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—HEHAWERFORABIUCHIEIEDORTE) | L)
MTEREINE, 2OV —HF—HIT X2 FEIERN
i, L—Y—®mHAELFEINS, ZEHIT 2018 F1iT
Arthur Ashkin [KIZ loptical tweezers and their applica-
tion to biological systems (¥E > tw hEFDEMHR
NOBH) ) OUETIERG I N, L—F—BHBHKE
ey b, BT S OEEEEFHL TWD RIS
BLTWB, AFETHESHE >y ME, EELUTEIR
35T TP E2IFSMHEH O nm~pm F—5 — D
R 2 - BET e L THISNT NS,

ety hEHWSZET, WRPTEFET SHIE
PHER ED um F—F — ORI T2 E A0, ©EX
HFOKBRE D FHRTEMEALD, BIELEZDTE
%, JtE >ty FOMBRIIZIKITORE D), AR TIESS
W EZOB AN S, KE >y b EHAWETEHEE &
WA IEICERE S TS,

2 SREORE

HF 1ENbDESEpIX, (v/o) a h: T3>0
ER, viROEWE, o EOHEE, u: KT OEHS
MzERTHEAXRY M) THZLNS, BlAE, KE
1064 nm O FF 1l OEEh &I, 6.23X10728Ns &k
£%, ZONTHWEREICEREL L&, HTDED
ERET %, ZHUTEONYEITIIIERAEA O AN
PEVEDH CRIE) DMER T 5. BlAIE, RO L —F—
RADE—DEI NN 1 mW OEFEFEIRER O #H

—J CETEK 1015 &) 73, fﬁb:%lﬁﬂik%ﬂ/
(1@ DX r) Tk LEEE (”hrn),
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(b) Ti

K1 #AXFHLEXEOEZZS
(QEIENEEAHLEZEE, (b)iB
Fio T ASLZEE

EHYEIC AL E

HEERD (M Frp)o TDEZTDHFEIX, K 7pN &
RED, ZONIHEAFETIIEETEZL2EIIMIBTH
L, BT srFRI U IREINDLDI
FEI T < FITHIEZ T VEENT 5.

ZDHIEZE Wk T O - BERN 2 E >
Ty NERR, MR FICHT 205D ENHIZ, MWk
FOREZ (KR ICXDEDD, TOROMKT 25k
RELZOER Ki) #d HOEE (BEZEF) %2
ETBE, d>L O EEFIEMAEMIZ, dK1 (Ray-
leigh ##L) O & ZFEKEDCAITHE >y bOFEE
EROWD ZENTED, BIEFITEROHED LAY
>ty hEEBEICHMAL <, Rayleigh #{ELAE

TIHERWERN LTV, B, ZOHMTHS d
=1 @ Mie HELFEBIIEM /R BRKFEIED O304
22BN, ¥t B KU Rayleigh #ELIC & 2 R HE
MOHRITE S, HE by NEMHNICHRT 5720
121X, ERR=DOHEBIIBITSHDEDENLEEEZAR
FuTWiFiangs, EEMICIEFE CHERICES. Wih
DEED, Mk T8 < HER 13D ZER B 25k
fgﬁﬁﬂiiD%ﬁ‘éﬁiﬁ“t*ﬁ?’&%’l%%ﬂéﬁf%%@
fid 77 (gradient force ; Fyaa) &, ® 5 — DI DH#EST
FHINZTRiF2# L 9 5 TH % #EL 7 (scattering force ;
Fo) DZDITRATES, ZOZDDRELADE DM
R, BRAMEN SHOET AT LT NI AEIT TR
Tl I N5,

nm-~pm
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LizExnd CtiEr) OEBBREILEEZEZ D, MEE
RO EITRICEND B85, HRO—IBIIWERR T
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c c c
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ZZD (EBHERICOWTIZE3IETRNS), KX
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I EN DI ONTE< b, M2@IZIIE—LD
HFLERDIERR r ERABIBONR r, 2R L 2o & AS
Ho(ry, ) O—ERESE CTEST LRI TN ICERT
%, T, KTHNHEHEEORETHETL, Hilkt
ELUTHRFASHFINS (r1,7n2). iR &Er @
ENENOEBEZ(LOKRA Ap XV, KT IIZENA
HIENZE K A28 <. 2oLo12, L—F—EXN
IR T B AU, JEDJESTITHED AR INIR TN ED
MLEICH > THEIEFINEH <. LUK FOMET 2
L, BHBOAE ORI O &R0, EEMABEICT
KRS N5, EBITI, gl & RS RE T
DOREFICE DI BIEAT 5720 (REEIIKRL T
W), AJESEBEL OBRFNCE D, RITIZEEAL
BB IEOHETAH MO LIS NI TR S 1 5,

