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t~to ¢ Abbreviations £

L: Ligand wtzSa& px 1,3-bis(diphenylphosphino)propane > ;| b
Ph,P” " pph,

LO: LwY%ei/U 2 mwcw 1,2-bis(diphenylphosphino)ethane
Ph,P
2" pph,

,S$tSZEtSMOURMNeh«@u» " WE2xuNYixiGt ~
>;MoM”{

dppp: 1,3-bis(diphenylphosphino)propane
dppe: 1,2-bis(diphenylphosphino)ethane
dpph: 1,6-bis(diphenylphosphino)hexane
dppo: 1,8-bis(diphenylphosphino)octane

Ar: ArylzUO

Ph: PhenylzN£Ccg,

py: CsHsNzbBae ' ¢,¢ N U3 ez 4 tKey fege 3pyzdpyq hE
tol:  toryl

Me: Methyl

DCM: Dichloromethane

MeCN: Acetonitrile, CH3CN

Abs: Absorbance zu « S

Int. . IntensityzC«8St0 o;Mh

UV-vis: Ultraviolet-visiblezpZDtu«ii«w\q>'b

PL: Photoluminescence

ESI-MS: Electrospray ionization-mass spectrometry z ag¢ « Aépoe” |
i= i"0s »>|b

X-ray: O0A¥ X ¢s,

NMR: Nuclear Magnetic Resonancez© O>2D ii«>!Db



$ -<B ¢ Remarks for figures and tables in this thesis £

~d@e w$ H>UE-;"hOuxz Ofromref x| OtG zd D &

w$ H>ERt"0A"R hOQutxzot E ot refx)w'OtG h {
~0A¥ X ¢l rst‘lo™’«h Au «dpu»"wli wopxzoj

>iZ 0 0 oK”"{-¢e" wé a” x CzUi x Auz!eéi’
weé a” X Pz+"~ XClzp xSzz xO0Oz,M+i X N> °
oM”{feZZwj tmMoxze$wO©RO3&itO h{thzz

At aoé a” “O0>@"cipAY «t!QoK”Uziw0 X %o
apK” {

g0 (Experimental)

+7: Se t ""igtSMo;Mh=+" > 2<tGb
ESI-MS: Bruker Daltonics Co.Ltd., micrO-TOF-MS

UV-vis: Jasco corp., Type V670 and V550

X-ray: Bruker AXS Co.Ltd., APEX I, Mo ¢ o

Electrochemistry: BAS Co. Ltd., Electrochemical analyzer C600,
Spectroelectrochemistry: ALS Co.Ltd. SEC2000

NMR: JEOL 400 MHz NMR

Light Source (H 4 - ): Asahi spectra Co.Ltd

Ya

Yo xb ,0% qpT’é0 h«w>;Mh{H~-pxz ?2>=9 2t ~a
oT’'—;"h {S tofw «tmMo\,0K"{ =U (INZ~4+&0¢Ys 47.5%
for gold £ x Kojima Chemicals T' € O " h{ Z<tY% tmMotqSh >Gb{
Wako = Wako Pure Chemical Industries zAldrich ZTCI = Tokyo Chemical Industiries p K" {
a»E”¢x KawajiriKogyozfeZZw9 x Kanto Chemicals T’ & O " h{



Reagent Company | Remarks
3,5-Bis(trifluoromethyl)benzenethiol TCI
4-Fluorobenzenethiol TCI
4-Chlorobenzenethiol TCI
4-Bromobenzenethiol TCI
Benzenethiol TCI > 98%
3-methoxybenzenethiol TCI
p-toluenethiol TCI
4-Nitrothiophenol TCI
Tetrabutylammonium hexafluorophosphate TCI
Tetrabutylammonium trfluoromethanesulfonate TCI
n-Hexylmercaptan TCI

Pottasium hexafluorophosphate TCI

Silver tetrafluoroborate TCI
2-mercaptopyridine Aldrich
4-mercaptopyridine Aldrich
Tetrabutylammonium tetrafluoroborate Aldrich 99%
Tetrabutylammonium chloride Aldrich 97%
Pottasium hexafluoroantimonate Aldrich
1,3-Bis(diphenylphosphino)propane Aldrich
1,2-Bis(diphenylphosphino)ethane Aldrich
p-Nitrobenzenethiol Wako

Potttasium iodide Wako

Pottasium bromide Wako
Triphenylphosphine Wako >97%
Sodium borohydrate Wako

Silver Nitrate Wako
1-Dodecanethiol Wako 98%
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Figure 1. lllustration of size hierarchy in gold nano compounds
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Figure 2. lllustration of plasmon polariton in gold
nanoparticles
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g Outer 1.1 1.6 2.2 2.7 33
jameter / nm
Nuclearity 13 55 147 309 561
Edge % 0 55 41 29 21
Corner % 92 22 8 4 2

Figure 3. lllustrations of icosahedrons and table of surface, edge, corner % in metal
cluster with icosahedral core geometry. This figure is modified the configuration of the
table in ref [27]
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pictures are from British museumOs
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Figure 5. An image of Auss(PPhz)12Clg cluster (characterized by Mass
spectra) and history of size-controled synthesis of Au clusters /
nanoparticles with particle-diameter.

xuNYiU ¢« hU«&pu»”x AuswWEG@.>O0”ut h "T >cm«4

U»” U 1969 & w Aui(PPhs)7(SCN)sw 2?21 wC “yxaSq o™ 19844t

C ~"eoMIh{¢ Aus ™Auy, zi-€°£  ®®{f o0z AuizZpsXz PdePtzCo
sr wO gwuU=tmMowU|Us”soMX‘Otsl hu*zMcet o«
% MOU EpK”’\qqzZAtT QsrUO&"+h\qT ' y'X«&"esM

I18UKIh{
- structures of Au,1(P(CsHaF)s)7l3
(Left) and [Aus{P(p-tol)a}s]** (Right) from ref [42, 43]
T z™M\b"UZLAE{ ORewp UBFlh wsTz 20008 tx>@ .1

><m AupoWURUa&®~¢ MS, TEME 2007 &txz Y.Shichibu’'U Teow ["h Cluster
ofclusterswO:7 EG@.E”. wi >q”zxuNYi—%!e”A 0 « w

U25© «8u»"WUR>C “h ¢ Figure 8E{\wC t‘loz AuiZp Clusterof
clustersiT U RpvV"’gMO\qUO"eh{

11



Figure 7. Au-P core structures
of [Ausg(PPhs)12Cls]**. Ref [39]

Figure 8. Core structure of
Bicapped icosahedral gold cluster

reported by Y. Shichibu et al., ref
[401
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Figure 9. Structure of [Auig(p-MBA).4] (ref
[477).

