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Abstract

Abstract

Metal magnetic nanoparticles, especially those having a spherical core-shell
structure, have received a considerable amount of attention in recent years. This is
due to the structure-property relations that have led to important applications, such as
materials for ultrahigh-density data storage, magnetic nanodevices, and medicine.
Nickel has been used for wide applications in areas such as catalysis, fuel cell
electrodes, and magnetic storage media.

In the curmrent study, we employed the microwave-assisted (MW) polyol method
to obtain monodispersed nickel spheres with 100~180 nm and 5~10 nm diameters,
and with narrow size distribution. Although the conventional polyol method was
previously used to prepare submicron metallic nickel particles, the corresponding
reaction under MW radiation has never been reported. Furthermore, in this work we
report on the formation of core-shell nanostructures of highly globular Nig-NiOgp.s,
which are synthesized from the Ni nanospheres, and the magnetic properties of the
core-shell nanostructures are investigated. We should also mention that, unlike the
conventional reaction where ethylene glycol was employed as the polyol solvent, in
the MW-assisted polyol reaction triethylene glycol (TREG) was used as the solvent.

We employed XRD, TEM, AFM, MFM, XPS and EDAX to characterize the
structural and magnetic properties. Furtherly, we discussed the magneiic coupling
effect of ferromagnetic (FM)-antiferromagnetic (AFM) interfaces by VSM and
SQUID, and we gave a reasonable explair about the relation between
interface-coupling fields and grain volumes. Our results as follows:

1, we successfully synthesized monodispersed Ni spheres with narrow size
distribution in diameter. The morphology analysis shows that the spheres are highly
global, having an f.c.c. crystalline structure. The data of EDAX indicate that Ni
spheres are oxidized slightly in synthesis process.

2, the phenomena of loop shift are found in superparamagnetic Ni spheres with
diameters ranging from 5 to 10 nm, and we think this is associated with the spin

glasses of the interface, which is similar to an antiferromagnetic layer, due to the
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disordered atomic coordination.

3, highly globular nanostructures of Nic,NiOenen are achieved by oxidizing the
nickel nanospheres in a flow of H.0O, . We found that the magnetic loop is unshifted,
and the present results demonstrate that the magnetic coupling in a NigeNiOghen
structure induces an anisotropy that is not enough to cause a shift in the M-H loop due
to the large FM core volume. Such spherical particles could be very helpful in the
study of magnetically-ordered structures and are expected to provide insight into the

understanding of exchange-coupling anisotropy in core-shell particle structures.

Key words: Monodispersed Ni sphere; Core-shell structure; Microwave-assisted
polyo! method; Coercivity-enhanced effect; Exchange bias of

ferromagnet-antiferromagnet.
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1.6.2 XH BB £ 5HR

1956 4F, ZHulw IR B K # Meikiejohn and Bean £ 5. 454717E 10 nm~100
nm $5h2E Co EALER Co BRI PRI T MW A AHRAR, Bk SHNE
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F—RFNSARE— REOXKERSmRE. BRESRRNE. BER
ERREZIHERERRE—RERTFRE—REEATREHTREE.

BT RE—EBEATHRRERSHALM. 15, TRREERSE
R RRE, HPIXERINET RGBT KBELY SRR T R:
Co0-CoO, Ni-NiQ, Fe-FeQ, FeCo- FeCoO, Fe-Fe;04 » AMHME &R
B9, fAfnFe-Fe;N, Co-CoN, Fe-FeS. iX4thi¥ il % 4K RAEE(10~100 nm),
HES—RFIBEFEER, LB ERE, FRER, SERE, FLDE
ESM A&, KBRAMEFRANILFE R R FEnon-vanishing iE 5% #
FFE T TV Bmi 38R . AT U FCo-CoOMICo-CoN, B R MIE
FrEI I B HRIEE, Co-CoORL A %W E 3% 5151600 Oe.

HRERNRELRHENFBUE BELT AMRAFMAKR FA R P i
FRR. REHNo RS TFHEDNERX, REREEFRAMBHERT —1
BRKFIE (B BREES) . B, EEGRAT, RFNTIRAR B
RAMLER.

B T RAERE DH TP FM AAFM EREHEE, T, RFR-TRER
PaHBRFEN, XFEAETERILAFM ERARE. WEHEL. &5ESH
. BEXEZFARMALHRRELERAN S HEAEAY, MTRIRENTIRE
R R 5 L FM 0 AFM 8B4 TR Bia0 .

Hl& “B” 5 R MAKEHNFENESRNRKERASHHE, TETR
BT RIS SRS HARE, PURE S, BAHE T, WELT LA polyol FIE,
BAELETNETER, FRAEHNEARNFFEY, @i AL ES K
EHPRMAAR, BERR, R BEES, UHBIMARSO90K A
BHEES, b PXesim AR R AN, BHsER
ARIMHEEY, BREHMESTRGAE ENONR RO

RERTBEERNMENEERERENHBEENE ZHMREMNE, 8
&, EERH/RGHEAE LN REARMIERNRE KB THRREN R &
BEIFE, BE, URFHLAHMGENREHEENSA, BABRALES, B
PERANEESMRTEBE, WSIEASHRENER, KR g— g~
S5R%H— “%” &1, BREHEAPM,
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1.63. XHREBEFINA

IR IR R % UKL, I BT . R SRR kR
RERAR, MRk TR RS GV 7, BEHassH, TR
A EEEEEEEE, A KEHOAKSEHRREE AR, (e
BRAER.