2:2 RFHORADERLY BN WEE (Rayleigh
BEL)

HOWEIO SRR AP Ta/hS PR d =~ 011~
0.24) 1T & 2D EFELHH 4 % Rayleigh BELE WS, KL
TN YD &, HBBICLORTFNMT 5, K&
NEEID BT/ 0WEE, oz 1 E0RmT &
LCGEBITES CREFERD . BT < e,
BRLIE D ZEM 72 AL I EE K9 2 2) Bl /7 &, Rayleigh
BEL U112 & B — B2 eI & = D% DR 12
EERTH2HENICKYTES, ZONREFZO—L >
VHEDERTSE, X(2)N5A56N15,

F=%aV|E|2+aT
ZZT, aBKTONER, EWZNXOEYE, B0
REE, tIIRMTH 5. X (2)DHLE-HIAE )
%, BLIHIHE A ZERT, BHHIAE NN mE &
KB D 2 F (ccHE) OLEMMBEEIZHEIT S
ZEERLTNDS, AENERENRKT RO BEEN
HEc@E, EXmETrYosinsd, B IHIZ, Ray-
leigh #(fL % 2 Z 9 RitE O BT OEE B ORI AL &
ZLTWS, ASYEO—RERRKINIT & O B FI13 A G
HOEBEZZITH D, TOBROAHNNLEDOT R F—2
TR 2EHHEEICrE D EHELEIE, \BH oM
ENREAFICOMT 200 &5, #EEANTHEL
TNIASE DT AN S Y & U TRETICE
AT 50,

HDOWELD BN BT RPN TFIE, BERP TR
BRESZICXVTIUVEHEL TNWD, TDD, K
EORT v VIRINF—UMN, 757 &K
OIFINF— kT (kg : RIVY < ER, T EHEE)
L0 +E L BT UTK TR S AL, ZOED
RT 22w VIFRINF—OERME, KX THENS?,
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_ 2mny 73 (ny/nyp)? — 1 2P
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J=——-"——-—F = (3)
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H5,

31 L—H¥—

BEIIE, FIREE, ey, SOtRE, e E
BTHD, INSFMEEMZLUNDEAITZ MO SN
5, Nd:YAG 2 Nd:YVO, 72 £® DPSS L —H —
E<HWLENTWS, EHESHIT, HEYOHEMEN/ S
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FEHHE U 7= b 70 5 O BTG 5729,
WEHFEHOL —F — L RETIHL —Y—2E—LTF
AN H —BEUOI TR EDHEBREHNTEAT
52 EMBD. WINEYMN S D7 F)L 28RN HL
BT 57200 ENNERAOE > F—)l, BLUSK
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3-5 fHERMRY
PlEOEE#RN S22 oy hEHWIL, &
SOLYEEHEABRD ZENTEDEA D, FHEMN
5FZDE, DBE (B KPER) LD bHRETR
MORBITRNRENT &, @)t L —3—=3) o
IR LT DIRNT &, PHIRFGEE L THET 5N
(@), G) DEUEZH I BV E TONERETERT S
ZETHITEDZEDH D), ZOLRMGEmEZTIE,
A THE < O um F—F —OYBEITHILFIEETH A
5. BRI, FmEkD EOMIMERRY ZFL oo
YNNG RBBHMNRZ ENBT 5N D, X 5ICHEM
TWEH2H, mh WHOT3IWILE) »HoEnE
Ktk EAET DL - eEmEOtk 1205 O
YL XEBENE, &EF/RT, BF Ry M EDE
Bk, 757220 h—R>F /) Fa—TREDKR
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BIZE>TRY >N -EREDY 7 b= T U 7 ILDHH
EHHEE 72D,
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4 ety bERWCAFALE

HE >ty MR DRI N TNk b
TRICHRMBENSTND &, RECXOHIRMENS
DN Ax ITHBIL 72771 BITH) 237w 7 OIRANCHRE
WRITFIZIER T2 (M4@). HIxhokES Fii,
ROBE2ET/NREEK (stiffness ¥ 7213 spring con-
stant) k2 ZFANICRE L, STITHES Bz @&
CH—TEHITHIET, F=—kAx 5RO B Z &N
T&E 5, XE >ty bONFERIL, MWiEkTOZEN
F—=FE)NT—AXRT NVEE (power spectrum densi-
ty ; PSD) f##r<> H CAHHBIBI % (autocorrelation func-
tion ; ACF) fi#hT, SEH9 4, (mean squared dis-
placement ; MSD) fi##i/z EICK DRFET B, NFEE
DORESIZ, WRHAEMBIOL —F—HITIKET S
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T—F—% 2 )N7'EX% DNA 73 & DEERIE D ¥R %E
EHENCEERBEEZREZLTWS, ZONE> Y D
A EA ORI RIZRBIC N & QR0 RERRF
BREO—DTHDE—F—F 2N EOEEMEICTD
WTHMT S (K4(b))P9,

