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B 4135 0 5 A T PR A BT R A 5 5 R I R AR [ 7% [AgseS 12('BuS)0(CF3C0,) 15]*6CH;CN8H,0  (Agse) Al [AgssSio-
(‘BuS)0(CF3C0,),4(CH;CN)s]*6CH;CN (Agsg). 4 XRD 454 RAEFR B PR AR R R N 3R 33 Agy, AI0: Agss
T Agiy WAZ BRI H ST+ RS, T Agss T Agys WIZ BT AT WM GTHETE 4540, Agys WAZ ST R 51E T
WA R AN ST AT S AE Lk, ML T Agse HF 12 1> Age L5 A T0 M FLER T B ERIR AP TS, Agss HIANZEH
JEFIEIR “ Age-Ags-Agi-Agio-Ags-Agy” JER A XIERR T GiEIE 4158, SR40- 77 WL ISO6 1% R 5% et T A 0 9% 1A,
TR 17 Agse FH Agsg 25 14 (1) 22 570 L BB LA B o R A & = AR e . AR TAE AN B A R AR R M R A BB T
TR BRI TR RSB, it — DR FBRAR BIAE (0T RO R A R4 78 JE .
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Formation of Spindle-Like Ags; Cluster Induced by Isomerization of [Ag,,]
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(“ State Key Laboratory of Materials Processing and Die & Mould Technology, School of Materials Science and Engineering,
Huazhong University of Science and Technology (HUST), Wuhan 430074, China)
(% Henan Key Laboratory of Functional Salt Materials, Center for Advanced Materials Research,
Zhongyuan University of Technology, Zhengzhou 450007, China)

Abstract The atomically precise silver(I)-thiolate clusters in nanoscale have attracted extensive attention for years due to
their attractive aesthetic structures and potential applications. Herein, two novel core-shell structured silver(I)-thiolate clusters
of [Ag5ﬁs]z(tBus)z()(CF3C02)12]'6CH3CN'8H20 (abbreviated as Ag56) and [Agsgs12(’BUS)20(CF3C02)14(CH3CN)(,]'6CH3CN
(Agsg) are prepared by employing the self-assembly method in solution. Especially, with the introduction of dimethylforma-
mide (DMF) and bis(diphenylphosphino)methane (DPPM), the ‘BuSAg precursor reacted with CF;CO,Ag to produce a novel
cluster Agsg instead of Agse that has a similar structure with previous reports. X-ray structural analysis indicates that both
clusters have Ag;, core units. But different from the common dodecahedron structure in Agsg, the spindle-shaped Ag4 struc-
ture in Agsg is discovered for the first time and then induces the shell structure of Agsg to form a rare spindle shape, in which
silver atoms are layered in a form of “Agy-Agg-Ago-Agio-Ags-Ag,”. Notably, the spindle-shaped Agy, is formed by rhombic
dodecahedron being symmetrically pulled outward. Thus, there are obvious similarities and differences between the two Agy4
core structures. Compared with the previously reported the face-centered cubic Agy, prepared by solvothermal methods, the
rhombic dodecahedron and the rhombic dodecahedron-like (spindle) Ag;, were obtained at room temperature, which indi-
cates that the formation of the clusters is a thermodynamic control. However, the change of solvent and auxiliary ligands also
caused the Ag;4 rhombohedral dodecahedron to deform and transform into a spindle-shaped structure, proving that the for-
mation of the clusters is also a process controlled by kinetics. These prove that the synthesis of clusters is a process dominat-
ed by both of kinetics and thermodynamics. The UV-Vis absorption and fluorescence spectra show that the structure discrep-
ancies of the two clusters deriving from the isomerization of Agy, units significantly affect the energy levels and fluorescence
properties of the clusters. This study enriches the thiolate-silver cluster family and provides new samples and insights for
understanding the formation mechanism and properties of such core-shell architectures.

Keywords silver(I)-thiolate clusters; Ag;,; isomerization; self-assembly
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N Agse/W, Hsal= /K IR), HHELL N B NIZ NS
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S@Ag, M Agsd™. BRItz ob, Kk Ia i
IR AN SO TH) Ag, 451, BT T _EikiE
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Agu WAL U EE R — B AR R, AT Agiy W
FAA 5 S (AN () 5 AL B AR T 72 PO FF 97t R S B
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(Agse). HE— D BUR IR BLFAF, @I =R R 1
R B 4 Bl N,N-— FRE R 2 (DMF), -7 e R4 22 H
G AL ) e Bic AR (DPPM), FINY BT 58 #%
i R B 7% [Ag1sS1:@Agau(‘BuS)a(CF3CO,)14(CH;CN)g)e
6CH;CN (Agss). il X HHERATH TR Agse Fl Agss
PR o L S T+ AR DL R T WL ST T ) Agyg
PIAZ, (R B AT A 56 3 5 A [ % 1) e 2 M R a4 T

Z

JL.