IR e SR AR B P B P B, e R Sk
W R A B B AR B AN S BF5. T B VARSCR, R AR
53 P AT R AT R A5 5 SR S B AR B s L, NIRRT
R . 5T SRR 2 0 A8 8 2R, B AT L7 MR B O 1575 A
R, BAERGEN O RN RIE, KBS GRETL, WAEH
Rk, HRERBMAEE S,
1.64. BERENETHRRE

BRI N KA P, SR B FR t B BRSSP (R
7 MBRMOBATAR GREER) Frae®. aFERR+AF 100 nm,
B SRR, Sk RBRNEE RS RRITER, BESH. ARHLLES
WATNETRE, BREGHEEETZORH, TN RMNDR R
BERTERERT ALMMEMSTUNY, SRR, S5 30 SRR
BOREHE, Fermi FIMGE VAL HE T K& BIRIEH . SOKS B T4
BOREA, RO R TR LI SR E A T FRA R AT S B 8%,
T BT HRER AR, KARHEORERELS, HTFLeR
BRI, LR B TR A R T R B T A B ) e— S A
£, o Hund MUGE. RESAETHEEHEERARS, B2, /8T
HIREE A 2 B R E SRR, T B KSR P RISE B AR AL 1 2 B
RESOEED, mik, RASHTRELEM, SHORMEN, TEPHE
THHC A AR B OB, LI, AR N E S BABRT R
HA MRS BAERA T — “&” IRE— “%” KISk,

$1.7 AR ARE

BMNREHAEAHGEHNBELRERG TEHRGEE 5~10 nm (GBI
Hh). 100~180 nm B3R5 A Ni BR, STEBME#AT TS, 3583 8R% Ni
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2.1 SRR () (P RBea I TRUIER b AR K B aws et )
DL B AR R AR 5 kLR I — BT 7% I I3 #&AE ()

Figure 2.1 the model of the small ferromagnetic grain (left), and the extra exhange energy
needed for the consisting of the magnetization orientation with the surface of the

grain (right)
fo® = A@0/X) =A[2p/(2p )} =AIr

BT BN r WEE, S—-RENBREEN K ERFARNR
%, AILARSERM B MR LA REEE .

22 BEMHEZHBERTREMTERR (58 2.1 580D
Figure 2.2 the illustration of calculating exchange energy of the demagnetized grain
with curling spins (similar to the right part of Figure 2.1)

FEEASLERD, TRETEEREAR EB#TERS:
<fu>=[fu®rdrhdF = 4p J;" {(RE-)r)dr
RBh=2®Rr)72 , HREMKS ELE AT A, BITHSE:
<fa>=34[QRIa)-TYR*

(CERRMTE R S B0 3 M S B E R MU 48 B M SRR BLE SRYE
BEKBEER a. ¥z BT ABALRIR OB REAS TT LU BE AT,

MR SR T BRI S — MBS EE 0 M7/ 3 (iR
roMs' (3 RANBABES S B SR TITH A 08NS, REERER IS
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REBR: |
re={0A[INC r.fa ) 1Y uo MY (KyBery) weeeeeeeres @)
EABRAYHRKEVEN, BEERER T XEEARME A4,
BT HERMEBAETELRE re TS poMS IHE u M5 164 r KR EIEE.
| E2IFREREAREEER.  [HEE) (BE K=10°Vn)E S H R
[FE@IREMARBRRAREENS r E. PHETRE ARG
(BB ¢) BN XEL(E 25 0 A& 3 nm).

3§ 8

Femm
p—
2

i

o

M23 BETHR (3 KyBK10°)/m) AHR (4 (KR FIRETRIERER
SRR EE T R R
[AABEALIRE T 05 T AR ER r K 448 (BUNERD ]
Figure 2.3 the r. curves (higher Ky and lower Ky )as a function of M, ,
corresponding to the equation(3) and the equation (4), respectively.
[the right rule is magnified by 4 while the M; is higher than 0.5T]

AEmA] e it R BRI R AR, DA M. R HA KBS T 6
AX—ATANEERE, FXlEF RSB,

§2. 2 E W

R HE R AN Tauﬂﬁﬂﬂﬁd\ﬁﬁmﬁﬁﬁﬁﬁﬂﬁﬁ& MNFR—RT, B{Bk
EREAFEEEEM #\imﬂﬁﬁaaW%ﬁﬁiﬁ&EMfﬁi FRARTHREK
B RUFHAEER AR M#EAERE R TR AEIBK, X5 Brown i&5hHH1LL .
AN TFENRGNN, MKORL, R— TR AR TN,
<>y o =0 FBALIRE <M >, o ==0. RTI7ESSEEX B 4G 1R B, BT LLE 24y
TEIFNMAN: vA0; FEHEEEEATES LB, M. ERETRE
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L5 BB TR AN — M NEOEE. ERITRA X EER T .