FRIE, MBENOMEHREREICEST5E—
Y= NNTED—FETHD., ZOFHI UL, 75/
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TBHILET, MEEHRO—-ETHLHMNEICIR> THE
T&ED, ZOFRTVTHEAS MR FENE Y
MR L, EREE LT BMNEICFR L R
TED (MAMHF D). FXI O MNE L2 ETT
&, FRIUICHE UMRIT BIBRE U THIfRAL®E N
53NBI &I, TH (BAD) U TEILHIME
Hd5 (WP ). HHBEFF ONBE L THEL
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EWRIFIIC oMM BE I ERI NS (M (i),
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B, FRIUMETHITHS o THAET B HIHRANTH
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DAT Y T2BNTBHTLI ENbMho729, DX
STAEERGFOIFINEEH & LT >y N34y
WHOSHTILLFHEINTNS,

5 JtEYty bhEHEAESOELEHD IS

Kty MINFEEMBEEERT 5729, (EROH
MAHFEEHAEDEDZEDAHETH S, THICK
0, AL ZYEOSHFNBERERETE S, HlA
X, BT < Otk EMAGDE D I ET, IEEIRIML
BREYIv I VIEMRMEELE R 2 EER IR M ER D]
T, PEAEAZEHTLIERNRERLEZDE (n
situ) HHTHIETERTESD, AETIE, KB
o b ESHEBEMS B EHAS DR N EETIRIC
DNTEFIZEOZETHRMNT 2,

5-1 BEMRUN/BEL 9 EE

e >ty b EBEHSVEEEMAG DR AR,
ok 7R 2 @R ER N TM T 5 FEE L TENTY
%, REITCIEAE >y hEAWEERES /R TFOH
RIFTICDONTIR RS, SRR EDERES /Rt
i, BEQOKREDH DN Y T 27Tk, kit
FOEHHETFNERMIEESZEZ I, ZOHSERBERT
75 A& I (localized surface plasmon resonance ;
LSPR) &IESR, LSPR O3LRKREE, + /K051
X, BR, MEICKDRELENT D, Gl ki
F ORI, N FTRBSOCEENC RO BES RiT
D EAREZHIE LM TES, LrLAENS, flxd
F R DO ISR TR DE I KB %
728, HERIETIE S / RiF—R O R BURIHEIZA S Tl
20, RIRPF TR ST I AR EDZFRE Ric#Am L
E&ES JRTFThUT, lxDF R FOXDHED
FMTE S0, ZOBE, XRENH S ETHRIBKE
NEEES 7 M5 E0BUGFHEOETY VT2 E

(@) (b)

white light

linear polarizer—=
dark-field condenses ’_‘
(NA=12-1.83) QP

sample solution

objective legs ‘
(x100, N.A. = 0)!|

trapping laser
(A =1064 nm)

monaehﬁ'omatic

color€V0s RN
CCD

5 (@iErty b EBEBHEALAAEERAESDOEIAZROMER®,

LT 2EEND B,

ZTITRE> Y MCXDESRET T ERHIETN
W, KHICTRIEE U 7 IREE D - KL —RL ORI HEL 2
R MVHERGTE S, AL 288 kT O#EL
ZRY MV, BEMEORET I T -2 HWTH
515 (KM5()%, WEE I F Y — &M
DRI LBV ORICEAT 2 &, B 5 OHEL
HREH DAY L > AT TE720, EHEK
nm IO RREFHEBTES, BHEEI T H—
Loyites, BB EHAGHLESZET, Mitho&ES
B3 kiR OBEARY MIVOEIGTE, F kT
DIBRDBLMZEAL, F /KT 0 _EfLilifeis & 20t
BB TE S, T517, HRERAAML —H— LN
J 2T —EMHWEERERSEICELD, KRRl 2%
F /0y R—KIDEHN (=WRI+HGEL) Wit fE o Kot
ARA=D T HWMEINTNDS ("5M0)Y,

5:2 EEMEXONE

BRI HEOF TS, MBI EIRITRE &
EOBRBIITENTED, >ty hEllAEDER
WMEHNILIEICD=5, BIAIE, YOYO-172E Dt
BETYMALZ 1 A0 DNA 2 EENLHIET 5 &, HiE
BB IR o 7R EE (T VIREE) 2 &> Twk
DNA 73, #EHMEICHRLICHEFELND LB
SN PV EEN/Z7OE 2 —)VIREENEZ(LT S
HTZE2BEETE510,