Figure 10. Structure of [Auxs(SR)is]. A shows
centered icosahedral Au,; core and B shows added
attaching-Au atoms to A and C shows full-capped
structure by Au(l)-thiolates. This figure is from ref [49,
51], Jin@ report.
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Figure  13. Cationic  moiety  of
[Aug(dpph)a** (left) and [Auw(dppp)s]” -
Ref[56,57].
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Figure 13. Isolated Au:SR composition with total
valence electrons of the clusters. From ref [58]

17



P Uwe{ tOb”zfxz{ wt ft'“Ys “zh°$ s [x ~e0oMs
M{° $txULEE{ zEE«a@u»czAEE«au»"srwz|MUK”"{»’

tSZ€pxz 1nmZ<w{ wOUt+OLE«au»"qgMOuU">CZCQoM"{

FE{ x €& AJTIT'y\ hcwpz\wt?2U-""0lxz S‘f 2nmT
"CGAEEY"Agw{ >!zS'fi "z TEMzZSEMqMIh? fe t*”
hp@Ct‘lo F "reoM”\qU M{°MzZEE«aeu»cqMOOutxz?

fe ,Ww@Cs rT’ @.1 UxIV“q~'eoM”it;M’e0M” {f

0 AE«c&u»"xz — "s @UxK"Uz? fe zi"UszA¥l zu)

HO«Agt'* [-sERzl U* pV"OuUt;M’«oM”"CA¥T U"T

loM"« x—sXzi"dsw wcw«K"E{"“-~"M-=pxzh. z ;U
"W¥,«dJtsloX"UzTMtx [x l-pxsM hSz2mmZ<wU-«{

zf 0 AudOZiwx Twecwr>«du»"qze\qtbh”{

6. €B Y
1. O0S=99%$z 2004z0¥JY : qge*wbeé>S_ "o Oz 7 =1 %o
2. 2ezT>06z6>U&z0S ¥ (s q$z 199520 ¥liswhSw; +
s Oz 3
3. ">i°ziS*qzS>+]ztaAaz'>\1z{y6iz—a%z>a"
VzOSis=9Yq%$z 2012z0us=7iU3&" ' us$ ¥is Ozz
azl

4. S. Baruah and J. Dutta, Environ. Chem. Lett., 2009, 7, 191-204.
L. E. Kreno, K. Leong, O. K. Farha, M. Allendorf, R. P. Van Duyne and J. T. Hupp, Chem. Rev.,
2012, 112, 1105-1125.

6. C.J. Murphy, A. M. Gole, S. E. Hunyadi, J. W. Stone, P. N. Sisco, A. Alkilany, B. E.
Kinard and P. Hankins, Chem. Commun., 2008, 544-557

7. A4<|ez™a&0z Qi YYQqOIu & 2007z~22]

8. Y. Hung, T. Hsinung, Y. Chen, Y. Huang, and C. Huang, J. Phys. Chem. C, 2010, 114,
16329

9. M. Vendrell, D. Zhai, J. Cheng Er, and Y. Chang, Chem. Rev., 2012, 112, 4391

10. D. T.Quang and J. S. Kim, Chem. Rev., 2010, 110, 6280

11. K. Saha, S. S. Agasti, C. Kim, X. Li, and V. M. Rotello, Chem. Rev., 2012, 2739

12. (a) Nicolaou, K. C.; Bulger, P. G.; Sarlah, D. Angew. Chem. Int. Ed. 2005, 44, 4442, (b)

Miyaura, N.; Suzuki, A. Chem. Rev. 1995, 95, 2457

18



Q. Zhao, M. N. Buongiorno, W. Lu, J. Bernholc, Nano Lett., 2005, 5, 847

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.
26.

27.

28.

29.

30.

31.

J. Jia and Q. Wang, J. Am. Chem. Soc., 2009, 131, 16634

E. hutter, J. H. Fendler, Adv. Mater., 2004, 16, 1685

(a) T. Laaksonen, V. Ruiz, P. Liljeroth and B. M. Quinn, Chem. Soc. Rev., 37, 1836, (b)
S. Chen, R. S. Ingra,, M. J. Hostetler, J. J. Pietron, R. W. Murray, T. G. Schaaff, J. T.
Khoury, M. M. Alvarez, R. L. Whetten, Science, 1998, 280, 2098

C. King, J. Wang, M. Nazrul, I. Khan and J. P. Fackler. Jr., Inorg. Chem. 1989, 28,
2145

J. Chen, A. A. Mohamed, H. E. Abdou, J. A. K. Bauer, J. P. Fackler, Jr., A. E. Bruce
and M. R. M. Bruce, Chem.Commun., 2005, 1575

M. Daniel and D. Astruc, Chem. Rev., 2004, 104, 293

S. Gao, K. Ueno, H. Misawa, Accounts. Chem. Rev., 2011, 44, 251-260

K. Saha, S. S. Agasti, C. Kim, X. Li, and V. M. Rotello, Chem. Rev., 2012, 112, 2739
R. W. Murray, Chem. Rev., 2008, 108, 26388

(a) J. Zheng, C. Zhang, R. Dickson, Phys. Chem. Lett., 2004, 93, 77402, (b) J. Zheng,
P. R. Nicovich, and R. M. Dickson, Annu. Chem. Phys. Rev., 2007. 58, 409

B. Y. Zhu, H. Qian, M. Zhu, and R. Jin, Adv. Mater., 2010, 22, 1915

J. O. Meseguer, J. R. C. Antonino, |. Dom’nguez, A. L. PZrez and A. Corma, Science,
2012, 338, 1452.

q-,'2'8 -z0SugTq¥%z 1968z 232718

(a) R. Philip, P. Chantharasupawong, H. Qian, R. Jin, and J. Thomas, Nano Lett.,
2012, 12, 4661, (b) L. R. Hirsch, R. J. Stafford, J. A. Bankson, S. R. Sershen, B.
Rivera, R. E. Price, J. D. Hazle, N. J. Halas, J. L. West, Proc. Natl. Acad. Sci. 2003,
100, 13549.

