
SOLID STATE PHYSICAL CHEMISTRY 
 
Annual Research Review  
  

(2) “Development of a fast NEXAFS spectroscopy” (1) “Structure and growth process of alkanethilol 
self-assembled monolayer films on noble metals”     We have succeeded in measuring energy dispersive 

NEXAFS spectra in the soft x-ray region by combining a 
position sensitive electron analyzer with energy 
dispersed x rays obtained by a newly constructed 
beamline at the Photon Factory. By comparing the 
spectrum with the conventional NEXAFS one, the 
measuring time is shortened to 1/50 at C K-edge. The 
adsorption process of thiophene on Au(111) was traced 
in situ by continuously recording the C K-edge 
dispersive NEXAFS spectra with accumulation period of 
30 s for each spectrum. It was revealed that thiophene 
adsorbs with its molecular plane parallel to the surface 
below ~7 L, and that it gradually stands up as exposure 
increases. No sudden change in the molecular orientation 
was observed during the adsorption process. We have 
demonstrated the availability of the energy dispersive 
NEXAFS technique for investigating surface chemical 
reactions. 

The structure and growth process of hexanethiolate 
SAMs on Cu(100) have been studied by STM and XAFS. 
Surface XAFS revealed that the thiolates gradually stand 
as the coverage increases, and finally they form a 
standing-up monolayer (ML) with the molecular axis 
tilted by 27±5º from the surface normal at saturated 
coverage. No 2D-ordered structure appears in the 
saturated ML just after adsorption. The saturated ML 
exhibits a slow evolution to a 2D-ordered phase with a 
c(2x6) periodicity, in 
which the S atoms 
form 1D zigzag rows 
along the close- 
packed Cu rows 
(Fig.1(a)). On the 
other hand, STM 
shows that spots are 
on a line.(Fig.1(b)). 
This discrepancy is 
reconciled by the 
structure, in which 
half of the S-C 
bonds stand normal, 
while another half 
tilt by 30º. (Fig.1(c)). 
This demonstrates 
that the combined 
use of XAFS and 
STM is very 
effective to the 
structure analysis of 
such a complicated 
system as a SAM 
film on Cu(100). 

 
Fig. 1 (a) Structural 
model for arrange- 
ment of the S atoms 
of the thiolates on 
Cu(100) with satur- 
ated coverage. (b) 
Molecular image of a saturated ML on Cu(100). There 
exist two inequivalent molecular features; brighter 
protrusions (larger circle) and darker protrusions (smaller 
circle). The c(2x6) unit cell is also indicated. (c) 2D 
arrangement of the bottom part of the alkyl chains whose 
structure is optimized by force field calculations. The 2D 
arrangement of the S atoms and the methylene moieties 
that are directly bonded to the S atoms is shown in the 
form of the projected view along the surface normal. 

Fig.2 Schematic diagram of the energy dispersive 
NEXAFS method. 
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Fig.3 Coverage dependence of C-K NEXAFS from 
thiophene on Au(111). 
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研究レビュー 
(1) 貴金属基板上アルカンチオール自己組織化膜

の成長過程と構造解析 

Cu(100)面上に蒸着したヘキサンチオレイトの構造
とＳＡＭ膜形成過程を表面 XAFS と超高真空 STM
によって詳細に調べた．表面 XAFSの結果から，被
覆率を増やしていくと，分子は寝た状態から次第に

立ち始め，飽和時，分子軸を表面垂直から 27º傾い
た構造をとる．飽和直後，二次元構造はランダムで

あるが，次第に規則性が増し，c(2x6)の周期構造を
とる．このとき，Sは 4-fold hollow siteに吸着し，
Cu 基板の最密充填列に沿って１次元ジグザグ構造
をとることが分か

った（図１(a)参照）．
一方，観測される

STM では，スポッ
トは直線上にある．

（図１(b)参照）．
この食い違いは， 
S-C 結合の半分が
立って，半分が大

きく傾いた構造を

とることによって

説明される（図１

(c)参照）．すなわ
ち，ＳＴＭで観測

されるスポットは

S の位置ではなく，
S-C 結合の位置を
示すと考えられる．

これらの結果は，

ＳＴＭと XAFS を
組み合わせること

が複雑な構造解析

に有効であること

を示している． 

図３ Au(111)表面チオフェン吸着 C-K NEXAFS

 
図 1(a) 飽和吸着時の S原子配列の構造モデル 
(b) STM像．明スポットと暗スポットの２種類が観
測される．(c)アルキル鎖の底部の二次元配列．半分 
は垂直に，半分は傾いた構造をとっている． 
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（2） 高速 NEXAFS 分光法の開発 
フォトンファクトリーに新しく建設したビームラ

インにおいて，エネルギー分散したＸ線と位置敏感

検出器を備えた電子分光器を組み合わせることによ

ってエネルギー分散型 NEXAFS 法を初めて成功さ
せた．方法の原理図を図２に示す．この方法は，単

分子層薄膜に適用するとき，従来の方法で５分要し

ていた測定を数十秒に短縮した．応用例として

Au(111)基板上にチオフェンをドースしたときの
C-K NEXAFSスペクトル（直入射）の変化を図３に
示した．最初基板に寝ていた分子が吸着量の増加と

共に立ち上がっていく様子を実時間で観測したもの

である．このような高速 NEXAFS法は表面での化学
反応の追跡などに有効に利用することができ，将来

図２ エネルギー分散

の発展が期待される． 

型 NEXAFS法の原理図 
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の吸着量依存性 
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