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B RENPHME B ARBENIT SEMRE "

BN KB R EAE A Y TRE AEK W&
(dEmKREe 54 T TRYR, WEASHFRPo, b5 100871 ! 2 MicEke &, 2M T730000)

W BT - NS RS eRE. e rheeE COH yENER, 5 2- X7
RERE AT R T —R#7AF RC(O)NHCH:CH25H (R 49045 WEER4 9, Rkifisy
BRI Srmeiib ot HEEmAMNE, Ribein I (GIR-IR) SXRudsi s
HrSRTHANE SRR TFRHESTRE S8 4-(N-(2- S804 SEmEEs s f8mEmt
REFAIERIEN, AESMENEREEY 4.21x 10" Ymolem ™!, 4 R yEgeet, s EEae, B
MBS el GIR-IR ifspsams CHy(CH,)gC(O)NHCH,CH5H # C=0
# N-H gy Au REP. 4F88s5 Au REELNEN.

k. RO (A MEUEMTEY. TR, RemNE b Ba
LS

H 4% (Self-Assembly) HARYE T FE5-FoKF L7 (WHE MR R WA F B, FAHFIHBA
HILT M40 LB e rvE Siett, e, B, fEdk. Zth, RTHBEE, 478,
AR RN 5 B BURA T IZ (A AT U4, AT R 470 R BT 4L 2 S bR B S T 528
il

AL MA TR A MR THAE G0 7 SR b MR L o . IR TE X
R A R AL S T MR RS, S R TR h T MR H AR Ih REA [ 4UR R
B A HUHFA A Sh AR AL B 5 4. [ B R FLAT X(CH, ) SH 85 HM SR (L4 ),
X AP mReE. KRG Wa A R o LUl SN, RV E M A AL EET Bt 2
LB SERT. SR, ERARE TR R EARBBENEE. i Kl | HRES
AU 2 T AR A T R B LRI — S e, BB R BN ERE, R
MAEX A aREAT T 50 ¥ JRMe R, ot BB A e T 0 AR BRE,
B AR, THROSIEEEFOiEER. EEFR SRR ET 2S5 A B T
BRI —~ SR RANE A EZ . BRI, Whitesides M ©) BT T —Fb
CABAE DR GER, MA o KIMAHNY, EX=SRWFIANRBHER L BI—FH
WALA 0 L AAE RS, FHIENS TR R LR B AR B
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A TAERY B #9A7T = 150, 1 —FolER i AL H) 2 A 6 O AL B R B s A Oy
F7, HRERHTERESL SO SORSAR S B 5 AR RS H R, B2, fﬁ}“ﬁ
W M HALAY v oA Ememeastny, LXFh o ) EAR T {5 IR Py Romm. FEX AR -
By A S AL CHMAEE MR (1) BR, U TFRMNERENENRERS 2- BEZ BN
HpE VGG, ATTFIAFE. AXFHEBGRT FHREENED (1b Sb) . WRERA

RCOOH+NH,CH,CH;SH—RC(O)NHCH,CH,SH {1}
(6b) B AH Afe) 1 AEAEAHEE (Tb-10b) M9 G4 (A 1), FKA 'NMR, FTIR fOCR S
FREWAT X 40 EH. FRETREYENe. ROV AR A ., By RIEHm ot
Ji# (GIR-IR) HFE X &l SR RAE MM B S5 BT T RIE.

0
b @-w =N —@—(’?NHL‘H,::H,SH
2= 5h u-{;.;l:l-&},o—o— —@—N’CH;EH;SH

Ih: =0, 3b- w=l; dh- n=2, Sh =3
tib CH;(CI-hh«c—E—c-C{C;-t;).ENmI-hCH,SH ,

Th-10b CHJ(CH;},ENHCHHCH;SH.
Th =2, Bb p=3, 9b: =4, 10b m=6

B 1 FAFRTHMELES
Fig.1 The thiol molecules studied in this work

1 ZIeEss

(1) M. 2- MBZRE 4 REMAE (RFER) , ETR, ERR, ECR, EFRYS
Bret, R 0O Jraketdl, o, THRTE, S 2B SR DO kT RARE, 4-
R -4 AL A (2a-5a) F 10, 12- ~He =+ =8 (6a) SHH) R 12 FiRA R, TR
B, “HOES IR (DCC) Mibesl, fARRAL. TRAAHRLAUK, WERHA T
o, A DB R R 15 AL BR R R

(2) B ST :  Perkin Elmer System-2000FT-IR, R p iRk, ASiM 86°, &
SR SWE A KRS EE. SBEY 4om ! FHSHEE 1000 KOVWR, BREFAEE
WHERE 1000 KRS

(3) SRRy - BRk AW (L (JICIL, LB BT RARAEHE. #EE 20
C, WAHBHEE 50-60% F{FFilE, SHELEOHREZKNSR.

