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TIBRER, fF2MERE LS RKEHE? f+4 RV EERA REIREFHA
A ?
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Preface

Nature has created efficient biomotors through millions of years of evolution and
uses them in numerous biological processes and cellular activities. The movement
of these tiny biomotors is essential for life in the macroscopic and nanoscopic scales.
Inspired by the sophistication of nature biomotors and driven by recent nanotech-
nological advances, tremendous efforts over the past 15 years have been devoted to
the design of efficient synthetic micro/nanoscale motors that convert diverse energies
into movement. Designing and powering new synthetic nano/micro scale motors rep-
resent a major challenge and opportunity. Recent development have led to major
advances in the power, motion control, functionality and versatility of these tiny ma-
chines. Nanomachines is an exciting research field which offers considerable potential
for a wide range of applications. The tremendous interest in this topic indicates that
nanomachines will advance rapidly in the near and foreseeable future. These advances
are expected to have profound impact upon numerous fields and to bring new benefits
to our quality of life.

Researchers in China have made tremendous pioneering contributions to the field
of nanomachines that led to powerful devices propelled by different mechanisms and
performing diverse tasks. I would like to thank all my Chinese colleagues and col-
laborators - including numerous Chinese students and visitors to my laboratories -
for their impressive innovative ideas and remarkable achievements. I hope that such
close collaboration between research groups around the world will move the field of
micromotors to the next level. Special thanks to Professor Wei Wang from Shen-
zhen for his great effort towards realizing this wonderful new Chinese version of my

Nanomachines book.

Joseph Wang
San Diego, USA
May 2018
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A RAAPLEE (nanomachines)?

EAFEHHAE A SRR ERO R RT . L& NNEH T a
LTEBMELEFFRE NN, BHIARFKNTE, $BHFLAR. SA5R,
AW LY, RE BN, h PRI RELBEBROE R T
B E A AL, ZERERENE SRR L, ERHR RS
B 4. BE. —HEXER, EROBTIIT RSN R, MERRAMT
M SR LB LI . 1 49K (nanometer) & 1 KI-HZAZ —, X8
WSk R4 (KZ% 5 gk, SRE 50 oK) BABZHGANB AL TR AT
SHESUEARA &, IEJLHERBEBARAE, HUFRMAREE R .

BRVFAK B84 5T R AL S ALK 1B i — 35 /IMREE R ?

TP RBER LT+ A . B 20 HEFAHERLE, ERERE
(RIS BT B, AL 28 (B A 20 b TR B AR o . 49k RUE I AIE 3
ERRAZ KRR, thin, WA, ZBIA . RS TR Z R
B XFHRRD ATBIEED KRN EM L P RN, B L&ty
REESNAAR T TN TSRS, BT B v AR RSk 9 B Fr A B
Eh, Rt LR s IS A 7 AR RE . BRIk, FEAUKREE, JURRT
052 S ER L AL AL T4 AR R B R R 53R 3 .

Hesh, HET (2018 4F) BORE BRI TR KL R 10 40K, Xt R HH/R
ST R BT AR IR ) BT R . AR TSR B B R R
JE LB BT 7 R R B, SRR ERAT B BRI, T
MHERERRS . @RI TRBEAS T ER, WfI7Egk R BE L Rk
N TR B b S R 458 N — T R I B — AR, BRBAR LS ANE
H. EE QR R,

F5b, BMERAVE M T IMETORATBEZ T30, AR T IESRw i
RELAER= | 40K R RN, RIREELBIXERNERITIEE, RN
WK, A5 S WA AMS R, FEWRE, MAEnERRER, BifEtR
(AR (PIERATT) BT CAE IS (4 2 B0 B B T8 R 5 IR AR AR MU MG B K
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(BB —THFKRIER). EIXFER “ERRK" B3 (reciprocal motion) FEFHM 57
TZEP YR . X — REEREER A B ILEE (BhHR), B REIFRFHI T
=R AR F R 5E B IR IR B A K D 42 3

XEEER, RVIBNTHDHRBAT R, EERTRERNES. BEKN
BB ATFEERNER. 4RV BAEEY . B, . £F. fixE2 1 E
HRAEKXSESE ERMBAERR, RFRESiHER = ERNEBHLERSZK
A #, RS EF —RERRR AR Tk 5 2k 5 X MU

MEEREFAR, SROBMNCLHEETHT R HENRIRRBEARKF.
PARNBH AR FIEEFRCLEHLHFITRE. o, BRARCHRHE T &P
KALEE. B, AHHRNSERNMRA KHEEQ0FE s RARES, E3E L
kBRI E RS, thaF R ATP 4 BB AR 75 H ek — B h 40 A 7=
HATEKRY ATP, RLEIKBHE. BF4aM. EEA%0M/ iTEL S
MOl , BRSSP RE Y. XK TS S 4 1 A WAL aE L A\ R,
WABRIE PRV BRE T BRERNER.

