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� ȩ͓:¥��¹Ä̦e EditorialsάNature 2014, 514, 273έcȃ͑O{X=University Challenged>`AB�� ¿eȗʼ~

̬�Y;M{cwz`:1000ƺãÈe΃:ſƐ_fȑŗ`ƐʊFŋRȢ΃`ʸ΃~͢NSM`cwy:ȜƎeʣ̶~ƐjM

``άȑ˫έ:ȚQAʣ̶~ʃǏSzM`άʦʷέeÍțFńˮ_@[X;\oy:ȑ˫άʣe˚Ǯέ`ʦʷάʣeģ͞έ

e�¢�Äīȷf˳ɷ`ǇǧO{^AXF:ſƐFſƐ͈yC^GXfTeMeŧŅF:͓ƺ:ħ͝ƾʘcŻįSzÌʑe

ɠ{ceo{^ʧŹO{zĺɇʘbʀɚxQA;ſGbŻįeÅ\`Q^ǻLx{^AzeF:ƐʊȔeŸħ:Ɛʊe̓e

ŽɃį_@z;ÅÌˎĠeſƐȑ˫f:ÐcÈɠΉˑeΆx{XȔeÜ<cƞQ^ȅñO{^AXF:ʆũfÅ˸eÜ<άʗ

Ƨ͛Èť~ŐqέcƞQ^΂E{^Az;ɉA_:ȑ˫uʦʷeȅñǬɜs�Â�Ä¥� eȣĽcwyĤʘcŻ}y\\

@zM`c̚{x{^Az;ðCg:MOOCsάſ̕Ʌ�Ä®Â�Â½�Â̴ƿέfÝǌs[`ȣĽQ^AI`ÒǡO{^

Az;ˈťeʣÜf:�Â½�Â_ɡżĔǄćEx˳ĕeſƐe̴˥~_GzExĨEz`A[^AX;ȝȰeſƐ_f:

ÝǌÜŃFɩƣQ^AIM`s@y:ŏǘɶQcſGbŻΖ~͕x{^Az;ÚͮſƐ_s:ȝȰÜãżeȑŗ`ʒƐʊe

ĢŊ~ŸuS̜ʐF͠rx{^Az`M|_@z; 

� OxcMeEditorialeˀ˧f:ͪKx{bAŻį`Q^=Ü΃Fs\Ƈƅǔuʣ̶keΡCf:sfuſƐeÐXzƎũ

ʈʎcfbxbA>`˛K^Az;\oy:˗ɨeʗƧc̹ʂSzeFÝǌeſƐeƎũǢ˥_@zvC:ſƐf 

problem-oriented bʦʷ~̇A:ʯƐ˧f͆ȿƚ~ʚǺSlG_@y:ſƐkeǱ̀f:ěʙF_zM`~ĄćSzlG_

@z`;ʨEc:ǨFť_s:MM10ƺ_MewBb˦CțFɢ͚Q^AzwBc̔Cz;QEQ:ȰǆcM{_AAeY

|BE;Ɛʊ~DY^^˫^z`ʨEcʦʷfwIuze_:6Ǌcʻ\7ǧȷfȞI_zEsQ{bAF:V{_ʣe˚

Ǯ:ʣeģ͞`ACzeE;£ºÄ Âf˳͌~=ƳÜe˪eÈcezʤÜ>`̊ʆQXF:MewBb̳̄bƊĮfsB

Ê̒_@|BE;ćȝ:MeÇȪc͗˩O{zćʊάȸĕʹ_Ìʑe¾Ä�Äέ~̟dX`Gc:=M{o_:DǃƌO�

cf̛̀_fbI:ˬÏ~̔U^GX>`D[Qt[X;ʭwyÕşyIxAÈeſćʊcfMe��®FŽE[XwBc

ǚB;ÝMV:ȒC^̸ɻeŵ~Ū_AIesAAe_fbAE;ʣe˚Ǯ`ģ͞fVsVsˇĶbM`_fbI:͛țs

ɶAȢ΃`ǖ˨FǕ̒bM`beYEx; 
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� ʊŖɟĬfíȏīʄʘ_ɇˮʘbeEκVe˂Ceh`\fʊìcDKzĕƌ̶̧c@z;ɾĚbĕƌ~̔ĕKV{cǘ

R^ΔƷcīʄewA®Á��F͆Mz;M{FʊŖɟĬ_@z;Veâ̊ðF:ȺͲcwzͩçƌǠųeçͤuɇˮǛ�

Â©�̓eŊǧ:@zAf:ͱ˒cwzɾʔű̓eįƐŻȆba_@z;VeŽIeŴŊ:ɒ˒˘ŊFſGbǊĢ~ȷXQ

^Az;�

� ɒ˒˘Ŋfɒ˒Ļƌ~ÞQXÕɉ˘Ŋ_:Ͳ˒uʺ˒baeΒƌʘc¾��bą˒`e΃cĔȳzse_:Β˾eüyc

w[^Az;QXF[^:V{~̙ɣQ^QoBwBb̨ΒʄeΨAƋìÏ_fɒ˒˘ŊFǇǧO{cIA;Ôƕ:ɒ˒˘

Ŋ~ʌAXÜưeĕƌ̶̧ˍeŽIFΔɀǛbę̈ΒʄeɮƋ~ƋìcʌA^Az;ɒba`ABefɒ˒˘Ŋ~ÞQXĕ

ƌ̶̧ˍcDA^ȩǟeƋì_@z;`M|F:ʊìˍeƋìfɒ_@z;VM_fɒ˒˘ŊFʊŖɟĬ_ͳ̒bǊĢ~ǵ

[^Az;í`ABʢʝ_@|BEκ�

� VeʢʝSzÔƕ~̙ȟSzͼfʑΕc@z;ʊìˍeĕƌ̶̧fm`�a¨¿�eɮɤÏ_f͆M[^AbA;ðCg:

˔˭˱̊Ε:ͱ˒³�� Ďͭ:����ewBcȕĘQXΨĕƌͽeÈba:ƼAǢŔ_eʑΕʉŷ_̇}{^Az;ʊìe

ĕƌ̶̧cDKzʑΕeͳ̒Ǜ~̙Iͼ`Q^:ÕɉąeʑΕ_@zɑίɒʑΕcDKzĕƌ̶̧F������ƺâeǌĳEx

Ⱦ̝O{ƈr:İʹ`��)-'1$.0&�f:ɒÏc�µ�ÂFƎũSz`Gc��£ÂŬeÍ̗ƋǛɼ̓eĶĕƌ˱e̊ΕŨί

Εʶά5ίλέȨ˞FŻįSzM`~̔ĔQX��;M{f:ȺͲŶű΃eɒ˒˘ŊǇǧFɒƎũÉeʑΕ_ǇǧO{zM`

cƞSzͳ̒bʪŘ_@z;Veǌ:wyˍ˙ʘbĕȶǬɜ~ʌA^:ťɌ:ȹĻ:ȫ̿xcw[^:ɑίɒʑΕcDKz

ɒ˒˘Ŋcwzʊìĕƌȩ̶ˍF:ȺͲŶű:¤�À��¡:ˌ:�µ¦Ͳ:°®�¡baeƞ̸cƼIͤǧO{zM`

FƔ͵ʘcƕ̡O{X	�;�

� È͖eĬGf:͇ĕƌįƐeűʩɁǙF¦Ä¯¿́~`[X@XyEx͆G^Dy:ǎȳeɮɤˍe͇ĕƌįƐcƞQ^

͇ĕƌįƐ~ÕɉąʑΕewBbŴάʉŷέ~͊oC^Ⱦ̝SlQ`ABʦʷeʿÕɏΉcĊ[Xse`˦Cx{z;V{

cħC:͓ƺ:ʑΕʉŷF´�Á��«��bʆ̸`͇ĕƌǇǧewBbĕƌÀ¯¿eʆ̸~˘i\KzǊĢ~ǵB`AB

ȚQAɁǙάʿÇɏΉέeơĊ~Ǩ<ḟ[^Az;ĕƌFʜǬĕƌ~̶̧Q΍ŊQ^ȚQAɇˮ~ʪS`ABːįƐeƞ

̸_@[X͇ĕƌįƐF:ʊɼe̲~̙Iͼ`by:ĕƌ´�Â~˳ʎcȉzwBb¢¦��¦Á�Äc̹ʂSzse`b

[^Az;Ȱʵ_f:Veʦʷeɠ{~ˇĶc:ˀ˧xeʦʷð~Ïǔc˕ÞQXA`ǚB;�

�

ņń�·ęğ!�·si�p�b!�·yc�ľ£����

ņŃŅńùĻ@F�·ęğFohDĨV�

� oT:ʑΕeǇǤuǛʀFaewBcĕƌ̶̧eīʄcǉΘSzeE~ƕΧʘcʷȟQXάţγέ;ʌAX¸�¿ˍf:

��£�£�¶`¾ÂͲ΃eĕƌ̶̧_@y:Meĕƌ̶̧ˍ_fΓΒʘbʜÖîʌ`ɒ˒˘ŊFĵŋʘcāI;Meĕƌ

ˍF:ɒÏcĕȓQ^Az`Ge˘ŊƔȔf:���������Δ��������*��,.+�cSHbA
�;��£�£�¶Ɠˮű~Κͭcǹ

\Í̗ƋǛɼ̓~ɒÏcĕȓQ^µ�¿uÕĕƌ˱ɂ͞~ǇǧQ:Ve·���«��bʑΕcDA^˘ŊƔȔ~ɔrX`

M|:��	������������Δ�������	��*��,.+��`byſƸbŸſF̘ɫO{X��;OxcȹĻ:ťɌxF´�Á��«��bʑ

Ε_@zɑίɒʑΕcDA^ɖƔQX˘ŊƔȔf:��
������������Δ����
���	�*��,.+��`by:ĕƌĕȓˍcɐl^γβ

ÆøExγββÆøe˘ŊĥeŸǅFbO{^AzM`s}E[X��;\oy:ę̈Βʄʜ`eʑΕcĕƌ̶̧ˍ~ˤI`

Veĕƌ΃ʜÖîʌFΝ́cŸſSzM`FʨErx{Xe_@z;XYVeīȷf:ʜe͟˛ǛcſGIòƎSzM`E

x:ĶbzĕƌcȁSz̨ΒʉŷYK_fɖƔO{CbAM`s}Ez;īʄʘbĕƌ̶̧~ͤǧSzXrcĕƌ̠̜ep

~˦ƝQFZ_@zF:qQ|Veĕƌ~aewBbʉŷÉcˤIEFͳ̒`ACz;\oy:aewBbĕƌ~îzE`

ŋȢc:aMcVeĕƌ~ˤIEcɞʚUdgbxbA;�

� Oxc:Ǩ<fɈ×x`Čŋ_͵ƌįƐʘǬɜ_ʑΕcDKzĕƌ΃ʜÖîʌeɾǛc\A^̙ȶ~͠rXάţδέ
�;

ˍ`Q^˯̓ʜά̨Βʄ�	έ`ɒʜά̨Βʄ���έFȁSzƋì~̠ƔQ:ʑΕExeOoPobêˤc��£�£�¶`

¾ÂͲe°�~ˤI;��£�£�¶ű~ŤƔQ¾ÂͲű~ʑΕcūʛcĬEQ^Veʜƞêˤ~ŻC^�¥¿�Ä~̜˄

ƊǮǝǫǳƊŀ
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Q^±� `�� ΃e͉ΏcƞSz�¥¿�Ä®Á¬��¿~î[^:VMEx˘Ŋ�¥¿�Ä~̜˄QX;Me°�~:

ę̈ΒʄʜÏcˤI`˘ŊƔȔFſGIbyΨ̨ΒʄʜÏcˤI`˘ŊƔȔfG}r^ƢOIbz;XYQ:ʜÖîʌͭê

FΨ̨ΒʄʜÏcƎũQ^sę̈Βʄʜc͓ȁSzά\oyʑΕ͓ÿeɒʜc@zέbxg:��£�£�¶`¾ÂͲFæ

ŊSzwBb˘Ŋ�¥¿�ÄFǏx{:VeúfƕΧʘcǏx{^AzsecmnÅ˵QX;M{f:ĕƌ̶̧F͆M[^

AzƓˮűcREcȁQ^AzƋìęΒʉŷYK_fbI:͓ ÿc@z̨ΒʘbǉΘFĕƌ̶̧cǉΘ~ËCzM`~ʪ

Q^Az;�

�

ņŃņń�æ��·si�p�bŊ^�ben��z~w}@ Ë4W:�Ãâ·�

� ÕɉąΕĎç̶�� ~ŤƔįSzM`cf:ɾʔb̨Βʉŷ_ĕƌ̶̧~̇B`ABM`ãżc:̶̧�� e˳ƴ

Ǉǧ`AB·¾� s@z;ÕɉąΕĎç̶�� eǸȓ˅Ţ~ΆƔS{g:̐Ȕȩ̶ͭêF˳ʗʘc΍ŊQ^̐Ύb

̶̧�� ~ǇîzM`F_Gz;�¾�¿¿¾�Â�µ¡ű`ƒǝΥͲű~ǹ\Í̗ƋǛĕƌeɦŊĶĕƌ˱~ʌA^ɒ

ʜÏcƎũSz�°®�¡eĕƌ̶̧~̇[Xάţεέ��;MeŴŊ:�� e˘Ŋcw[^ÕʴΟȩ̶ǧĕF˳ʗʘc

̐Ύb̶̧�� ~ǇǧSz`˦Cx{z��-$3#%$�&)2�Ŭeĕƌ̶̧_@z;�¾�¿Á��ÂF�� ĕƌ_@zŴŊ

f:�� e�¾�¿Á��Â`±� e�¾�¿¿¾�Â�µ¡f�Â�©½À¿e¯Ä��Ä Ŭeɒ˒˘Ŋ~Ǉǧ

Q:�� eμȯʽf:ƒǝΥͲ`�¿²ÂͲeÕ͵ì~ǇǧSz;Oxc:Me˘ŊɃǁ_f:Á��Âeʕɒʘbþͽ

F˯̓þ~ōG¨¿�eɒʜ`eÊěbȁ̚FͪKx{^Az;Oxc:±� °®�¡΃e͉Ώuþͽ΃eʻìΌƘba

�

ţγ� OoPobʑΕcDKz˘ŊƔȔeɐ͐�

�

ţδ� ʑΕĕƌ̶̧~̙ȶSz¸�¿�
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e̒˒cw[^:Žǈc�� ͨǳǛuVe˘ŊƔȔ~ĝǐ_Gz;M{f:@XEsÀ�®�Äuͱ˒³�� Ď_̐Ȕ