PER DM BN EOEZEMITMATHE >y &
AEHOEEHGOERSE LT, WIS L 3 st
KW ONBGNET 5N D, HIEEE (TR
DOIEEE (EBHHTI08W/ em2 A —4—) 1, 3EH
IR (EICHHEE) XD BEBMITKREN, ZORD,
AR DT IRIN L & IR R DA A F IS T 5 &,
WHERICEDIEIRIEO D FRINEZD S5 5, T

Cext (x10‘nmz)

(b) feifte

Liz&7 /0Oy RBEIFOHELIARS MLEIEY
(Reprinted with permission from J. Phys. Chem. C 2019, 123, 23096-23102 and Nano Lett.
2015, 15, 7731-7735. Copyright 2019, 2015 American Chemical Society.)
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DEIBIGRAZ BT =R BPREZMD I LT, HE >
Ty b EHOCBR O MR LIRS, HlREDHE >
Ty MBI, SRR & AR B AR AN
Ta rTREETN TV S,

5-3 EEWMS T atiE

TR ORIV ek & & BITHRE OGE &
U CoHFOREMImIL<FIHEN TWS, SEMEE SHM
HEDED I ETHBEINDO RMEPRTFHDAA—
2T, BUNES ORI TR EMMTREIR Z EN S IRIA
WHBTRHAEINTWS, EHEEMETHOMRHTES
e, KBty MEEHAGOERHIERY OREGER
BT« IR AHTICRIH I N T WD, R THPE L 7200k
TR TR, 2P T L 72K @ sl sy 4 i
DR T < > RIZANn s NS,

—HlE LT, RERENES ST O S B S < >
IIIEIT KBTI DOWTHMNT ., KBKTOR
J (N-14v7oe)727U)7 32 K) (poly (N-
isopropylacrylamide ; pNIPAm)) 128 X 1% & & it
BEHEESFIE, BRMMETIOKBKRICERL TWs, Z
@ pNIPAm /KiE#HK 2K 32°C LA LICRIRT % &, ik
fl 7 pNIPAm 2331 )V - 7 O E 2 — VRS & &
T, BUKHEMHEFERICE DS FHALNEET S 2L
T, KERPITIEE D FORE L 2@ TR Z2 BT
%, ZOMGHBRRZRFET 52012, HI RO
FIRMEE >y MCRDBRL, EHPOET 7o
KOG Z WM T < > HEICKDHMD ZENTES
(K6). ZDEEMEMTBHMEMCEIZ, ERHL —
Pt (A=1064nm) ZFEHT 5. LNXAEDFR (3
1) KD ESTREEBRT S EEHIT, HER
K DR & BINEE P ICRERMICREL, T 200t
W BRWICRETE S, IHICHFNICEERADOE S
FRBED T AR MVINSRERZEER TSI &
T, WP O&ES FREZRED DI ENTED, £
SIEZOFEEAND Z LT, HTEOMAHEE, K
WG PMRFEP OE S FIREICE A S5 BIZTDWTHNT
W31,

6 B bHb U [C

AFETIE, HE Y MEHWEHHEZEII DWW T
Nz, AEAFETIERMTERNEEMIR I TH S K
£, /M6 7 0A—= R NVOMRTIIEHETE 2
WITkizd, ZONEZFIMAL MR T ORIE - BIFE
ZHE >y FERER, KFETIE, ey O
EHOWEIDBRERMAFE2HRTI2HEALEEL
D EH/NS MR T 2 HIRT 2 AR TRz, 8
ENRAE >y NI, 1 ADL =2 EMEOx
ML ATHENTHIETERETE, TOHBMHRICD
WTHN L. ZORE >y hOSHTEE~NDT T
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30 min.

1 min.
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ON

4
g
Irradiation time
0 min
—— 1.5 min

— 11 min
—— 32 min

N
T

[y

0
2800 3000 3200 3400 3600 3800
Raman shift / cm™

6 XE EY MILXUERLEEDFREOEHRS <9
b X
(Reprinted with permission from J. Phys. Chem. B 2020,
124, 8454-8463. Copyright 2020 American Chemical
Society.)

Relative scattering intensity

O—F & UT, RIEICE D HFHIE & B ek 2
BOR IR E OREITIC DO WTHEM L 7z,
Kty MI, EBMERETFRCIT—IN - U7
CE—LREDHFFMORRITME N, IR TEHE
AB7ET TS, BROKTZ2ANTHRELLD, [
EEZIBEDTHIEHBTELLICEE, &5
2, 79X F /BERP T+ oy ViR EDT
)74 RO REMAL A E 2y hbHES
NI, HE 2y MEMISHI S ICHREZZRT S
TH 5, BETHRAZNEHNE, MO HEOEREE
EBIZ, INETTY IV LARBTH>7=F JRF, 5T
L X)L DEFE RIS FEOY —)L &L TEE >~
Ty MAYERET S I LR EFEL TS,
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