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tfgor FE£oRA FeZ Hulsla thea 28 WH o7 Fe Y=YdE Axstgdcth. Aldrich At 1-2 b Al
(1-octadecene) 20ml1<} AldrichAle] @ doldl 0.3m1E 100ml 8-%9] Schlenk FXH.ol ol &3tstATt. o3
of g JejollA 30% FF 120CE FAHA A= wrk(vigorous stirring)ditt.  o]Fod, §a48 AL
7}2~9] 3l S E(gentle stream) 3dFollA] 180C7HA] 7Fdsldch.  o]ojA, FA7]E o] &3le] AldrichAle
Fe(C0)s 0.7m1E A4 7kx 555 HE A Fdshaltt.  olojA, 180TA Ef=5 202 &<t FAH
Y dde] gag 98 F UG, AR 23FE EFA deES Mg EA dojxl A
AES A= Bg8iglet. o] 23, Mdme Fe U=9gAE €& F 9

Z’:
teos, ogtillM A= WS o]8ste] FeP Hi2ts Alxsidrt. WA, 9sh o] Alxw 14nmo| Fe

_(

Y=g AE 25mg =8]8, 100ml &2 Schlenk FH ol AldrichAle] S#|dotrl 7miel En|SE A3
InlE £33t 848 23 7] 14mme] Fe Ux=YA} 25mgs H7Hgh ol 259 XEste] &2 Fd9] Fe &
HE FHEIGITE.  ER, Sldoldl 2mlol e AlE WHE o]ty AxE Pd Y=dAE MUk &
Feje] Pd A4S FHIEATE. Fe €93} Pd §H4E& &3te Fo, BEES AAS Y] f8d, 2/ 5 AF
dEjell Fol Fal, 30 ¢ HA VbR HAE FIsigitt. o] Fe, ofE EFl[ofE YA S of=t
o= ANA Jot HEE (bubbler) 2 7= T27F &8 glo] 719 52 fl= AHIA] AH ShellA 141zt
St F2Z(oil bath)olA 317CE FAatH @A stk o] ZA¥ @9 &S A5 F den, o
E UA] A27A Wzt A3 AN AAES 4E F JdY. HAAES AR BEEa dEsR
2 Az (superparamagnetic) 2] 2214S Holy] wlio

skl Agsiitt. 2 FeP Y2t A0
FE k. o] AF FeP HeREE A& 5 U
ol#@A AzxH YR FolA 6.2nmx43.8mm= A Fe2P Y2 =S giow AAAS Fosiginy. 244

S $18}o] XRD(X-Ray Diffractometer) ¥E-S #<91&}om | ZH|:= Rigaku Ultimalll diffractometer
Al2=glE o] g3ttt XA A2+ graphite-monochromatized Cu-Ka & ©]-&3t3lom, 40kV % 40mAe] =¥ o

27 ZA4E A3t T 4o BAHI k. E 42 =1 Ao
g A= E hexagonal FeP7} 4t & & 4 Stk EF, Fe 42 #FHA ofysiglen,
Pd 4 S A A ol o]= Pdo] duidor X2

= 5= 9o 2o oz AZE Fe,P YxZEE TEM(transmission electron microscope) 2 STEM(scanning

transmission electron microscope) @ <3k ojm|xjolt}, BT} FAFORE, & 59 (a)e 6.2nmXx43.8nm=
AAE Fe,p U2 E 93 TEM ojujX|olH | & 59 (b)E HEFEHOZE 5.7mmx36.5nmm= A= Fe,P Y=z
S

=2 gxg A7 30%-0] A3 T TEM o]u]x]o]H, = 52| (c)E HFHOZ 5.7nmx36.5nm=E A%
2 Fe,P Y22 X8 AZF 1A7bo] Z 33k Zo &3k STEM o|u|x|ojt}, Hu=z, B Aol TEM &
H|= JEOL JEM-2100F 2 TECNAI G2 F30E ©]83}9lt}.
= 59 TEM 2 STEM o]v]x|3} ##sle], olge] & 1d-E, = 59 (b) 2 (c)ollA 1, 2, 302 ®7]H Fid
3t A=} WS (atomic percent)S YERJIL T},

<}¥% 1>
1 2 3
P (atomic %) 41.8 75.2 58.7
Fe (atomic %) 247 24.8 41.2
Pd (atomic %) 33.5 0 0.1
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=59 (a)5 FEshd, HEAoZ 4FE FeP Umirolr A4 Fojeh njgde] A& &Ad 5 U9
o E3, X 59 (b), (o), B E 18 FEeH, FeP Ymzo] A% Aldl, FeP yYimz=e] sod= Pd
of fIASHAIRE Aelli= Pdo] fAIeHA] B AS AT 5 . By AFHoR ¥ 18 A¥EY, FeP Yk

