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Two windmill-like Ag3Cu5 alkynyl clusters were synthesized 

and characterized. They display novel PL and ECL 

properties, which could be modified by changing of the 

substituent on the alkynyl ligands. According to the study of 

electrochemical behaviours, ECL behaviours and ECL 10 

emission spectra of the Ag3Cu5 clusters, a possible ECL 

mechanism was proposed. 

Electrochemiluminescence (ECL) has become a powerful 
analytical technique during the past decades due to its high 
versatility, simplified optical setup, good temporal and spatial 15 

control, and fast sample analysis.1 Among the various materials 
investigated in ECL study, an important branch is metal 
complexes due to their thermal and photochemical stability and 
high photoluminescence (PL) efficiency, and most of the ECL 
studies on metal complexes have focused on tris(2,2'-20 

bipyridine)ruthenium(II) (Ru(bpy)3
2+)2-3. With the increasing 

application of ECL, it is considerable interest to develop new and 
efficient ECL labels that can be easily modified for different 
samples analysis.4-5 

Coinage-metal alkynyl complexes have attracted considerable 25 

attention of both rich structural diversity and remarkable 
photoluminescent (PL) properties over the last few decades.6 
With respect to the very large number of homometallic M(I) (M = 
Cu, Ag, Au) alkynyl complexes, heterometallic coinage-metal 
alkynyl complexes have been much less explored because of the 30 

difficulty in controlling the heterometallic arrays and the 
tendency to form homo metallic arrays.6-15 To the best of our 
knowledge, the number of Ag(I)−Cu(I) heterometallic alkynyl 
arrays is extremely scarce and only a few papers12-15 have 
reported the synthesis and PL properties of these complexes. 35 

Moreover, survey and analysis of the literatures showed that the 
ECL properties of coinage-metal alkynyl complexes were 
completely unexplored. It is known to all that the PL of coinage-
metal alkynyl complexes could be modified via changing of the 
alkynyl ligands,6 suggesting that they may also be functioned as 40 

controllable ECL luminophores. This inspired us to extend the 
corresponding chemical research for the preparative routes to the 
Ag(I)–Cu(I) compounds, followed by the photophysical and ECL 
studies of the novel objects, thus opening up a new class of 
controllable ECL systems for analytical application.  45 

Compounds [Ag3Cu5(C≡CC6H4R-4)6(µ-dpppy)3](ClO4)2 (R = 
H (1), CH3 (2); dpppy = 2, 6-bis(diphenylphosphino)pyridine) 
were prepared by reaction of [Cu2(µ-dpppy)3](ClO4)2 with 3 

equiv of [Ag(C≡CC6H4R-4)]n (R = H, CH3) and satisfactorily 
characterized† by ESI-MS, 1H NMR, 31P{1H} NMR, elemental 50 

analyses, IR spectroscopy, and by X-ray crystallography16 

(Detailed data in Table S1-S2 †).  

 
Fig. 1 (a) ORTEP drawing of the cation of complex 2 with atom labelling 

scheme showing 30% thermal ellipsoids, (b) dpppy-stabilized Ag3Cu5 55 

cluster core. Phenyl rings on the phosphorus atoms and hydrogen atoms 
are omitted for clarity. 

As depicted in Fig. 1 and Fig. S1†, the Ag3Cu5 heterometallic 
clusters show a windmill-like structure that can be regarded as a 
hexagonal bipyramidal rotational axis (Ag3Cu5) and three sails 60 

of the windmill consisting of three dpppy ligands. The 
hexagonal bipyramidal apices are occupied by two copper(I) 
centres (Cu4 and Cu5) with a C3 axis through the two copper(I) 
atoms, and the hexagon (Ag3Cu3) is made of three silver(I) and 
three copper(I) centres. It is obvious that the Ag3Cu5 cluster 65 

structure is stabilized by three auxiliary tridentate diphosphine 
ligands (dpppy) and six alkynyl C (C1, C11, C21, C31, C41, and 
C51) donors (Figure 1). The dpppy ligand adopts a tridentate 
bridging mode, with two P donors bound to two silver(I) atoms, 
respectively, and the N donor bound to one copper(I) atom 70 