ERAHAEH (BETE) WATARNARE LT, E_tFEXRCELERE
B 7 B A KGR TGRS T R I . B 21 Bk, A& M T
W EZAFEFROMGURAE, B R . BLfl. BERE. JLRE. AR, MBS %
M7, EXERDRIRHER A K R R R AMTRR T HUT R,
LR FARME, RiHeXEMRAR. WPE. MEARNE, F448E1]
MEBEBRL, W ERPNERWRR A TRAET B SHT. b, —K#tRlET
fEEMITEMILEDRE OB, SRR XEMAORIER TEYRN . FaeR
2y, WEAYRER. MRER . RIEMEAN . RS RET . FREAE . M
KARFELNTIR. ZFEFER, HGRVBBRA]EGEFHERT .

FARERHNE, BRIKHBABF T EZBENNA, LKA BIHX G
R+ 2R (2 RICREFER), BN AR UL R MR, #
AU B TR B L, XR—ANEEERT XM RSN, $ERYHE.
%\ MR BB FROERPBIETR. Bl HMPORPLEE M H & EER MK
FHBINTFB (ERFRENMAMIEAR), MREELWE., ¥ EH &
HE AR TR S WA T BRI R TOX AR SR LR A MRS HT,
ERAMOTEEENE®E. 5B, EHEES, BAFNEEE., B%. ¥R
FHEBEANT#, UENKABRSERES . Riks. BRSNS HNER.
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(BB — T KRS, BXFER “ERBR" Z3) (reciprocal motion) ZEFW 7+
MBSP YRR . X—REERIFERRA B E (BPHR), BmwmEFRFRG
AR SR BEIR IR BN A KR D 4125

XEEER, gRVLB N0 HEEAT XK. EEARTRERIMES. BEEXK
BB HAETEERNER. JORVBATEEY) . EZ. 5%, FH. fiREZNE
THRAERSEA EXKEEAE, BUFRSILHA~ERINMBHLTERRN
B E, HWR S| E —RARRH: TR A TR S 9k 5 XA iR

AEERAF AR, SROBRMNCELHFE T T L AFEATHERRMEARKFE.
PRVBHE L. HEEFROCLEHRETRE. Wi, ARARCRH T ERXH
KHLER. B, EEHRANISE B4 RA KRS ES WA RAES), E50E L
SekBIEZEEME KK RY, HEFR ATP & pBEI AR I9H e s — B b 40 M 4 7=
HATRKEY ATP, REFIKGIFE. BF4am. FER%nf/ idEs s
i, ZEBRBNHETHGHFRI Y. XERFTTELPEDFARIF AR,
WARIMTRVPKRIBRE T BRERNLR.

EkpttRA (BEPE) WRTFARROAWE LT, E-TFERELER
B V. BBl AR T TAKHLEERE R B R . B 21 HHEWBR, A& T
WEZARREMEBIIMAGKARL, JFENFAE. A, BEAE. JERE. AR, RRESER
MR, X EFRLRARE AR RSB R . AM1RR THUT IR,
TR, 2ARE, RiTBXEMEHE B BaIHE ., HELERVE, HFEEaHE®
MPEAERL, XERPREINARHTREE MR o, —KfPET
EEA TRFALEDRE OB, ERIPBX MK T YR . e
7, YR . MRV . RFEMBEAA . PR R T B . A
KARFZANTR. XFEFER, RHPKIBEAT R OETFHERT -