(4) BiLS¥RER: Eaf{Y (HA-150, Hokuto Denko, Japan); {59 % 3% (HB-II1, Hokuto
Deko, Japan), X-Y 0 {Y (F-35A, Riken Denshi, Japan). B{bEHEBEE@Hm, RH=
Al ALE, W3S 150nm B4R Au b TARdEEE, P HOURTEEL  Ag/AgCI(IEM KCI)
F A O & W LA
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(5) BSEEMAE: BN AEEZE 5um BHRES FSEHE 150um 94 (99.99%) &1
8. B TE Piranha JFH (H2S04:H0,=7/3(V/V) HiRill 35 24805 (90 C), HaR HELK,
ZEEHEE, SLARA lunol L ML SH 2SS, 24 ARHEEGE, FRKAZE, &
SUACH P R FL & =S Sh LIER 2R WA S R L, AR o T

2 GRSt .
{1y RCOOH S0Ck_ neoc) % u-l.lmmun:f{,sn
(&) {h)

la R= @EHN@ 1n 900,
2a--5a R=CH3{{‘E-&];,O—©*N—N—©>7

In w0, Zh MR Ja w1, 3B TI%,
da0 =2, 4be 68%;, Ja m=3, Sh 60%

fai R CHy(CHy U omC—Cme(CH g G T5%

4]

(2) RCOOH CHCH; S H —————————= R‘E’NI‘K‘HvCHﬁH
+ B N i -
OO SH  Ch, NGBy :

{a) ib)
7a-10a R= CHy{CHg—

Ta: a=2, Th 4T, Ba: m=3, Bh: 6094,
Oa: m=4, 9 B4, 10a: m=5, 10b:91%

B2 SRR
Fig.2 The synthetic route and corresponding product yield of thiol molecules

2.1 FFEitSHLSHR

AT HGRT Z85F, HHEHETEE (16 5b), WREEEE (6b), RAREEESR
HREE (Th-10b). BFRMEEN DR TRXAMSWRAREE FT RS FEFR. @
B, BRI AR R AR B (130 1A A R LB T REE LA R SRR, fRabrd)
o [ I ETRRERNA. SRR MM, TR A HUR, B TR G %
TEGY H5H A7 L RE A BF 1.

HMNEHXTHERES T, 1b-6b REATRME 7Th-10b RHT DCC G460 k. B2
FIMT 1b-10b M RBE LR T A ™8R, A H 2 TREAEIARIEMER, DCC LRIV &G RA,
BB GBI TRES  EM B N, SR EEER. T WAL Y, SRR
—LH RS RIVNEFRERGF, SRAEEEEEE THE FUSESEENE
BAYESR A P70 O Y 2- L M. e8], TE MR N T, XMFFAS R RIF
BIREEERE.  Th R, WTRERG TR S FEESBEA, BT LS KEsaEH
L
2.2 ERMET

FLFNLT ™o 10b AR B AR KR ARSERA. BAYHA\BREEZiF
BIIAE & Je 0 07 LUTE LB 00 A PR A0 ALBERE, OBt T Ea R ARy . RN EE
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TR /AHIAT R R A 111, SRR ] PSS, dRPER R, MEEHEY
M, ERARYIE S RABRK, AR FERE, BRESAaN
B, REREAELTILGM LT, FMRERMERRT. 10b 8R4 5+ /BRI
IR ACrE, FET 100 R R AY B AR RS BB S .

