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Self-assembling preparation of iron oxide thin films and its characterization
by atomic force mircroscopy

XIE Zhi-yong, PENG Feng, WANG Hong-juan, YU Hao
(School of Chemical and Energy Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: Two-dimensional self-assembled monoalyers ( MPTS-SAM ) of silane was prepared on the substrates of
monocrystalline silicon with 3-mercaptopropyl trimethoxysilane , and the terminal —SH groups in the film was in-situ oxidized to
—SO0;H groups to endow the film with good chemisorption ability. The substrates with —SO;H groups were used to grow iron
hydroxide super-thin films by self-assembling method during the forming process of iron hydroxide sols. Since the particles of
iron hydroxid are very small and uniform in the fresh sols, iron oxide super-thin films are synthesized with particle diameter of
about 10 nm and surface roughness of 0.164 nm. The iron oxide thin films formed were characterized with atomic force

microscopy .

Key words: self-assembling; metal oxide; AFM; sol

F 20 %% 5 (SAMSs ) 2 T 47 R i J ke o B9 — b B
RUREE AR, SR ok I VA A D A Al 2 O R A A R
R BACE A B U R HE S B 4 P B
RIS S B S BB AR i B 3 F A BUR
THk 5 R R AL (0 Si—0, Au—S
SF)GE bt R R T PR AR MR R W Ak T
B ARH A 5 H 5% M HES] 5 R o 2 A BB f SAMs
BARRN Y ALEER MRS, MHA4A
5 HES 19 R i 2k A T DAL 45 R R 0 B A 2 Ak AT
WRER R AR E A A AR AR ET £
Rl T (ER BB A S B A A 40K
IURLE T ALBEAL IR A5, BT L B RO B il 7E B9 B 4128
BAT LR 02, U Tl B4z
R HHLRE , S RE W DL A B R o 2B 3 1 0 iX 1
UL, 4R T — A 5 B VR R R A AL IR D7 i

Y 7 B #8:2005 - 12 - 07

DAV S0 R A 1], AL Bk A K A R AL BRI
B A e Ao
FeCl; + 3H,0 —> Fe(OH); + 3HCl
W ER > Fe(OH); 5 HCL AE I A AU AL Bk Bt -
Fe(OH); + 3HCI—> FeOCI + 2H,0
FeOCl T B f# : FeOCl —> FeO* + CI
Fe(OH); B R LK [Fe(OH); ], FRIBEZ, K%
B M 5 H 2 BUAR LAY FeO ™ B F T 4 IE FRL
o7, TSR B 22 A AR v s AT ) 7 L R O B, VA B Y
i B 1 R I, U] 2 2B T LA A I R M A T A
V&R T TE B — 2 1 B URL TR J A VeI o
FIA bR R B, 78 = N AMTF 5 H B 2 Y B AR R
SRR AL 41 AR S I T2 Al D01 &
R T TRV I A K i R v 2 2 A 0 DK UL T R
AT e R FAHSR R R N HER

ESWMHE:) A4 B ABEHES (031420) ;) M i BHE TR H (200323 - D2071)
fEER AR B (1974 - ), B, WL A (1968 - ), F, 18+, #R, FTENFG KRB 5 RTS8 IREK R A, 020 - 88375816, cefpeng

@ scut. edu. cn,



2006 5E 7 F4

HEES SARNKXERBERAESRFNENERE - 249 -

22 B, P 2 B A 5 2 R A O TR K I R P T AR
JIO LT S ) TR PR o K Tk B A BCAHT B SR AL BRI
Wb, R pH ELAE AR AR ¢ R N IE B9 R AL BRI
JBE . ROBA Vi SR UBUR. — A B, R 2R IR B OB R ol
S22 %ok JFL 7 A W R, 3 A ek IR ) A R T L v R
K phy P9 R 7 A AR R B B SR AL BRI T
PLLH Ao K15 B A A R e IR B PR LR B AL Bk AY
ZUR ORI o 3 ol 77 35 T LA 2L R ) AL A
/Mo