HHRERHNE, BRIKIBAFFZSEENNA, KRB XTI H
RIBF 4y R (B MICKIIF M), E4KI8 AR RA R AR, &
MUY R TRETUR. FELE, ZR—AREEFFLXHF AR, B EWE. b
. e BTN FRGERBIERTI. B, PRI K H & AR RRK
FABINTFB (BIEREHE MMM TEAR), MR EELYE ., L5 &
HEFIFRE WA TG K AR T X AR I ZE R R LR R A S HT
BHEAMNPTEMEHRE. 5B, RESEs), BAFNREY . M. WEER
BHEMOEANT R, UENEBABREFES. fEE. aia0omeERER.
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BEENES . WEEE. MEFERT LSS BN RRSRERTTA R L.
XA (GRDLER) WAERSE. BRSE, XEMPT—KKNLRRME, AT
H AR SURK R LR . F4, BN TRMN@HHAREE, MR —FHMR
FHFRIEEE. ERFIREY, $4RECHER, ERETEREIXNERME, Bt
AR AT T REAh T, B IE T RSP AN B EHR . BhAh, RBUEEE
R BERE, NFKTERBENSRTNRR, B miRNE, FELAPRE
B B4 B AR (2013 4F) Ja @k B AT R R A SR GRR A AR I, AERT
AR RN RFRIATTHIEER —MREF KR TE.

YRy, BADKRRIBERE K —&F BRL D EREH— BT
FETASGGER (BR2ELRMEBT), FRIEE LA EETTRF Thomas Mal-
louk FIRH —NSHPKHLBRAERHRE, RMIEF NEmHMA TiX—#FRP. B
2008 FEMNFELEMALK, RESEFTHERRITHEE, RRT —E D
ML, AER—KELIET ANESEHEREMESHFZERTENRE, #3h
TAGEE BT HH G BBARERR, HFARXNMER. EHHPTRILAE-
PKVLBRADARBRATTT? EARELIRANF T REN BT LRI TIRE? RATRAE
BARTE . B —RESEBHERTIFRIE T H BN R RER, HXH
HERE R A . REOH BN BT E R E MR, B2
HEHS KRBT RF, HRGIEZHZIM. [ 0185 X7 5.

FEAPTRZER, BARR A B A A B A sE st T ER TN B
%, ERFARUT AR, FEH. A28 TRREE. 8. RIR. KRR, BEXN.
AR, FKkE. R TRE. #%. BEESRBEANE LA L AEREN
HBARGKE). METEMGLZ &, FEEE, A HBHRETHE. &
i BETE. BREMITEFE TEMX AR, A BREETRI. RUMKIH
EAF R BB BARN —FERI AN B TR R A1 est, RAFFBHERK
Hi R EE G RIRL A AL R 308, LUK AR AL SR B8 55 T AE A R I35 1 LA
BfE, ERARMOET AR, XEMEMFEAT A AEMIRIEMAERRS
AR

EDUS, MEFTHE R EMPRIB BB KRR MK, DR AIEX—%
REBFLSE T H A RAIETAT. X HBRE X —FPiREREERMMILK
2382\ Bfi Thomas Mallouk ##% . Ayusman Sen ##%Z . Darrell Velegol ##% . YT
B BOCH MRS, LARMG/REE DI RFRIBUC I 803% . MRBREIFZFKE . H¥EE
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IR B R ARG R E X B ARARHFEEES (11774075, 11402069). |~ R4
HARFAHFERESTE (2017B030306005), ZFEHITHAHIZE (JCYI20170307150
031119, KQCX20140521144102503) 1% 8.

BjE, M E—BRMSEA 2013 X TRHAKNE AR . XA EFRRA
HIRKAN THKRIBANRGFALZ 28, HRESARHIA RBAIRBFRTIA
FEEMET.

“RARE—X, —EROBRARMEERTFRE P FHEL ARG B LSRR
FR, B, ARBFANGHARRFEGRBGEL, MAHEFANRERILY
BAMBA! EMARLE—ANBAGEBMRTY, SEEFEABRNBAH R
EANBFLES, X BRANBEL FEEAERERIR, REHTAEAHEH
HF Ko

—ERAMBARAF FHES;, —LBARNBASAFEFTHEES, U
EFARAETHSIHELRRNCTFARLEUEFRERL, —LARNBARTA ‘4
RRT kfidedd, ibF — BB/ AMBARN BRFAD Fhib ALK RRE
EA RE—HBAMBARNLEE KB P OLHEREH LS, JFbiX 25 Ry
AR EAF RN RE F D, SF RS LRE, THAARNBARS
B EE N E PN RIR R, FARG SR HER L. R CHRNE
E A" Bt A AR T RY, 4448 http://news.163.com/13/1118/03/9DUDSNS70
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BB EREK N AEIN N HNPKIE, RAXBABHTREZ—.
K R Y) AR 7E AR IR b 5932 32 T ERBF TR LR AR A+ AR X,
HEEES| T KRFIFRA R B S50, R EOFRADNAEES R —F
GUKHLES, EH BB Y SEPITIZE LT Y . LRPKEH R A Bk S
R ER E RS

