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“Let's get practical”
George M. Whitesides & John Deutch
Nature 469, 21-22 (06 January 2011) doi:10.1038/469021a
https://www.nature.com/articles/469021a?message-global=remove

Chemistry is at the end of a century of expansion. In 1900, the chemical industry
was in its infancy. The modern research university was still 50 years away, and
the basic concepts of the field — the chemical bond, the laws of thermodynamics,
theories of kinetics — were still being developed. In 2011, the industry is mature
and fully embedded in society, and chemists have a good, semi-empirical grasp of
many of the characteristics of molecules and reactions. Academic chemistry is
established, and with its maturity has come an increasingly incurious and risk-
averse attitude. So, what's next?
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Cracks in the 100-year-old structure of chemistry
began to emerge in the 1990s.

Chemistry — fundamental and applied — has been slow to exploit these research opportunities, and even
the best academic chemists have a Prussian-like loyalty to the status quo. Universities that consider
themselves the most innovative and radical in their thinking, and that should be in the forefront, are in the
rear, defending already familiar and well-established fields.

Cracks in the 100-year-old structure of chemistry began to emerge in the 1990s. First, it became clear that
chemistry's best intellectual opportunities lay outside its historical boundaries. The new frontiers were the life
sciences and materials science. Now others — energy, the environmental sciences, complexity and
affordable health care — offer additional and perhaps even more compelling opportunities.

Second, 'function' replaced 'structure' as the objective. Molecular structure is now easy to define and
manipulate in chemistry; function is hard to achieve, especially by design, and usually emerges from
empiricism and serendipity. Society does not care if a molecule has a particular structure; it cares if a pill
lowers blood pressure, or a panel generates electricity when exposed to sunlight.

Third, academic chemistry is overpopulated. The proliferation of PhD programs resulted in a demand for
research funds that exceeded the (much-expanded) supply, and the imbalance of supply and demand
contributed to a peer-review system that protects established fields at the expense of new ideas. These PhD
programmes produced too few new ideas and too many average scientists, and neither provided novel
solutions to problems (or jobs), nor caught the attention of the public.

Finally, Balkanization of the field has led to specialization in young scientists. If understanding the molecular
basis of life requires integrating a high level of expertise in organic reactivity, kinetics, dissipative systems,
biochemistry and cell biology, who is to do it? Probably no single person — and certainly not a young

scientist trained narrowly in a technical apprenticeship — has the range of skills demanded.
George M. Whitesides & John Deutch:Nature 469, 21-22 (2011)
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Real-world solutions Here is what chemists should do instead:

Rewrite the social contract. Chemistry must reorganize to try to solve problems that are important and recognizable to the
society that is paying for the research, especially those to do with water, food, health, energy and the environment. To
make fundamental discoveries, an approach that starts with practical problems, and uses them to reveal unsolved
fundamental problems, will work at least as well as (and arguably better than) one that starts with the familiar questions of
familiar disciplines.

Do away with the old disciplinary structures. Disciplines mature, and must be subsumed into others. Chemistry should
cluster its teaching and research around the exciting and uncertain future rather than the ossified historical past. A first step
IS to merge chemistry and chemical-engineering departments. A second is to form broad new entities that address the most
challenging problems that require the skills of chemists. Plausible topics could include functional materials, catalysis,
complex dynamic networks, energy, the environment and sustainability, health and out-of-equilibrium systems.

Focus on chemistry's strengths. Chemistry has unique capabilities in many areas: complex kinetics, biological and
environmental networks, synthesis of new molecules and forms of matter, examination of the properties of molecules,
relating the properties of molecules to the properties of materials, and many others. A focus on these intellectual strengths
avoids being second-best in someone else's game.

Teach students, rather than use them. Many subdisciplines of chemistry still use an apprenticeship model in which a
professor conceives the problem and strategy, and graduate students execute the bench work. It is hard to imagine a worse
way to prepare tomorrow's chemists to work at the integration of many disciplines. Instead, professors should teach
students the tools of curiosity. An independent, engaged student, exploring as a colleague in a promising area, will do
better work than a simple apprentice.

Chemistry must also change its coursework, to include the hard parts (the role of solvent in chemistry, the importance of
thermodynamics in biochemistry, the centrality of mathematics to the study of networks, the subtlety of catalysis and
systems of coupled catalysts). It must also include 'non-science' subjects — especially economics and corporate finance
and manufacturing — useful in generating practical technologies.