1 LWEks

1.1 ##

BEREER, PFEROR 3 -F - = AR
bt BB =KE R KRR UEK TR S
1.2 BBRERHAXENH&

# 0.5cm x 0.5cm 95 & B+ B PR R - 1 4 7K 4K
AR IE L 10 min, T 95% MR ERIE A 30% 1)
SRR (R 3:1)90°C 4R #H 30 min, ¥ #) 5 BUH
MAUKFE, ERIRPTRESH. EAKAT
i £ 250 pmol/L Y 3-% 2 — = H S B fk b 1Y R 4t 0
KW, KB R R ER R AR T B AR
U1 3-%0 5k - = FF 4R R A o 1Y) B ot TG 7K VA YR R R L
4 h JEHCH , Bk AR T U 20 s, R AK B U8, FE A
WP T . ¥ TR B9 S A 40 ~ 50°C 15
LR H 30% (JT 24350 BUEK (R E 5: 1) Il
A4k 1 h, BRE SRR, B EE B &
PR A 2l AR R M g, FE R TR S &
1.3 S5 40 K TR IR B ) &

R FH 2 Fi 5 ik 4 26 SR Ak Ak 0 K TURL TR

()R SCHRE F 5, BEER T H&MRE
J& B &AL B T AT A %R % R B G Y
0.6 mol/L &AL BRIE W 1 mL SR ZIBEFE T 18 A
50 mL g7k o, FHIERZIBIHE T ZEMA 0.5 mL &
BRANVE W, BB R AR, R RE 1 XF,
W R AL ERRIELS O RE R A BT B & 1 SR Ak
BRI BEH, 4 h J5 BCH, A 2K v, 500°C B K
30 min.

Q)EERBMABRKRTAS BT EEHAEDY
Fk W R AR IS MR R B 50 mL #8 46
KA, BFEMA 0.6 mol/L EALBBER 1 mL K&
1 mol/L ZTRENVEWK 0.25 mL, &, W 4 h J5 B
H, LKk, BT TG, 500C B k

30 min,

1.4 BREEREERAORIE

¥ F 2 E Malvern {28 A FR /A F] ZS NanoS Z 44
DKL BEASCIN 27 B 9 L BE 4 AT 5 2 25 1Y 4R A B Ve R
BT BREMERHN SEERRE, AIAA#E 7B
BMET W, B RSB RIr RE R IR,
N FA R 1 8058 (AFM) X 9 B4 B 9 B0 B AR K Y
T $3) A ST B o R A A R 48 K AL S A PR A A
CSPM2003 B {54 #REt W18 5 (SPM) SR R AE o

2 HRE5IHR

2.1 BEEBRKNESH

FrEELE 0.01 mol/L FALBIKE WK 50 mL, 7&
ZIRTFIA 0.01 mol/L Z R 8 /K¥E W 25 mL, 4 A
AR, 23 B HE 7 [ B 8] A 2 JR SO BE A
HIERBRLERN o 455 87 7K i 5 1 & 7
JiE (Bc B 2 W & AF E R 15 min) FIH R LR
2.7 nm, 3 17 WIS, K f# 0.5 h J5 A5 % BEF- 3
BARLH 3.8 nm, KF#E 1 KA1 JE G M A5 0 75 IS hE
BEAREES. 6 nm A£H, S HTBEZER, |k
FEZE R T BYIK A% 7= A BV IR BUORL A — 1~ 2218 28 K Y
AR, I DL — BB RS R B AR E MRS,
TSR R 65 1)V B A X P AR O R TE VA IR ABURL R
e /IS 7 BB B AT W IR A %%, SR AT R AR B B Y
KR
2.2 SUGHEENREFHARMEST

FI R T 7 B 00 (AFM) S Pl A= K 4 B 7 8
Jie 2 %% 1) 4R A 4k v R AT DK (LT 1), 8 s
B3 AT YRR 26 nm, 3 IR AR E B U R 42
¥k 5.6 nm 43 BT, A 2E SR LS B F £t 500C
8 A A Al 7 (f SR A R T D A SR AL BRBRE)
TURLA #8431 3R 5 4 K, T8 v 44 0K S84 4k BURL KL
BRI 4.5 5, B2 REBRE KSR
7] Bt 20 26 0% B E AL BRI ) AFM 45 3R, & b 42
T, SERPRAR N 9.5 nmo T HR BT B R 42
¥ 2.7 nm 4347, 3 R DL B T 458 500°C B
PR 38, OB A B4 R 5RO, MR P 400K
FALGIRRLAR AR 3.5 £5 . T WAEVE IR
A AR o CGRT BV I ) 4 2 1 SR AL R IR Y )R
FAERIF T E B R AN SRR 1/3,