(Cu−N, 2.057(12)-2.088(7) Å), forming two five-membered 
coordination rings, which is different from our reported 
[Ag2Au2(C≡CC6H4R-4)2(µ-dpppy)3](ClO4)2 complexes8a. The 
alkynyl ligand adopts a very asymmetric µ3-bonding mode, in 
which it coordinates to two copper(I) atoms and one silver(I) 75 

atom, to form six tetrahedrons (CAgCu2) and lie on the pyramid 
(AgCu2) of the hexagonal bipyramid (Ag3Cu5). The Cu−C 
lengths (1.916(16)−2.135(12) Å) are always much shorter than 
those of Ag−C (2.490(9)−2.689(10) Å). The copper(I) atom is 
surrounded by two C and one N donor to give a T geometry for 80 

the Cu1−Cu3, and by three C donors to afford a distorted 
trigonal-planar environment for the Cu4 and Cu5, respectively. 
The silver(I) centre displays distorted tetrahedral surroundings 
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with one P and three acetylide C donors. The Ag···Cu 
(2.615(2)−3.216(2) Å), and Cu···Cu (2.531(2)−2.740(2) Å) 
distances fall in the range of closed d10 shell interactions typical 
for coinage metals.12-15 

The UV−Vis absorption spectra of 1 and 2 (Fig. S2†) are 5 

characterized by two absorption regions at < 350 and 417–436 
nm. The higher-energy absorptions below 350 nm are typical for 
ligand-centered [π→π*] (dpppy ligand)8a absorption and the 
intraligand [π→π*] (C≡CC6H4R-4) transitions of the alkynyl-
phenyl moieties.6−15 The lower-energy absorption bands of 417–10 

436 nm, are likely to from metal-centered (1MC) [d/Cu→p/Cu] 
transition, mixed with some LMMCT [C≡CC6H4R-4→Ag3Cu5] 
transition, based on a slight red-shift in energy from the 
phenylacetylide complex 1 to 4-methyl-phenylacetylide 2 
counterparts.  15 

Both complexes 1 and 2 display orange luminescence with a 
microsecond range of luminescent lifetime (Table S3†). 
Comparing the emissions of 1 and 2 both in solid state and in 
fluid solution, a slight red-shift in energy is observed on going 
from the phenylacetylide complex 1 to 4-methyl-phenylacetylide  20 

counterpart 2 (Fig. S3†). Interestingly, the emissions of 1 and 2 
(590−609 nm) are considerably red-shifted compared to those of 
Ag4Cu2, Ag6Cu2, and Ag8Cu2 alkynyl clusters (450−522 nm) in 
solutions.12-14 The emissions of 1 and 2 are free of oxygen 
quenching effect and similar to a few recently reported Ag(I)–M(I) 25 

(M = Cu, Ag) complexes7, 10, 13, for which the Ag3Cu5 core is well 
protected by the surrounded dpppy ligands. Therefore, the 
emission of the Ag3Cu5 complex is likely derived from a 
3LMMCT 3[C≡CC6H4R-4 and dpppy→Ag3Cu5] transition, mixed 
with an Ag3Cu5 cluster-centered triplet excited state modified by 30 

metal−metal interactions, in view of the short Cu−Cu and Cu−Ag 
contacts.7-14 

It is noteworthy that the emission intensities of 1 and 2 in 
CH3CN/H2O solution are dramatically increasing with the 
increasing of the ratio of water, and the emission energies are 35 

both slightly blue-shifted (Fig. 2). The quantum yields of 1 and 2 
both follow the order in CH3CN/H2O (10:90, v/v) (Φ = 0.062 for 
1 and 0.058 for 2) > CH2Cl2 (Φ = 0.015 for 1 and 0.013 for 2) > 
CH3CN (Φ = 0.004 for 1 and 0.007 for 2). The remarkably 
enhanced emission of 1 and 2 in CH3CN/H2O may be ascribed to 40 

the aggregation-induced emission (AIE) as reported by our and 
other groups,17 since complexes 1 and 2 are soluble in CH3CN, 
but poor water solubility. This could prove valuable for 
application as potential luminescent probes particularly for those 
demanding in water. 45 