A focus on the practical does not mean ditching fundamental science. It means using fundamental science for a purpose,

and practical problems as a stimulus to curiosity. Chemists can still be curious, en route to addressing the big societal
Challenges of our times. George M. Whitesides & John Deutch:Nature 469, 21-22 (2011).
https://www.nature.com/articles/469021a?message—global=remove 14
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6.038~ || 9.012183 12.0096~ | 14.00843~ | 15.99903~ |18.698403¢83| 20.1797
6.997 - 12.0116 14.00728 | 15.90977

2017

11 Na|12 Mg e LD 14 Si|15 P |16 S |17 CI |18 Ar

3 | FRUSL [RTRLYL A% Y R w® | Fadr | 3
2208976028) 24.304~ 28.084~ (30973761908 32059~ | 35.446~ | 39.948

24.307 28.085 32.076 35.457

19 K (20 Ca |21 Scl 22 23 24 Cr |25 Mn|26 Fe |27 Co |28 Nil|29 Cul|l30 2 32 Ge |33 As |34 Se |35 Br |3 Kr

4 | husL | Ansen [Rhused|  Fan | 83Uy saL | TuHY #* sk | Zosn # Eil E UL TAN P S A= S L ax | s | 4
39.0983 40.078 44 A7 BT 50.9415 51.9961 | 54.938044 55.845 58933194 | 58.6934 63.545 65.38 69.723 72.630 74621595 78.971 ;gg}- 83.798

37 Rb|38 Sr|3s Y4 Zr{a1 Nh| a2 43 Tc)| 44 Ruf 45 Rh |46 Pd|47 Agf 48 Cd(49 In) 50 Sn|51 Sh|52 Te|53 | |54 Xe

5 LE S L |ROwFoL| kYL La=ry =*7 | BVITTIF L LT= UL || HAS5US L 2] hEzr oA eiity AX FUFEY | T ELL E 3 b
85 4678 8762 85 50584 91224 92 90637 95.95 {99) 101.07 102. 10642 107 8682 112.414 114818 118710 121.760 127.60 12690447 | 131282
55 Cs|(s6 Ba| 57~71 (72 HY|73 Ta 74 75 Re |78 O=(77 Ir 78 Pt |70 Aulsoc Hg| 81 a2 Pb | &3 Bi*| 84 Po*| a5 At*|ss Rn*
6 L | UL | SYas4R| NIzl suan Bavd AT L= Ll AREHL U =1 &® kig 2L, 0 EATA | Ho=9L| FREFY | SK» 6
13200545196 137.327 178.49 || 180.947 1e384 I tes207 il 10023 ff 192217 Jf 195084 |10696656d 2005020 204382 2072 ||| 20898040 | (210) (210) (222)
) j

87 Fr*|ss Ra*| 89~103 (104 Rf*|105 Db* 106 Sg*|107 Bh*|108 Hs*|109 Mt*|110 Ds*|111 Rg*|112 Cn*|113 Nh*|114 FI* |115 Mc* 116 Lv*|117 Ts*|11s Og*

T (752094 FU9L | FOFIAF |5¥t—vnul FIZA p—t—gou =D L | Ny L | RARRUSLE—LASFOLILY M S L 380z oL SRS L [FLAEYD LIERAEDLWIBYGL| FHiw | dHRVS 7
(223) (226) (267} (268) (271) (272} (277) (276) (281) (280) (285) (278) (288) (289) (293) (293) (284)

57 La|ss Ce|s9 Pr|s0 Nd|e1 Pm* 62 Sm|63 Eu|é4 Gd|e5s Thb|ec Dy|s7 Ho|es Er 63 Tm|70 Yb|71 Lu

FLRIAF| F2ay | BUDL |[FSEAVL UL [TOAFOL HTUDL (AYOETLUAFIZGL| FILEDL [BRFOLOL RLEDL | TREDL [ WIDL (feFESL LTFUL
138.9054 140.116 | 140.90766 | 144.242 (145) 150.36 151.964 157.26 | 158.92535 ( 162.500 | 164.83033 | 167.259 | 168.93422 | 173.045 | 174.0668

89 Ac’/ 90 Th)|e1 Pa} 92 U*)| 93 Np* 84 Pu?|e5 96 Cm* 97 Bk*| 98 Cf*| 99 Es*|100 Fm* 101 Md* 102 No*|103 Lr*
FOF/AE[FOF= [ Ly ¥R ELTS PEET) G5 R Fu_y LT L T A Falrip by (pi=8)g L] U= | Foeasizen| JzhESL (ALFLESL S =AY L] o—LissL
(227) 232.03778( 231.035548 238.02801)| (237) (239) (243) (247) (247) (252) (252) (257) (258) (256) (262)

X1 ARESOERO REIOARCRREAUFSFELEVCLERT. TOLEIURARC OV THERFEREFORERD—FE ( ) AISFELE. =EL, Bi, Th
Pa, U IZ2WTRERTRECRIFEMRERTTOTRFENASZ oMb,

e CORMBCERFORTE TFRFER (2007 ) AAREATVS, RFRIE-OREHSVIEBRATRESATLNS, BFENBATREATLSI12TEICIEHE
HORERGHSFEL, TOEMFRBCEVTRES(ERNTILOE—ORETAFRSEZI G0, TOROVZIERIOVTE, RFROTHMASETENE
REOBEROMI<HD.