ȩ̶�� FČŋʘcāI¸��Ä¬ewB_@z;\oy:ÕɉąΕĎcƓˮűe͡Ĭ~ΆƔSzM`cw[^ʊìΨ

ĕƌewBbΨƾb̶̧���¶F˳ʗʘcǇǧO{Bze_@z;�

� MewBb̐ȔÀ�®�Äcwz�� ̶̧~͙c˦Cz`:̆ Ŋ�� ~�Â®ÀÄ cQX̐Ȕĕƌe̕ğͯĘĝǐ

c\bFz;̐ȔʴeÀ�®�Ä˯̓ĕƌ`ɾʔʘc˘Ŋ_GzͺŬĕƌ~ɒʜcħCzM`cwy:Žǧĕĕƌ˱eÕɉ

ąĕƌ©�Ä£Â�~̇BM`F_Gzάţζέ��;ͺŬĕƌ`Q^:¬½ªÂ��£Â�¤�À��¡ά���έ~ʌA^A

zF:Meĕƌf:Ve¾ÂͲűͭ_��£�£�¶Ŭ˯̓~ĕƌ̶̧Q:��£Âͭ_�Á�ÂͲ˯̓`˘ŊSz;Ϳͽ

��£�£�¶ĕƌ`�Á�ÂͲĕƌeɦŊĶĕƌ˱c:����F˘ŊSz`ͧɋbɒ˒˘Ŋ~ǇǧSzwBcĕƌFͯĘ

Q:ĕƌͿeͿA�Á�ÂͲ˯̓e�¿�¿ͽćʽFʹGĔzM`cbz;M{FÕɉąʘcͯĘSzM`cw[^:�Â

�� ÁÄ¶À¯¿eēĒɂ͞~ǹ\ÕɉąÜưȻƌFǇǧO{z;ÕɉąΕĎ_eĕƌ̶̧`ĕƌ΍Ŋ~�Â ÁÄ¿S

{g:�Â�� ÁÄ¶À¯¿eˋƾe¬�­¾�Ä�¼ÂF_Gze_@z;ƕ΋ċ[^Azef:ɒʜcͺŬĕƌ~

ɮESM`:ɒΕÈcĶĕƌ˱~Ƨ΂SzM`:˱~ͧɋcŨˠSzM`:V{~űȵcʲQŁzÔYK_@y:ċIΨƾ

b¬�­¾�Ä�¼Â̋ˤfï[^AbA;�

�

� �

�

ţε� ɦŊĶĕƌ˱cwz̶̧�� Ǉǧ�

�

ţζ� Õɉąĕƌ©�Ä£Â��
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ņŃŇń�·yc�ľ£Ŋ	����
��������������������������

� ãÈeð_f:ÕɉąeʑΕʉŷFAEc¨¿�eʉŷ`ͥBE`ABM`~ěʌQ^:ɾʔbĕƌ̶̧ʆ̸~Ⱦ̝Q:

oX¢¦¬�­¾�Ä�¼Â~ƕʆQ^Az;VsVsʑΕʯƐ_Łyǭ}{^Azʦʷð~̔z`:VemnSl^Fʑ

ΕcDKzɾʔʆ̸~Ⱦ̝Szse_@z;ʑΕf¨¿�`fͥBÃÃÃM{FʑΕʯƐe͹ğ_@y:¨¿�`ͥBɾǛ

~ǂGĔSM`MVFʑΕʯƐeǊĢ_@z;Ǩ<fM{cʔ~řC:ʑΕesBh`\eͳ̒bǊĢ`Q^:´�Á��

«��bʆ̸`ĕƌÃ¢¦ʆ̸~\bJŴ_@zM`~͓ƺȅřQ^Az;\oy:ȝƷʘb´�ÁeĬî_ĕƌ~ĬES:

ðCg:ǬeĬG_ĕƌ´�Â~ΦĬSz:ĕƌÀ�®�Äɂ͞~�ºÄ£Â�SzM`F_GzeFʑΕ_@z;�

� íȏ:ʑΕ_´�Á`¢¦~˘i\KzM`F_GzeEκ˦C^p{gǆXyĠ_@z;ÕɉąeʑΕ_f:ɆțōάA

}vz��� �ƹΕέcfʚ_̔CzwBbſGOeŻį~ǂG͆MUz;Åț:V{`ūʛțōά!�͎έcf¢¦ÃĕƌÀ

¯¿eŻįF̨ǂ_Gz;ʑΕfMeſGOeʔbzʆ̸~��®¾Â�_GzŴbe_@z;VeXrcféˠńˮbʑ

ΕFǕ̒_@zF:�¸Â� ÀÄ�¼ÂeXreĬʘʑΕˍ`Q^ɑίɒʑΕeĶĕƌ˱ˍ~ʌA^:ĕƌ´�ÂeΦĬ

uÀ�®�Äĕƌeɂ͞ȩͧį~´�Á��«��bĥƐĬî_̇[X;M{f:Ǭ~ĬESwBbĬî_ĕƌɂ͞~´£

º«ÀÄ SzM`_@y:Ǭ_ȉz¢¦����"-$��/%0"2)-'��"-.2%#(-.+.'4�`ABȚɁǙ_ȅřQ^Az��;�

� ʿÅeŁy˖pf:ĕƌ´�ÂeǬĬΦĬ_@z;MM_f:ʑΕ_ĬIĕƌ´�Â`Q^��Á�¡��Á¬�Â~ʌ

AXάţηέ���;Meĕƌ´�Âf:��Á¬�Âʉɂ͞~ÏƃͭcǹZ:VMc��Á�¡ͭêFŞ\¬À��­¿b�

°Ä�Ä~ÞQ^ơĊO{^Az;ɾc:��Á�¡ͭfɺΕcɒͲűFÇ\\AX�Ä¿Ͳ»£� ~ʌA^Dy:Ũĥ

FĹħO{^AbK{g:�Ä¿Ͳe̗ɒΕ~ɒΕc̾yáK:΂AX�Â¬�·Ä�¼Â~`z;Ķĕƌ˱e´�Á��

«��bŨˠcwyŨĥ~ĹħSz`:Meĕƌ´�ÂfÇɉąʘb�¹ª��Ä~ǇǧSz;Me΋:Ǭ_se~\Eq

wBcɒÏe�� ~ǾoCz;¢¬�ÀÂŬe̅ĈǛĕƌ~�� `Q^ʌAz`:ĕƌĸȫΕʶ 2 nm2 á͓_́QA

̅ĈǅƾeŸħFDMy:��Á�¡��Á¬�ÂĕƌFÇɉą�¹ª��Ä~ǇǧQ:ɒÏcƎũSz�� ĕƌ~\E

�_AzM`F}E[X;Ķĕƌ˱eŨˠÃ˲Ǆ~ȔĲ cm eÀ¯¿_´�Á��«��cˣy͔Q̇B`:V{cǘR^

�� ĕƌe�¹��Ϋ¾¾Ä�Fˣy͔Q͆MzM`F}E[X;ʑΕʉŷ~ïCg:Ǭ_ĬEUzwBb¨¿�eĥƐ

ʘĞɱάʚ_̔CzſGO:ȔĲ�#,έcw[^:¢¦��Ä¿_@zĕƌ~Ȅ�YyȍQXy_Gze_@z;�

�

� �

�

ţη� ´�Á��«��bĥƐĬîcwzĕ´�Â�Â ÁÄ¿άɫƔȢeŨˠfɇȽcwzέ�
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ņŃňń�·~fvi�j{�p�bŊ	����
��������������������������

� ɉe�¸Â� ÀÄ�¼Âf:ĕƌÀ�®�ÄeĥƐ�ºÄ£Â�_@z;MeĕƌÀ�®�Äf:ÊȘbhdy~ʊp

ĔSM`F_Gzĕƌ_@y:VeÊȘʉŷcwyÊȘĕƌFͨǳʘcőʡSz;MeĕƌÀ�®�Ä~ɑίɒʑΕcÎl:

´�Á��«��bŨˠcw[^�µ¦ͲeĈƐʔǛì˘ŊeͨǳǛeĿ͍cǧĦQX;ǬeĬG_�½¿~̶ĚSzM`

Fńˮcb[X���;oX:�Ä¶¡��Á¦¢Â`ABĕƌÀ�®�Äĕƌ~:ɒΕÈcĶĕƌ˱`Q^Îl:˱eɆțō

ExŨĥ~Ǎ<cEK^AG:ɂ͞�ºÄ£Â�cwy:ȩͧȲä_�
��øeˋƾ_�½�¿~ͨǳʘc̶Ě_GzM`F

}E[X�	�;����u�����fAT{s��£Â~ʜ̍ʘŶű`Q^ʌA^AzM`Ex:M{xeƀɷeȺͲ_f�µÂ`

�½�¿e̶ĚF_GbA;È̞eð_f:˱~ĥƐʘcǴSYK_ȺͲŶűeͨǳ̶̧~ƕʆQXe_@z;�

� ĕƌ̶̧Ƀǁf˘Ȧɂ͞baeƒƔɂ͞~ļ˦cÅ˥ʘc˦Cx{^GX;QEQbFx:Ĭʘcȩͧɂ͞~ȀQĔS`

AB̒˒~ħC{g:À�®�Äĕƌeɯũˮĥ~ǂGĔSM`F_Gze_@zάţθέ;ĕƌ̶̧f:�½�Â�Ä�

¿u��Á��� ¾Âbae±� ĕƌ_Å˥ʘc�� ~̶̧SzM`Exƈoy:±� eʔǛįcw[^ͨǳǛ~

����Â�Szά̐ȔeƒƔʀǤ~͍ʲSzέɃǁFŁyĊ{x{^Az;ƕf:ʆũeĕƌ´�Âem`�aFMeƒ

ƔʀǤe����Â�cw[^Dy:MeɏΉExf˰Q^fAbA;Åț:Ǩ<ețɜf:ɶȔeʀǤ΃~�ºÄ£Â�

Q^ȩͧɂ͞~̔ĔSse_@y:ĕƌ̶̧eɃǁeȚQA°Ä�~΂Ise_@z;ȫɇĕƌfVeu}xEOcȩſe

ɾǓF@y:V{~˘ȦewBbɂ͞_Å˥ʘc˦Cz:@zAfȔʀǤQE˦CbAef:ȫɇɼeɾǛ~ɋǆcěʌQ

^Az`fACbA;ȫɇĕƌfVeɂ͞~͟˛ʘcŻįOU:ɇˮɾǛ~�ºÄ£Â�SzM`cw[^ɯũʘbˮĥ~

ǂGĔSM`F_Gz;VeXrcfĥƐʘbǬɜbacw[^ĕƌɂ͞�ºÄ£Â�SzM`FǕ̒_@y:ʑΕʉŷ_

´�Á��«��bĬî~ĕƌĬîc˘i\KzM`Fȫībțɜcbze_@z;�

�

�

�

Ňń¾à¿ÛŊM[CFoqlaq�d��

� Ȱʵ_f:ɑίɒʑΕ_eĕƌ̶̧:ĕƌ΍Ŋ:ĕƌ´�ÂαĕƌÀ�®�Äĝǐeð~ʪSM`cw[^:͇ĕƌįƐ

~Ƨ΂SzÈ_ʉŷeɉąǛbaeŴeīȷ~˦CzM`FG}r^ͳ̒_@y:ɮɤÏeǻĬu˘Ȧɂ͞còƎSzǎȳ

eǬɜcŤůSlG_fbAM`~͖l^GX;VM_f:Ɛ̈ʘbþΕ~Ïǔc͖l^GXe_:ȩǌcVeʫæcƞS

z�Â©� c\A^ˇĶc͖lXA;ÕɉąΕewBbʑΕ~ʌAz`:´�ÁbĬî`¢¦eɇˮF͟˘O{z;ˇĶ

b´�Á��«��bĬGF¢¦eɇˮc\bFz;M{f:Ψƾb¢¦ȉîfʦHɰoO{X��®ewBbˋƲbɂ͞

còƎQbK{gbxbA`ABƷ̶~ŏƔSzse_@z;\oy:ȝƷʘb´�Á��«��bĬîάǂ[Ǆ[Xy:

ǴQXy:ȨLXyέ~¢¦eɇˮc=Á��¿c>˘i\Kzțɜ̰_@zάŉ̰ʘcXoXo_GX`ABðf@z

FÃÃÃέ;�

�

ţθ� ĕƌ̶̧¸Ä¡e͠į�



×Ý¥¹�þĀ�#�æ�ă�åČÞÕþĀ�$p{�e~i�  2015, 8. 

LPM Lett. 2015, 8. 

�

 �7� �

� ¢¦��¦Á�ÄeǜǞf̜yʣ{TʫæcƞQ^ſGb̹ʂ~Sz_@|B;XYQ:VeXreɇȽF­½��²�

��_@y:Ćĕbʈ̙es`͂IïBM`fĔȳbIbzM`F:ŽIeÜeʊɟ~ȊCz��¦Á�Ä͠ƧeɋQAƊ

`fǚ}{bA;Ɵ΀ƚcQE_GbA¢¦��¦Á�Ä_fbI:a�bʀɚ_s:aewBbť_sŪŮ_s:̭ _s:

ưƂQ^ïCzǯ̈`ABseF΂ʗO{zlG_@z;Ψƾbɇˮ~ǏzXrcAEcΐQAǯ̈~΂ʗSzE`ABȢ

âExfĴȿQ^:AEcˇĶbĬî_Ψƾbɇˮ~ͤǧSzE`ABțɜ̰eʨʻ~ʚǺSlG_@z;ǬeĬGewB

bˇĶbȉî_ĕƌ´�Â~ȉzM`F_Gz;MewBb=p�be¢¦��¦Á�Ä>MVF:ʠcǕ̒bse_fb
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Àñĕçı¥ð (LDH) Zõ):ç�@FCO2F�Ĭ� 
 