 

Fig. 2 Emission responds of complex 1 in various CH3CN/H2O mixtures. 
From the bottom to the top the ratio of water: 0, 25%, 50%, 75%, and 

90%. 

The redox behaviors of 1, 2 (0.1 mM) and dpppy ligand (1 50 

mM) for comparison in CH3CN (0.1 M TBAP) were investigated 
by cyclic voltammetry (CV) and differential pulse voltammetry 
(DPV) at a scan rate of 100 mV s-1 (Fig. S4†). Both 1 and 2 
undergo three irreversible oxidation processes in the potential 
range of + 0.80 to + 0.84 V, + 1.42 V, and + 1.70 to + 1.84 V, 55 

respectively. Based on the similar oxidation potentials observed 
in the dpppy ligand, the irreversible oxidation waves for 1 and 2 
are ascribed to the oxidation of the dpppy ligand. 

Much to our surprise, both 1 and 2 in solutions exhibit 
excellent ECL activity, although their quantum yields of PL are 60 

not high. To the best of our knowledge, this is the first case that 
alkynyl metal complex exhibits ECL emission without amine or 
peroxydisulfate as coreactants, which is distinctly different from 
those found in alkynylgold(III)4b, [Pt2Ag4(C≡CC6H4R)8] (R = H, 
CH3)

4a and alkynylplatinum complexes4c.  65 

 

 

 

Fig. 3 ECL curves of 10 µM 1 (black), 2 (red) and [Ru(bpy)3]Cl2 (blue)  
on a GC working electrode in a CH3CN (5%) solution (pH 9.0) containing 70 

0.05 M (A) PBS (95%), (B) BBS (95%), and (C) Tris-HCl (95%) in the 
absence of TPrA; (D) Tris-HCl (95%) in the presence of 1 mM TPrA. 

Fig. 3A-3C shows the ECL emissions of compounds 1 and 2 
in different media solutions, when the potential is swept from 0 to 
+2.0 V. It is found that the ECL response of 1 and 2 is most 75 

sensitive in Tris-HCl/CH3CN. Therefore, the effects of the other 
experimental conditions, such as the ratio of CH3CN solvent and 
pH in Tris-HCl/CH3CN solution, and electrode materials were 
further investigated. It is found from Fig. S5A that the ECL 
intensities of 1 and 2 are pronouncedly increasing with the 80 

increasing of the ratio of Tris-HCl buffer solution. The ECL 
intensities are increasing with the increasing of pH at the range of 
pH 7.5–9.0 in Tris-HCl/CH3CN solution, but they are decreasing 
sharply (Fig. S5B†) upon further increasing of pH, which may be 
ascribed to the instability of 1 and 2 in strongly alkaline solutions 85 

(pH > 9.0). Additionally, it was observed that the electrode 
materials greatly affected the ECL of 1 and 2 in the solution 
containing 0.05 M pH 9.0 Tris-HCl (95%) and CH3CN (5%) 
solution. Among Pt, Au, and GC working electrodes, the ECL 
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intensities of 1 and 2 both follow the order: GC electrode > Au 
electrode > Pt electrode. It is noted that the potential of the 
maximum ECL intensity of complex 2 is shifted toward more 
negative potential by about 10-50 mV and 40-330 mV than that 
of 1 and [Ru(bpy)3]Cl2, respectively, under the same 5 

experimental conditions. Furthermore, ECL quantum efficiency 
of 2 is slightly higher than that of 1, and is on the same order of 
magnitude as that of [Ru(bpy)3]Cl2. These indicate that the ECL 
of the current Ag3Cu5 clusters could be modified only via 
changing of the substituents on the alkynyl ligands, opening up a 10 

new strategy for the design of other heterometallic alkynyl 
clusters with novel ECL properties for different samples analysis.  