Dflﬁlhfifc%d)%éliﬁ?

©2017 BF{t¥e ETEYAERS
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I

2013 LR THEDLONLE -Bf- S
http://www.chemistry.or.jp/activity/unit2013.pdf
p35., EHEMIETE R DIE (55 XH7)

EREMEER

5. BRYETBOME (BEXR7) 7 v 2 0hOBMIZRBEOH D  BEERHED S 2R T

Y] i by B 4 fill L 1A

B2 0 7 g e permeability of vacuum ™ 4rx1077 NA™?
BZeth Y speed of light in vacuum ¢ ¢ 299 792 458 ms™
B2 0 3 permittivity of vacuum £9=1/p,c? 8854 187 817..x 107" Fm™
B R E R elementary charge e 1.602 176 487 (40) x 107" ©
752 EH Planck constant h 6.626 068 96 (33) x 10~ Is
THRAT FaEl Avogadro constant N, L 6.022 141 79(30) x 10* mol ™!
BFoHR electron mass m, 9.109 382 15(45) x 107 kg
B F o H & proton mass m, 1672 621 637(83) x 10~ kg
i o B R neutron mass m, 1.674 927 211(84) x 10°¥ kg
R F B R OE R atomic mass constant m,=1u 1.660 538 782(83) x 10 ™# kg

(i — I B R HLAL) (unified atomic mass unit)
77 77— Faraday constant F 9648 533 99(24) x 10* Cmol™
N— P =T R NVF—  Hartree energy E, 4359743 94(22) x107® 1]
K= 7 &% Bohr radius a, 5291772 0859(36) x10™" m
K =7 ®&F Bohr magneton Mg 9274009 15(23) x107* TEne
A o nuclear magneton Ly 5050 783 24 (13) x107% jar=
Ja—FXRYEH Rydberg constant R, 1.097 373156 8527(73) x10° m™
o B gas constant R 8314 472(15) JK " mol™
RNy v E# Boltzmann constant k kg 1.380 650 4(24) x 107 JK™!
FASIHER(EHEH) gravitational constant G 6.67428(67) x107™" mikg™s™?
57 L o g standard acceleration of g, 9.806 65 m s

gravity

Ao =&\ K triple point of water T,(H,0) 273.16 K
&M (1bar, molar volume of ideal gas Vo 22.710 981 (40) L mol !

27315K) €N (at 1 bar and 273.15K)
B oK & EY standard atmosphere atm 101 325 Pa
e 40 M s E B fine structure constant =uge’c/2h 7297352537 6(50) x10*

o 137.035 999 676 (94)
BFOEAE—AY b electron magnetic moment U, 9284763 77(23) x107# T
BHETOS v 7FgHlT Lanldé g factor for free g.=21./py —2.002 319 304 362 2(15)
electron

BFOMSKE— A+ proton magnetic moment i, 1.410 606 662(37) x107% Tt

a) ERENI-IEMLRETH B,

b) ME5UE R magnetic constant & b Xidh b,

c) BAEH electric constant & b L iEh 5,
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I » =R kv 2013 L3 THEDW S - B - 122
\) —— ‘l http://www.chemistry.or.jp/activity/unit2013.pdf

pd ITHRILF—ICBARTHBEMOMER

I —CEfRT 2 REOBRERY (B3%3H 2)
E=hv=hci=kT i E,=N,E

A G #® B B v T 2 )V ¥ - E ENZAVE— E, i OE T
em ™! MHz aJ eV E, k] /mol kcal/mol K
V :lem™ a2 1 2997925%x10* 1986 46x107° 1239842x107* 4556335X107°  1196266x107° 2859 144x10™° 1438775
v 1 MHz 2 333%641%107° 1 6.626069x107° 4.135667x10™° 1519830107 3990313x107" 0537076x10~° 4799237x10°
1a] 2 5034117 1509190%10° 1 6.241 510 02293713 6022142 1439326 7242963 x 10*
E :leV 2 8065545 2417989x10°  0.160217 6 1 3674933x107% 9648534 23.060 55 1160 451 x 10*
1E, 2 21947463 6579684x10°  4.359 744 27.211 38 1 2625.500 6275005 3157 747 % 10°
B 1kJ/mol & 8359347 2506 069x10° 1660539107 1036427x107° 3808799x107* 1 0.239 005 7 1202722
m° ] keal/mol 2 3497551 1.048539%107  6.947694x107° 4.336410x107° 1593601 x107° 4184 1 503.2189
| T :1K = 06950356 2083664x10°  1.380650x10° B8617343x107° 3166815x107° 8314472x10~° 1987207x10~° 1 |

a) WEROMHAB : 1aJ=1x107""] 250341 cm™, 1eV=964853k] mol e 21k “IHIET 2" H2Vid “LIZRFMTH2™ (1 ZHL) L) BHERT,