H 20 42 50 KM 60 FRLUR, FFE ZHRIFRARRBEEFESXK
FDIET . IR B ZREEEERE  REAEXEYEYS 1959 FRHER
MG (EEHRETH) (There is plenty of room at the bottom) RERIEH “9F
FAKN A" XS T H 1966 FEHE (MAIKE) (Fantastic Voyage) LI, 7]
PDIHAT B F RN B —ERML DR ERLARIRS . EXHBEEH, EF
ARE L4/ T MBS, SN — A0S BRI A, BT MR
A fiw.

4E0, 2RAZHRTARELES HEIN (HEFRE) + E2REERFITR.
SERX—AES, TR BRI K AR DE, ERAARKEIE . HER
SRt 51 R eMEE E K.

AREGKEREVRE, B ERHEXEE. §lI, ShYRew IR
Bk, MEAPKIERBE Ry HEARABERIEZH. XL
W) Ik O E FE SRR B HIB AR B, HiEshee & AR . AWK RBIHL
BT+ B2, EWARE RN TR R BRI NESK /ORISR T
JAR, HBIBATIAR SR B 4R T Sh AL b N & B PR A . B xt
KERENLEY DENEANROER, TTRARININ T A6 & EZIROANE
GOKALBR A TEZHAR: FFNERF, FHRBEYHRN T RE, R
KIRFAE (swimmer) FFFEY DL, Hl&H T ANERGK/HBOKZsBR. BR
BANEZSROT AL TR B, EEZHHFRMENERNRELFEE
ARRAGE - EERRPRAR T AT EENER, SRR ERNIBRB T4
NEGUK /KRB, LR X/ R SR S .
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AL EBHGKILSR RS R RBARMEYEEN TR, EFE2NEEE
I RN RTR,, o0k T AR AT RetE . AR BRI B A1LE8 wT LA i 40 i
HIGK s — AR T, B RR FREAMR IS, MR RN, 3k, 7E
HRESHMANEHK/HREHBSE, ARARCLEMEE. % R, 23
BH. e R ZREHE TS T —RINEERHE. 9K/ MKEVRE
WU, BEMBHEAT ZRERME, BUTEENMES, Sl nAYHE . LR
MEARKED AR M. B3EE. KFR. BRERIFE. MARES.
BRI, 3X— AN A O R T AU K A 7S ] ) B P BT HE R R A R, GBI AR K
RITRKPLER oK H T RESERF ThRE, H BERRRINEFRE.

Eid A, REEEBHE—IEGK /BN BSREF HROELER, F
RS R R . A B EATHRAERROSKIBERE, BB EARELER
ERGK LR AR SRARRBHIAM RSN . XX TREEREREHKEY
BR . GKEA MK TR F I RYK D IAT SRR R R — A A i
EZE . ETHAIRL FRIEXHR, RABBEBEER—FBS EEHN%E
BAES, U EBRMNENZE. B RR TEERARMEH.

A4k 7 E. B 1 BHRRPKREENHELRRELGE; B 2 Fitivk
MAKIEAE (nanoswimmer); 2B 3 MRS T DNA Hla%; B 4 FiT A FHLE
BUFES K DIX; B 5 TITRTMESNERS) (B, . #ABEE) K
gKOik; 5 6 EE LM AGK/MOKVLBLEA RS HKIEEN A, AfEZAYHEIE.
MBS BE, 2% 7 ERETRFTEARRO R BRI . VLB,

BAEXEBRATTRER, WA EBES R RASERMBII, FHHir kK
PN 5 p7id

BJE, REBHERKEFET Ruth, B RO . BRI, RERER
i+ On Shun Pak. Allen Pei 1 UCSD 442K ik [ FA B FoAth sl A R HE A A BY . RE
W Wiley-VCH HARAL K40 88 R I BA KO SCRFRIFE B . REE RN SIRAREH
FHEFM LRI, IR TERRT A BPMARR (HARE) —BEE BB
B AR

Joseph Wang
2013 £ 1 A, TREXMTF
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