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XAFS Study of Self-Assembled Monolayers
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The molecular orientation and the molecule-substrate interface structure of self-assembled monolayers of alkanethiol
and its related molecules have been investigated by use of X-ray absorption fine structure (XAFS). The molecular orien-
tation is mainly dependent on the molecular density, while for the ordering of molecular arrangement, which is neces-
sary for self-assembly, the key factor is the balance between structures demanded by intermolecular and molecul el sub-
strate interactions. The internal degree of freedom of the molecule plays an important role in the balancing. In the case
of alkanethiols this condition is fulfilled at the saturated coverage, while in the case of a thiophene-substituted al-
kanethiol, the interaction between thiophene moieties prevent its monolayer from self-assembling at the saturated cover-
age but leads to form a self-assembled monolayer at a lower coverage. The molecular orientation in a monolayer exerts
a strong effect on the orientation in a multilayer that is formed on the monolayer. This suggests that the structure of
three-dimensionally self-assembled molecular aggregation can be controlled by using self-assembled monolayers as the

template.
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Fig. 1 Coverage dependence of C K-edge NEXAFS spectra

for hexanethiolate monolayers on Au(111). The full
monolayer of hexanethiolate on Au(111) (60 0.33
with respect to the surface Au atoms) is defined as 1
ML.
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Fig.2 Fourier transforms of S K-edge SEXAFS oscillation
functions k% (k) of a hexanethiolate saturated Cu
(100) surface taken just after exposure (a) and 36-h
after exposure (b).
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Fig. 3 Schematic illustration for the local structure around
the sulfur atom of the thiolates on Cu(100) with the
saturated coverage deduced from S-K SEXAFS (up-
per). Structural model for the arrangement of the sul-
fur atoms deduced from SEXAFS using the observed
unit cell (c(2x 6)) and molecular density (60 0.33)
(lower).

— 23—



354 0000 0230 060 020020

gboooooboooboooooobooooobooooon
goooooooooo XArFsoooooooooao
O0OFEFF8I* 0000000000 ODODDODOOOOO
gooogooooooboooboobseoooogoon
gooooooooooobooboobooooooosen
00000000 200000 4fodhollowD 0000
000000000000000o0oo000000 200
000 4foldhollowDOO0OOOOOOODOOODOOO
OO0O00LEEDOODOOOO0ODOOOO0DOOd2x 6000
gboooooooobooooooobooooboooon
gboooO0obb00o2x 6O 400000000000
Fg.300000OO0O0ODOOOOO0ODOOOOOOOOO
go0000O0SEXARSOOOOOOOODOOOoOooDoon
0000000000o0o0oooooooooo0o000oo
gboboooobooobooooooobooooobooOooon
OO0 hlowOOCOOO0OOO0OO0OO0O0OO0O0O0OODCOOO
gboooooooobooooooboooooboooon
gbooooooooboboooood

23 000000O0OO0O0OOoO0oooOo

gobooooobooooooooooobooboooooo
gooooooooUoooOooU0obDO0oDOO0ODOORg 3
gobooooboooboooooooboooobooooon
gooooooo0oooooo3oobooooooo
O0000O0OO0OCKNEXAFSOOOOOODOOODOO
gbooooooooboooooboobooooboooon
gooo0O00rg.200000 1200000000
goooscoOoooooooooboobobooboon
Joo0ooooooooooboobooobooosk
NEXAFSO O OO sCcOOoOogoopooooooooo
00000000o00o0ooooooooooooooo
O00Fg.300000D0O0O0OO0OODOOOOODOOO
gooooobooobooooooobooooobooooo
000000000 Fig.4OUOOOFg40a00O0O
goooooooooboooooobooooobooooon
gooo0oz2000o0o0oobooooooobooooon

Fig. 4 The geometry of the akyl chains in the saturated
monolayer on Cu(100) was optimized by the force
field method assuming the fixed c(2x 6)-S lattice (see
Fig. 3). (a) A bird’'s-eye view of the optimized struc-
ture. Two inequivalent molecular rows are formed
along the close-packed Cu rows. (b) Projected views
along the molecular axis. The alkyl chains pack into a
quasi-hexagonal arrangement with the C-C-C plane
being rotated by 90° aternately. (c) A side view
aong the next-nearest-neighbor direction. The C-C-C
axes are tilted by 32° on the average, and the S-C
bonds are titled in two ways; 5° and 37° from the sur-
face normal.
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Fig. 5 Fourier transforms of S K-edge SEXAFS oscillation
functions k% (k) of a hexanethiolate saturated Ag
(100) surface (upper). The S-C contribution appears
as apesak at around 1.200 , while the SSAg 1 one as
double peaks at 1.8 and 2.40 . Schematic illustration
for the local structure around the sulfur atom of the
thiolates on Ag(100) (lower).

goooooboooooooooooooooooo
goooooboooooooooooooooobooo
ooiooooooooboooooOooooboooooo
ooooooooboooboobooooooooooo
gooooo

_Wo0oooooooooooooooDn

2000000000000O00000O0O00O0DOC
goooooboooooooooooooooooo
goooooboooooooooooooooobooo
goooooooooobooobooooooooooo
ooooooooobooboobooooooooooo
obobooooboboooooooooooooooooo
00000000000 000000CHsSCH.-SO O
OO0 commensuratel DO O0O0OO00OO0O0O0O0OO
ooo0oOo¥oooOoOoOo ADNMIDOoOoOOoOOoOOoOooQO
OoooOoooOoooUooo rgeDaO0DOOOOOP
O4x400000000000000D0000O000O00DO
ooosMOOoOooOooooooooooooooo
oooooooooooOooooooooogostMag

— o5 —



356 oooo 0230

Intensity [arb. units]

L AASARmAEREd |
H

LLAvrrRCey

i I R N | PRI W N )

EE:I%E’EIEEEEEMME

Photon Energy [eV]

(b)

Fig.6 (a) Structure model for a self-assembled monolayer of
mercaptomethyl thiophene (CiHsS-CH:-SH) on Au
(111). This structure has a p(4x 4) unit cell. The mo-
lecular geometry was optimized by the force field
method assuming a fixed p(4x 4)-S lattice deduced
from STM observations. (b) C K-edge NEXAFS
spectra for the p(4x 4) and the saturated phases of
mercaptomethy! thiophene adsorbed on Au(111). In-
set: Schematic illustration for the orientation of the
thiophene moiety determined by the polarization de-
pendence of the 1 s-0 711’ pesk.
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Fig. 7 C K-edge NEXAFS spectra for hexane multilayers
formed on hexanethiolate monolayers on Au(111)
with different monolayer coverages, 6 0.36, 0.66
and 1,0 ML, in which the molecular axes are lying
down, disordered and standing up, respectively. Inset:
Schemétic illustration for the molecular alignment of
hexane multilayers formed on the hexanethiolate
monolayers with three different structures. The multi-
layers duplicate the molecular orientation of the
monolayers.
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