©2013 BA{tER Bfi - BSFMERR

%38 (7~295 K) Tl&. E =hv=nhcV =kT;E,, = NoE
M 205 om™ IRENEL: 6.15x102Hz = 6.15 THz £: 254 meV £, 2.45 kd/mol = 0.586 kcal/mol

ST M) 10 HED R B & R & £ 720 SIEFHEI DN D, ZThoDBHLELFRROLEB) THBY

B B @ G 2 f& % B OB O g 5
10 7 A deca da 10 7= 3 deci d
10° ~% k  hecto h 10°° k¥ centi c
10° ¥ B kilo k 10°° SR milli m
10° A #  mega M 10°° <4 %Y  micro T
10° ¥ 4 giga G 107° T nano n
10" ¥ 9 tera ar 107" = pico p
10* ~ ¥  peta P 1055 ZxAb  femto i
10*® 7%  exa E 107 7 b atto a
10* ¥ ¥ zetta Z 107 €7 b zepto z
10* g ¥ yoita Y 1054 ERA yocto y 2013 LETHEDLNLE - B -5
a) BHEROWMNOWEOSERDLVIZHERIZ FFAICH—OREEZ 2T TERTL, 2 mg http://www.chemistry.or.jp/activity/uni
(pkg 2 #2 %) | Mg (kkg & #D2%2WV), t2013.pdf
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Wit E{L=SE :DiracD & E

PEZORMDEIEFZEAROUFREROERELELLSY
EAE, COXSICEERICEREIN . E—ORE#(IX. D
ERDORZBGICAIHEYICHER TRITHVLVARELXZE
(:t-—@ﬁ)%)o | P. A. M. Dirac, Proc. Royal. Soc., A123 (1929) 714,

http://rspa.royalsocietypublishing.org/content/123/792/714
Quantum Mechanics of Many-Electron Systems

1 Introduction.
The general theory of quantum mechanics is now almost complete,the
imperfections that still remain being in connection with exact fitting in of

the theory with relativity ideas.These give rise to difficulties only when :
. . . : : P. A. M. Dirac
high-speed perticles are involved,and are therefore of no importance in
the consideration of atomic and molecular structure and oedinary (1902-1984)
. . . . P . . . Photo by GFHund,from Wikipedia Commons. ref.20180116
chemical reactions,in which it is,indeed,usually sufficiently accurateif one https://en.wikipedia.org/wiki/Paul_Dirac#/media/File:Dirac,Pa
neglects relativity variarion of mass with celocity and assumes only L1903 _Kopenhagen jpg

Coulomb forces between the various electrons and atomic nuclei.The
underlying physical laws necessary for the mathematical theory of a large
part of physics and the whole of chemistry are thus completely known,and

the difficulty is only that the exact application of these laws leads to

equations much too complicated to be soluble.lt therefore becomes
disirable that approximate practical methods of applying quantum
mechanics should be developed,which can lead to an explanation of the
main features of complex atomic systems without too much computation.

EFNF PECIEERRZRAFLANIILTEEITLI-ODERRE
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DAX

Q1 :HE-OBRFRZEBRL TS EEETRTDEEZDM %A,
TERICEEISN-TUOEZTICHFETBTLEIOMN?

Q2: 20tHICICHITHA=RFERZHITHE AAITGEYET N ?
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RME?

3R HHY

1.RA, BEN SHhRETF, R, BN, ---

2 DEEN, ot MIT, HALe, REnTD, -

3.4TE), R HICEHAOHEL, EAERND, BIEHYD, ---

HEYRVDEKRICITFEODNTLVELDY = HHHKE

iip

Surface < Bulk
=M ma =
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KEILEBRDORIEMTHS

God made solids, but surfaces were the work of the Devil.

