
 - 1 -!

 !"#$%&'()*+,-./0123456) 

 

789:434;6)<4=> ?@AB>  

 

CDEFGH!  

! "#$%&'()*+,%-'()*+./01$234456789:$;6<=>

?@65ABC=+DEFGHIJKL5$MNOPQRKST>UVWX7YZ[\]

^_`Zab_cde6f>%&'+ghiYj_kl^m7n<op\qr_stHu
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! ¥¦7§¨AB#©$ª«¬­>T®¯«¬6°±¡>AB²³¬6f´1µ¡>¶=

(·^_¸�¹¶*®7ºB»¼y ½\�¾�½5¿À�$ÁTRÂ½­>M7C=R

Â4Ãy´7Ä$RÂHÅÆÇ6µÈKL5$®789:ÉÊ$?@®54f´7¥ËÌ

6®;ÍLyTÎ¾ÏajÐm6ÑTS5Ò4Ó yTUÔ$NÕyTV$¥¤M7Philips

Ö$ Leenaars xM01KL·^_¸�×Ø(Marangoni drying)[1]½­>UÄ=®ÙÚ¨ Si

ÛÜÝzÞajÐm$"ß×Ø¾à½7IPAáâHã(SiÛÜÝ*ä§(%å'*ºB6æ

çèÊS7é�m`mÈx§�êëìÉÈíª«¬·^_¸�¹¶H1µî�>Ä4½7

ÛÜÝAB$ Naïð_ñ$'ò+óôõö$÷KTøùHúRKLajÐm½­´7Intel

$ CPU6ûAî=> 90nmüý$%þÿb!c^Y"vHúR#$6KL7NOP$%&

=L'([FG$í)$¥¤½­>U 

! 4Ä*½7Ä$·^_¸�×Ø®7%-'+4T+S5,-½®yTÙÚ¨ SiÛÜÝ.

/AB½$ã§ºBRÂ$IJ½­+LU0Lª«¬·^_¸���$V4KSfP­1

x=>%2$3'(tear of wine)RÂ57�µMfP4P5627$896)+$:=Mó+

ST>uZa½®yP7�P;<î=LÛ=ïrvMT>�>�v½?@6z�=89M

-'+6y+LAï_l^m½�x=>RÂ½­>UÄ=x$VÈx5�È>fí67­

>B6ÑÊ>·^_¸���1R$�CDà«$ET®7¹Â§¨MF¡>ã¨ABC=

+$ET6GçPHIî=>J�MOTUÔKSÄ$Ä4HÅÆÇ6IJ¡=X7ABC

=+$DE6f+S·^_¸���$à«5DE½ç70LÑ$Ñ$KL½®¶¨Ý_M

b_c6JT>$6®NPO5P½­+S57í0P�����>4QRÇ��6f´¶

¨Ý_Mb_c6SJQT>UP5Py��Hµ�Q¡#$+M­>U 

! VW®Ä$fíyXW6.YTS7ÄÄZ[\#PABC=+4AB²³DE6f>¶

¨Ý_Mb_c$#$+6¤TS]^H4+SçLUÄÄ½®7üý6_¡`¤$abc
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Zdþef³gh½$C=iAB²³jJ6f>§klhmn7odáâpqrstuN

$GvywxM®È=>C=+yzH5¤{AB$|}7`dAB²³Ã~+H�v¡>

��������'ò§B$014�vk�ïaì$IJ7$Ô=�=6¤TS8�4�

�y H��¡>U 

 

ID!"JKL#MNKL(OP+$%QRSTUV2WX2YZ  [2, 3] 