2 HR5WIL

‘BuSAg Rk 5 CF;CO,Ag £ — S bt/ R/ s
B A R P AT RN, BB T W AR R
[Ag56812(tBuS)20(CF3C02)12]-6CH3CN-8H20 (Agse). 7%
Agse H[AZ14S12]"" W IZ AN [Aga(‘BuS)y(CF3CO,)15]" " 41
FEHRMRUIE 1a F1 1d). W% Agi, ST NZER+ ZHfk
JUTEEH, 5 AgsyW HINZSSH—5M. 78 Agy, ,
Ag-Ag BT E N 0.2906~0.3304 nm, HFHE KL
4903037 nm, KW T Agyy PR T (8] 4A7E B 2 1)
AR EAEH. 124 S BP0l Ag, 2B+ ik
/3 A Ag Fiehr, Hb Ag—S #KJEE N 02395~
0.2634 nm. FTAH S BT HRIETHWH BuS Fifk
C—S BMWR, X—IRIEmR BN G R
jﬁ[44’45]-

@ 1 (a) ET/}% Agss E’J?&W%ﬁ]l’é}, (b) E]ﬁ Agso 5#)’1{’4}%&
[Ags(‘BuS)s(CF;CO.)] S Te A Xz B 45 M5 (¢) [Age('BuS)s(CF3CO,)]
FBICEE; (d) [AgiaSn]AILEEI; (o) Agis 22T+ RS, Bith
R Ag 5, G, S By, ;0 4E;F e C KE

Figure 1 (a) Overview structure of Agse; (b) the detailed shell structure
of Agse and the position relationship of [Ags(‘BuS)s(CF;CO,)] motifs in
the shell; (c) the structure of [Ags('BuS)s(CF;CO,)] motif; (d) the struc-
ture of [Ag4S;2] core; (e) the dodecahedron structure of Ag4 unit. Color
codes: Ag, purple and green; S, black and yellow; O, red; F, light green;
C, grey
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Ho6 LA a0 19 77 3008 BE A 5T 2 [Agaa(‘BuS)s0-
(CF5CO2)1]" " (H 1b). [Age('BuS)s(CF;CO,) M4
JGH 5 A BuS 5 5 MRIE TR B IEER— M,
WEH e — PP — MRET 5 — 1 1,-CFCO, Ak
KFaE. HEHE, XML 5 AN EEEC A 1A
ML BRI T — AN FICH R, X5 Agsd W 25141
#ﬁ[ﬂ].

I Agss A RS FE A I & H bt/ F I/ LS ) =
VTR Bk 2 ) F R R N N-— R R BB i, 3 BLAE
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= 1- & W B B ). e T 2R o o S5 S 3R 3E T R
DPPM FC A4 SR K A2 R AR T o, PRk, XY
VT I C AT T AR AR A 5 6 IR 1) B 22,

HL G XRD KA TR 7 Agsg 45 b 1E P2y/n 2 (A1,
HiEf it 2a s, BliE Agss @/éTT[Anglz]W
P Z [ Agas('BuS)a0(CF5CO,) 1 4(CH;CN)6 ' Ah5e 45 4y,
H ARG SRR %[ AgssS13(AdS) ] B A . 7E
7% Agss FINEEH, FEF LML Ag, S5H(E
2b). ZEEHIH Agee-Ag BEKTERTN 0.2922~0.3369 nm,
SFIEE R 0.3119 nm, 35T 2 (W2 AT BF S5 1) ER-FRAH
HAEM. A, EAYIETE Ag, MBI K G0 BN
0.8031 nm, FHHEEEA 0.6076 nm. 5 xttk, EHA
AR Agyg WAL TR S AR R TR BRI 0.6790
nm(HWE 2a). JiFEIE Agy T LUE BUE HIZETE -+ A
T AN T X ik st ) AR R T 0 DRI R AN Ao Y
W EE M AAAE S B AR AL A 22 e bk, 5 SR B
ORISR AE T A BRI O T 4548 Agyy BIFEN