RIERZRAELES, REFEROAEITHS

Wolfgang Pauli ("4 J)L7H2T /871))
1900-1958

AA ZADYEFH

19455 /) — R LY BZEE

N DEEthRE
2DUED 7T ILIHFIER—DEFIREZLHH A Z EIXTELHLULN
(EBF)

Photo from Wikipedia Commons
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RME, TIIZEIEES

ADBEADLZESIKDEETRETHY, EIICEEESD

Giacomo Casanova (U3 HhHY/97)
(1725-1798)

/r 9 U 70)‘7’1‘?%%, @:%Efﬁ; 1l|5%-| FromWikipedia.C-om;T;or.];:::. =

http://en.wikipedia.org/wiki/Giacomo_Casanova
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Bi7d RE R R

o« REDEHKME, BRKME

7o RERIC FEMLEE
ARA KT
KE1iEE-67

HEHSR BEREZEM BKa—MRIZER

YVE DHHE P RIS

FIIRETEILT D
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529327
—EHRREEFORIIRE—

Irving Langmuir (1881-1957)

1932F /—RN)JL{LFESE
(GEDFE=EHMTE)

o R FEMICEDRE DL Z DHEL
o[RFIRKFDERE

AT ATUIT4T AU (EBEK)

o« — b xR DES L IRt (Ahi)
HANFEDERE

e NITIERDHHZE

HE

Photo from Wikipedia Commons
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VEXREEARTEZEOEDY

The Nobel Prize in Chemistry 2007 Press Release
https://www.nobelprize.org/nobel_prizes/chemistry/laureates/2007/press.html

https://www.nobelprize.org/nobel_prizes/chemistry/laureates/2007/popular-chemistryprize2007.pdf

1(6)
ref. 20180109

XD #H : The Nobel Prize in Chemistry 2007 »
The Royal Swedish Academy of Sciences & U

20029 A ICEILT Tz BEIF—
Etif L LI TR (SEMRE RibF)

1. BEEFIARF LI /N—F2—
Pt, Rh, PdZEDEBREREMERETIE, HRARXRFOFELCO.
NOx. fRib/KFRZE. BELCOL,NON, ITEH, .

2. JAOVHREAFAYIUEFR—IL
EBIZETEIAYoR—ILEEDA DXL, KEZ@RIZETSHD
AVHROHIEERIGIZEYERBATE 5,

3. FEOTV

oF (BR. K) LEREREDLZRIEDFERTH D, hmta1—
T4 VTR EFRAIIETHILZEREZEHET 5 &,

4. BEFHIROEEMRER

FEAREROFR@IC, BIERE, &E&E A4 VB, TyFoIi
EDEZETOCRER/AERT, EREHEELTL, ThoDT
At XDOEEBEREIX, BEFOoFLEARKREEDHBEERALINETE
HoTW5,

5. {EFBH (BXREE)
EMHEEHOEEICIEIRM LD, ZRFOERHARX (N) 5T
VEZT7 (NHy) 28T 5012, &% (Fe) 2E/MH &9 2filE
ERAYDTYYY - n—/\— (1918F / —RNJLILEE) NFEHAL
f=o ERMODTUVEZTERIE, BHEEGFTHEOIEZEIE
(RE, ¥ EERLE) ITBKRELCFELT, -
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RF->9F->EK

HERB-PHER-EHE— SEFR—IvIRELZI(EZREA. 20105F)

https://www.kagakudojin.co.jp/book/b62860.html

RREHATIE

RFENE S ERERE
|! e

RTA HFA-A RTFA

B S A O xR ¥ —

]

EHESENE

OO0 —

2N E DR FEE

FEEEIE

RS

B3 e PR

p36. 4. 2 [RFD—RFTINEEDERIZLD/N\U RO ZE

— 4Bl

4.2 FEFO—RTINEEDERMIC KD/ FEAOEZE

EZRANIAR—=y O REEF ]

RRARFHEZHLFRSHEMLFZOERT7E] (RRERKXE
HkRE . 20034)

http://www.utp.or.jp/book/b302176.html

DiLFREEENF

p34E1 HEHEDIRIILX—HERR

p35E3 £ED/N\UFHEE

UTokyo Online Education ZZ{ii{ffl{ZEE 2017 HIEE

87 B

Y- 8- K- 3-

-é

—_—

S EE > L 5B
[RF)T DEFIRGE
R. Hoffmann “Solids and Surfaces”(Wiley-VCH, 1988)
p5 BLOCH FUNCTIONS,k,BAND STRUCTURES
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FATEREFD/NILIYIEE

>

<2

»<
-«

»%

N

EERG-DHER-BHE— SFEER—2vrREILZILER A 20105)
https://www.kagakudojin.co.jp/book/b62860.html
p20510.25 4 ELFHEED /LS E
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spRRCENIEE/ NV RDERL, BT TR

2
== ~— N
25> _-/ \ R F

(a) sp*iRRHGE (b) spPIERFEN T /L X —Hfr & <> FHERE

2-19 sp® BERBGE & £ OBTIRE

[ S-S S Sy [F A8 SN A ettt
€pR

€8

(J (a)