>Y=z08=71q%$z O=fwA:3&e”Y 7 EAE{ (£2013z7qZ]

M. Haruta et al., Chem. Lett., 1987, 405, M. Haruta N. Yamada, T. Kobayashi, S.
lijima., J. Catal., 1989, 115, 301

(a) A. Stephen, K. Hashmi and M. Rudolph, Chem. Soc. Rev., 2008, 37, 1766, (b) M.
Cokoja, C. Bruckmeier, B. Rieger, W. A. Herrmann, and F. E. Kuhn, Angew. Chem. Int.
Ed. 2011, 50, 8510

(a) C. F. Shaw lll, Chem. Rev., 1999, 99, 2589, (b) D. H. Brown, W. E. Smith, Chem.
Soc. Rev., 1980, 9, 217, (c) D. L. Bryan, Y. Mikuriya, J. C. Hempel, D. Mellinger, M.
Hashim, R. F. Pasternack, Inorg. Chem., 1987, 26, 4180, (d) O. Racham, S. Nichols, P.
J. Leedman, S. J. B-Price, A. Filipovska, Biochem. Pharm., 2007, 74, 992

M. Faraday, Trans. Phil. Trans. Roy. Soc. 1857, 147, 145

19



32.
33.

34.
35.

36.

37.

38.

39.
40.

41.

42.
43.

T. Wriedt, Journal of Quantitative Spectroscopy & Radiative Transfer, 2008, 109, 1543
(a) J. Turkevitch et al., Disc. Faraday. Soc., 1951, 11, 55, (b) G. Frens, Colloid &
Polymer Science 1972, 250, 736, (c) G. Frens, Nature, Phys. Sci. 1973, 241, 20

L. Naldini, F. Cariati, G. Simonetta and L. Malatesta, Chem. Commun., 1966, 647

K. P. Hall, B. R. C. Theoblad, D. I. Gilmour, D. M. P. Mingos and A. J. Welch, J. Chem.
Soc., Chem. Commun., 1982, 528-530.

P.L.Bellon, F.Cariati, M.Manassero, L.Nardini, and M.Sansoni, Chem. Commun., 1971,
22,1423-1424

(a) J. W. A. Van der Velden, J. J. Bour, J. J. Steggerda, P. T. Beurskens, M.
Roseboom, J. H. Noordik, Inorg. Chem. 1982, 21, 4321-4324, (b) J. W. A. Van der
Velden, P. T. Beurskens, J. J. Bour, W. P. Bosman, J. H. Noordik, M. Kolenbrander, J.
A. K. M. Buskes, Inorg. Chem. 1984, 23, 146-151, (c) M. Manassero, L. Naldini, M.
Sansoni, J. Chem. Soc., Chem. Commun. 1979, 385-386, (d) C. E. Briant, K. P. Hall, A.
C. Wheeler, D. M. P. Mingos, J. Chem. Soc., Chem. Commun. 1984, 248, (e) C. E.
Briant, B. R. C. Theobald, J. W. Ehite, L. K. Bell, D. M. P. Mingos and A. J. Welch, J.
Chem. Soc. Chem. Commun., 1981, 201-202, (f) P. Bellon, M. Manassero, M. Sansoni,
J. Chem. Soc., Dalton Trans. 1973, 2423

G. Schmid, R. Pfeil, R. Boese, F. Bandermann, S. Meyer, G. H. M. Calis and J. W. A.
van der Velden, Chem. Ber., 1981, 114, 3634-3642.

B. K. Teo, X. Shi, H. Zhang, J. Am. Chem. Soc., 1992, 114, 2743

B. K. Teo and H. Zhang, Coord. Chem. Rev., 1995, 143, 611-636.

McPartlin, M.; Mason, R. J. Chem. SOC., Chem. Commun. 1969, 334.

Bellon, M. Manassero, M. Sansoni, J. Chem. Soc., Dalton Trans. 1972, 1481-1487.
P.L.Bellon, F.Cariati, M.Manassero, L.Nardini, and M.Sansoni, Chem. Commun., 1971,

22,1423-1424

44.

45.

46.

47.

L. H. Pignolet, M. A. Aubart, K. L. Craighead, R. A. T. Gould, D. A. Krogstad, J. S.
Wiley, Coord. Chem. Rev., 1995, 143, 219

Y. Shichibu, Y. Negishi, T. Watanabe, N. K. Chaki, H. Kawaguchi and T. Tsukuda, J.
Phys. Chem. C, 2007, 111, 7845-7847

(@) R. C. Price and R. L. Whetten, Journal of Physical Chemistry B, 2006, 110,
22166-22171., (b) T. G. Schaaff, G. Knight, M. N. Shafigullin, R. F. Borkman and R. L.
Whetten, Journal of Physical Chemistry B, 1998, 102, 10643-10646., (¢) T. G. Schaaff
and R. L. Whetten, Journal of Physical Chemistry B, 2000, 104, 2630-2641.34r, (d) T.
Teranishi, S. Hasegawa, T. Shimizu, M. Miyake, Adv. Mater., 2001, 13, 1699, (e) Y.
Negishi, K. Nobusada, T. Tsukuda, J. Am. Chem. Soc, 2005, 127, 5261

Jadzinsky, P.D., G. Calero, C. J. Ackerson, D. A. Bushnell and R. D. Kornberg,

20



48.

49.

50.

51.

52.

53.

54.
55.
56.
57.

Science, 2007, 217, 318

(a) E. G. Mednikov and L. F. Dahl, Small, 2008, 4, 534, (b) J. Akola, M. Walter, R. L.
Whetten, H. Hakkinen and H. Gr"onbeck, J. Am. Chem. Soc., 2008, 130, 3756

M. W. Heaven, A. Dass, P. S. White, K. M. Holt, R. W. Murray, J. Am. Chem. Soc.
2008, 130, 3754P3755.

M. Zhu, C. M. Aikens, F. J. Hollander, and G. C. Schatz, J. Am. Chem. Soc., 2008,
5883B5885.

J. F. PARKER, C. A. FIELDS-ZINNA, AND R. W. MURRAY, Accounts Chemical
Research, 2010, 43, 1289

(a) D. C. Benjamin, S. Gutrath, I. M. Oppel, O. Presly, I. Beljakov, V. Meded, W.
Wenzel, Angew. Chem. Int Ed., 2013, 52, 3529, (b) X. Wan, Z. Lin, Q. Wang, J. Am.
Chem. Soc., 2012,14750, (c) J. Chen, Q. Zhang, T. A. Bonaccoroso, P. G. Willard, and
L. Wang, J. Am. Chem. Soc., 2013, (d) A. Das, T. Li, K. Nobusada, Q. Zeng, N. L. Rosi,
and R. Jin, J. Am. Chem. Soc. , 2012, 134, 20286-20289

(a) A. Das, T. Li, K. Nobusada, C. Zeng, N. L. Rosi, and R. Jin, J. Am. Chem. Soc.,
2013, 23, 6, (b) A. Das, T. Li, K. Nobusada, Q. Zeng, N. L. Rosi, and R. Jin, J. Am.
Chem. Soc., 2012, 134, 20286, (c) C. Zeng, T. Li, A. Das, N. L. Rosi, and R. Jin, J. Am.
Chem. Soc., 2013, 10011, (d) C. Zeng, H. Qian, T. Li, G. Li, N. L. Rosi, B. Yoon, R. N.
Barnett, R. L. Whetten, U. Landman, and R. Jin, Angew. Chem. Int. Ed., 2012, 1,

(e) H. Qian, W. T. Eckenhoff, Y. Zhu, T. Pintauer, and R. Jin, J. Am. Chem. Soc., 2010,
25, 8280

D. A. H. Cunningham, M. Haruta, et al., J. Catal. 1998, 177, 1

Y. Shichibu, and K. Konishi, Small, 2010, 2, 1217

M. Schulz-Dobrick, M. Jansen, Z. Anorg. Allg. Chem., 2007, 633, 2326-2331.

J. M. M. Smits, J. J. Bour, F. A. Vollenbroek, P. T. Beurskens, J. Cryst. Spect. Res.,

1983, 13, 355-363.

