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2] WedRke] el 318523t octanethiol, decanethiol 2! dodecanethiol®] 3D SAMsE A1-1-5}33 17, dodecanethiol
9] FQleF Wgle] i 7] e Qixte] Akl P S mEeigint. AR 3 Ak ERE 19_01'7] S B
Z1elA kL, 3 dxke AalElE Fstol E58Rait. 7] A= Copper(ll) nitrate, $-AA1= sodlum
borohydrideE AH§-3F31 0, HHg-2 Tl dol|x] 8ISt v =2719] F=|U9*Rs TEM 241 Fsto ERlsiln
71 A7 9F 3~6 nm3It}. FTIR, XPS2} E532(TGA) 23 alkanethiol® thiol”]7} 2] ¥del 3852k ffH:‘r
= A7 alkyl7]9] AHEe] A4S alkanethiol®] S&Hfo] T7FR= 21 BR181%1aL, XRD AH Q2 HE F+2] e
?JZ]-J At AR}3]d (superlattice diffraction)2 #58 4= ST :/_ﬂJ_ dodecanethiol®] F]o¥o] 2] ok
Hoh A& A FE= Cu,08 JHE At glon, FejRct 1.254)] Wo] F& 4 u% 243t SAMsE 3
At

Abstract — In this work, we made a study for the 3D SAM formation of octanethiol, decanethiol, and dodecanethiol on
copper nanoparticles and we verified stability of the copper particle depending on the ratio of dodecanethiol to copper.
The reaction was performed in a one-phase system under nitrogen atmosphere and the thiolated copper particles could
be obtained by centrifugation. We could confirm that the nanoparticles consisted of a spherical shape of 3~6 nm from
TEM images. FT-IR, XPS and TGA results showed that alkanethiols were chemisorbed via thiol group and the packing
density of the alkanethiols on copper surface increased with the alkyl chain lengths. XRD patterns gave us useful infor-
mation about superlattice formations. Finally, Cu,0 was formed when the molar ratio of dodecanethiol to copper is less
than unity and copper nanoparticles formed more compact 3D SAMs when the molar ratio of dodecanethiol to copper
was 1.25.
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QIzke] A719} A FdAFAE|7(TEM, transmission electron
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Fig. 1. TEM images of copper nanoparticles; (a) dodecanethiolated
Cu, (b) decanethiolated Cu and (c) octanethiolated Cu.
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Fig. 2. XPS spectrum of A, copper nanoparticles over the full range

and B, the photoelectron peak of Cu 2p; (a) dodecanethi-
olated Cu, (b) decanethiolated Cu and (c) octanethiolated Cu.
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YAke] XPS w4 Avs AAEch BE Alse] disiA Cu 2ps,
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o Skl ] thedAke] ]l eanvh 128 22 e B
801, dodecanethiololl thalA= 0.99] #h= A 18]
TEM #4027 Ak A7]= Ake o7k A5 o A=
A7E AT =, alkanethiol®] AR Hol7t A4 -] U
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Table 1. XPS analysis of copper nanoparticles thiolated by octanethiol, decanethiol and dodecanethiol ; relative peak intensity(RPI, %), relative

atomic ratio(RAR, %)

Cu-C12 Cu-C10 Cu-C8
BE[eV] RPI RAR RPI RAR RPI RAR
S2 1623 62.3 62.6 63.7
S 2p3/2 163.4 37.7 10 374 10 36.3 1o
P12 : : : -
Cu2p;, 932.8 70.1 12 70.3 13 70.1 16
Culpp 952.6 29.9 ' 29.7 ' 29.9 ’

where C8: octanethiol, C10: decanethiol, C12: dodecanethiol.
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Fig. 3. IR spectra of (a) neat dodecanethiol, (b) dodecanethiolated
Cu, (c) decanethiolated Cu and (d) octanethiolated Cu.
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Fig. 4. X-ray diffractograms of copper nanoparticles; (a) dodecaneth-
iolated Cu, (b) decanethiolated Cu and (c) octanethiolated Cu.
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Fig. 5. Thermogravimetric analysis of copper nanoparticles; (a) dode-
canethiolated Cu, (b) decanethiolated Cu and (c) octanethi-
olated Cu.

Table 2. Thermogravimetric analysis of the copper nanoparticles thiolated
by octanethiol, decanethiol and dodecanethiol

wt. loss [%o] Cu/thiol [molar ratio]
Octanethiolated Cu 49.0 2.39
Decanethiolated Cu 58.4 1.95
Dodecanethiolated Cu 64.1 1.78

T Aol RISt 2 BAIAE A (Dell AASESLAL, octanethiol
| Sz A}l thsle] 1.0, decanethiol®} dodecanethiol®l] T3}
20813} 0.759] S 9L Ak

= =

(]

N

[CU/S]rhinlated Cu )
CU/s]oulane/hiula/ed Cu 7GA

([ [Cu/S]iotared cu _ ([ 1)

CU/S]ocmnelhiola/ed Cu XPS

o] 3k alkanethiol®| alkyl AF&Zdolol whe} F+2] Y R}
PAel Fagh Al Fele] ZHlE Rke] A7)eh WS #
#o] Q)& Zlow wkent. o] A v o ® 9-2)i= alkanethiol

pul

[‘UO
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Fig. 6. X-ray diffractograms of copper nanoparticles synthesized with
a different ratio of dodecanethiol to copper; (a) Cu : thiol=1:
1.25, (b) Cu : thiol =1 : 1, (¢) Cu : thiol =1 : 0.75 and (d) Cu :
thiol =1 : 0.5.
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Table 3. XPS analysis of copper nanoparticles synthesized with a different ratio of dodecanethiol to copper

Cu:S=1:1.25 Cu:S=1:1 Cu:S=1:0.75 Cu:S=1:0.5
RPI RAR RPI RAR RPI RAR RPI RAR
S2ps, 63.6 623 64.0 60.8
1.0 1.0 1.0 1.0
S2py, 36.4 37.7 36.0 39.2
Cu2py, 70.6 70.1 70.0 717
2 0.9 12 12 12
Cu2p, 294 29.9 30.0 283
o] alkyl AREo] A= F250) Wine AR A2 AP A4 4.2 £

s AEA30.
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it thiol®] F4J&o] 120} 25 o, 20 36.4°14 Cu,09] (110)
Aol tigk 935 BR1gk 4= Qltk. o] A= ] v YRkE At
2ENE B3] $lslAE F-elell gt alkanethiol®] F-41H]E]
10174 wojof kg AAgitt. SR Cust Cuoel thgh TS 2
Ak 4 ik 8 ikl 3| udo] Flw ] ¢k
alkanethiolo] Cu®] WS ZWslA 3fekgaltslar 917
S8 AlREY, CuO ¥A2] FAlE XPS #4 AFg} UX|
o]t}

Table 37} Fig. 7= XPS 4ol tjst A= A|Agltt. Table 3
oA thiole] T-2]9] Fl#R T} 1254 o] F91¥ %S ), ol
gk 7-2]2] RAR7F 0.9 LAl thslire BF 1.25 AR
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Fig. 7. XPS spectrum of copper nanoparticles synthesized with a dif-
ferent ratio of dodecanethiol to copper; (a) Cu : thiol =1 :
1.25, (b) Cu : thiol =1 : 1, (c) Cu : thiol =1 : 0.75 and (d) Cu :
thiol =1 : 0.5.
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