�į³¹³¹ĵÃ¹þĀÿ�

�©� ĉ�ł¼ß� Ĝ´ĭ�

ąÂ� �ĭłö�� ÆĔ� �

1. G6OD 
� Ūʇ̕Ʌ_eɪȧįuɑùŻĬe̒ŠeÅ\`˦Cx{^AzſɑÏeCO2ɳƾeŸħ~ǰɊSzǯ̈`Q^ήĈ̚Ƌˍ

~ʌAXCO2eͫą (ÜưĈŊǧ) FɞʚO{^Azΰɶƥ̃c΅yɞJƁΈĈ~Ĉ̚ƋĿǘe�¥¿�Äɭ`Q^ʌAz

M`F_G{gή�¥¿�Äeȫīěʌe̘ɵExsΔƷc˶ŔɥAΰH2O~Ļș`QXƁΈĈ�¥¿�Ä~ʌAXɒ˒̎

͞ (H2OeĈĕ̙) c\A^fήS_cΨAɟǛ~ʪSĈ̚ƋF̔ĔO{^AzΰQEQήCO2`H2O~Ļș`QXCOή

HCOOHήHCHOήCH3OHbaeC1įƐeĻș`byǏzɼ̓e̎͞ǯ̈c\A^fή̙ɖSlG̮ΛFŽAeFʆʀ_@

zΰ 
� Ǩ<fM{o_cήZrO2

[1]ήMgO[2]ήGa2O3
[3]ήATaO3 (A = LiήNaήK)[4] ˁeͶƨͲįɼ~Ĉ̚Ƌ`Q^ʌAXCO2eĈ

ͫąc\A^Ⱦ̝QήH2~ͫąġ`QXŴŊc˓żĈɸƠÉ_CO2FCOkͫąO{zM`~ųœQXΰŤì̊ΕÈeCO2ő

ʡʴήĿǘÏ΃ìˁe̤˔bĕȶExŤìĈ̚Ƌ~ʌAXCO2ĈͫąeĿǘɇɂ~ȅȼQήOxcήCO2eĈͫącDA^

f̚Ƌ̊ΕÈcCO2őʡʴFǇǧO{zM`FΔƷcͳ̒b���®_@zM`~̔ĔQXΰƕ΋ήMgOuGa2O3~ɒÏ_

ʌAXŴŊcfCO2eĈͫąɟǛFƄ}{zM`FĕE[^AzΰM{fήɒÏ_fͶƨͲįɼ̊ΕFŽ͵eH2O_̓}{

^DyήCO2F̚Ƌ̊Εcőʡ_GbAM`cwzse`ʈ̙_Gzΰǎ[^ήH2O~ͫąġcʌAzCO2Ĉͫąˍeɂˆc

@XyήH2OČƎÉcDA^sCO2Főʡńˮb̚Ƌ̊Ε~̠̜SzM`FǕ̒`̛CzΰVM_Ǩ<fήɒÏ_sŤìŶ

ű`Q^ɇˮSzM`Fʣx{^AzƩʀ̐ɒͲįɼ (LDH)[5] cɞʚQήɒÏ_ΦĬSzCO2Ĉͫąˍc\A^Ⱦ̝Q^A

zΰȰʵ_fVeÅʽ~˕ÞSzΰ 
 
2. Àñĕçı¥ð (LDH) 
� Ʃʀ̐ɒͲįɼ (LDHιLayered Double Hydroxide) fƩʀɂ͞~ǹ\ˊŧįŊɼ_ή[M2+

1−xM3+
x(OH)2] [An−

x/n8mH2O] _ʪ

O{zΰ2ó`3óeͶƨ��ÂExbzɒͲįɼ�Ä `ήVeƩ΃côǹO{zɒ`�£�Â_ɂǧO{zΰɒͲįɼ�

Ä f2óeͶƨ��ÂeɒͲįɼ�Ä  (bruciteɂ͞) eÅͭ~3óeͶƨ��ÂFˤȆQXǇ~Ł[^DyήMe3óeͶ

ƨ��ÂFĊ[XĕYK�Ä ċìFɋΒ˾~ǹ\ΰMeΒ˾~Ʃ΃e�£�ÂF̍ăSzM`_ΓΒʘc˘i\Gήc͎
țōcʶƩQXɂ͞~`zΰ2óeͶƨ��Â`Q^fήMg2+ήMn2+ήFe2+ήCo2+ήNi2+ήCu2+ήZn2+ baFή3óeͶƨ�

�Â`Q^fήAl3+ήGa3+ήIn3+ήCr3+,ήFe3+ήCo3+ baFʌAx{zΰoXήƩ΃e�£�Â`Q^fCO3
2−ήNO3

−ήCl−ή
³¾ͲήȫɇͲή˺ ˒ba~�Â�Ä�ÀÄ QXðFųœO{^Az[6]ΰĈ̚Ƌȱș`Q^LDH~ʌAXðfM{o_cή

˺˒sQIfȫɇɼeĕ̙[7]ήɿɽġ~ʌAXɒĕ̙ĳĿǘ[8]ήCO2Ĉͫą[9]baF@zΰ 
� Figure 1cή(a) ŊǧQXLDHeXRD©�ÄÂή(b) ̓͵ɩƣȨ˞eÅð~ʪSΰLDHfc͎țōeʶƩɂ͞cʎȳSzɾ

Ǔʘbşǲ«Ä� (ţÏe * ´Ä�) ~ʪSM`Fʣx{^AzΰoXή̓͵ɩƣȨ˞cDA^fήƩ΃côǹO{zɒĕ

ƌe˰ΏήƩɂ͞eƮŹcèBƩ΃�£�Âe˰Ώήc͆ŠSzÕɏΉe̓͵ɩƣ~ʪSΰŊǧQX̣șc\A^fήXRD
©�ÄÂ`̓͵ɩƣȨ˞ExLDHɂ͞~̢óSzM`Fńˮ_@zΰ 
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3. ç�@F CO2F�Ĭ� 
� ČɗɜcwyŊǧQXŉʴLDH (Mg-AlήNi-AlήZn-AlήMg-Inή
Ni-In LDH) c\A^ήCO2ĈͫąɟǛ~̢óQXΰàe�¿Ä®c

wzLDH~ʌAXCO2eĈͫą[9]fCO2ΑŢɑÏ_eɑʜĿǘ_@

zFήǨ<f΁ͽǑʉˍĿǘ̋ˤ~ʌA^ɒÏcDKzCO2Ĉͫą

ɟǛ~̢óQXΰLDHˉȯ~ɒÏcǦɲOU^˰ɑQήCO2��~

ơĊQ^˓żĈ~ɸƠQX[10]ΰFigure 2 cĈɸƠ8Ȣ΃ǌo_eʊǧ

ɼe˝ʊǧ͵~ʪSΰCO2eͫąʊǧɼ`Q^fÐcCOFʊǧQή

CH4eʊǧ͵f}TE_@[XΰoXήCO2eͫą`ʾÓQ^H2Oʎ

ȳe®Á ÂeͫąḞ͠QήH2FʊǧQXΰVeÅțήH2OeͲ

įʊǧɼ_@zO2fʊǧQbE[Xΰʊǧɼeʊǧ͵`VeͨǳǛ

fLDHeɒͲįɼ�Ä ~ɂǧSzͶƨe˖pŊ}Ucw[^ſ

GIŻįQήNi-Al LDH~ʌAXŴŊcήɾʔʘcH2ʊǧ͵Fǰĝ

O{COFΨAͨǳǛ_ʊǧQXΰMeNi-Al LDH~ʌA^13CO2 ~
ű̓`QXŋêìƕΧ~̇Aήʊǧ��~GC-MS_ĕȶQX`M|ήʊǧQXCOfSl^13CO (m/z = 29) _@yή12CO (m/z 
= 28) fȾĔO{bE[Xΰw[^ήɒÏcɮ̙QXCO2FĈ̚ƋĿǘcwyͫąO{^COFʊǧQX`˦Cx{z[11]ΰ 
� ɉcήɠ͜ˍĿǘ̋ˤkƧ΂QήNi-Al LDH~ʌA^ʴ<eȾ̝~̇[XΰNi-Al LDHˉȯ~ɒÏcǦɲOUήCO2��~