B A B VS BRI S A HE 1.5 ~ 6 nm, TE AR
T RGS R, W LVR 2 0 /N RV B TR B 2 B
w2 RS LR ER B A BN S , B R A 5 WAk
TRRABAMERS], TREEAEYE, B RK
5 14 3R THREURE B AR /0N ) RS, 3R T A RELRE B U



- 250 - LA, 4 L

2 26 BT

M1 AAEKkGwRTERAENA %
By AFM B

K2 AEREKIBRPHENAS
By AFM B

0.164 nm, T4 K4 1T € W B R B B /Nl 4.2
nm, ¥ 2 25 WK TR S 7R, 3k DU IB BB 2% Y v, 3R
TEALREFE N 3.1 nm, A RTE [ 20 5. RIATER IR AE
g 2 [ Bk 4 % v, el T ABURLAR /D L A AR 3 A
AT A7 3 3% TEHURE B2 AUCH 0.164 nm (9 30% W8 B8, L
JEEE/NT 10 nm,

2% ik

[1] Collina R J, Sukenik C N. Sulfonate-functionalized, siloxane-anchored

BB INMWMERL R
TEER SRUMAORNE BN R Hy EM
M EREsS s sRU I RE
B %0631 - 5759249 5757049
£ B .0631- 5757167
hilp: //www . chemdevice. com

self-assembled monolayers[ J] . Langmuir, 1995,11(6) :2322 - 2324,

[2] Frank S. Structure and growth of self-assembling monolayers [ J].
Progress in Surface Science 2000 65(5) :151 — 257.

[3] Tillman N, Ulman A, Elman J F. Oxidation of a sulfide group in a self-
assembled monolayer[ J] . Langmuir, 1989,5(4) : 1020 — 1226.

[4] Fabrizio C,Dino F, Alberto F. Magnetite nanoparticles anchored to crys-
talline silicon surfaces[ J] .Chem Mater,2005,17(12) :3311.

[5] Rudolf C H, Lars P H J, Stefanie W . Deposition of composite titania/
vanadia thin films by chemical bath deposition[ J].Chem Mater, 2004,
16(22) :4199.

[6] Rozlosnik N, Gerstenberg M C,Larsen N B. Effect of solvents and con-
centration on the formation of a self-assembled monolayer of octadecyl-
siloxane on silicon(001) [J] . Langmuir,2003,19(4) :1182.

[7] Bourlinos A B, Simopoulos A, Petridis D. Synthesis of capped ultrafine
¥ -Fe,0; particles from iron( [l ) hydroxide caprylate,a novel starting
material for readily attainable organosols[ J]. Chem Mater, 2002, 14
(2):899.

[8] Christopher L J, Lara A E, Jennah K K. Self-assembled monolayers of
thiolates on metals as a form of nanotechnology[J].Chem Rev,2005,
105(4):1103.

[9] %%, 200, Frh Ak Zealb eI M] . Jbat  BF2 H filt , 2001.

[10] Natarajan B, Chaim N S.Monolayer transformation by nucleophilic sub-
stitution : applications to the creation of new monolayer assemblies[ J].
Langmuir, 1990,6(11) : 1621.

[11] Dan H,Zhong D X. TiO, thin films formation on industrial glass through
self-assembly processing[ J] . Thin Solid Films, 1997,305:110.

[12] Fu X C,Zuo Y P,Zhi G X. The sol-gel preparation and AFM study of
spinel CoFe,0, thin film[ J] . Thin Solid Films,1999,339:109.

[13] Wang Y L, Zhang K Y. Study of the growth morphology of TiO, thin

films by AFM and TEM[J] . Surf Coat Tech,2001,140:155.

AAHAEOHHETRA A
TEES SEB LN
B 3F.0512 - 58060823 013806225939
£ B 0512 - 58662145
hitp: //www . mudancentrifuge. com