229 A% Ald], FeP R0 0o P, Fe, Pdo] 9X8}a, Fe,P 2 =9] Ao Py} Fevlo] 91X &}k

[e]
e

rr

e 5 I~
glsk 4 gl
£

o

=

o

T 62 TEME o] &3t 7.4nmx49.4mm=2 ZFE Fe,b Y2 E H93k olnx|olt}. & 6 Z3lH, RO
2 43E FeP YR oA Aol 30 FHld HAsh= ¥4 d F9o EAE U 5 Tt

S, LA Pd thesiAte] ArbEE Pd A 44 2AFORM ARIE FeP Rt 443 2

% AW 5 Aol dalA APH vk ATk, ohele] X 2014, P bRt A7 pd Vgl A
Ao aeetel 49 23E deha dvh. A4 Qi A9 2E87] 9ste] ArhuE Fe tegAte] o
& 25mgo & FAEALT.
<3 2>
Size of Fe.P 5.7 %365 nm 6.6 % 66.2 nm 6.2x438nm 7.7 %902 nm 7.4 % 49.4nm 9.6 x 106.6 nm
2 (£07 x3.5 *10x10.1) (£0.5%x4.2) *1.0x82) (£ 15x5.6) (£1.9x 12.2)
Core diameter
of Fe,P 3.7 nm (&0.2) 420m (£04)  44mm(E03) 47mm@E04) S51mm(*03)  53am@03)
(sizeif:munt) 3.5nm /2 mg 35nm /0.5 mg 420m{2mg 420m/05mg 49nm/2mg 49nm/0.5mg

=1

20 yepd miel o], Aol A2 Pd UedAE bk A9 AAo] A2 FeP Ux2E=7F AlxES &
I 4 dvk. ESH, Pd WAk H7MES A sk B AdiHo® 7] Fe P Yi=REVE Alxgs #elE
Ak, FHaER, F 204 (£)2 ®7]E FES A4 dole 88 s yEhE Aot

E 29 g FeP YR BHS TEMORE #Jg oju|Xoltt, HU FAHoR, & 79 (a)e
5.7%36.5nm Fe,P Yz =9o] ojujxojn] % 79] (b):= 6.6X66.2nm Fe,P Y2 =9 ojnjxloj | = 79 (¢)
= 6.2%43.8nm Fe,p Y2 =9] ojujx | = 79] (d)&= 7.7%X90.2nm Fe,P Y2 =9 olnxH | = 79] (e)=
7.4>x49 4nm Fe,P Wi=Zro] olmzH | &= 79 (f)& 9.6<106.6nm 273 2] Fe,P Wim2E9] oju]x|t},  wpxuh
o2, & 79 (98 = 79 (e)9 Fe YUx2zo] that 1 sfA=o] TEM o]v]x]¢} <110> 2] FFT(Fast

Fourier Fransform) o]w]x]e|t},

ol
BN
rlo

T 78 #FxIH, & 79 (a), (o), (edAs &L 4ol FeP YwZREE, & 79 (b), (D), (DHlAe 21

Aolo] Fe,p Ymz=s 18 4= vk, F 28 =8k, = 79 (a), (o), (e)¢ Fe,P YR E=E Pd e

PAE oz @ol[F, 2mg]l /R Afola, = 79 (b), (d), ()9 FeP YeRE& Pd YedAs 4

gy oz AA[Z, 0.5mg] HA7F Ag-oltt.  o]2)d TEM oJv] A ZHE% Pd Y=o H7laFs x4dsto] A
o

AEE Fep hmzEe] FolE Aod & S HIF 5 gtk

TS, = 79 (9)F RS, FeP URZT7)F <002> Wadoz Agsts 2449 FeP IFoJE 7MA &= Fof-A
T2E YEE & &8 4 Q.