! ]^_`Zab_c��6f>ABw��IHDE¡>Ä4½7ABw�.ª«6o�

�Çy����H5L�Lã¨ABH Chemical gradient surface4��UÄ$AB®7Ô5

Ô5®r_�ë�Dÿ�ñ$�ïð·�b�ê4./AB4$Q�nJH��¡>L�6

X W Q î = L 5 $ ½ ­ > M [4] 7 1992 \ 6 Chaudhury 4 Whitesides M

n-decyltrichlorosilane(DTS)4$�I½��î=L|'+w�.ª«yz6f´ABC=+

$yzH5L�L Si./�½7'kMC=+yz6�+Sg1Ç6�h¡>Ä4H��K

[5]7f³D� Èx$=�ê¡v$¢£$¤(MyT¶¨Ý_Mb_c$#$+M_î=

LU1997\6¥¦G��I§�ab¨(RO�õ�§�ab¨*Èx©ª«G�6¬­K

L®¯6°M¨�KL± ²³! ´;µ$ab¶½®7Ä$ Chaudhury x$ab6�;K7

¥¦G�¾� ·¸! ¹;µ(Rº»;µ*$ab¶4þef³gh½$¶¨Ý_Mb_

cì$SI#$+6¤TS¼½abH4+STL[6]UÔÄ½7Ä$abH13î�L�½7

1H, 1H, 2H, 2H-perfluorodecyltrichlorosilane(PDTS)4$�I6f´C=+yzH��î�L

l^m./½7¾�¿6f>ÀÁ�(20Âà«*þef³ghý½$K¥§k$Ãh6¤

TS]^H4+L[2, 3]U 

! Fig. 1 6¯«yzH�¡>-)+ Octadecyltrichlorosilane(ODS)del^m./4|)+

PDTS del^m./½$]bu_ðïê§k$ÃhH_¡U-)+ ODS deB½®âä

ãä§`QF<ÄMÅ²¡>ÆÇM�~6eîP7�~6NT¯«¬·^_¸�¹¶½57

AB²³$eîy�¯ ÈxGçyø¯ ì§kMÅ²KSTPU¥¦7|)+(È2F<

É=63«)PDTSdeB½®7Å²ÆÇM ODSdeBf´5GçP7§AB#©½µÊL¶

=®Ô$00§ý 6Ë´ÌÓ½Tç7§®ÍÎKL00½­+LUÄ=x$��f´7

|§+B½®C=+yzH7-§+B½®¯«yzHÔ=�=jJ¡=X7§k$ÏÐÑ,

�Ò$lhM#$6y>Ä4MÓÔî=>UFig. 26 PDTSyzÑfÕ¯«yz4 PDTSy

zH½Á6ÖWLl^mAB½$]bu_ðïê§k$ÃhH_¡M7¯«yz4 PDTS

yzH¼6�¡>AB$§klhÒ«®7§kAB$¯«¬6f´µÊ>AB²³¬¹¶

6f´§kMÅ²î=×Ø$F<É¬MGçPy>L�67Ù=+yz$�H�¡>AB

6ÑÊ>Ô=4ÚÛS÷KP�ÜKLU 
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[D!"JKL(\]^$%2_`0abcdef%g26)[7, 8] 

! á1,pq$QÝ\HÞísr¾�½®7ßPÈxsrB$C=+$ETMá1,àá

rstuN6GçyHIHÖW>Ä4Mâx=SÑ´[9]7Èã½_KLC=+yz7¯«

yzý½$§klhRÂ$7Ïäåáâk�pqsrBì$IJMXWx=>UChaudhury

x® ODS de½C=+yzH5L�L Si á�{AB½$áâpqrstuNHúæKç

~$k�pqBü�$sr�è$É�M®È=>Ä4H_KL[10]UKÈKyMxéx$

JTL¦ê½®7rsÚ+$øT SitH{ABìÚë¡>Ä4M¤(½­>UÔÄ½VW

®7éx4®ì$1Ôiíe6f>C=+yzH5¤Ïäåáâk�pq{srB$01

H��LU¡y�)7AB^Y�m$ET6f´ABC=+MÝ\¡>RÂ[11]6�;K7

îïð�4qðvêgñ�ò\t(SAM)óô6f´7{AB6C=+yzH��î�>õ

öy¦êH÷øKL[7]UÄ$AB$C=+®7îïð�$24«ÑfÕóôî=>qðv

ê$ùúHÝW>Ä46f+SDE#$½­+LUC=+yzH5¤qðvêóô{AB

®7îïð�6f´AB^Y�m$��H¤ÊLp\tYbv${ABì7Lû)6|'