L RAA TS TEN, TATHERE, RAHNMBRESENERE

B RN, BAIEHE B L P K
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=10° 1/ m® MIERTEER, AHBEG)HEBETE, 8 1 01 fRe e
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Figure 2.4 the relation between the domain and the static magnetic energy

iR EIRE, HEBRUTERNBRAEN SN, RERENRPOFL,
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© Um= (—172) MJHV =NM?V] (2u0) MKS B A7)
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ti ERAT LA, BRI Vi, IR PEAER(K. S 2EmnEm,
BEEEREIEIN. BE, WMRXFHKEEHRTDBERK(< pm BLF)e AE—R
IS AT e B O SR R 5 ¥ o ST SR R T 0 A R R ARk SRR
hL. T SERKBEAREEEEEEN.,

BT RRRE R A RH R B, EIHBIVISINE RBEENT. X FHE

i
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|
I
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Figure 2.5 the histogram structure of the film
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Figure 2.6 the hysteresis loop of the single domain grain
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%, ERD. BEFETHARRER, RERREMEEENRE.
3.1.4.3 KA RE

KA R & B AR O AT 1982 5, SEEK, B—EFHAR DM
AR BIERERSIAKAE, ART—RABKLEY, ELRNEENS
AL —. BN SR BEEARRREAERAR A RYR, BEARANRL
B EIAK AL . KT T RSRKR B R LI B AR, — 7
IR T R AL R IR 012 S AH 264 F AT L ST 2 . AR 5 72K
BRFIRIS AL TR, . &R KBRE RS, RS AN TaRER.
SR, RIEFA AT,
3.1.4.3 HR—BRG:

REMEARER: HTARNERLEY (EAARSREE) EXMHE
b kKRN, SRARSGRTRENERAL, Bod TR SRS
TRHFRME. AR ARRSRRS R, TEERTHEEES. 1
RS, LEFHENEZANREY (HTFRRE), FTHELLEN T
FRERABS R, HHERTHEESEME. Lo diRuT.

BB B =31 TFEEHE - I
S 3 R AT 1B ke




F=F HARBMBTHESRENE

61T sol—gel RS RE L DREEN, HANKZ DB HKARIE. sol
— el 2 FUR—RRER T, RELEHTRENRER (BT
FHEZ1-100nm), B ER—ER—TFHRZETE, TUGIBHHK.
3.1.4. 4 BRFERIE

Wk RIS RN R E AR ERAS R RS, BENAKRR—
BTBLBE TR, MBS RERA R MU,
3145 ENREYTITEEE

FRESEIRAMEROE LS. MUFERLHER, BERs
WERFLBE TR EHBRES RN ARE, BEET AR %S
B SRR AL BIAK S . RIAR—BAIEMLL, AHURS DN BEEER
K, PR, —S AR A NSRS T O LU % & B R
WAk S. BEILERANRAEAS REEM. EDTA B4 F, mTFRRA
SRORR BT, M TRAEREE SHEEIET B RETAS
REGHAR, FALEETFESRERREM. RAAY FRAMTAERT
POARCL b, B4b, HRITT AR AN R B (HeA AR i v
D, ATIEGET — o RE TR A S RAEKERETERIE.
HMRR SRS T a5 5.
3.1.4.6 FLACHE

MR R IF R R R — A S SR MR E N . BTHEE
R R L R LA R 4 M REEEER. BEmEY
. HHLER. H0.

BILHER, B Kb BRTEN AR EER AT RNES T
B R A RER R IR, H N TSI LE LR . B K ”
REARBERSE, BAHERANE, BEFRZY “44H” (pseduophase). X
TR BRSO AR SE, BRFR “P IR 88 ” (microcreator), LLEFUFBHE £ L% R AW
ML RR. BaWoh. SRETFESEYRANSE RNSHBENARK, A
RRIEh N2 BRI,

WAL ERIZE S S 0 SRIE Y, S RIS 2 R T A R R SR T 7



K Ni BRI -5 45 1 NiNIO BRETBI& RS A

FBFHEEHROBREARTUMAIBA, SkEl, “Kih” FeYmereltéd
REHFAT R Flm, GRS FREESAMRNHAANEFZERS,
B “KHL” PR AR, AR BT R R 2 B e 3.
LR A AT B PR RRAE <Kt BPabAT (b2 ISR K AT BE .

