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Synthesis and Nonlinear Optical Properties of Hexagonal Prism
Shaped Metal Cluster Compound Mo,Ag4Ss(dppy )4
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Abstract A new hexagonal prism shaped metal cluster compound Mo,AgsSs(dppy)s was synthesized and
structurally characterized by single crystal X-ray diffraction measurement. Its third-order nonlinear optical
(NLO) properties were investigated by using a Z-scan technique under nanosecond laser pulses at 532 nm.
Optical nonlinear response of the metal cluster was researched by using a time-resolved pump-probe ex-
periment under picosecond laser pulses at 532 nm. The experimental results show that the metal cluster ex-
hibits both optical self-focusing effect and optical nonlinear absorption. The nonlinear refractive index n,,
the nonlinear absorption coefficient 3, and the third-order nonlinear susceptibility »* of Mo,AgsSs(dppy)s
are 1.45X10 "esu, 6.2X10 " m/W, and 2.1 X10 " esu, respectively. The experimental results indicate
that the optical nonlinear response for Mo,Ag,Sg(dppy)s originates from the combination of nonlinear ab-
sorption and nonlinear scattering.
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K T IR R Mo,AgySe(dppy)s, T V55
W,Ag,Ss(AsPhy), 1775 & ae s N A# - Schlenk
FOR, FEE A E TSI 70 70 T 15 00 B B 75 48 K ¢
J. BE T [NHgo[MoSa)Z AL BT A7 (f1 4k 2% 24 b 8 02 75
W BRI SRAF I, JF HAAT 40 23— 20 i) S Al s bl A
M. 7EseBrifl &k e, K AgBr (0.751 g, 4 mmol),
[NH,4],[MoS4] (0.520 g, 2 mmol)F[NEt,]Br (0.420 g, 2
mmol) TR A HAEWHR F R BE 0.5 h, REAR B J5 (1R &
YA dppy (1.079 g, 4.1 mmol) i £E FH & ACEL 2 (1R,
SRIGHE A CH,ClL, (25 mL), fE= Mk 24 h. g
J5 A9 20 RS 21 B S IS (50 mL)REAT 73 )2, LR
Jii, AFRIRLLE A, 43 i-PrOH Hl E6O BE4TVE
o, IR R TR BIRE i Mo,AgsSs(dppy)s, /7%
H:1.65 g, 42.7%. C, H, N JLE 3 HT4E Perkin-Elmer 240
RCHE TR, R KBr R ik005e T 48 Pk
1A Mo,Ag,Ss(dppy)s [F1 21 48 (4000~400 cm ™), IR
(KBr) v: 3447.93, 1569.52, 1478.84, 1447.78, 1434.26,
1419.97, 1157.26, 1095.91, 986.95, 766.10, 741.80, 722.60,
692.66, 519.40, 507.51, 452.19 cm™'. Anal. calcd for
CosHssAgsN4P4SgMo,: C 42.25, H 2.92, N 2.90; found C
42.15, H2.89, N 2.87.
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PREEH . RIS 21 Mo,Ag,Ss(dppy)s Hi, 1 F Bruker
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1 Mo,Ag,Ss(dppy)a I A4 K 4h
Table 1 Crystal data for Mo, Ag,Ss(dppy)s

Formula CesHssAgyN4P,SsMo,
Formula weight 1932.89
Crystal system Triclinic
Space group P1T (No.?2)
a/nm 1.1330(2)
b/nm 1.2378(2)
c¢/nm 1.3458(3)
al(®) 94.01(1)
p/(°) 97.02(1)
y/(°) 107.92(1)
V/nm® 1.7708(6)
VA 1

De/(geem ) 1.813
w/mm”! 1.798

F (000) 952
Crystal size/mm 0.20X0.20X0.30
A(Mo Ka))/nm 0.071073
Reflections collected 8827
Independent reflections 6118
Variables refined 406
Goodness-of-fit on F* 1.086