58.
59.
60.
61.
62.

P. Maity, S. Xie, M. Yamauchi, and T. Tsukuda, Nanoscale, 2012, 4, 4027B37
Pekka Pyykks, Inorg. Chim. Acta., 2005, 358, 4113

Pekka Pyykks, Angew. Chem. Int. Ed., 2004, 43, 4412

D. M. P. Mingos, T. Slee, L. Zhenyang, Chem. Rev., 1990, 90, 383

D. M. P. Mingos, M. J. Watson, Adv. Inorg. Chem., 1992, 39, 327-399

21



H
TeY+OEE Au «dp»”w UR



1-1. S-w“A

S.-pxz 1,2-bis(diphenylphosphino)ethane (dppe) z1,3-bis(diphenylphosphino)propane
¢CdpppEsrw x  pNYi « t'"©e”38i®L>uAS$thb;b"\qpz 7
© w[Au7(dppp)a]** 28 © W[AUg(dppp)al*” z [Aug(dppp)eClo]” sTWyFstOEEU «&

U»” >UR “Z% XO0A¥ X ¢l rsz NMRZzESI-MS t‘loaelh{ ° Tt
U «au»"=00px zU i“";U7Gts” ~1il g o Til«As
EG@.>,kqb”l e ztUM 6U -tezPExuNYi>-¢ « t;MhOuU
tx lfeY 2 "-"ux ,q@rE’'«0S’'c2\etptsMyhs«au»"

"> _Mib\gtR- h{

1-2 pxzU«&u»"WUOROtmMMOE $s«> q“K[h{SZ€px\waT
'ZzZUPWAURO>;MhuR>a&lh{ 1-3 xz \efpwU«@u»"WoA¥w X ¢
I tmMo« > O'h{ 14USZ€tSZ"ALQgsloS*“za teY«au»
"WORQ% tmMoAl>\,h{$4at z“3i0¢suRigo>Ldh{ 1-5
xS-witqSqAeq h{ 1-6tS apA X~esTlhigA”"»w LzS"

|[URTg0 »>fZh {17 x€B Yq z- 7 ...pIR h{

S sp P!pG ' h4 TixzuRIw«™:sr< Sz °>f["asUK

IhhSz T'tZ h{

23



1-2. U«&pu»”"wuRO
1-2-1. ™ieY«du»”’0 RtmMowb%O”3ai™

omsigc«wU xaMFOIl zaMIpFOT wj »>qloS“z>Y
$tlerel="0MXqz Cuboctahedron zIcosahedron gM1lh @. ">~*Z
b\qUD6pK” *{HU wop <UEE{ U«8u»"xz\w'OsgV¥$s
2?29%t 2w i »>q“ebM\qUUOTIoM”"{\w\gqT’'z\efpt
UR”eoVhU«&u»"w "I xz,qoerUclG>Em @.0"pw "I

pKlh ?{HtxpNYiU « hm.sUj w "T'TRAe"U«@pu»”x
EG@. H»O "ut h 2 "> b"{

g\-UTRb”U :U 8 ‘“«—sMOutxz>@.-@@.1 »O"uq"
000 > EhsMU«8u»"T wC «UMXmTE ' «oM”"¢m.t Au w
P 2U RAsh«wtmMoE«Qyz%>2 “h>@.E”.w
[Aug(PAr3)g](NO3), ez@ . "><m [Au6(PAr3)6]2+¢TMtan’thEU Ob"D
60QUK”{ H. Schmidbaur xz X ¢1T rswM
wz@@.o0w? pSUz+ $6Tlhqg\,
oM” £2@ . w%>tztq|i~h UUAcI

>qlh  [AugLs(NOz), srpK” 3*{T 'sU’z
\e'XMCecoeYW«AU»"SITWURI K
"MxS I ti\Ruq ' o0™'sz/&*t pkK
"\qUO &"e0M"” 2ffwhSz2\etpK%
“«@NfNeCczScteYW«AU»"W>Qtm
MoZ€U S’eoVh{

\W‘'OseYpsMi UOAts”wxz$S
f'X «&u»”"w? T UzHR *Y«ay
»"wfeq Ys"qVi—-O{iMzSZ€tS
MOURAMNehtfeY «8u»”"w? $Qixz
eYwfeq xVYs”\qUI'TtsloM”{
NtzeY«QU»'XzK"O:p? $s
al ts“t =>1Z"qMIlh,S$s«a Figure 1-1. Picture of Top-do-
s W@ 2 M=UKoxt UzteV« wn/ Bottom-up method
Ap»"tmMox\wF Upoxt'czfwt Qt'’cK” S-R$t\R

24



b”hSz\R eb/rsrw!axz\w? abA¢T ' xI-t'YpVsM{t
MBQ"qzfeY«du»”'xjt s«@u»” <\RebXzfe'w? I
X sYwfeqGVXYsloM”:pu~ M{
°*$t«d u»"+LFE{ WORtxA;O0%uUeciMUq@AUzZ;OMUw 2 e
“K”¢ Figure 1-1H\+>€Rtbh"qz«QyteY«&u»">j%t 00>R
OrdoMZyzteYs«u»">AloURb”"\qUpV "T< esM{f"
ofw'OsteY W«lu»"eEE{ xzéxwcwqgxI'Tt? Y6UY
s"xcpKzp” MUQ>ObqRQ’«"{i..Zfipxz° $sU«apu»
"WUROtmMo ot\,h{
P 1 \wqVz K"0: xe0:qzy*"{U«&u»"wil > fccwj »p
ol weaeq o_hOutz>tlh©:pt =>0Z"hS«8u»"°t
Ob”7722? wi:t<F QUQg+"{ 8?2 z 18?2 z 20? z34? Ep
GVst =>0Z"qMO2bAc¢>&;pV”\qT 'z Imwj w'Ot{O
AUZR"gMO®Oj ¢ superatomfw“aeUK”"{gae=Tw HSkkinen’ x\
we>U«dpu»"t&; zt Q>°A"h {