QKR M LA FIEERMAA K™ fEh “BERNB” X —E
ENA, tBREMALA “AKih” @A LUETH LB A FIHE. B RS RNY)
SMETHERELSHERAGBREART, REE—EFETRE. R RAYE
W AT T R, A RO, FERTL ORI A O, RNFYIRIE
K2 PR WHATRIZHIE/LGK, RNV G KB MR S BAED
R “Kik” o, BralCAEfeE. BB EE RS KNFENREEY
TN R RS B L B A (R O 5 AL, B AT AL I e DU
R EAXREMNHOEGRER. BEE—EMEETHRLE, DTHRg0K
TORL A T A S
3.1.4.7 WBUK &

MEARAREPTHTH&EARE. B0RE. BRI TRE. A
PSR IBSRIAKAR FeCl; B, Fa T HE0F 3L 76 1R 48 A B 8] P 351 20 b bm 3, 7 B2
TR ERZ W, FN ol FEE AR AR R SRR RE N, F1Y
5, AT EBLE mUTIE, IR & T =% .. KLt ol B BH & R-B LA WER
KB ZBAEAYR K. BT RO AT R 4 R 2250 18] P9 19450 n dhy, 9tk wT 4R
HEEMBERENEMMMEEZNTLAF THEHERREERSDEXRTTFHE
RLEORIE, AR FIRERE Y BiBA. ZSM-5 %. Gedye ZPSMENAITE
BLA R, R BT KK IR S R 2 PR R R 16 fRTTEL R T 7Rk ik 4P P 558 S
U THITHERL. K. SUEREZRARNBSER RREFEFRRITH
FERREIL R RS PR R E ARG 5 5,10 4R EML S ERE
BIR N ER 240 £5. B TFRBAEA TANRMAEET AL IR EREE
LT EREREGE. FER. mREEULSHA FTURERANARERIE
HRE.

B P P G A B R B R ) 5 B 4 B T BRI BT P s h
M Ni (ID K E95099.998%, Aldrich Chemical Co. ) (17— REok i =R it
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BT PREMRTFHESRESE

FERER, RIEIE T R8s i 8o 8 Ni Bk

EFE RS, B AR EE R LR RN ESZ —. B
AR FET T LR

(1) BBELNTRANE. TREMNIRDHEETES0BW, B
SR RAR AR RARCAS T, HFORRERABHREN OH £,
BB TR RS . 7 T TR PR AR o — 2 B KA TR ALk A R
B2 G B 5 AR T AR R AR BT, L D 2 B R ZE Lo B
EHERT, CHEH T RRNOAEIED, TR L T HAR FETF R E
PR,

(2) e REAPEER AR ER. RALEREAES, WERAE
& 3o PR P L I & P R T ) 5 TR R AT AL 2 R R R R T AT
BoE, BEFRORERE. STEN. dTadENRHRE SRR L,
MTTRHE T REREOEA S, HRERAOERN. BERFROER, M
TR 1 TR, ME A RS — AN . PRI S, BT
THARMBAR .

AHRFHAB AR EL: BT EEROEBR A IS5, &5 —
B TTEAE ISR, IR ZAU 52 (PVP, F455-F-& % 40000 , Sigma
Chemicals), %FFWATLUGHM S HRTH, BiEE.

§3.2 Ff ah BYRALTT B

Xl & HIHE A A TR R, RAKMEARTHEEAR, @Edxan
dad. GHRRGH R  LERS MESEFOMT, KRAXSEHES
FEERFR.

3.2.1 X HEFHHRKRD))

X HETHEREATEOWAER . SENSHENNSEEEENEE
FRL—, B RBNHEYRMEMI . REXERE: $—FETE
EETE, ERELSREEE). Bt FEEPEFNASEETE &
FIRER, RESNE LB FESHTESME, FREH LT X HE. &
BRZEN X SEBHERS L, 24 X 408K A RS 5 SEATE HE
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2K Ni BRHIE-5E 45 #) Ni/NiO BRIV B & Rt

REMTS. B3258HT X SEATHXATHER.

e ’ EfRa
- |k Pk
g*f?ﬁ £’ PN _]- :
ieF %
AN
T
B 3.2 X AT e

Fig.3.2 The block diagram of x-ray diffractometer
X-SHERATH ARSI A TR AR RS HRET YR . A
B —E R A RS S PR o R I T B S A7 2% ) 42 R — 2 F) R 4
FREET], Fei—EEa AT HMillen)is%th. k. IRROEELETHAKE,
X S 1A B A B Rl

A= AV 42 12 e 3.1
Y58 HAEHESEKMXE LA B#% 2 Bragghtat &4, B
2t SIH O oieiicieeeeeeeeeeeeeeeeieeevna (3.2)

WH—E R T RDEET R EM T, B . Kdu.h REEGKHFIA
S, VIXEENEK, nhfTHER. FRMSBEHEERSTRN—EM
g, PR ATIRR S MRS R RS MBI REMEE. &
RETENE S FBATHHEN B, SRR N HBE N SR TS S BT sTE
MER. X FRTAHAF100 nmBI BN, BT RBAORNT3RATHENEL, X
ATAT IR B R ALBEB S BB R DA % R (B Sherrer A 30) AT 5 24

B=0.941/DcoS 8.ueanereiiairaeniraeneeaevinenne. (33)
APBE R AHEA SRR -TRNTE) BN RILENLB, HLM BB, SRS
ZE:

B=By-Bs B B=By>- B (3.4)

Byt B AR RO >10" om0 B T/ . Bsio I B ik i 5B, 0
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FoE BAEERETHZRERIENE

BER N R TR, FiSherre A X T i H i SRR
3.2.2 wFIHE IR TH(VSM)

e Zh ¥ S L3 1 (Vibrating Sample Magnetometer)(fij #5 VSM) 2 & T B3 g /&

R B IR A 8% . TR EMMEM RN ERENS. TRl —LERNK
2%, MR NH.. WRBEAREMABHEEE, dBulk. EIRENR
MEGARK.