%3 Fe,P Yx=2=29] STEM/EDS(Energy Dispersive Spectroscopy) &4 Z3}o]t},
B} #AAOR, & 89 (a)¥ 6.0X29.7nm Fe,P Y2 E=(2417F %9 dxa)s 23] sk STEM/EDS &4

Aol T 8¢ (h)+= &AsIA A3 6.9%61.0nm Fe,P =2 E9] STEM/EDS ©4 ZAzoln, & 8¢ (c)+=
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[0104]

[0105]

[0106]
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A3 4ge 9.9%103.20m FeP thm2=o] STEM/EDS ¥4 Aztolth. o714, % 89 (a) 2 (b)E 3.5m
o] Pd Y=dAE AR AdolH, = 89 (¢)v 4.9mme] Pd Yx=AE A8 Aoo|rt, T3, 7k o)
A BE Mog Fr|E BELS Pdo] M e gods Yehe Aot

T 89 (a)& #Fsd, FeP Yi2Trt bdstAl A ks wols Pdo] Hud FeP Y29 Wk
ol 7 ®eol B¥ee A & Y. TS, FeP Y2 TUb S A AAEA Z9kS wol= Pdol
a8y, = 89 (h) % (0)E FFed, 43 AFE FeP U=ZE= Pdo] 7 Be 9] FeP Yz ™
o] Fdd A= AL EAT 4 vk, EZE, FeP Y27t SxsHAl et Agole AR e ol

=5

A pdol REFE AL AT £ At

oleld AMERE, Pdo] 7MY BE G BT WFOR Fep ¥ YO FWRA IS T 5 vk A
% ¢ & Ak ol A%E Pde] Fep Fozo] §3 Wie] Pdol WS A @ WA A%E & Ak =

S, Py} Fed 2E FZo|A M2 X3y

9% 5.70mx36.5nm Fe,P Y2 =of gk TEM B STEM om|A]oltt. Wt} FAA o=, & 99 (a) WA (d)
M dxe Alzke] Adbe] whE TEM o] xS uehya 9lidl, E 99 (a)oldiE dxE Azt 308 A
, (D)X= °ﬂi%ﬂ AZE 60 A F, (o)dllME dAT Az 1208 A F, (dD)olME DA AR 144
A Fo BES e k. 3, & 99 (e) B (DolAE EA Ak Aol whE STEM o]H|A]
vrebu o %—t—tl, &= 99 (e)ollM= EAY AIRE 302 B3 F, (D= A8 ARE 60% A3 Fo g
LER AL Sl

A, =99 (e) H (Dell= 1 WA 99 a7k FAH] gl=wl, obefel & 32 &= 99 (e) B (Dol 1 W
Z 92 FAE FePp e2so] 92 MELS e Aolt},

k1

o mu A Hor =

< 3>
1 2 3 4 5 6 7 8 9
P (atomic %) 46.6 458 36.5 345 355 45.5 451 573 36.7
Fe (atomic %) 39.8 47.1 552 55.4 44.1 498 50.1 373 6l1.2
Pd (atomic %) 13.6 7.1 8.3 10.1 20.4 4.7 48 5.4 2.1

= 99 (e)o] EAE 1 WA 5= g3
(Dol BAE 6 WA 9= EA

AlZE 30 A Fofl Feh Y29 BHES Yed Aolw, = 99

w452 Ul Aot ¥ 39 Rxd)

_YE,
S
2 o o
S
Mo
onl
_&L_I‘
1
=2
-
S
By
=
[
fr
r
o

W, 9Ae 308 A3 FolE Pdol FHHOE ol ekt AAel 0% A FolE Pdol FAMA Fadti
AL BT 5 gk, ol AAe Aol AFel mek pasl Fe TR FEjlN Feol ASHoT WS
of Belshs Aoz H4" + A

= 102 6.2X43.8nm Fe,P =2 =9} 7.7x90.2nm Fe,P Y=2=29] TEM o]n| X9} EDS 4] Aot} = 109
6.2%x43.8nm FeoP Y=EE=E 4 2mme Pd 2mgs H7Fsted AFZAZHL, %= 109 7.7X90.2nm FeP YreEE=E

4.20me] Pd= 0.5mg H7bste] AGAIZTE.  EDS A Ayl A= #le = 9lkel. AA A 7.7>x90.2mm
Fe.P U2=7 B2 A% 6.2x43.8mm Fe,P Y2 =o] Hlejr Jojd oz @ 4ol Fed} PE FHstar

et
= 118 6.2%43.8nm Fe,P Y2 =9} 7.7%X90.2nm Fe,P Y2 =9 XPS £4] ZAxlolt}y, XPS ¥+ KratosAh

_14_



[0108]

[0109]
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[0117]

[0118]
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o] AL ARSI TE.  XPS B AxE Az, AA A" 7.7x90.2nm Fe,P YR Eo| A= Fe,p A o]