1-2-2. Turkevich O°z Frens O°z Brust -Shiffrin O’

UWZAE{ WORMOXMXmT@E’+s0oM "{ J. Turkevich¢1951£t‘loC ~
eh =UZ>«aiZ¢ iNEfw 100 £9+tCQ” iO¢ Turkevich method £> —
0qz20nm Swou,wAE{ U™ «"{ Frens 'x«oiZqUwzp>!Q”
\gpz 10~150nm wU é A>URpV"gMOE >’ h{

Figure 1-2. Preparation method of thiolate
modified Au clusters. (Top) Brust-method,
(Middle) Ligand exchange, (Bottom) Modifi-
cation with thiolates.

25



\e'5C27rdz iNw ">!Q"\qpz7‘s{ WwWAE{ UUR"e

h{ iNg 0»iCiZ> :MhOutxzy 2nm SwWAE{ wuoRUDOGOpK
"\qUI'Ttreh{

Il cewU @qg¥le”Aqwi“?;UK"\qUO"ez-¢Ng - 0%!"¢

>;Mh NaBHjt'” i >ee0\qpz0s>tnle”A-¢ULEE{ >URpV”
\qU 1994 &w Brust-Schiffrin "wZ €t “1"Tt eh{\exz ;U¢Acn
PiEqQ+WEU%pPS >&0{i "1 g o0AA&!«%c¢czibCe¢U >C
QozNaBH; p i b”\gqpz ;Up ZwROq%!"¢cwaglhiaqUen’
0S Ul\*zaOs%!"¢UUt00”;’0 " tOWUMSE"+"hS{
UE°PTmM-"M«8u»”"U\R +bXs"qMOS pK”"¢ 1™ nfE \wS
X Brust-Schiffrin O zK”Mxo't Brust 0qzye.zUq * wzp>!Qh“z

e wi >1Q"\gqp{ £ 1>D..pV"\q<i'Ttreh {Brust Oxz6
qQU ‘' Xz0>pK”:qzt pK"gMO:T'%!e"A-¢ Au «&du»”wl
Rt¢eX; M esoM”{\w Brust OZZt<%!@"A«8u»”"WURMO Xz t
CE’+0M"{«Qy°SzxuNYi e p-¢ hU«&pu»"> NaBH; iO

t‘“Da’oSVz%!e”Ap « !db” « '60+zUaU"p X-¢
"hY6t%!"¢c>CQ"\qpz¥!e"A. t!16b"MOE s0M"¢ Figure
1-E

1-2-3. fw wuRO

>IUR %e&72770&73471t'lo"pYw{ >\R*d" pp-kb"M
Ot'loEE{ z«&u»">URb"MO{,S$tx » USMzQw«ap
»"pK"{

O;p0 % =02q3« ¢éA©OpAaei> 0 hY6pO;p>°ub”qz&’
§cU\R oUw iUI\“z{ U\Rb"qMOC «UK"{

W, f<pU =0G>C&°0z * > %o

U aCO¢ metal evaporation £
9+otU =0l0wa>>S ~d”"\gqp * ><m«ap»"wiuR>a O{
[Au7(PPh3)7]OH ¢ Auy;(PPh3)7(SCN)s x\wWMOt‘louR”~«h¢H 1 -€°f

U 7 > ; M”"M O%: Ti#CeHsCHs), > ; M ho © h . w iT
[Aus(PPhMes)1oCL] Uz +$6)ppuR~Aeh{
t«EE{ >n¢g¥hi-rdzfw™?2 fe ei”lUst'] 0% "ehgM
OZ€<sh"eoM"UzO:wi-sF x*eoMsM{iI\wWUuRO't SMo«z
OA¥wWl U> "eh«gMOwx:« Ob” SpK”{

26



SZe€pxzliasU zw2?21 U> Aehcw>; Mz, A=71$E >eu
"hoQpiu é0¢cpw«é&u»”f->éahyhs;6Cq>84"0S“z h
UlozEROi tmM OWBC>OAL oM {a ti" st " %o Uae™
mnZoMh«wUz™woA¥omS*‘|T rst'“zflhXY¥s"©:wU«
Au»"pKlhgMOAITU Ob”"\qT' «<zERwW wra@pxsXzl «
ShOQpw e UOApPK"{feqqctzpO«Agi«Oc«cu»"w? Y
61 tmMobD,"tx ®pK"qRQ"+"{

1-2-3. SZ€tSZ"UROwWU"

SZEpxz«8u»"WURMOQq 0zEmtG ~h ¢ Figure 1-3 £{ 1 m x z 1966

&t Malatesta 't‘lo-q”r*hMOpzU —Uh.w i OpzUq » wzp
t'lo™ e"«&u»”"WO:UK” S>1"hSz9 worSw)>b; o
e$WO:ZZw«apu»” >tMh“z6A¥e®c¢croat‘'loomb”MOpK
"Bi\wMOpxz,-p\,h Brust O« Turkevich O< fe”UzxuNYi o
semU«&u»”"w«q oxz Aui1(PPh3)7l3 « [Aug(PPha)g](PFe)s UE  $p K" {
MzUPAUROxXxzMlhoe RAdh«&pu»” t0’0zZaeT'w—9-«
S »)Q"\qpz Au ZWRO —o¢ %i-S >éa0 W«apu»"t!db”
gMOURMOPpK”{

Uh.—U w it*“”U€E$URO
Brust O z Turkevich O < %o

Au ~ ) Au9

A\ 4
\

Ligand

Figure 1-3-1. lllustration of schemes in conventional synthetic method
and post synthetic method.

27



UuAURO ¢Cluster-to-Cluster transformation £

iN Ligand _9-~5S

. RO—uo¢ lhia

—_— —

AN x >

+ 180
Z 4 C O [Y. Shichibu et al., Small, 2010]

Figure 1-3-2. lllustration of schemes in conventional synthetic method
and post synthetic method.