FRENHE B SR T B T B R AR R A — A R AR REAL T AR S M B 1R
BT, HERERSHITHEER, FA HFRKRSZ, BAeTEES MR
42 1 o B A P AT ORI, T AR DA OB i AR R 26 5 R
ML, I 3.3,

_._._,_o-""

|
g

E| X
b
1 ~E _ -
e
i L g
BRE — 2 HAMRERAY
3 HLERH
| 4. BERS
)z 5. AR,
R4 i i
" -I/ 7. il-'ﬂfﬁlz-"la.ﬁ!
A N\, H R
? | 0. G BRI A

B33 eshiEdh R R
Fig.3.3 Mechanism of the vibrating sample magnetometer
BREALST IR, TOAF G Wz RS IER 5 FERLBRAR Sk IR T AL X FR R B I
HOON B AR, Ko ihE s T4, N8 3 Fid ol AdsTn i
TURIHEIR A

M
dp =HfroMs, = 34X"SZ" .................................... (3.5)

T

L

W 6= Do, BLTHEQRKERNHLEERESY:
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a2 Ni BRI -F 4 H NUNIO SRS & REEERTR

¢ M X(r -

e(f) =——— = -— aoa)coswtzf ................. (3.6)

Ko, HHERIIENE, oAENHE. ATETLUES, RlZETH
A EE T AR SBEMRERNAEoNEEa,, FRNMLEMELY. X

MR R EBAERANEEG X, Bk, ¥EBNLATE E &K SHE AR ER
£, aMERBRAEREE, NBERENORERALEERER. £idERF
CUE, $ALLRIE A R R/ DMERR SR SRR # iR R U G RS
BB, ROBHEERNBHE. DACHARNMALST, AOmEErirE
FEm X B R AR, WIOCER i i B R K/ BRIR 7R W S B AR B K/ o IR
B e (S S R B E S S A BIX-YiIe R BN RN, #oT Ll E|
B b I A B4R

REMBOEE, THES MG RIA0 KOS G. Mot EEHE
900 KE|4.2 KW BX H], KBEWCuricll B, Neeli BEHIFE R TS
(Blocking temperature)& £ E HWEFE R.

FAIKA H A Riken denshi 2 7] KR Rl (VSM-55 &) WEH&
HIREYE, WERE 107 emug!, BAHIG H=2T

323 ETH BB

BT HEME (AFPM) £l BT 2 (6454 M58 040 T A B 1 e Ry BB
RN A— ARG KNS AR HEE, T MR G, X
BE G- BEHE, FHEAHRES. XA RANEEEEN, HRrR
SRARTRTHEEM, HEH—SEERerEEFEEHR Y. XMFH
—RRIALREA S . ZFHERR S RE LB, RETRE TR
RERE, BRHOERNK, CHREEE L, FMUMEE —RBORT A
PR EE, BOLMRSHES — M ERM SRR SRR TR, M4
BRI T4 AR 2 AL R R R B A0 i, S EERAE
A BRI R TR, RITASH S KA KA QA B M, 7 X,
Y FEEH (LRSS, TUANESMSERR. KA BENEL
BERAERNRAT SH,



FF GUKHMERTHIESRIETE

24BN BHE

HARWME (MAM) 5ETHERELARE—#, BEFARH K
AR E 1R P SRR R Ik A A 4K R LR B AL, (B &
ERFEAGEARE. 5 AFM T REN. MFM B ERHRE R, &
RIS RE IR R RE 10~20 nm BE AN X—KEHMEEBEF LR
BEBE G HIRIE B . C RA B P . NHIREE B R A S XA & S A
325 BEBE

EBHBTFEMSE (TEM) HEREL: USEET (50-200keV) FEH &,
TR GTARMIEM B FETREARAN A FEIN SNFTHTRARE, 235
HEREEENBRE EREFE L ERHER. BHBEEMEDE 100keV T,
BFREKS 3.7 8K, TEM -8%iX 0.3 nm, R&E3#HEAF 0.1~0.2 om.