AuH oz wel pEEon, HA AE 6.2x43.8mm Fe,P YR EC|AE FeP Age] Auldoz el
A olYd AamRE, H7bEE Pd =AY Fe theiAbe] BEES A stol @2 Lol FeP 4
ERES AR Ao, FE5-P 2400 Pol AAsk= WEe] wr As A0 4

L 12¥ FeP Yx2TO] 273 A4S Uil ZgzZelth. B FAdes, & 129 ()& o8 7H4 ¥

HZ A3 FeP Y=g digo= ]9 ksl 27]%4(1000e) FollA 2 WA] 350Ke] &%= HZ ZH3HA

27174 9] W72 (zero-field cooling)AXl &S Yehile EdWo|th. Pz, = 129 (a)d =AE shdxs

7} AZo] Tg(blocking temperature)E WERH I uf. Tk &= 129 (b) ¥ (¢)& 7.4%49.4nm Fe,P Y2

ZH3HA 25 HYE ZEstd]

ARG o]y A (hysteresis loops)& HERE EWo|th = 12014 % g1 4 glzo], ¢ & HRo
OE]_

=
2 AzE Fef Y2yl 714 A4S YeEhgs AS

i

=9} 9.6x106.6nm Fe,P YR E thdto R 2714S +500e WA -500e =
s}

ki, B AAleel faste] Fe Uik, Pd Wedzk, 0A, TOP, B 7hs=e] 559 AES WA 1437
FE AP AT ofle] AelA dwe 23 9o A 2de &

o}
WA, Fe vhegld glol Pd teg)a, 04, TOPE §4E A%, 7hae] BFo] gl AW Pd g ¢
QA7 AAERE B, st 48 A4EA a3,

Uero®, Pd Y=dak glol, Fe Uw9dak, 0A, TOPE AT A}, 7129 25[7f29] 552 of2t 7hx
10cc/minfdle] = Ao, o] ®lthollow) 789 YA/ H=2= H3HA7F B4 = ATt

g&oz Pd Yx=ga glo], Fe Yx=gdx}b, 0A, TOPS At Ay, 7129 380 g+ A9ol=, Fe, FeP,
Fe.P 48 7HAE Ydedxl/ dx2E 53471 A= .

So2, Pd YxgA, Fe Yx=¥€A, 04, TOPE FAsta, 7129 3E[7F29 358 o2 7t~
10cc/mind 1ol A= Ao, FZojol| Pd7F HAshE Zo-A Fee] Y=dx7F A=A
Yo} pe A3 ABgAE & F glxo], B W] Fe,P UnREE A 237 YA E, Fe Y=}, Pd Y

U7, 04, TOPE 7 FAeke Aol WAolw, shre] BFol gl Aol WS feshs AL FAT

St B AAdeo] 9)5te] Feb U2l AFEHWA, 0A- A3 499 /7] X2 WEHYL T0PE
3

TOPOZ WEF &= AL A 4 Avh. o9} #eslte], 0A7F WEE 7] Edo] oust 5xUx HIslA

TH3sl7] Yste], 0A7F WHstE E4d& Adek 2A17)(gas chromatography — mass spectroscopy)® #418}gth.

Az BA7)= Hewlett Packard HP 6890 GC/HP 5973 MSDE AM&slith. ok Ak Al Ayl & 130 &

AlHE L A,

T 13& #FxsbHE, 0A7F m/z(mass—to—charge ratio)”7} ¢F 760¢] B4 = W3y AL 318 & v}, m/z7f

ok 76021 EA L CHNOEA o83k CoullyN ¢ B2} 27} & 130 =A|Ha Q).

AN 2

A4 20| = 7]Fol| Fe,p Y2 EE AAA7]7] Yool AdsHAT).

WA, 7me] Pd Ux=PdAE 71F el FERA7I7] ek o e WHS o833 PS-b-

PMMA(polystyrene-block-poly(methyl methacylate); ¥AF%; PS/PMMA - 46K/21K) 5533 A €HZ3S FH|
)l

)
3. EEZFFSA= Polymer Source Inc Atell A A|ZH AL o] &313Tt. 9]
Z0)8k9th. P =% 99.95%°] ACS = Thifinerle] Aoz ZH|egtt. o]

|

42nm FA0 EF FEEA EES AU vhEoR, VS 250T 9 XA ofd®Eal 7
S 2o A HEEdon, PA AU =o] L pS njEE A9 7w A& (crosslink)S AAF7] YEe] B3} o}
AE sto @ 713E Aouidtt.  o]Fo] HoldE Adn F:oE AAS] flste 7|#g At Feh=niaE 20
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