KREYMEAM (RRKXFHMR=,1989)

sp? p sp? http://www.utp.orjp/book/b302137.html
p40, X2-19 spBRELEEEDEFIKRE
(a) Ny 2K FOTHA X 52 7)) v Ry F M p64. F4-3 Si(H2 X 1TED/IN\NRIHEE
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EBBRERODIRILF—/I\URE

I*J""¥_ 1
4p'_‘:' :
3d =i
5 — @ @
E4.10 3d MBSO/ RS DOS

EERB-PHER-BHE—-FEER—2vIREILEIGLZER A 201045)
https://www.kagakudojin.co.jp/book/b62860.html
p44. [X4.10 3d;§$§$l§0)/i‘>a§iﬁ

The occupation of d band determines the position of Fermi level (Ep).
- 5%JE(Cu, Ag, Au): d-bandldZE£IZHE
« EZE (Fe, Ni, Pd, Rh, Pt etc.): d-bandIZE 9P &5H

sp band: JEFTER
d band: /BTER, fERITE
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2O T4 7B

HOMO-LUMO interaction

Ea Anti bonding MO

“— Unoccupied AO
Occupied AO -H

“H-=  Bonding MO
AD AB®D BG
EFeGE SFHE RTNE
®53 BECEFISFICSID, SEFREOIRILYF—LESH
BEURBEESFHEDTRNF— P IS L

SITHRETFAORRRSS TRELRT B OREZS THEOHEL
fER LRIz

Metal carbonyl (Blyholder model)

) . QOQ 0
® DS - ‘Mc—o‘

0

Dative bond M— CO(n*) m bond

M(c)==— CO(c) M-C bond strengthened
M-C bond is strengthened C-0 bond weakened

Zeise’s salt(Dewar-Chatt-Duncanson model)

%1?*&%)0)%%(:;
L
CCITEAShTIM:
ERERIPRLELT:
BHE—
BHE—KDNDEHE | 1981F/—N)LLFE
(1918-1998)

o) QoTC
il U S

/@

H H
n-donation back-donation into olefin n* orbitals

Molecule — metal molecule «— metal

donation back-donation
EERB-PHER-BHBE—-SFEEI~NA—IvoREIEZIULE
BA.2010%)
https://www.kagakudoijin.co.jp/book/b62860.html
p64. B 3EZ_RFAFICHETEH. FRFREDIRILF—LHE
BB LURBEEESFIEDIRIILE—FATIT T L
p65. E5.4 JA T4 7EEREEERDHI 34
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44
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B aF
I*)l/-ﬁ— VaC:—:IE{.’.
A = A
TEEM —I%ﬁ%ﬂb
¢ A el
E-(Fermi level) V.
HOMO —+—% Y
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AL (/N F) ERERVESL (RF) DHEEER

Newns-Anderson model
ZIRREMI R

€ Vv A BZEAH

HEER oFF 17O T Vi
‘ K } Vi A A AL T AL F—

l- | E f
metal (continuous) a atom (discrete)
S ' ~fge +A
fHE{EFR ON —— —eg, +A —
— —
2h, b—
b c
J.W.Gadzuk, "Surface molecules and chemisorption: I. Adatom density of
states" Surface Science Volume 43, Issue 1, May 1974, Pages 44-60
p. 45 Fig. 1.
https://www.sciencedirect.com/science/article/pii/0039602874902180 36
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REDFDIRILTF—ELLIHX

n—antibonding

g—antibonding

i

n—bonding

o—bonding

Projected DOS (arb. units)

Figure 4. Schematic il lustration of the two-stepmodel for CO adsorption on a transition metal surface.

EFREICEY
BERAIE D FIRIIL T —EL(E EB/AVFEDHEEERTENY, SHIZHHT B,

B. HammerO.H. NielsenJ.K. Nrskov

Structure sensitivity in adsorption: CO interaction with stepped and reconstructed Pt surfaces

Catalysis Letters,46,1997

https://link.springer.com/article/10.1023/A:1019073208575#copyrightinformation

Figure 4. Schematic illustration of the two-step model for CO adsorption on a transition metalsurface. 37
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RFRICEREREZVDITRDON?