UpDAUROW«q 0z [Aug(PAra)g* >etiq h Z2wo¢%i-zROS U
['e” {Tablel-1tE $s«>tqSh {

28




Table 1-1. Growth and Etching reactions of Au:PRj3 cluster systems

Etching reaction Reactant Product Ref
[Aug(PPhs)g]?* PPhs [Aug(PPhs)g]** 14
[Aug(PPhs)g]** Na,S,C,(CN),) [Aug(PPhs)/]** 15
[Aug(PPhs)g]®* [RhCl(cyclooctene),], [Aug(PPhs)/]** 16
34 [Aug(dppp)al®”, .
[Aug(PPhg)g] dppp -
[Aug(dppp)a4]
[Aui3(PMe,Ph)1oClo] " PMe,Ph [Aui(PMePh)* 18
[Aug(PPhs)g]** K[Ag(CN),] [Aug(PPhRy)s]* 19
Growth reaction Reactant Prod uct Ref
[Aug(PPhs)/]** Au(NO3)(PPhy) [Aug(PPhs)g]** 20
- 4-pyridinethiol
[Aug(PAr3)s] , _ Au11(PPh3)7(4-pyS)s 21
in alkaline methanol
3+ 34 [AU13(PM92Ph)10C|2]3+.
[AUg(PPhg)g] [Aull(PMezPh)lo] 3+ 22
[AUg(PPhg)g]
[Au11(PPh3)sClo]Cl Ethanethiol [AUs(PPh3)1o(SEt)sCl)** 23
[(AuPPh3)sNNR;]BF4 decomposition [AuG(PPh3)6]2+ 24
1-3. U«ap»’w 7l
1-3-1. U«&u»"w I C «

I\W'Os«&u»”0RO0O>&a0 " sh«du»"waopzA¥l UC »
*OM"<WXSZ—sM{fe xzSi$tA¥="sM«wez/ET Qt‘“0A
¥ X ¢s,tGUsiU " esTIhhSzK”"MxrsUErpKIhhSiqgRQ
"e”{ 1980 AEs8tC "*hoA¥ X¢l x AugPj wwrspkK”Ou
U TIh{

1969 &t [Au(PPh3)/(SCN);JWA¥T UsSoC ~«0ZRz!8ivuw-¢"0O

+ D.M.P.Mingos 'z Schmidbaur zHoffman '>oit 0zYs”©:w AU «du»"”
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¢ [Au10(PPh3)s(CeFs)a] £ %' (Figure 1-6 (d))2 [Aug(PPhs)s]®* £ 2 (Figure 1-6 (a-c)) £,
¢ [Aug(PPhs)7]*" £°, ¢ [Aug(PPha)s]** £, ¢ [Aug{PCeH,Mes-1,3,5}]6°" £%° ¢ Figure 1-5 £,
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Figure 1-4. Structural diagram of hexanuclear gold cluster with ligandOs bridge
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Figure 1-5. Au-P structural diagrams of octanuclear gold clusters with ligands
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Figure 1-6. Au core structural diagrams of nonanuclear (a~c) and
decanuclear (d), undeca nuclear (e) gold clusters
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Figure 1-7. Structure of Auy clusters. Left
one is calculated structure but the right one is
experimentally obtained structure. Ref [33]
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Figure 1-8. Crystal structure
of Au14(PPh3)(NO3) ref [35]
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Figure 1-10. Acid-induced nuclearity convergence into Auys cluster. First step, reduce
Au(l)-complex with NaBHy,, resulting in production of polydispersed clusters. At second
step, add HCI (acid) to the mixture, then this step allows the mixture to convert into Augs.
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Figure 1-11. Facile synthetic schemes of diphosphine coordinated non-spherical Au
clusters. The details are described in Section 1-2.
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Figure 1-12. UV-vis spectral changes of [Au6L4]2+ (25.6 uM) after addition of Au(PPhj3)CI
(20 mol eq.) in methanol at room temperature. Inset: Time course of the formation of
[AusL4Cl,]*" estimated from the ! values of authentic samples.
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Figure 1-13. ESI-MS of monodisperse [Au8L4CI2]2+ in MeCN.
The isotopic pattern is shown in inset.
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Figure 1-14. ORTEP structure of [AugL,Cl;](PFs),. Hydrogen
atoms, counter anions and solvent molecule are omitted for clarity.
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Scheme 1-15. Synthetic route of Aug cluster species as an intermediate during the ligand
exchange reaction of [Aug(PArs)s]®* with L.
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Figure 1-16. (a) ESI-MS and (b) UV-vis monitoring of the reaction of [Aug(PPhs)g]®* with

L in dichloromethane. (i) [Aug(PPh3)s]*"; (ii) the reaction mixture after 15 min; and (iii)
after 7 h
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Figure 1-17. ESI-MS of [AugL®" solution in CH,Cl,. A set of
signals at <"1612.5 (m/z) was found. The isotopic pattern
showed good agreement with simulation.
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Figure 1-18. ORTEP structure of (a) [AugL4](NOgz), and (b)
[AugL4](NO3),. Hydrogen atoms, counter anions and solvent
molecule are omitted for clarity.
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Figure 1-19. UV-vis absorption spectra of before (blue) and after (green) the

reaction of [Au6L4]2+ with Ag”. The spectrum for crystal of [Au;L4](BF4); is shown
with pink line as a reference.
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Figure 1-20. ESI-MS of crystal of [Au;L4](BF4)sin methanol. The set of signals
was found at $1009.1 m/z.
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Figure 1-21. The ORTEP structure of [Au;L4(BF4)s. The counter anion,
hydrogen atoms and solvent molecules are omitted for clarity.
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Figure 1-22. ESI-MS of crystal of [AuyL@l(BFs); in
methanol. The set of signals was found at $1519.5 m/z.
The insert figure shows isotopic pattern of the signals.
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Figure 1-23. The ORTEP structure of
[Auy;LGI(SbFe)s. The counter anion, hydrogen
atoms, solvent molecules and some phenyl rings
are omitted for clarity.
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Figure 1-24. Spgt H}-NMR spectra of non-spherical Au clusters ([AupiLe]*,
[AusL4CLJ*, [AusLal®’, [AusLd®, [AusLs®’). The integral lines and value were

shown in red and the aSS|gnment of signals were depicted with the alphabet. The
signal a in NMR spectrum of [Au;L4]*" could be assigned to smaller Au complex.
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Figure 1-S1. UV-vis monitoring of the self-conversion of [Au8L4]2+ in methanol under the
aerobic condition. The cluster concentration was abt. 30 M. Absorption maxima at
558 nm indicated the formation of Au; cluster species. This result also suggested the
instability of [AusL4)** in methanol.