+$ 1H, 1H, 2H, 2H-Perfluorodecanethiol(PFDT)ÑfÕ-'+$Mercuptoethanol(MEO)$=

r�vêò§H��¡>Ä4½��M#$½­+LUîx67Ä$ABHJTS'áâp

qúüH4+L��7ýþ$e§k4$�¥6f´�ÏKLpq'kM7�T|'+H�

¡>ÿ!Èx-' ìÉÈ+Sg1Ç6lhKLU 

!Ä$RÂ®7r"#$D�vk�ïay 7âä§QÝ\H�%srmn6ÑÊ>7sr

&2ì$SJ#$+M­>5$4XWx=>UÔÄ½�67ABiºB²³yz6f>§

klh$IJ4KS7C=+yzH5¤{'(srBì$7pq'k0L®=r�vêi

')�§k$Ãh6¤TS]^H4+L[8]U*6_KL$4½+$¦ê½n�KL7|§

+Èx-§+6TL>C=+yzH5¤AB½$áâpq$#,\úü��H Fig. 36_

¡UÄ=f´7¯-61µKLON$þe§kM7�T$�¥7�ÏH.S­>à«Gç

Py+L/67f´-'+$�T0¨ìlh¡>+�M�È>U0L7Fig. 46_¡pqr

stuN$æPf´7Ä$AB®Kåy|§+ABf´5�Tsr$³H�¡>Ä4M�

0 sec

5 sec

10 sec

A. Oleophilic Surface silanized by DTS

oil volume 7.6 µl, viscosity 2cSt

Thermal gradient  0.21 K/mm

Fig.   Effect of surface wettability on the motions of droplets inuced by temperature gradient.

0 sec

2 sec

5 sec

oil volume 11.9µl, viscosity 2cSt

Thermal Gradient  0.21 K/mm

B. Oleophobic Surface silanized by FDTS

0 sec

5 sec

12 sec

oil volume 7.6 µl, viscosity 2cSt

Thermal gradient  0.10 K/mm

B. Chemical gradient surface with thermal gradient

0 sec

5 sec

12 sec

oil volume 7.6µl, viscosity 2cSt

Thermal Gradient  0 K/mm

A. Isothermal chemical gradient surface

Fig.  Motion of the droplet on the surface with wettability gradients.Fig. 1 Effect of surface wettability on the  motions of droplets 
indced by temperature gradient.  

Fig. 2 Motion of the droplet on the surface with wettability 
gradient.  

A. Oleophilic surface silanized by DTS                      B. Oleophobic surface silanized by PDTS          A. Isothermal chemical gradient surface    B. Chemical gradient surface with temperature gradient 
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Fig. 4. Heat transfer characteristics of 

PFDT-MEO coated copper condensing 

surface . 
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Nano-Self-Rewetting,-[12-14, 21-23] 

! È1$fí67QÝ\HÞísrmnì$qðvê SAM t6ûAî=>ABw�FG

$jJ®7sr[�$e2,�+$\úR6�J4XWx=>UKÈKyMx7i$Ûï

_MÛ&'3DAZëm$VHXW=X¡¢�È>fí67%&',-'(§*��® 

$PxT4¤$ÈÎ'4Tí�567%Z\'46W>Ä4®QTS57%Z[\'4®

6W>Ä4MQTyT$MR�½­>UÔÄ½7QÝ\HÞísrmn6ÑTS571.!½

_KLþef³úü4½+67C=$��6ÜWSAB²³$��6f´sr�è$É�

M7==X7Rú$B6¹IQT>à«$5Py��èsrBH89½ç>$½®yT

ÈÎÄ$XW6�+S%AB'ûÊ½®yP%¶¨'65�;¡>47QSP>6WM:

 6f´01î=L Self-rewetting ¶¨[15]½­>Uç~$§¨®¯«�Ü4456AB²

³MùÕ¡>M7C4 ü�$Ï;�êuvêúD<\�ê=ê�_>�Û?$'ò§½®7

Ô$AB²³M­>¯«½"e@H4´7Ô=ü�½®¯«4456�Ü¡>Ä4Mâx

=ST>[16-18]UÄ$¶¨$AB#©½1µ¡>·^_¸�¶=$¦É®7ç~4®A$

ø¯ B�¯ ½­´7srB$ø¯ Èx�¯ 6g1Ç6¢£#$yrCD¶¨MQ

T>#$+M­>UÄ=H Seflf-rewetting¶¨4�Õ7�vk�ïanh§y ì$IJM

]^î=ST>[11, 15]U 

! ¥¦7NE nm üý$��FH5¤��%þ��$ujïM��ò§MG=LrCDH

+H�¡>Ä4M 1995\6 Choi 6f´úüÇ6IxÈ6î=7Ä$fíyujïM��

BH��¶¨(nano-fluid)4ºèÊSüT [19]7ùW$��i��p\õ%þ��H�%�

�¶¨$srH+4�vk�ïay $sr[�ì$IJM]^î=ST>U 

! Ä$o¤$¶¨H�����=X7þeÿ!6ÑÊ>riõ�CD&26SJQT>7

ø¯ Èx�¯ ì$g1Ç¶=$1µ#$y��¶¨$|}$#$+M­>UÔÄ½7

Fig. 3. Motion of condensate droplets on PFDT-MEO covered copper surface with 

wettabbility gradient(C = 0.53*. 

!

!
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Fig. 5 TEM image and solution colors of 
borohydride reduced Au colloids. 

Au colloid  Au colloid with 

1-butanol 

VW®0JKL�67Fig. 56_¡M�½�F 5nmà«$Nsy�iO�������'

ò§6Butanol (BuOH)DDodecylammonium chloride (DAC)HPÜKLB$AB²³(Q)$¯

«(T)RS+HTÛL[12, 20, 21]UÔ$��H Fig. 66_¡M7U$¯«RS+HV¡>ÿ

!Mø¯W6]YkK7È¤ dQ/dTMNXEYà«GçPy>Ä4M�È>U����$

�F��$¯«RS+HhÇn�¼6f+ST

ÛL4Ä*7U$AB²³¯«RS+MR=>

¯«(Z 35-40[*è#½��F$\]yÝ\

MµÊST>Ä4M�È´7Ä$��Èx��

��PÜ6f>U$AB²³¯«RS+$�v

Fig. 7 6_¡fíy¿8½^IQT>5$4£

�=>UR_7`������B[13]D�vk

�ïanh¶¨4KS$IJ[14, 23]6¤TS

5]^H4+ST>U 
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hijH  

! VWMÄ=0½64y+L7C=,AB²³HjJ¡>¶¨DE4Ô$¾�ÇIJ6a

¡>ab6¤TS1ÛLU"/6_KLIJV½­>7�vk�ïañ$bv·êc�ï

m®7�vk deDfgîh6ûAî=>7"#$%e2½È¤�1ri«0¨H5¤î�

¿$H5P6(jS6*kí([FG4y´¤¤­>Ulmay n¿a4$¼½abH

çÊS7HÃyAB²³RÂHjJKL�+$bv·êc�ïmúJ\$¥ØHoíÄ4

MQT=X7p�$qÕ½­>U0L70ûrs8Ô$tu½­>M7·ïëjb�ër

ñ$þe��ì$¶¨¢£,DE¦ê6 í6ÈÄí6ÈKSIJ¡>Ä4MQTyTÈ7

4TíÄ4HXWST>"v½­´7wxy7w÷øñzÊ=X{T½­>U 
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Fig. 6 Surface tension as a function of temperature for At/Pt 
nano-fluids containing BuOH/DAC. 

Fig. 7 Tentative mechanism of acceleration of 
surface tension anomaly induced by Au 
nanoparticles.  
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Fig, 1 Drop condensation on DTS gradient. 

surface. 