326 BRRTTHHE
BEETTHE (Superconducting Quantum Interference Device , SQUID)

FIEERAZEFETHEERN. —HBHLE05TTHREESFERR—
Josephson BEIE 45 . 242 Josephson B&iE 45 (A4 F 14 -5 SR BB 8518 DK/
WES, SER-MNERBTTSUL, BRELAFHRNOEERZAEHFHERAL
PR E BT AR RS, HARARTBERT 6y = #2e = 207
x 10 Wb, hfle AAAYEBRERNBTEE, o, hHBRT. XHMKY
RUGBESET TSR REESHHRLH R TERENAR o SR
Bl —HEEFHPZHP Josephson 4, AT HAWE TE, B Y dc SQUID,
A—FREFHPEHE A Josephson &, EFHMEE T T, Fb ff SQUID.
SQUID BILHIMER M, R—HEBIEEE, X ORI E RS R,
Ty B o] EA R 2 Be e S RGE M A A BB B, I e i LU 8B RH . A7 %% . SQUID
RC RGP S, MR, TR ST, SRR, wRa
B ERERLEEER.

ATATRERE 42K BRESS (K T) #ES5MRE SQUID B3t
HRBEE 10V TH? (A%, BT 2HFOEHR, Aok g
2. IRARGREREPHE TR ESUBRES RIS, BSHFEHE

1



9K Ni BRAHZ-FE 45 M Ni/NiO BRA51 & REEHTT A

FRAMERZ A RS, KR SQUID BisgtH N A EELF —MIxTg g
PR B 20 D 80 ERARM TR THETHRERE (77K MRELYHEH
FhfE, BTHREENTREAMEMANERLAAE, SEESS4 SQUID &
MARETREHAEEG, BF LXRETHEEFAHETTH (1. SQUD)
B S& T BT R P i . '

2ERH

(1] &HEMH BREERAR)Y M]. JER: TR, 2004:6

[2] REH, &R MBHED]. KEMLE, 2001, 16 (1): 32~36

[3] Gedye R, Smith F, Westaway K,et al. The use of microwave ovens for rapid
organic synthesis[J]. Tetrahedron Lett, 1986,27(3):278

[4] ZFWHE. x HEMTHELRHTEM). LR, BETIL B, 199355,

[5] HERE.ZH X HLREHSH(M). £F, ERMHAES IR, 1989:145

[6] B, ##%. RiLEIEF TR0 R BIR R ISR (R,
2001, A
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EME Z0K Ni BmNHE SHETR

I gk Ni BREOHIE SREPERT S
§4.1 100~180 nm BRER 5] & SHEDT

4.1.1 B f &

5, £ 100 mi FIPEAEFIEPACHS 0.125 M Ba R Ni IDTAKE2 (4
F=: Ni(NH;COO)y 4H,0) [99.998%, Aldrich Chemical Co.}i) 7 =BZ %1 50 ml.
HoraRimiE!, BEEBEEREEHE S (Spectra 900W) JFEREFIA B L.
RERET, MBERAANESR 20 2%, UHSRNES. 25, BRBEERERE
THE Y T0%3 ISR AT N, HEEEANES, —BRERFYHIE, BEIER
Pt AR, HSLETARAKR . BERTRDANEERTFRBEOIS S, HER
NEDRER 5&. AEFSEL, AXOREETFEHDPHT.

4.1.2 PR

FA 11 Al Bruker AXS D* Advance Powder X-ray #7581X (1M Cu—Ka #2,
4=0.15418 nm )R8 Ni BRAY XRD #7454 . Al TE7E 100 kV 9 JEOL-JEM 100 SX
EM% (TEM) 447 Ni R KR L. &, R AREIARAUKHZEH
%, BAUEAT Digital instruments 3100 dimension AFM. A it —EF R4 H,
F.A11# Al MESP Veeco nanoprobe tips 134, I MFM E#. X SR F
fEi% B AXIS, HIS165, ULTRA (Kratos Analytical) id&. YRHITTERS
B EDAX(JEOL-JSM 840 scanning electron microscope) 72X «

FiR TR Z & Oxford Instrument K FRENFE MR (VSM) k. 4
$E, # 20~25 mg () Ni SUKRBRUBON BRI P 7 A M de st CILAB i i« 32
& PIREAL R M B Quantum Design MPMS SQUID B4 it . B4 ERE:
M 300 K % 18] 4 K (ZFC), FEMIHIRME 20 kOe THIGWE, LIEMLK
AR FHR, EERRMNEESANE (HF300K). RE, BHEAMAE 550K,
£ VSM i 10 kOe B35 T4 #1F 300 K. BE/E, HH MK SQUID #, sk
Hi3m (20k0e), R 4K (FC), TEHIR ZFC BN B AE 2B B v msk .
4.13 HagH

(1) s
€/ EDAX 5347 T HRi P Ni STEA R W 4.0 Bir: Ni g E0E4 5
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a9k Ni ﬁﬂ&-%%t@ NiNiO RO & RN HA

% 92.94% (EFHHH). B EDAX M FEXHENEAHNERUEIZ—
i Ak, R, RIVIBEAESFHEE (7.06%), R Ni EREREHAL.

cps
wd | 10KV WL 8315 / 7769 s 4320
; Spectrum label: Spectrum 247 L2
& System resolution = 87 eV
s: Quantitative method: ZAF ( 2 iterations.(
E Analysed all elements and normalised results.
. I peak possibly omitted: 1.78 keV
2:: Standards :
j] o K ALO; 20/01/98
S AARALINSY ALAMA ARSI 1 Tl Ni L Ni 20/01/98
Enorgy kaV) [ Elmt Spect. Type  Element Atomic
% %
PH 4.0 Ni BRI K1 X-ray STERERERIEE | O K ED 2.03 7.06
. . Ni L ED 9797 92.94
Figure 4.0 Energy Dispersive X-ray Total 10000 100.00
Spectrometry of Ni powder

(2) StkgEH
X FHETHERERA, ZESEELOIMFEM (fee) BiAK.