thz [Aul " qY»E"¢c—+ U9 “«>;M"\qpz Au; « Au»” wxC$
S\RUI\"\qU'<$t"TloM"{

Synthetic method of nonspherical Au clusters

1 Synthesis of Aug(Ph,P(CH,);PPh,)4Cl,](PFe),

Au(PPh)CI in chloroform (67 !'mol/1 mL) was added dropwise over ~1 min to a methanol solution
of [AugL4](NO3)2 (20 mg, 6.7 !mol) and the mixture was stirred at room temperature. After 60
min, diethyl ether (30 mL) was added to the reactiontung& and the resulting solid was collected
by filtration and washed with-@ropanol (2 mL " 10) to give [AsL4Cl]J(NO3), as a pinkish solid
(19.3 mg, 83%). The [AUPhP(CH,);PPh)4Cl;](NO3), thus obtained was mixed with NafE12
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Imol) in methanol/etlanol (40 mL each). After 30 min, the resulting precipitate was collected by
filtration and washed with ethanol (2 mL " 20) to give crud@ug(PhP(CH,);PPh)4Clo](PFe)2.
Crystals suitable for Xay analysis were grown by vapor diffusion of ether inteolution of the
cluster in dichloromethane. Elemental analysis: calcd (%) fog(PAwP(CH,);PPh)4Clo](PFe)2
(H,0), (C108H112Au804P10F12): C 35.46, H 3.09, Cl 1.94; found: C 35.49, H 3.14, CI 1.79. No
nitrogen was found.

1 Synthesis of Aug(Ph,P(CH,);PPh,)s](NO3),
To a dichloromethane solution (10 mL) of [#BPh)g](NO3)s (3) (100.0 mg, 24.7 'mol) was
added a dichloromethane solution (5 mLYRRLP(CH,);PPh) (61.0 mg, 148 'mol), and the mixture
was stirred at room terepature for 1 h. To this solution was added toluene (300 mL), and the
resulting red precipitate was collected by filtration. Washing with toluene and ether gave crude
[Aug(Ph,P(CH,);PPh)4(NO3), as a purple solid (30.2 mg, 59%). Crystals suitable fenay
analysis were grown by vapor diffusion of ether into a solution of the cluster in DCM. Elemental
analysis: calcd (%) for [AdiPh,P(CH,);PPh)4](NO3), WCH,Cl,)1 5 (C109.5H107 Au8O6N2P8): C
37.83, H 3.10, N 0.81, CI 3.06; found: C 37.66, H 3.28, 2,033 2.84.

1 Synthesis of Au7(Ph,P(CH,);PPhy)(BF )3

Excess of NaBfFwas added to solution of 400 pM [®hP(CH,);PPh)4(NO3), (11.4 mg in

MeOH 10 mL). After standing for 5 min, added 20 mL of diethylether to cluster solution then
filtered off andwashed the residue with ether and water. The solid was dissolved in MeOH 10 mL
(less soluble). 20 pL of 100 mM AgBih MeOH was added into the cluster solution in MeOH 10
mL, and then stirred. The solution color immediately changed from intense dlbeight
reddishpurple. After 5 min., purple precipitation was observed by addition of 30 mL diethylether.
The precipitation was filtered and washed with water and ethl@rystals suitable for ay
analysis were grown by vapor diffusion of ether iat@olution of the cluster in MeOHt room
temperature. Needl&ke reddishbrown crystal was obtained after 1day (Yields: 8.2 ®§5 %).

ESIMS showed a set of signals at # 1009.1 and the isotopic pattern was same as the result of
calculation. Elemental analysis didnOt show good agreement to calcd. CHN values. This method
was less reproducibility.

1 Synthesis of [Ay,(Ph,P(CH,),PPh)(SbFy);

To an ethanolic solution (75 mL) of APh,P(CH,),PPh)CI,(172.7 mg, 200 mol) was added an
ethanolic solution (5 mL) of NaBH(15.1 mg, 400 mol), and the mixture was stirred at 0 jC.
After 1 h, NaSbhF (excess) was added to the reactioixture, which was then mixed with acetone
(25 mL) / ethanol (100 mL). The resulting precipitate collected by filtration was washed with
ethanol to givdAu,,(PhP(CH,),PPh)¢] (SbR); as adark green solid (32.1 mg, 17%). Crystals
suitable for Xray aralysis were grown from ethanol/dichloromethane (1:1). Elemental analysis:
calcd (%) for[Au,,(PhP(CH,),PPh)s (SbR); (C156H144Aul1F18P12Sh3): C 35.59, H 2.76;
found: C 35.46, H 2.99; no nitrogen and chloride were found.
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Figure 2-1. A picture of Ars Vitraria
Experimentalis, Oder Vollkommene
Glasmacher-Kunst written by J.
Kunckel in 1679
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Figure 2-2. Size dependent Au
plasmonic absorption specra. (a) 1.5

Qi>b; h ;«x qO«yQ Zo (8.2) nm, (b) 3.4 (8.3) nm, (c) 5.4 (ce

M"4{

0.7) nm, (d)6.8 (08.5) nm (e) 9.7( 08.9)
nm (from ref [3] ).
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Figure 2-3. UV-vis absorption spectra of
thiol protected Au38 (small dotted),
Au67(red), Au~300 (dotted).
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Figure 2-4. UV-vis absorption spectra
of several small Au clusters.
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Figure 2-5. Absorption spectra of nonsph-

erical small gold clusters. A spectrum of

spherical Au110 (bottom) is shown as a
reference.
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2-3-1. E2xpuNYi efeY«@u» wli

OA¥XCT rst‘lo™’«h Aull z Au8Cl,z Au8 z Au7 zAub w § % ! il
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[AugL4Cl,]** ¢ AuSCI, £ [AusLa]** ¢ Au8 £

[AusL* ¢ Au7 £ [AusLa]”" ¢ Aub £

Figure 2-6. The cationic structures of non-spherical gold clusters. Hydrogen atoms
were omitted for clarity. The abbreviations were denoted in the side of each formula.
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Figure 2-7. Bodies of rotation (solid and dotted lines) of typical spherical or
nonspherical structures, (a) [Aus(PPh3)e]”*, (b) [Aus(P(p-tol)s)s]*"and (c) [AusL4]*".
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Figure 2-8. Bodies of rotation (right) of Au6 cluster. Horizontal rotations with top and
side views of the clusters were applied on Figure 2-7.
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Figure 2-9. Cationic structures of bitetrahedral and
distorted octahedral Aug clusters. Hydrogen atoms
are omitted for clarity.
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Figure 2-10. UV-vis absorption spectrum of
bitetrahedral (red line) and distorted octahedral
(black line) [AuG(PPh3)6]2+in CH.CI,
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Figure 2-11. Schematic illustration of HOMO and
LUMO of [Ausi(dppe)s]®*
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Figure 2-12. Core structure of AusO
without hydrogen atoms. Ref [12]
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Figure 2-13. Excitation and Emission spectra of (a) Au6 in MeCN, (b) Au7 in DCM,
(c) Au8Cl,in MeCN at room temparature. The excitation wavelength was