®1 Tbh-10b B+ EARNNASE+HNROEES
Table 1 Cuntact angle of water and hexadecane (HD) on SAMs

Contact Angle (deg)

SAMa prepared from Water Hexadecane
LT Bee o Bre
h 9942 212 3513 1542
Bh 1062 B6x2 3Tk2 24432
Oh 109+£1 961 44+1 2542
10b 11041 981 4741 istl
Octadecanthiol 111%1 10041 4841 kY ES
2.3 EL{LHIFR

M 3A 2 1b/Au B4 (2b 5 Fr 804N 78 pH=5.2 # Britton-Robinson (B-R) @i
MR Ll EpBaR—dE - SRIRE, AT MEE ) SRR R R
2e-+2H KR S b S R AR R (18] 3B), FR4 R AL AR B B0 RHE, TEUE B AW
LEHCEER R FHEF AT -600mV B +600mV MEN RSN FEE T R
B, R REM R e WREBES, SaMEEN 2o 20 FIVHLEL, M Q=2 4. F
(Q At (C), I [ A% MAFREHRE (molcm™?), A REBEM (can®), F Bk s g o
RBBMEHENE S 4.21% 107 Pmol-cm=2, 55 Fe o e 2 T VR A0 (B REIK R 19 M el B ¥ MR ).
TS, R THT Pl IR A KT R SR B A E (44 1107 Wmol-em™?). JREEALE [ AR R b, (0 R 2E
FEHEF BE RS, . B, S AR MA R dEE. R EERH TH
R B SR T BEEM SRR WY, SEOS(LRERIR, &5V T AR E S,
MR, T e 4o, (M LA H PG ARt S TRETFmaAHEE, mEEsRTr
Eaeik BEIAEE OV RaRE EEERGIAT HANRK. R, i, 8
HAH D IE RIS, SRS T AL e A B, i B, RAAThA 2] T b dod
({3 B 2

MFAER G B AR, R KaFe(CN)e MRS THE T LA A FEBENS
EAEEA. B 4 45020 Th-10b 50 [ AERE Immol-L—" KiFe(CN)s/0.1mol- T.- KCI FFl
IR REZE. fF -400mV +500mV AR REE NS AN ER RGeS E T, E Rt
BRI Th RPN T R E, R A MR AT R BAY S

FE RN WA AR, EER R R, EEERSTH-FRE MNTrp4l
RAE, MBS HLAEREAMNRSESE . B Helmholtz M8, NIRRT THES C
T LA T Bl FR4A Sy 1151,

O = cep/fd (2}
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0806 0.4 02 0 02 04 06 08 0700 200 800 400 500
EIV (Ag/AgCl) v/mV.a!
B3 1b AHENE pH=5.2 & B-R S48t TEEETHEFEEE
Fig.3 The cyclic voltammograms of SAM prepared from 1b in pH 5.2 B-R buffer
{A) Cyclic voltammograms at different scan rate: 50, 100, 200mV% ': (B) Relationship between peak

current and scan rate

1 IIIH-A

e
o ———
?

I Zuh E
o 5

00 200 0 200 00 500
EfmV  (ve Ag/agCl)

B4 % 1.0mmol L™ KyFe(CN).?/0.1mol- L™ KCl @ brFasm
Fig.4 The cyclic voitammograms in 1.0mmol-L™ K3Fe(CN);*/0.1mol-L~" KCl
{A) Bare Au and SAMs prepared from (B) Th, (C) &b, (D) b, (E) 10b

£o 5 ¢ SPHIRRICE Mt NCT A A A R, o SRR R B e R
Porter 2 A\ VRHIRFSE T A6 86 d be ALGEAY [ AR My M4 RBE C, ¢ BiffsrtR &M
A G A AR ¢ B = oG R (o B XTI AREORLE o sYEEey, B C7'
MR TE n ERMERG, BRIRIEY 0.lcm P, £3%% 0.055em? - uF-Y/ FFHE LS,
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HEMRMEHEL « BT 2.6, SELEN « #H 2.3 RS, Wi, FH 7 10b GHRENR
B R EEREN 100mVs ! 1, A O MAFRRFEFY » (FRERS, BIREY
~0.677cm? - pF~1, #1824 0.1077amn? - pF =1/ [T (B 5). # Porter HIHKS « {1245 1.36,
YGRS B, B BMESTEREAREERSFERCERZ. RMNWEASIFEETE
Rt THHRUWRNTFURAESRER. B 62 b 10b HABMEE 0.1mol L~ 'KCI EfFH
BARELET 0.0V ¥ G WTHFR, ARHETHE ¢ BAEM, &XFF o mi 8H
RS FERSEN THREESEER, b BERNRRT R YRS HHES. WE 6 7
LIS, mEc ke THRMESE SSRETEREHSER, C ZHEMNBERE /).
L0b FFERLAY B AR MR RCHE S, ol TBRABBED S+ AP O ARMREr. X—4
RGEBATRMERE RN, dTESENS FTREANRERENTBE, FRMEMN G HX
TERE, 318 o7 SHBRETFEFFASHRRAA XRRNBD —RAREALR c HE
WABFEE.