10

=

3

g

8

=
T

ol

2

[

- 1 X 1 . 1 X L

30 40 50 60 70 80
|/
28 {degrees)

A 4.1 Ni BB KK Xoray HRRANTHE
Figure 4.1 X-ray powder diffraction pattern of the samples

(3) Rtarf
A 4.2 BiR, 75 TEM B A L3t Ni BRKi245 0, W2 FEHRSF 140 nm, RS
DA IRHEIRZ RSDw 7 15% 456, RHRSFHHERAE,



BVEE 49K Ni RIO%) & SRMEPR

B’ 4.2 HRHHTEM B A & 43 Ni ¥k TEM R, EHBERE

Figure 42 TEM of Ni particles Figure 4.3 TEMof a nickel sphere

(4) JESRIHT
RAVEH TEM. AFM XIETHEI&RBERHEIT TR, HRERRME

LR EAENERE (E 4.3, 4.4).

f0.Bam|  4500m

[or | | Dwazeon |

S 0gnm

8] Ti Meighs A0 pw

B44 (2) F1 (b) 552 AN 3K 2D IDAFM BIE, FiBRMBEERAS 20 B
Figure 4.4 2D (a) and 3D (b) AFM images of monodisperse nickel nanospheres. The hights

metioned in the text were taken from the 2D image.
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K Ni BRFE - 44 Ni/NiO BRI %1 & R BT

B 4.5 £ AFM R4 Ni 5. EAERREHENE, £FTOHABEY

Figure 4.5 , we tried to move them using an AFM manipulation in non contact mode. demostrating
that the spheres maintained their original geometry without noticeable change of the
overall shape. ‘ '

4.1.4 PR URERE

ST MPM T, 87 LE B9 28 41 B0 Ni BRIGRIRS £ 526254, B 4.6 Tl —
BEHH AFM 5 MFM B, 85 AFM. MFM B&EF — X5, B (b)
f MFM B 5 (a) AR, UFEBREFEAY fHEE,
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BINE 292K Ni RS & SHETR

P 4.6 £ MFM LB BP0 BAUK Ni BRETHIRE 251, 88— AFM. MFM BIRER—K
#0t. (a) 8 AFM X — Ni BREFESIH; (b) MK MFAM B %, R\ REsEH,
(c) PHAEMNK Ni ki) AFM B % (d) MPM RH T 3R/Maiws.

Figure 4.6 Magnetic domain structure of monodisperse nickel panospheres observed using ax
MFM. (a) a topographic scan by AFM for one sphere, (b) MFM image of the particle of 4a
showing a one domain structure. (¢) AFM image of two-connected nanospheres, (d)
MFM image of 4¢ demonstrating two magnetic domains,

Ni KI5 B5IE 7 RSP R ELZ0 46 nm™, TRATH S AIFHRLR T 7 100~180
om, {54 BEE, RESTMT: H TR B ERER AN, DURBRAE
SR K 3 B e e A Sk e, AT RARE KB R H BRI SRS . Bk
REBRTRBER, SHARKESL, UEROBMELLTSBEARTH
B, XERIRENBREBSNEALELE - PREBEZE, A5 Ni
BN Sk OB ST RS — RN & Rt HATHKT Ni G EH
RiEge, EATRMRERSRE, TLERNNE RGN R A KA R
BU%, RPREREKEAKEABSRE, WinmewskeT 2R,

EAER VSM E L6T G T A IR THRELR, M PF Ni S1KEBRE
BREMEEME. HBEHLIEE M, RETRA H 25 & 44 emu/g(BAHRAE
55 emn g )F1 40 Oc, ARIBSCRAIRIE, Ni BBEQUSFRIH TS 200 Oc bLE, %
THAAZRMREEEETHSMBR T Ni 2 RR T KBS, SR
FAE . BB H EXNFAEE, R EDAX £ %, Ni BXEEMELL,
BH RN R EREREUS BB —R AU AE SRS, LETRERE
BE R L B R

Magnetization (emu/g)

bk

A i S - L '] A
-15000 -10000 -5000 1} 5000 10000 15000

Applied field (Qe)

B 4.7 ZRTH VSM B EMZK Ni BRIGBAEEE.
Figure 4.7 the hysteresis of Ni spheres by VSM at room temperture
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Z5K Ni BRIZ-F4H NUNIO REGH & RN BTR

§42 5nm~10 nm FEERKHE SRR ,

LR P RAES PVP S HEFMMA R, %1% THRZ 100m. 8om. 5am
M=FhEER, WMHBEEETTRE, SRREHLAEFEREY, FFEXiRE
BIZR.