ɠ͜OUbFx˓żĈ~ɸƠQ^ήʊǧɼ~ĕȶQXΰĿǘɮɤcŉʴeNaŶ (Na2CO3ήNaHCO3ήNa2SO4ήNaClήNaNO3) 
~ɧħSz`ήŉʊǧɼeʊǧ͵fɧħġcwyſGIŻįQXΰNa2CO3uNaHCO3~ɧħQXŴŊήH2eʊǧFĄćQ^

̇͠QήCOʊǧ͵fːɒÏeŴŊ`ŋʳƾ_@[XΰoXNaNO3~ɧħSz`ήNO3
− eĈĕ̙ʊǧɼ`˦Cx{zO2FŽ

͵cʊǧQήͫ ąʊǧɼfm`�aǏx{bE[XΰNaCl~ɧħQ

XŴŊcfήːɒÏcɐl^COeʊǧ͵F3øʳƾcſGIŸħ

QήCOͨǳʄsōÈQXΰNaClYK_bIήKClήCsClήMgCl2ή

CaCl2`A[XàeŶįɼŶ~ [Clί] = 0.1 M `bzwBcɧħQ

XŴŊcsŋɃeɧħīȷF̊{X (Table 1)ΰVeÅțή§Á�

Âįɼ��ÂeNaŶ_@zNaBrήNaI~ɧħQXŴŊcfήCOe

ʊǧ͵fōÈQbE[XΰɒÏ_eCO2eĈͫą_fήCO2eͫą

`H2OʎȳeH+ eͫąFʾÓQ^̇͠SzXrήH2ʊǧ~ǰĝQ

^CO2ͫąkeͨǳǛ~ĝǐSzM`F̮ΛeÅ\`̛CzΰNi-Al 
LDHfή̼ ͶƨĨ̚Ƌˁ~ö΢SzǕ̒FɶIήClί ~ɧħQXĿ

ǘɮɤcǦɲSzep_ΨAͨǳʄ_CO2~COcͫąSzM`F

ńˮ_@zΰ 
 
4. ¨Ííì�F ClŃ FÈ¡ 

Ġ͖ewBcήȰĈ̚Ƌˍ_fĿǘɮɤÏeClί FīȷʘcɇˮQήCO2

ĈͫąɟǛFōÈSzΰMewBbðfM{o_cųœO{XM`FɶA

XrήĿǘɮɤÏ_Clί FaewBbǊĢ~ǵ[^AzeEȾ̝QXΰH2O
eͲįʊǧɼ_@zO2FʊǧQbE[XXrήClί eͲįʊǧɼ_@zɉ

ØŶ˒Ͳ (HClO) eĕȶ~̣pXΰĿǘɮɤÏeHClOeƔǛ`Ɣ͵fή

DPDɜcwẏ[XΰDPDɜfήHClOeǅAͲįĥcwyʊRzŒ˺Ŀǘ

~ʌAzse_ήɮɤÏeHClOɳƾ~ʨ̧SzȩsÅ˸ʘbțɜ_@zΰ

ɑʜeͫąʊǧɼ (COήH2) eŊ̜͵ (9) `ήĿǘɮɤÏcʊǧSzͲ

įʊǧɼ (HClO) eʊǧ͵ (9) ~Figure 3cʪSΰClί eͲįʊǧɼ_@

zHClOeʊǧ͵fĈɸƠcèAͫąʊǧɼeʊǧ͵`ŋRwBbĀō_

ŸħQXΰoXήClί eÕΒƌͲįʊǧɼ_@zHClOeʊǧ͵ExΒƌ`

ɋƍeɣ̽͵ɐ~˄ĔSz`ήĈɸƠ7Ȣ΃ǌeúfeί/h+ = 0.86_@[Xΰ

ĈɸƠ~̇}bAŴŊή̚ ƋFɶAŴŊcfHClOeʊǧfʨ̧O{bE[

XΰÅț_ήClO3
ί uClO4

ί `A[XàeŶ˒e����£�ÂuClί _

Additive
Amount of products

Select. (%)
H2 / µmol CO / µmol

None
NaCl
KCl
CsCl
MgCl2

CaCl2

NaBr
NaI

5.5                            9.1                            62
7.9                          27.1                            77
4.3                          26.4                            86
6.9                          31.4                            82
6.8                          28.3                            81
3.8                          29.7                            89
6.9                          17.7                            72
0.8                            3.3                            80

Selectivity (%) = 100 � CO / (CO + H2)
Photoirradiation time: 5 h

Table 1 ʴ<eŶ~ĿǘɮɤcɧħQXŴŊeͫąʊǧɼe 

ʊǧ͵`COͨǳʄ (̚Ƌ : Ni-Al LDH) 
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ȢŻįΰͫąʊǧɼ (CO + H2 : 9)ήͲįʊǧɼ 

(HClO : 9)ΰ(̚Ƌ : Ni-Al LDHήĿǘɮɤ : 0.1 M 

NaCl)ΰ 
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KzĈɸƠ8Ȣ΃ǌo_eŉʊǧɼeʊǧ͵ 

20

15

10

5

0A
m

ou
nt

 o
f C

O
 a

nd
 C

H
4 e

vo
lv

ed
 / 
µm

ol

Mg-Al Ni-Al Zn-Al Mg-In Ni-In

200

150

100

50

0

A
m

ou
nt

 o
f H

2 e
vo

lv
ed

 / 
µm

olCO

H2

CH4



×Ý¥¹�þĀ�#�æ�ă�åČÞÕþĀ�$p{�e~i�  2015, 8. 

LPM Lett. 2015, 8. 