0T 16
0,67 14 \
0.51 - '\.\
0.4 w10
- E k\ 1
[} L ‘_'_"-—-_________-
E, 0.4 ¢ < 8 0\ '
£ S e N\
7= 0. ]
- “_ .
|l & T —
0.1 4, L"“H—-—____. 3 .
1", 4
0.0 2 o —s —
ﬂ T T T . T T T T
-0.1 IE- T . EI- 5 - llﬂ T Il ]n-2 0 200 400 600 B0 1000
MNumber of backbone atoma v/mV.s!
B5 7b-10b AHER ' S4FREETFH B6 FREATHONERANERS TELE
FeE 3 Fig.6 The interface differential capaci-
Fig.5 Relationship between reciprocal tance of SAMs measured by dif-
differential capacitance C' of ferent scan rate
SAMs prepared from "b-10b and 1) Tb, 2) 8h, 3} 9b, 4) 10b, 5} Octade-
their backbone atoms number canethiol

C7' owas measnred in 0.1mmel L7
KCl solution at 0.0V [wvs Ag/AgCl
(SAT KCl)) in =& s=can rate of
100mV-s~"

FANe=84F (2) XHEHERD
£ =Cdfeg (3)
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HLHEER C W« . fEHEY 100mVs~! MR F, +ARRS 10b SETRENENR
A H G EA I 0.78uF em~? A1 1.93uF-em ™2, g (3) R EH £ 49)% 2.06 F1 3.12. {18
BT ARNERTOT AT ESBZE - 2.3 BAME, T 10b EMPEM B ERSESHE
LISt ELA R B 12 1010 (e {B£434 3.709) R, EMAI (3) HEHHBRH « MR TEN.
RNEED 10b FEMPH « BB THABIN, XFOALE G QSR BE) B A R L
AT LA B 25 O B A A B R R
2.4 FARHET M (Grazing Incidence Reflectance Infrared Spectroscopy (GIR-IR))
B 7 SrACh 10b 75 BB B A LS E KBr B PSS, TEE
el mk 200,

¥ 2 ATIMEEWESIESR
Table 2 Assignment of Infrared peaks

Viberation in KBr pellet (cm™") in SAM (em™!
CHs Vaym 2960 2965
Viym - 2880
CH: ¥asym 2927
Viym 2852
Ve=o 1639 _
;S-H 2554 —
Vn 3302
Amide I 1548 1550

A HE 10b A7 R4, WTLAE PRI RAYARE, R0 FAE 4 b 2 A o HE
Fl. fERME, dEMERTTLERIR T N-H {64 R 3h #38 Eb H BAE 3302em™?, FES T
R 2 B 5 S R B 4R B 1 BRAE 2960-2840cm ™ BUA, e ELE B9 G GY RC 3R FE o i B AL
AR M 2554cm ™" AR ETLUMMIEIO B9 S-H i fRah. EEMHD, ¥RTLER N-H
fhaiwahye %, HiE GIR-IR Azt 2 Rufelcg N-H 8B 54 2T WS H
B PR IR ST R TR Au-S BMBR. RN REBNTEFESY vy 5 Vaym TH3E
EH, JLPREAR, EHEEWY vym 5 Vayw THRTIRRD. HAREMMHRDEREE
Fir5 C-C 8 mARANHE (H8), MEFEN Vym 5 Vayw BHRSMEEELL T ERELE
WX, SHOFREC-CREN. TEEMN Van 5 Vaym REIERRALS 701 FEEE S LK
T MBS FHESEELFEN. AREMMGEE, BBXOMMEUY 1639cm—! 4
MIMERE 1 #f (C=0) {hEgiRIRILILLE 1548cm " bAUBEEE 04, eSS, 1639cm=! by
HET, RAERS C=0 BYHTHE. BREDWEEIEEREE AU EENE
B REAEMPEEEACS MR T4 FEEE. BIE 1550cm ™ AMBETHEST
AR ERAT C-N 4RSS N-H WIS iRz P, WESEBRE S C N gk
MY, BEME 11 AF7E AN Rl R, UM C N @S ERTRAM A,