—RENARICETOIESEZDLEE—

) p: £,

AAEDFORE~DERBRE 5 _ P m: HFDEE,
SR FEEHLY k: RILYRVEH,
(IR TR ) JammkeT

BIZIX, p=10°Torr (10{EDI1RIE), m: BFE S F, T=300K(ZE;E
SESEHEREE L, £94x10% [emT2s7Y

— 7, lem2& =Y DEFDEZTFI1055E
. 10%TorrELVDHEZETYEH, M TERMIEIENS

ERIFE (B0 ~ f18sfe]) ORISR RE 1 ZREF

N2

HBEEZ (10 9Torr=#10k D D1 E) AR R
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= B ZE Bl
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Handbook of x-ray and ultraviolet photoelectron spectroscopy /
edited by D. Briggs(Wiley,1977)
https://onlinelibrary.wiley.com/doi/abs/10.1002/piuz.1979010010
7 p105 Fig 13 Electrostatic electron energy analysers
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Fig. 13. Electrostatic clectron energy analysers: (a) 127° cylindrical deflector; (b)
hemispherical (180°) deflector; (c) parallel plate mirror; (d) cylindrical mirror.
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70 H. Kato et al. | Surface Science 427-428 ( 1999) 69-73
Table 1
Observed vibrational frequencies of bridge CO on metal surfaces. The vibrational energy is described in meV
Vi 2 Vs Ve Vs Ve
H. Kato et al.
0f 01 0-— 0- 0- 0 - "Determination of six
i | ct C— C « C « - types of vibrational mode
/\ /\ /\ /\ A A for bridge CO on Pd(110)"
M M M M M M M W W u Surface Science Volumes
427-428, 1 June 1999,
c(4x2)-CO on Pt(111) 229.4* 47.1* 10.0° 44.6° 8.0° Pages 69-73
CO on Ni(100) 239.5° 44 5° 81.5° 4.2¢ p. 70 Table 1
(2x 1)p2mg-CO on Ni(110) 246.0° 52.3¢ 41.7° 7.5 p. 71Fig. 2.
p(4V2 x V2)R45-CO on Pd(110) 246.0¢ 42¢, 35¢ 51¢ https://www.sciencedirec
(2x 1)p2mg-CO on Pd(110) 248 .44 47.5 = 25" ~ 53 420" 8.6" t.com/science/article/pii/
S0039602899002356
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K.Siegbahn, "Electron spectroscopy - an
outlook"

Journal of Electron Spectroscopy and Related

Phenomena \ 18092308 . apl
Volume 5, Issue 1, 1974, Pages 3-97 C ( LAKN A
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le/pii/036820487485005X Ot Os Ovu
p37. Fig. 28 The ESCA shifts of the C 1s in _ -
ethyl trifluoroacetate. ¢ Rh3ds, XK BF AN kL
Z |Rh3d,, MAXII-1311
|t angle hv=360eV, 45° off
<
% J. Gustafson et al., Phys.
g Rev. Lett. 91 (2003)
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Fig. 8. (Color online) Schematic illustrations of electron spin detection Taichi Okuda, and Akio Kimura, "Spin- and
. . g Angle-Resolved Photoemission of Strongly
with (a) Mott detector and (b) VLEED detector. The principles of both spin—orbit coupled systems"

L H L > Journal of the Physical Society of Japan
methods are also schematically indicated on the right panels of each 7™ 22, Iscue 2 (February 19, 2013)
illustration. http://journals.jps.jp/toc/jpsj/2013/82/2
021002-6 Fig. 8. (Color online) Schematic
illustrations of electron spin detection
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Fig. 1.1. The difference between classical theory and quantum theory, illustrat-

ing tunneling through a potential barrier (Bleaney, 1984).

R. Wiesendanger “Scanning Probe Microscopy and
Spectroscopy” (Cambridge Univ. Press, 1994)
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C. J. Chen, “Introduction to Scanning Tunneling

Microscopy”

(Oxford Univ. Press, 1994)
p5 Figl.4 A one-dimensional metal-vacuum-

metal turning junction

-—Z—--

FIG. 3. Encrgy diagram of an idcalized tunncling gap. The
image charge effect (see Chen, 1993) is not taken into account
here.

Franz J. Giessibl

Advances in atomic force microscopy
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.75.949
Rev. Mod. Phys. 75,2003

p951,Fig3

Work function @

,(z)=l,e 2%t

u=V2mod/h,

M is the mass of the electron

For matels, ® =~4eV,thus Kt~ 1A
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Binnig, Rohrer, Gerber, and Weibel, "7 X 7 Reconstruction on Si(111) Resolved in Real Space"
Phys. Rev. Lett. 50, 120

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.50.120

p. 120 FIG. 1.
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K. Takayanagi, Y. n 5 n
"Structural analysis of Si(111)-7 X 7 by UHV-transmission electron diffraction and microscopy"
Journal of Vacuum Science & Technology A: Vacuum, Surfaces, and Films 3, 1502 (1985);
https://doi.org/10.1116/1.573160

http://avs.scitation.org/doi/10.1116/1.573160

p. 1504 FIG, 2.
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S. Takahashi, et