�

 �10� �

fDPDeŒ˺F̔x{bAM`FĕE[^AzΰM{xe˘ȷExή

ĿǘɮɤÏeClί FɋƍǾǽġ`Q^ɇˮQHClOcͲįO{^Az

`˘̰QXΰ Clί ~ɧħSzM`cwzCOʊǧ͵eŸħfήClί F
ĈɸƠcwyʊRXɋƍ~͝uEcǾǽSzXrήĪ͆ΒƌFīʄw

ICO2eͫącěʌO{zXr`˦Cx{z (Figure 4)ΰoXήClί e
ͲįFH2OeͲįwysĄćQ^̇͠SzXrήO2eʊǧFʨ̧_Gb

E[X`˦C^Az[12]ΰ 
 
5. ØÊD 
� M{o_ήƩʀįŊɼfɟǛǧĕe±� `Q^eěʌFm`�a

_@[XFήȩ͓_fήƩʀįŊɼVese~Ĉ̚Ƌ`Q^ʌAzð

FŽIųœO{^AzΰȰʵ_˕ÞQXNi-Al LDHfɒÏ_Ĉ̚Ƌ`Q

^ɇˮQήĿǘɮɤÏeClί ~ͫąġ`Q^ěʌQCO2~COkͫąS

zΰÝǌήàeȱș`e̐Ŋįuń̖Ĉǘ˂įcwyήÜưĈŊǧʦʷc̀SzM`FȬǋO{zΰ 
 
ĞĦ�

� ȰʦʷeÅͭfήȗͭʯƐʞÃƕΧ`ʈ̰̜˄ʯƐe�Â�Ä®À�cwz̚ƋÃΒɕeą˒ǩʓʦʷǷɵήʯƐʦʷ̽

̍ĨͶÃȚƐ̈ΙŮʦʷ=ÜưĈŊǧcwzƁΈ�¥¿�Äeɼ̓ŻȆιƕʌįcōK^eʔĕʹ̆Ŋ>ήOGFK=Ĉ�

¥¿�Ä`ɼ̓ŻȆ>eĨǧ~łK^̇}{Xΰ 
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�© ĉ�ŀ)/< 5R*6Ł 
ÚͮſƐſƐ·ưƐʦʷʯĕƌưƐƟȌķźǌȬ̮ʳ 2 ƺάάʁέȝȰƐ̈Ǽ˶æÃɾĚʦʷŗέ 
ʓɍι2011 ƺȴÚƐ˼ſƐȑ˫ƐͭÏˁȑ˫ȑŗΣǧ̮ʳĴȿΰ 

2013 ƺÚͮſƐſƐ·ưƐʦʷʯöź̮ʳöÑΰöźάưƐέΰ  
ʆũeʦʷĕʹ/�Ä´ιɒÏ_e CO2 Ĉͫą 
 
 
 

Cl�

ClO�

CO

CO2

Figure 4� Ni-Al LDH~ʌAXNaClɒɮɤÏcDKzCO2Ĉͫ

ąe�·Ä�ţ 
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¼ß Ĝ´ĭŀ?TNT 0[:X*Ł 
ÚͮſƐſƐ·ưƐʦʷʯÃđȑǿ 
ʓɍι1999 ƺÚͮſƐưƐͭưȿįƐʯĴȿΰ 

2004 ƺÚͮſƐſƐ·ưƐʦʷʯĕƌưƐƟȌķźǌȬ̮ʳöÑΰķźάưƐέΰ 
2004 ƺʯƐǯ̈Ǽ˶ɇɂÃķźʦʷŗΰ 
2005 ƺȴÚſƐſƐ·ưƐʦʷʯÃɾåĨǬΰ 
2006 ƺÚͮſƐɉÌâ΂Ƕʦʷ»£� ÃɾƔĨǬΰ 
2011 ƺÚͮſƐſƐ·ưƐʦʷʯÃ̴ƶΰ 
2013 ƺExʆ˩ΰ 

ʆũeʦʷĕʹ/�Ä´ιCO2c΄͟QX̚ƋįƐάCO2eĈͫąήCO2eď̀ɭįήCO2eőŀÃőʡέ 
 
ąÂ �ĭŀK9,Y 4JX*Ł 
ÚͮſƐƐ΋̆Ŋȑ˫ʦʷȂ͠�Â�Ä� ̚ƋÃΒɕą˒ǩʓʦʷǷɵÃ̴ƶ 
ʓɍι2002 ƺÚͮư˼ˢ˜ſƐư˼Ɛͭɼ̓ưƐʯĴȿΰ 

2007 ƺÚͮſƐſƐ·ưƐʦʷʯɼ̓�¥¿�ÄįƐƟȌķźǌȬ̮ʳöÑΰķźάưƐέΰ 
2007 ƺÚͮſƐſƐ·ưƐʦʷʯɼ̓�¥¿�ÄįƐƟȌÃʋƐƓ͟ȇʦʷŗΰ 
2007 ƺÚͮſƐſƐ·ưƐʦʷʯɼ̓�¥¿�ÄįƐƟȌÃĨȑΰ 
2013 ƺExʆ˩ΰ 

ʆũeʦʷĕʹ/�Ä´ιɶɇȱșŊǧήʉŷ̚Ƌ 
 
 
ö� ÆĔŀ:C, >EHXŁ 
ÚͮſƐſƐ·ưƐʦʷʯĕƌưƐƟȌÃȑǿ 
ʓɍι1982 ƺÚͮſƐưƐͭʥɘįƐʯĴȿΰ 

1987 ƺÚͮſƐſƐ·ưƐʦʷʯʥɘįƐƟȌķźǌȬ̮ʳöÑΰķźάưƐέΰ 
1987 ƺİɡͣſƐʈƐͭįƐʯÃĨǬ 
1990 ƺÚͮſƐưƐͭʥɘįƐʯÃĨǬ 
1993 ƺÚͮſƐưƐʦʷʯĕƌưƐƟȌÃĨǬ 
1997 ƺÚͮſƐưƐʦʷʯĕƌưƐƟȌÃĨȑǿ 
2004 ƺExʆ˩ 
2012 ƺExÚͮſƐ̚ƋÃΒɕą˒ǩʓʦʷǷɵÃǷɵͿ 

ʆũeʦʷĕʹ/�Ä´ι̚ƋĿǘɇɂe̙ȟ`V{cű]AX̚Ƌ̠̜ 

 
� �
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ŅńþĀ»FãÑ�

� ʆũ:ǆʦʷƖcf:Ưõ:̷̪ə̴ƶ:͸ȭǀƏĨȑe
Ō

e���¬`:��	Ō:��
ŌeſƐ·ʊ:�Ōe�ƺʊcħC:Ƞ

ʮExͯƨcb[X�Ōe
ƺʊeŊ̜	
ŌFǫƨQ^Az;ǆʦ

ʷƖcͯƨO{zƐͭʊf:ʈƐͭ_įƐ~Ɛ�YƐʊ_@z;


ƺʊf:ĳƺ΃:̐ȔeÈˑʊeÉ_OoPobʦʷ�Ä´~

ìΧSz;VeìΧ~͊oC:ȰÜ`e������¼Âcwy:

Ĵȿ̰ȗe�Ä´Fɖoz;ƐͭʊeǺơȑŗfȟʨcɖr^A

bA;ƐͭʊFŚΛcʛΕQXŴŊf:V{W{eȑŗeƟ΀Ǜ:

ǗQO~˳ĕ_=̬p>:ŴΕcǘR^ȩsͧĖbȑŗcʜ̯Q

bA`ʦʷF͠obA;Me͢ʳ_ẹ̇ͻ̫:ƄȐEx:˳Ð

Ǜu�µº£�Ä�¼Âˮĥ~ΣA:ʦʷƖețͷ_@z=ʾÓ

ʫæ_ʊGɎ{zÜɼ>e˫ǧcĩr^Az;�

� ſƐ·ʊf:Ły˖pXA�Ä´cŊ}U^Ǻơȑŗ~ɖr^

Az;Ưõ`͸ȭf:ıʖÃýǀ`΄͟QXʊŖʯƐĕʹc\A

^:ıƐ`:ưƐͭÃʈƐɼeʊɼƐÃįƐĕʹ:͒ƐͭeǘʌʊɼƐĕʹF͟ȇQX÷Ǜ@zƐ΋ʘȑ˫ÃʦʷɟĬ~̇

B:ıƐˍʦʷʯǘʌĕƌʊŖʯƐˍƟȌcǫƨQ^Az;Ưõ:sQIf͸ȭ~Ǻơȑŗ`Sz�Ä´cŁy˖qƐʊf

ıƐˍʦʷʯeǫƨ`by:ıʖuıʖûʈc΄Sz̴˥sƪöSz;Åț:̷f:ʉŷ΄͟eΨƾƟ΀ǯ̈˧eΣǧ~ʚ

ʘ`Q^AzʈưƐʦʷʯʉŷČʊˍƟȌcƨQ^AzXr:̷~Ǻơȑŗ`SzƐʊfʈưƐʦʷʯeǫƨ_@z;ķź

ĠȬ̮ʳeĊ̣_f:AT{eƟȌ~łΧQ^sʈƐͭįƐe͢ʳ_Ɛ�Yűʩʣ̶c΄SzŋÅeŚΛF̮O{^Az;�

�

ņńþĀl�y�

� ǆʦʷƖeǏǢǯf=ĈɇˮǛȫɇįŊɼ>e΂ʗ`:=ÀÄ�ÄĕĈ>_@z;ǆʦʷƖ_f:ɇˮǛȫɇįŊɼe=Ŋ

ǧ>Ex=ɼǛ̢ó>o_eSl^~ŋÅeƐʊcOUzțͷ_:m`�aeƐʊFŊǧeǔǏ`:ĕĈe��¿eÍț~

͌c\K^Az;įƐeʦʷƖ_:¬�¶ ʰ©¿���Â�¬���ÀÄ�Ä~ƐͭʊF˳ʎcȉzM`F_GzʦʷƖ

fVBŽIfbAe_f`˦C^Az;�

� ÀÄ�Äf:ʗʊSzɝͿ:©¿�eȢ΃Ƹˁ:ȫɇįŊɼcËCzîʌF̋ˤcw[^oZoZ_@z;ȫɇįŊɼe

ÀÄ�ÄĕĈf:ÀÄ�ÄeͮŊcŊBɼ̓Fʦʷƞ̸`O{^GXĀōF@z;VeXr:Ą{XɾǛF@zȔŽIeĈ

ɇˮǛȫɇįŊɼF:ÀÄ�ÄeͮŊcwyŭs{^Az`ˀ˧fǣR^GX;VM_ǆʦʷƖ_f:ȫɇįŊɼeͮŊc

wyÀÄ�ÄFͨlzìĝ~îy:ȫɇįŊɼe=ʠeΜ>c͕zʦʷ~͠r^Az;QXF[^:m`�aeĕĈɫƔf:

Ƶ̺eɇŝ_fbI:˳Ġ_΂ʗQXɇŝcwẏ[^Az;MeM`cwy:Ƶ̺eĈƐɇŝExłKz:ěʌ_Gzɝ

Ϳ˅Ţ:ĕ̙ˮ:ǣƾbaeĝˏEx͘{:ȫɇįŊɼe=ʠeΜ>cƣQ_s͕|B`ȝ<ĩĥQ^Az;�

	���ƺ�Ȫe΍ŊĐʠ;�

ʦʷƖeȝƷΠȤ;Ț̕ȫɇįŊɼeŊǧ�Ʊ�`:ÀÄ�ÄĕĈ�Ï:Ň�;�

ƊÔÞ\ì�Ɗŀ
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Ŝp~ń̖įSzXre̅Ĉ®ÁÄ­e΂ʗ_@z;ȚÌâÀÄ�Ä_@z¬�¶

 ʰ¬��¨ÄÀÄ�Ä_ŽĈƌĪ͆FńˮbΨīʄ̅Ĉ®ÁÄ­��u:µ �Â

¡¾�eɟĥFǣƾ˹I¸£�Ä_GzȚɇˮ̅Ĉ®ÁÄ­e΂ʗcǧĦQ^A

z	�;ʦʷƖ·Â¨ÄeDwVĳĕf:���eƑľķˎŎ~Ïǔc:MewBbʊì

ɇˮeń̖įcōKXȫɇįŊɼe΂ʗcȇ}[^Dy:ʦʷƖĎ_f=¨���

Ä¶>`ŕg{^Az;̣îQX̅Ĉ®ÁÄ­eȫīǛF¾�¿��¶_Ⱦ̡_G

zwB:ʦʷƖĎcf˔˭ŰΣƖF@y:�%*	�
˔˭~Ïǔ`QX¸�¿˔˭FA

\_sïCzìĝ~ȖA^Az;�

� Ɏyĳĕe·Â¨Äf:�ȪEx��c͠ƐSzƜɓÛŎ~Ïǔ`QX:͜ʱ=ˊ
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Two-dimensional Nanosheets and Nanosheet-Based Materials: 
Synthesis, Characterization, Functionalization and Applications (Symposium ID #95) 

Organizers: Jun Kawamata, Hua Zhang, Christian Detellier, Jiaxing Huang, Jin-Ho Choy, Li-Jun Wan 
�

Nanosheets and nanosheet-based materials have attracted considerable interest in electronic, catalytic, optical, magnetic, 
energy and biomedical applications. Despite the wealth of intriguing properties and phenomena in nanosheet related areas, 
the creation of novel nanosheets with target functionalities still remains elusive. Additionally, the controllable formation of 
self-assembled nanostructures from nanosheet-based components on long-range ordered nanostructured materials is 
another challenge, together with developing and understanding of the collective properties of such nanosheet assemblies. 
This symposium aims to highlight the breakthrough, progress, and challenge in the studies of synthesis and applications of 
nanosheets and nanosheet-based materials. 
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Bc=ʦʷ`fíeXrċBeEκ>eŖΛcƞQ^A|A|˦CX@LI:ís˂CFĔbAoo˘Ʀ6˶ŔeͅIo

oc7`b[^QoB;QEQ:˶ŔeͅIoocģ̎QXseF:˳ĕ˳͌ʆȢɵ_fΨɇˮbɼ̓Ãȱș_fbA`ǚ

[^A^s:àĕʹeʦʷ˧Ãǯ̈˧Ex̔XxȚQAʌ͛F̔C^IzM`s@zQ:OxcȮȳeʦʷ˧FċIȚQA

�Â�® _ɇˮį~ͤǧQ^I{zEsQ{bA; 
� Ɛ̈ʦʷcDA^f6�¾�¢¾��Ä7Fȩsͳ̒_@zef΃ͥAbAF:6ʫæk̹ʂ_Gzɼ̓Ãȱș7~΂ʗ

SzM`sʦʷ˧e̻ĭ_@z`ǚB;M{x~AEcQ^˘i\KzE;ĕʹÃȿʴÃÌâÃȢâ~͇C^:ȰʦʷæF

VeG[EKcbzŴ~ȅñ_GXxƻA_@z; 
 
 

2015 ƺ 3 Ȫ 
ȝȰįƐæʦʷæ=ëɉąˍĈɇˮȱșʦʷæ> 
£ºÄ�À�Ä8, 2015  
˟΍Ϳ�  
Ͷƌ ˻ͬ 
� � ΪĉƭſƐ� ſƐ·ʈưƐʦʷʯ 
 
˟΍Ɖŗ 
Ɨą Ƨ˥ 
� � ʬƬưȿſƐ� ưƐͭ 
×Ĕ ̌Þ 
� � ɼ̓Ãȱșʦʷɇɂ� MANA 

ƊòĴzčƊŀ


