce2ǦðÞÕtŭŵ��l�~¡pžȊa
nÙēƔĸ=č>?ó¦a2Ú:nĬįsceȬǜiöah3Cds2Ĵdgh�k����uǛģÁĵĸiƱ
a2Áĵĳtx¡��uo�z��pñųtÙēƔĸ2�p�s���sƕĸiƱah3ESR ƇėtǋŬ<d2
���¤��k¡ªtȔÜĸtȷU DABBF =ǋðǉ^ō:êķscNnǛģÁĵĸiƦƘa2���¤��k
¡py�p��k¡tªȣtȔÜĸiŢcfƢȮt DABBF =ÙēƨÔƍsceșņƨsÐŖCg2�p�s�
��sƕĸiƦƘanUfAp=Ŝd<prNh3 
� Ƽ 7 ƺou2ŦȀŔtÊęslUnǏŇah3 
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    This thesis describes the preparation of functional polymer/silica composites based on diarylbibenzofuranone (DABBF) 

which has both characters as a dynamic covalent bond unit causing bond shuffling reaction and a mechanochromophore 

exhibiting color change to blue by mechanical stimuli. 

    In Chapter 1, polymer/silica composites using a sol-gel method, functional polymeric materials based on reversible 

bonds, mechaoresponsive materials based on polymer mechanochemistry, and functional materials based on DABBF are 

reviewed. 

    In Chapter 2, polymer/silica composites containing DABBF units in the polymer domain or in the silica domain were 

systematically synthesized, and the correlation between bond shuffling reactivity of DABBF units and the structure of the 

cross-linked polymers was investigated. As a result, it was revealed that by introducing DABBF units into a high-mobility 

domain, the structural reorganization properties based on the bond shuffling reaction of DABBF linkages are expressed. 

    In Chapter 3, the mechanical responsivity of DABBF units in a mobility-limited silica network was evaluated. As a 

result, it was revealed that by introducing DABBF units into a mobility-limited environment, the mechanical responsivity is 

drastically improved. 

    In Chapter 4, mechanochromic polymer/silica composite elastomers were synthesized from a bifunctional DABBF 

alkoxysilane derivative and poly(butyl acrylate) with alkoxysilyl groups at both ends by a sol-gel method, and their 

characters were evaluated. ESR measurements revealed that DABBF units at the interface between the polymer domain and 

the silica domain are dominantly cleaved by mechanical force. 

     In Chapter 5, a multicolor mechanochromic polymer/silica composite was developed by the combination of two 

distinct mechanochromophores, DABBF whose mechanochromic property is strongly affected by the molecular mobility and 

naphthopyran (NP) whose mechanochromic property is little affected by the molecular mobility. 

     In Chapter 6, a polymer/silica nanohybrid possessing both self-healing and mechanochromic properties based on 

DABBF was developed. 

     Chapter 7 summarizes the contents of this thesis. 
�
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