"Structural analysis of Si(111)-7 X 7 by DAS mOdeI 4 SI(1 1 1) - (7 X 7)

UHV-transmission electron diffraction and

microscopy"

Journal of Vacuum Science & Technology A:

Vacuum, Surfaces, and Films 3, 1502 (1985);

https://doi.org/10.1116/1.573160

http://avs.scitation.org/doi/10.1116/1.573160
. 1504 FIG. 2.
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Si(111)(7x7)DSTM{&

# of dangling bonds/(total=19)
Adatom: 12
Rest-atom: 6

f
Fig. 2.26. Side view of the surface structure of the DAS model of the Si(111)-(7 x 7) surface (Takayanagi et al., =2 EE S
=l
) 1985b). ) (CBAREHES
Structural analysis of Si(111)-7 X 7 by UHV—transmission electron diffraction and microscopy
K. Takayanagi, Y. Tanishiro, M. Takahashi, and S. Takahashi: Journal of Vacuum Science & Technology A: 3, 1502 (1985). 72

UTokyo Online Education ZEfii{ifizE%& 2017 H{EF CCBY-NC-ND



http://creativecommons.org/licenses/by-nc-nd/4.0/

PAI10O)RMEICHRFLI=ADE D FDSTME

J. Yoshinobu et al.,
Phys. Rev. B.,

Pd(110);&/% XM

53 7492-7495 (1996).

73

&
c
o)
™
o

LEED{&
E,=82eV

CC BY-NC-ND

= i
=15
aF

f

2017 &

=
X

UTokyo Online Education =2 T {ff iz


http://creativecommons.org/licenses/by-nc-nd/4.0/

The interaction between benzene and Pd(110) surface

free
benzene
116y
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Jun Yoshinobu, Maki Kawai, Issei Imamura,
Fumiyuki Marumo, Ryochi Suzuki, Hiroyuki
Ozaki, Masaru Aoki, Shigeru Masuda, and
Misako Aida

"Direct Observation of Molecule-Substrate
Antibonding States near the Fermi Level in
Pd(110)- c(4 X 2)-Benzene"

Phys. Rev. Lett. 79, 3942 — Published 17
November 1997

p. 3944 FIG. 3. ()

https://journals.aps.org/prl/abstract/10.1103/P

benzene-five
Pd cluster

(c)

FIG. 3. (a) Orbital diagrams of free benzene and benzene-
five Pd cluster system. In the cluster system, the benzene
molecule is rotated by 10°. Note that the rotation brings about
the specific interactions between benzene 7 orbitals and Pd &
orbitals. (b) Density profiles above the benzene plane of the
benzene-five Pd cluster system (C, symmetry) in which the
benzene molecule is rotated by 10°. The electron densities of
the upper two antibonding states are overlaid. The geometry
of calculated cluster system is also shown. (c) Density profiles
above the benzene planes of the symmetrically adsorbed (Cy,,
symmetry) benzene-five Pd cluster systems. The electron
densities of the upper two antibonding states are overlaid in
each system.

hysRevLett.79[3942

Owing to the interaction with metal d states, the degenerate discrete
MO levels are split into four levels (bonding/antibonding).
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The interaction between benzene and Pd(110) surface
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FIG. 1. A series of STM images of the identical area as a - :
function of the tip bias voltage (V;) between +1to —1 V (I, = i
0.6 nA). Positive (negative) tip bias corresponds to occupied MAES
(unoccupied) states of the system, respectively. i . A . clean Pd(110)
0 5 10 15
Jun Yoshinobu, Maki Kawai, Issei Imamura, Fumiyuki Marumo, Ryochi Suzuki, Hiroyuki Kinetic Energy (eV)
Ozaki, Masaru Aoki, Shigeru Masuda, and Misako Aida
"Direct Observation of Molecule-Substrate Antibonding States near the Fermi Level in FIG. 2 Metastable atom electron spectra of the clean Pd(l 10)
Pd(110)- c(4 X 2)-Benzene" et ; .
Phys. Rev. Lett. 79, 3942 — Published 17 November 1997 and c(4 X 2)-benzene surfaces using He* (23S, 19.8 eV)
P zgﬁ i:g; atoms. Photoemission spectrum of the ¢(4 X 2)-benzene sur-
p. .2, . g .
. https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.79.3942 face using Her (21‘2 CV) resonance line is also shown. To

] facilitate comparison, the energy scale for the Hel spectrum is
Yoshinobu et al., Phys. Rev. Lett. 79 (1997) 3942.  shifted to that for the He* spectra by the difference in the exci-

tation energies, 21.2 — 19.8 = 1.4 V. 75
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