B Ll LATSMRE 45 LS BB FERBVE . () mERRERNE, (2)F T
BERER IR FE S (3) MERESRITERERN SRS, RSN AT aE
B (H 8).
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ERERMREIFEN D, S@FER—EL TRSFT—FWAE. ERXIHLET
ROARRPHFEFMEEFN: Av S8, 1 ISR ARERMGLE R mHNHEE
fEM. FEX=FEAD Au-S BSEHHERRRAN. BRSCEs, BETL (V3= V3)RI0® MIERS
SRR K BIUCAD. ABSIEEIE T RIA MR 0.408nm, MBS FHA LA VB a8, B
FOMHL R T MR R AR 0.510m*. XRSHF FRBMRIDMER EBRELTHY. W5
— 7T, ERATIXFRE BT R A BRI R R (0.4-1.3kT mol ). EERAMEER N4 N A
C=0 REEEFH. WPFENS —FHEIEAREEES BMHEIERD. HH %R 5N
WRET [, s ERRRIE LAY AR, B S TRBE A e A 30°. FERXRRELE T,
SFREEEBESARK. 100 §ARBPXFHEETRAM LS FHAR TEH L 608 %
PR, Hi TRSEABRADT Au-S M5S0 1F A R S C 2 FASMEIEM, B4 FE
MR EEIERIMR Au-S @Y v MIREREIE (A8, B ZEE (W5 40 05 Al dy e Rk
.

I xw"n

2600 3000

o em’t

B 7T 10b &4-FHLIsLinm

Fig.T The infrared spectra of 10b B 5 10b gHEENGHENTRE
(a) The GIR-IR spectrum of SAM on Fig.8 A hypotheical model of the struc-
Au, (b} The transmission spectrum of ture of 10b in its SAM on Gold
10b in KBr pellet
3 &R

RIMBUT LISENEGER, @G 2 fEZBOREEEESS, AR FHIIA
FAEAE A BRI R, R A RS T S EEE . DR R R
RERRAMAL Y. HASEMA, RS, BARSLIMEHRX G Ha [ AR
THFHR. MEIT RSty (BRE QAR IR AT LRE A T a i 5 .
CH3(CH;), C{O)NHCH;CH,5H(n=2, 3, 4, 6) & K3Fe(CN)s MIRARH TH5 0 FE WS B IFHE
HOR BEH n (0K, FTALE SRBOTEESH FER N, BAESEES.  CIR-IR Bi%
iRl 7E 10b S FREMS HAERS, N-HY5 C=0 @FTTFE&ERE, 4 FLUEMENTER
MG RHEF]. IR A EERHRT Au-S B « (BRI B8 E .
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New Approach on the Synthesis of Functionalized Alkanethiols and the Structural
Characterization of Their Self-Assembled Monolayers

Zhang Haoli' Zhang Jin! Zhao Jiang Wang Yongqiang She Jin  Yu Huazhong Li Hulin!
Lin Zhongfan

(Center for Intelligent Materials Research (CIMR), College of Chemistry and Molecular Engineer-
ing, Peking University, Beijing 100871, China; 1 Chemistry Department of Lanzhou University,
Lanzhou 730000)

Abstract A simple and general method for synthesizing functionalized alkanethiols is reported.
The synthesis started from carboxylic acid, RCOOH, which was selectively condensed with the
amino group of 2-aminoethanethiol, thus giving the targetting thiol compounds. A series of thiol
compounds having a structure of RC(O)NHCH;CH;5H, where R was azobenzene derivatives,
dicetylene derivatives and n-akanes, respectively, have been synthesized using this method. The
self-assemnbled monolayers{SAMs) of these species were characterized by wettability measurement,
electrochemistry and prazing incidence refletance infrared spectroscopy(GIR-IR). The SAM from
4-(( N-(2’-mercapto-ethyl)amino)carbonyl) azobenzene showed clearcut electrochemical reactivity
in aqueous solution, in which the surface coverage was evaluated to be 4.21>x10*°mol.em . On
the other hand, for the thiols of R being n-alkanes, the packing structures became gradually im-
proved with increasing the alkyl chain length. For CH3(CH;)sC(O)NHCH,CH;SH SAM, GIR-IR
data indicate that the C=0 and N-H groups are parallel with the substrate surface while the whole

molecular axis is perpendicular to the surface,
Keywords: Self-assembled monolayers(SAMs), Thiols, Azobenzene derivative, Diacetylene

derivative, Contact angle measurement, Electrochemistry, Grazing incidence

reflectance infrared spectroscopy(GIR-IR)
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