421 BERE&

Pk Z. B 4899.998%, Aldrich Chemical Col#5#R# Z._-F%[>99%, Bio Lab
Lid.J, ACHIERES. BIESCERERE, £—1 100 ml FFERBAN— MR
(SR H 900 W), MESEY. 3T HEERNERRSHH5%, F24bm
—HREEHE RSB, B 1~5g KZEWE T (PVP, FH4TEY
40000 , Sigma éhemicals), % 10 nm. 8 nm. 5 nm KR FTH PVP BS54 1,
2.5 g. RALHT, [A8&F 50 ml #0.100 M £ Ni(Ac), % R FEHE Fi8 A < 20 min.
ERPSATHTRY, 55 ZC2FENEMEE LR, H3LHEEIKKS ¥
0. SRS, CRETST, HIEE, FRABOISTIE. EXEX
g, ERESRTE. FuRME, AFERPIHIT.

4.2.2 IRAE

Fi Bruker AXS D* Advance Powder & X §1£k #7483 {¢(XRD, Cu-Ka, A=0.15418
nm) SMETEEREIYAAARK, A JEOL-JSM 840 B EDAX #HfERfussy. H
JEOL-JEM 100 SX B{ZESf BT RME (TEM, 100 kV) REHBRIIA .
$i. FAAEAKESH 20 min 5, WEFRZHFAHKBELE (400 B, Electron
Microscopy Sciences), BET 41/ #{ TEM M HRTEM. HRTEM 2 JEOL-3010 &
R T S BI(HRTEM, 200 kV). B tasMiEd 768x512 R HHBA
CCD BARVIKRME, BEMEFHMEBFHHIEIRLA Gatan, Inc., Pleasanton,
CA, USA HF R ARLEE. EBETH Oxford BURIEERRIRT (VSM) #
THEERI R . ¥ 20~25 mg BIRBARCAR TP, FABIEEE LB -8B %
HE. HESBTTEEET (SQUID ) kMl BER FHmEES, MEtE
WF, EFHIGTADERE 42K, EREHERE M 20 kOe 570 #
Bl& (ZFC), HEXR. B/E, M1 20 kOe HI5M7, BHIB 42K F, #S
EAJL K /min 1818 7 Z MM H T5 0 BAER S, B&HERSEL (FO).
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FEIUFE 49K Ni SR & SRATTA

423 RS
(1) g4
F EDAX #irEEGES, M—RIKGRNRABZERERA, RUTEXAR

92.13%~95.17% (BETFEAHL). HARMNMBE SRS 7.87%-4.83%, X
RER RS EE%E.
(2) RFsmh

4.8 REFAK HRTEM MES, GEFBEAMN, RBBENZYN
Snm RIERE. HEEAESRMELUE, KEAEN 2033 A, X5EBHEH
B fecthH (100> TR 2.034 A KBV AICPDS: 4-850], EEH Ni 3% fe.c.

.

A 4.8 SR HRTEM MR R, SHERAFKETHBEARSUE ([100)cc. @[
FiG4.8 HRTEM images of nickel particles. The inset shows nanoparticle with [100]f.c.c.
crystallographic orientation.

(3) Rt

B 1R E &R TEM BA. TTLUEY, B 4.9)P KSR PRER
5 (b) PHARHE. (@) RHERZAAT 10nm, ERI (b) TSRS, il
BRI, TEPHIK polyol R IMAEER PVP (HA1LRPMT 2gPVP) BER
EPAKBEL DA, WHMBERK. BElssgn. BiE@AR. £R9ETEmn
PVP BT LSRR LA 5 nn RIFURL. R0 4R Tk 2 52 40 9% 0 0 48 B 307 1 AR
BRFHMELAER, XSEAEHTRENELNEE, £ (b)) PREULH
R T — . .
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K Ni BRREL-TEEEH NiNIO BRI S & R BT

IR

-.“-rﬂ-l't

i -4""1

L !-.' ';I‘;

L \
M‘:

M 4.9 SGUKIALA TEM B . (a) Wi polyol ik EZEBIH MBI, (b) WA PVP 5#H%&
£ Bkt
FIG4.9 TEM images of nickel nanoparticles. (a) normal microwave-assisted polyol method; (b)
prepared nickel nanoparticles stabilized by PVP.

4.2.4 PR
FATH VSM 7E 16 kOe 47 TRIE R 2 FHE S AR B2k . B 4.10 2B 1E
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Figure 4.10. Hysteresis loops measured at T = 300 K on samples with different size nanoparticles.
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FIG. 4. Hysteresis loops at 42 K of 5 nm nickel particles. Inset: (a) the loops of

superparamagnetic nicke] particles measured at 300 K both ZFC and FC; (b) coercivity H¢ and

loop shift Hy, as functions of temperature.
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and FC magnetization cerves as a function of temperature from 4 to 300 K.
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