C, axis

B2 Agse M Agss 111 Agiy BICHIZETE A+ T Y (a) 5 H TR
T (b)FEAH [FIRLA T XS LR

Figure 2 The comparison of Ag;, dodecahedron (a) and spindle-shaped
structure (b) viewed along the same direction in Agse and Agss
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HT 22 Agy WIZZRRZN, HiE Ags
HI4ME &5 [Ag44(tBUS)20(CF3C02) 14(CH;CN)6] 0 5 b7
R ERR I Y, X 5 Agse AR RIZER]. H
5 Py, 5 MHE S DU T 1 AR A I S [Age] T IR
58 %% “yKit” BREIEH BAFE. W 3b iR, Agss
SNEERW P RRETHY 2O B AEE A &M
“Ags-Ags-Agi-Agio-Ags-Agy” FATINER A0, HARLR
JZIE AN 0.3 nm 245, 20 A~ ‘BuS FeARE s 58 g
(49 5 oK T S R i A LT b s PR D 52 )2, IR A,
14 A pp-CF3CO, 43041 T 56 )2 3% 11 33 111 16 2] ~F- 1 He A LA
FASTESSHIBIVER]. o Ag—S, Ag--Ag f1 Ag—O ##
K3 43 9104 0.2376~0.2819 nm, 0.2937~0.3387 nm £/l
0.2219~0.2472 nm. [FIEF¥55]50F CH;CN {E Ao 2L
R HER P, H Ag—N f#KJEHE ) 0.2206~

B3 (a) KR Agss MRS, (b) BIFE Agss S1 702 RARIR TR R
ARG () [AguSpI WL (d) Agy JIHEIREEH. BEAY:
Ag %, 5t S ;0 AN B F RS C K

Figure 3 (a) Overview structure of Agss; (b) the detailed structure of
shell and layer architecture in Agss; (c) the structure of [Ag;4S;2] core; (d)
the spindle-shaped structure of Ag;s unit. Color codes: Ag, purple and
green; S, yellow; O, red; N, blue; F, light green; C, grey
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Figure 4 Characterizations of Agss and Agss including the UV-vis ab-

sorbance spectrum (a), optic energy gap calculation (b) and photolumi-
nescence spectrum (c)
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L4k, ‘BuSAg (b &2 225 Uk B T 1A S
. A5 Agse A1 Agsy 100 1A 5 250408 2 SR F4H 4 8
Bruker D8 Quest 73 BT AXCHATILEE. Sl IARZE 142 F) F B
BT RNT, FERI SHELXL-2014 ¥51&. % Agse f1
Agss &5 R A5 8 RT DL o 81 M 1A HOHE EE G 2 3R
(CCDC 2010788 A1 2010789, www.ccdc.cam.ac.uk/
data_request/cif). C, H, O JG & 7 M1 £ 1 K H 19 42
PerkinElmer 2400 JEER 2 HTX. UV-Vis IOt g2 I H]
PE Lambda 750S UV-vis 73606 #EAT . 500t
R FP-6500 561 SGHAT K 7047
4.2 [Ag5681z(tBUS)20(0F3C02)12]'GCH3CN'8H20
(Agse) Bl &

FHL ‘BuSAg (0.06 g, 0.30 mmol)F1 CF;CO,Ag (0.11
g, 0.50 mmol)¥f#AE 12 mL i) 5 e/ I/ EE(V ©
Viv=1:1:DEREHERD. ER T 15 min J5,
VSR AR VS JE AT I U, EVE T B IR BN I ER
B GARIEK, KL — GRS 220 0%
&, P23 19%. Anal. calcd for Cii6Hy14NgO3:S3Ag56F36:
C13.99,H2.15,0 5.14; found C 13.86, H2.17, O 5.13.

4.3 [AgssS1a(BuS)20(CF3CO,)1a(CH3CN)s]*6CH3CN
(Agss) Bl &

FREL ‘BuSAg (0.06 g, 0.30 mmol), CF:CO,Ag (0.08
g, 0.36 mmol) LA J B ( K BEE) H bt (0.01 g, 0.03
mmol)Af#AE 12 mL [ & T e/ LHE/DMF (V' V. V=
101 DEREEFRIH. El N 15 min J5, HHZ
T AR R B R ANt AR TR DR, D8
WE T BRI AT h =45 R, KA — 50T LA
W82 B 20 0 SR AR AR B, 7R % 15%. Anal. caled for
Ci30H216028S3,Ag58F4: C 15.10, H 2.06, O 4.27; found C
15.19,H 2.09, O 4.41.
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