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ABSTRACT Monolayer film of n—-Alkanoic acid expected to be an excellent lubricant for micro-
machines was successfully prepared on PEl-coated glass substrate for the first time. The results of
Contact-angle measurement and X-ray photoelectron spectroscopy (XPS) showed that n-Alkanoic
acid chemically attached to the functional surface of PEl coatings. As a result, steady monolayer
film of n—-Alkanoic acid was prepared in the presence of a covalent amide bond between carboxylic
group in n—Alkanoic acid and the primary or secondary amine groups in PEl. The lower surface energy
generated lower friction forces and well-ordered and high packing densities of organic films corresponded
to excellent properties of tribology.
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WWRERIEREEERZ B S5l C NER FHANK. FEMHEH RIFHRER. KRE
BERAKENHIENE 54 LB AEHEA W | GE%%85 T8 (SAMs) REREA B9 a1
£ (MD) A 7 S Ur AU S & k. LB BHE&EES. 5HERESEH, SAMs @
fy%) &R R F IR B, MD BAYH R, REEER. RV HSPRN. B2E T (PED)
e BB K B B B S T (kR i LA TRAFAYRBRE. SERMES TR IERARNEEES. 4 PEL 4
THERRNGES S, BES HR. BES ®. £&#% (B-PENPE]I 8 A S E G REIESR
M. BEaREF SRR LR B0 MAR— R NERMESY PEl WRERAEHETR
HiRKH A E T AR AT E a3 FEE U ARG — TR T X — i Ray RASYUE,
EEHY R EIRIRYE.
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FI EE: B2 TR (PEL M, =50~60000), 50% Kixk: £# %k (PFDC), 4EEE T 98%;
%8R (DC) B N, N'- ZH M Btk (DCCD) ¥y i, #iRBas@m. +/ 5k ST
98%. 151 AFERAIEIE K IR A 90 C &Y Piranha {F# (H.SC4:H0,=7/3({k81H)) Fi&% 30min,
R RKER IS LRIRANKRE R 0.2% /9 PEL Kigmatihfl 16min, NG, 7 A8 /KEBEE ARSAE Ny
KKT. SLMBAREEASHH KT DCCD g BEsk 2 5 A+ R HIFH (9514 2x107° mol
0.5x1072 mol} &, { EH (25~30 ¢) Tl 24 h, RIEIGRIRETT/KZ R FS b LM 1min B
FHRMAPVDRIG . B35 KERBR D 2R,

{ERIR (25~30 C) MHARE Y 40%~45% B9 R T. M i E N (CA-A, B RHRIFEH
A EH), R EOCRS. MEER A KA (IR L 0ME 3 MR A RETHHE).
Rl PHI-5702 ¥ £ 0hiE X GTEEY6 R OO A 6 At F Mg-A RERCRTRE. MEE
% 350W, @ittt 29.35eV, BINE /N T 1x107%Pa, AR &4 PEI &1 Cls Y8 744 56k 284.6
eV NRMERER. (R T PR AXME (X LYEITIEIETSS. Xm 86 0.5N TR A Tmm, KEEER
% 9cm/min, MR AHEXRB E 2% 3mm Y GCrl5 4k mek. A HHEE (RH) % 40%~45%.
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2.1 EEERESTREMREER

M#& 1 aTLLE . MRER AT PET AYBESRE feif b 5 I BRI BE IR I e K He i A 0 3 k. 1 M éY
Tl T REARS Y. #0) PEL TEBRE & H kM LA /E PEL &I CARUNHRE. HFERT 2
BHILRD B KRR ERER 4 PET #udfy WM A EEHWw. KHRMARKHR DCCD
AR RR TG U BLAY B2 5 R RER A He Ay FUR K 2Y 60°, RUBERURFL 2. A DCCD JR. AU R
RorE. M AE] 90° £1;. REUIRKS PEL ZEafER 4 TBEM(EE. DCCD fTmA R T

® 1 RERE KA RENENA VUGS KR i

Table 1 Water contact angles on surfaces of glass and its modified organic films

Film type Glass PEI/Glass Monolayers/PEl/Glass
Decanoic acid Perfluorodecanoic acid
Contact angle/(°) 15.6 31.0 *63.6 93.2 *66.3 89.4

* Represents the contact angles on the monolayer film prepared in the absence of DCCD in the reacting

solution
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R [12] B SRS, AREER EEEA TR SAMs REAEM AR 110°, T4 SCh
2R AH KLY 90°, XAF %M E S PEI Rl &£ TR EERO %S FRBMH IR
HEETER: &% PEI R—#ASTHRERBREARKS. REE PEl X LEFERS A
R, M0 R ARA R A2 5K (PEL 0. RAEEM ey 1:2:100)
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Fig.1 XPS spectra of Perfluorodecanoic acid Monolayer on PEI coated substrate