Ry 0.0564

@R> 0.1421
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Nd: YAG Fkm#0E R 48 (Continuum 2 7)), % HH B0
Ky 532 nm, KPP TEE A 8 ns (FWHM), BEEMIHEN 1
Hz, NSO bk 8 s 1) R0 23 Ta) b 5230 AL A v 30 3 A
S0 B SCHR[1 712840 A SR BIRE Fh R T RO ik
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Figure 1 Experimental setup of pump-probe

HESAEIEZ) N 100 mm 4 REFWCERIERIES D, .
KT A ER O E TS Mo,AgsSs(dppy)s 1) 32 2E
RPN, AT DMF ¥, Ceo RIS 14N
Kb T (FLARZI 0 30 nm)!"™KGEVE BT Mo,Ag,Ss(dppy)s
DMF 5 1) IR 8] 43 B 2 i R PR 0k EE S5

3 H#HR5ITE

31 &M

&R AT A Mo,AgsSs(dppy)a 112 B 25 1 5]
X1 PR, Bt M, 1 96 [NHy[MoS,) A
AgBr 77 AR B AT I ) o (] P2 (R), SRS PR G A4
(1) P HUAR Br S 1 7= A= R R P24 i), e R =40 (i)
SR AT R AR DR A TR A A g s R

S S 2

[MoS,]% +2AgBr

Ag—S PX [ S—7Ad Mo~
/ S—//-\g\\S
P P

(ii) (iii)
B 1 Mo,Ag,Ss(dppy). & i £k
Scheme 1 The synthetic route of Mo,Ag,Sg(dppy)4
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2 MoyAg,Sy(dppy)s 7 2 B AN A
Table 2 Selected bond lengths (nm) and angles (°) for Mo,Ag,Ss(dppy)s
Ag(1)—P(1) 0.2419(2) Ag(2)—P(2) 0.2426(2) Mo(1)—S(4) 0.2122(2)
Ag(1)—S(3) 0.2545(2) Ag(2)—S(3) 0.2519(2) Mo(1)—S(1) 0.2211(2)
Ag(1)—S(1) 0.2548(2) Ag(2)—S(2) 0.2551(2) Mo(1)—S(2) 0.2217(2)
Ag(1)—S(2) 0.2706(2) Ag(2)—S(1) 0.2720(2) Mo(1)—S(3) 0.2238(2)
Ag(1)—Mo(1) 0.29925(11) Ag(2—Mo(1) 0.29635(10)
P(1)—Ag(1)—S(3) 113.61(7) PQ)—Ag(2)—S(3) 117.91(7) S(4—Mo(1)—S(1) 106.29(8)
P(1)—Ag(1)—S(1) 131.65(7) P(Q)—Ag(2)—S(2) 131.13(7) S(4—Mo(1)—S(2) 106.28(8)
S(3)—Ag(1)—S(1) 92.89(7) S(3)—Ag(2)—S(2) 93.98(6) S(1)—Mo(1)—S(2) 110.63(8)
P(1)—Ag(1)—S(2) 112.39(7) PQ)—Ag(2)—S(1) 97.32(6) S(4—Mo(1)—S(3) 108.44(8)
S(3)—Ag(1)—S(2) 104.90(6) S(3)—Ag(2)—S(1) 119.87(7) S(1)—Mo(1)—S(3) 112.14(8)
S(1)—Ag(1)—S(2) 97.40(6) S(2)—Ag(2)—S(1) 96.98(7) S(2)—Mo(1)—S(3) 112.65(7)
= - P\ b, qo(2)=BLLIO+Z%/23), p AL R, L
=3 s P st =0yt LD, L= e,
, s L ° ,\VIo . /|A9 A RS, o REVERIBCREL, 1 RFEMIBIERE, x=
A9 = s olz ROCHRIIRTST K. SRR IFAL Z F s
S—g p—" XSS AFEIGA I AL ASCE A Eq. (L%
\p S\AQ\P HFFAL Z I S s 45 9L, B 3 R, o IO{E R IHITY

Scheme 2  Structural sketch of Mo,Ag,Ss(dppy)s
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Figure 2 ORTEP diagram of Mo,Ag,Ss(dppy)s
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