each  max-
xza«8u» " wu)puO«AciwDiu)AGpOpK”¢ Au6: 586 nm zAu7: 557
nm z Au8Cl,: 509 nm z Aull: 662 nm ffegew C«p O xfege Au6: 640 nm (very

weak) z 837 nm z Au7: 637 nm z Au8Cl,: 599 nm z Aull: ™870nm pKlh{\+'wC
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Figure 2-13 (from ref [14]). Geometric structures of (A) [Aus(HzP(CH2)3PH2)4]2+ z (B)
[Aug(H2P- (CH2)3PH.)4Clo]*" z (C) [Auyi(H2P(CH,),PH,)e* and (ii) Kohn'Sham (KS)
orbital energy level diagrams. (iii) Theoretical absorption spectra (solid lines) and
experimental spectra (dotted lines). Each KS orbital energy is relative to the HOMO
energy and is drawn to indicate the relative contributions (line lengths with color labels)
of the atomic orbitals of Au (6sp) in green, Au (5d) in blue, P (3p) in red, CI (3p) in
yellow, and others in gray.
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2-1.

Table 2-S1.

Structral parameter of subnano-clusters and information of absorption bands

Entry Cluster Geometry Core-exo (!) Core-Core (!) I max (NnmM) Solvent el ~$%" £
1 [AusLa](NO3)2 Hmmmmsmmﬁﬂo: 2.790-2.815 2.609-2.971 586 DCM 8.91 104
2 [Au7La](BF ) %mﬂwwwaas 2.901, 2.949 2.652-2.878 557 MeOH 251 104
3 [AusL4](NO3)2 tritetrahedron b 2.607-2.854 521 DCM 3.0! 104
4 [AusLaClo](PFs)2 gaﬁwﬂ%ma: 3.072, 3.053 2.779-2.872 509 DCM 271 10°
5 [Au11Le](SbFe)s ccmwﬁmww% 2.778-2.826 2.629-2.971 663 DCM 8.9 104
6 [Aus(PPhs)s](BFa)2 bitetrahedron b 476 DCM i)
2.71-3.05

7 [Aus(PPh3)s](BF4)2 octahedron b 364 DCM 0.6! 10*
8  [Aun(PMezPh)io](BPha)s _omm_m_mwﬁ: ) ) 422 DCM 221 104
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Figure 2-S1. Absorption spectra of several phosphine-stabilized gold clusters.
(@) [Auzo(P(Phpy2)s)10Cla]*"  in DCM, (b) [Auzx(dppo)e]*” in DCM, (c)
[Au24(PPh3)10(SC2H4R)sClo]" in DCM, (d) [Au25(PPh3210(SEt)5CI2]2+ in CHCls,

() Auw(PPhs):Cls (experimental), (f) [Au1(dppp)s]™, (9) [Aua(PPhMez)10]™*
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Figure 2-S2. Cationic structures of phosphine-stabilized gold clusters.
(a) [AUzo(P(PhPYZ)a)loC|4] , (b) [Auz2(dppo)s]””, () [AU24(PPh3)1o(SCZH4R)5C|2] (d)
[Auzs(PPh3)10(SE)sClo]”" (e) Aus1(PPhg):Cls, (f) [Au11(dppp)s]>, (9) [Auss(PPh,Me);o]*"

Tz () x5mwO:>z “zalwj >t""h Auis WE” .1 z (d) (c)w o
auUj ><ml z (€ aC¢A "w  Aupz(f) E2xuNYi ¢ «j Ub,
OPEW Au;i1z(g) AC¢A "w  Auis pK”{ \e'wi qu)pO«Ag>0

d’qzS -wifeY Aull p< 'Y~eh'Otz Aull « Aul3 UfegeS“Mt%

0 hT w«dpu»"pxz“yoEg2”wu)iiAUqgeoM” 16.47.18.19.20.21.22 ¢
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Table 2-S2. Electronic absorption and photoluminescence spectral data of
crystallographically characterized centered PGCs and related clusters.?

Abs bands ( PL &m
N Cluster formula Solvent [nm] b [M'l Cm-l] [nm] ©
8 [Aug(PPha)sl(BF4)» MeOH 460412370 nd nd
9 [Aus(PPh)gl(NO3); MeOH gi’i 375352 16)10* NP
(443 nm)
9 [Aug(P{p-MeOCgsH4}3)s] 456 379 342 1.6) 10 4
(BF4)3 DCM 316 nd
(456 nm)
11 e ~500 (sh) 421 4
[Aull(PPh3)8C|2]C| MeOH 380 308 4.0 ) 10 NP
(421 nm)
11 [Au11(dppp)s](NOs)s ~500 (sh) 425
DCM 0001 nd NP
11 [Auu(PMePh,)1](BPhy)s beM 422374,298  53)10* o
(422 nm)
11 [Aui(PMePh,)10](CB)s 425378302 38)10*
DCM nd
(425 nm)
11 [Aus(PMe;Ph)yo](BPh,)s © 412,368,293 30)10*
DCM nd
(412nm)
13 [Auss(PMe:Ph)oCLI(PFe)s oy, 428 338 1.0)10° o
(338 nm)
13 [Aui3(PMePh,)sCl](CB)® 425(sh) 341 17)10°
DCM nd
(341 nm)
13 493 359 304 4
[Auis(dppe)sClz]Cls MeCN 9.3) 10 266
(359 nm)
13 [Auss(dppp)sClalCl® MecN 430340 nd ~780
20" [Auxo(PPh{4-Py})1oCLICL [y, 493 344(Sh) . .
22 Auyy(dppo)s DCM 456 nd ~700
24 [AU24(PPh3)10(SC2H4Ph)5 560 383
Xo]" DCM nd ~818'
25 [Auzs(PPha)io(SEDSCLI™ [\, 670,415 nd 1000

4 NP: no photoluminescence; nd: no data given. ° Shown for the bands at > 290 nm.
® Excitation at lowest-energy absorption band. ® CB: C,BgH1,.  © Not identified by
single crystal X-ray diffraction but the purity was checked by mass spectral and/or

elemental analyses. " & = 500 nm.
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Figure 3-1. Results of Differential Pulse Voltammetry of Auy,; (left top), Ausg (left
bottom) and Auss(PPhz)1,Clg from ref [8], [12].
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Figure 3-2. UV-visible absorption spectra of 1 in MeOH (25 *M, 4
mL) before (green) and after the addition of NEt,Cl in MeOH (2 moleg.
/10 *L) (10min, red; 1 h, blue) at r.t. under aerobic condition.
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