{EME 1 &b 688.3 eV 4bAYSR Fls a3t & # 8ehgy F(C-F*)(A 1a). 399.3 eV fhay3anEati
PEI BER AR N(C-N*)([® 1b). %9 PEI EAXHFEKE K25 RNVAIKE. M 400.7 eV LH955
BRI X R 57 A BRAC R (O=C-N*) Ay N, BEMRE TRV E N W& SEREHMET 1.4 eV,
X5 (10) R —F. @ lc PILFENH Cls (kR EEHM:  284.6 eV iyt PEI
C & (N-C*); 286.1 eV LbAywErf v BERE A HIER C(O=C-N-C*), &1 SR LW R b T
BBV C HETHESERMSHMET 1.5V, BER (O=C*-N) M{FSIEHMTE 288.1 eV -
T FmmastE. 52 iR C(C-F) MIGSIEL A 291.0 eV &b, XELER AN, £HBEAE
PEI ®E% 4T (L FmRb. #F—iE LR MESKE. '
2.2 EERERE S FEMBERISY

WE 2 a[RLESE. REGRRERES. BEROERARERE AR 081 £4. %H PEI %
EVEAREPERARREE 021, KB 13 KETFHEEMEA. RUESYEERE™ENER. 451K
BFEHET. 4 PEI R EAERM—-BRERRE Y TEBRE (AW &3 BPTm DCCD 1), PEfE
RYOFR AR R MG H F& (%3 PEI %M\), MHBREESENERE®R; WA DCCD 5#H &
HENTERERERELRRBEERE (0.12 £f), 2 2RLERNERFGBESH 20 KEH.

AR, AR S REMAR. SRR E (REE) FEVINXE. SEEBEN I FHEE
Fi (EPK5#% /1) .  Amonton F#ey 1314

Fy = pFy + fo
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Fig.2 Variation of the friction coefficient of vari-

ous films with sliding cycle
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£ PED iR BUAYBRRE Rl Ll i A R 2 AURAAY RMAT. BRKFH DCCD {2 T MfhRmg S
PET MRCfL Ayt {7, [EACRORRERES. TrPURAY RETRER AR, HITTEMMERE AR, W A%
B BRAUIE O Hoa ST (Y I ALRRY A T IR T Y AR RE A T AP Y S 4.

£ ¥ X ®

1 Wen Shizhu(ifi¥#). Nanotribology(s £ B8 ), (Beijing(dt 77). Qinghua University Press(i§ X2 H R t),

1998)p.1

2 U.Srinivasan, M.R.Houston, R.T.Howe. R.Maboudian, Journal of Microelectromechanical Systems. 7,

252(1998)

3 P.J.Chen, R.M.Wallace, J.Vac.Sci.Technol. A, 16, 700(1993)

4 Xue Qunji(BEBE%), Zhang Jun(3k

%), Molecular Ordered Ultra-thin Films and Their Applications in

Tribology (2 FHAKARERAR ARBFEFaIEM) (Shenyang(iLH), Liaoning Scientific Press(il 7" ¥4 4%

Riih ), 1996)p.6
5 A.Ulman, Chem.Rev., 96, 1533(1996)

10
11

S.R.Yang(¥%'t %), S.L.Ren({£@#), J.Y.Zhang(3k (% r£), X.S.Zhang(3k#&#), Chemical Journal of Chinese
Universities(i5 S5 2 (L 5£48), 22(3), 470(2001)

Y.H. Wei(#4ii8), X.L.Ni({5f%¥#}), Y.Z.Liu(&EH), Y.Zhu(’k #), X.Z.He(fT/MR), Z.H.Peng(#FiF &), Jour-
nal of Functional Materials(ShgE#1#. ), 10, 1233(1998)

S.L.Ren({£@#]), S.R.Yang(t5%t %), J.Q. Wang(£%£i#), S KQUFHME), Y.P.Zhao(# I {®), Acta Chim.
Sinica.({t#%4R), (in press) (HIKF)

M.Gao, B.Richter, K.Stefar, Adv.Mater., 9, 802(1997)

J.J.Chance, W.C.Purdy, Langmuir, 13, 4487(1997)

S.L.Ren({E# ), S.R.Yang(#4£ %K), Q.J.Xue(BEBH), Acta Physico-Chimica Sinica(#FR{L %2 18), 17(2),
97(2001)



50 H OB W R® ¥ 16%

12
13
14

15

Y.T.Tao, J.Am.Chem.Soc., 115, 4350(1993)

V.V.Tsukruk, V.N.Blivnyuk, Langmuir, 14, 446(1998)

S.L.Ren{({£@ ), S.R.Yang(#% %), J.Y.Zhang(3K (& &), X.S.Zhang(FK &5 #), Tribology(KEIREIR), 20(5),
395(2000)

Y.H.Liu, F.Evans, Q.Song, Langmuir, 12, 1235(1996)