To further investigate the ECL mechanism, we measured the 
ECL spectra of 1 and 2 with a series of optical filters and 
compared them with their PL spectra, respectively. The ECL 15 

spectra of 1 and 2 are almost identical to their PL spectra, 
respectively (Fig. S6†), indicating formation of the same emissive 
states generated both in ECL and PL.1,2,4 Moreover, it is evident 
from above experimental results that the ECL intensities of 1 and 
2 are pH-dependent: the higher pH is used, the stronger ECL 20 

intensity is observed. This indicated the ECL responses of the 
current Ag3Cu5 clusters result from that OH- anion in the media 
reacts with electrogenerated [Ag3Cu5]

4+ to produce the excited 
sate [Ag3Cu5]

4+*. This result suggests that the hydroxyl ion acts 
as a co-reactant in the ECL process of the current Ag3Cu5 25 

clusters.  
Tri-n-propylamine (TPrA) has been used as a popular 

coreactant to enhance the ECL intensity in the ECL system due to 
its solubility in both organic and aqueous solutions.1-5 Fig. 3D 
show the coreactant ECL emission of the current Ag3Cu5 clusters 30 

in the presence of TPrA as coreactant on a GC working electrode. 
When the potential was scanned positively, a weak ECL signal of 
1 in the presence of 1 mM TPrA was first observed at 0.97 V at 
GC working electrode, and then a strong ECL signal at the 
potential of 1.48 V was obtained. In analogy with the known 35 

[Ru(bpy)3]
2+ / TPrA system1, 2, the ECL generation from Ag3Cu5 

clusters could be explained by the following reaction:  
[Ag3Cu5]

2+ − 2e- →[Ag3Cu5]
4+                                    (1) 

TPrA − e- → TPrA• + H+                                              (2) 
[Ag3Cu5]

4+ +  TPrA• →[Ag3Cu5]
4+* +  P1                   (3) 40 

[Ag3Cu5]
4+*→[Ag3Cu5]

4+ + hν                                    (4) 
where TPrA• is (CH3CH2CH2)2NC•HCH2CH3, and P1 is 

Pr2N
+=CHCH2CH3. Under the same experimental conditions, the 

potential of the maximum ECL intensity of 1 is shifted by about 
50 mV toward more positive potential than that of 2. ECL 45 

quantum efficiencies of 1/TPrA system (φ°ECL= 0.68) are higher 
than that of 2/TPrA system (φ°ECL= 0.44), measured using 
[Ru(bpy)3]Cl2/TPrA system as a standard.[4] 

 

Conclusions 50 

In conclusion, we have demonstrated an effective self-assembly 
preparative methodology of Ag3Cu5 heterometallic alkynyl 
clusters. The current Ag3Cu5 heterometallic alkynyl clusters 
display novel PL and ECL properties, which could be modified 
by changing of the substituent on the alkynyl ligands. Although a 55 

few PL heterometallic silver(Ι)-M (M = Cu(Ι) or Au(Ι)) alkynyl 
clusters have been reported in the literatures, the current Ag3Cu5 
heterometallic alkynyl clusters, to the best of our knowledge, are 
the first case that shows ECL emission. The present work 

provides a new strategy for the design of other heterometallic 60 

alkynyl clusters with novel ECL properties and could be expected 
to extend the applications of heterometallic alkynyl clusters in 
ECL analysis. 

This work is funded by Key Science Project (type A) of the 
Fujian Provincial Department of Education, China (Grant 65 

JA12021), the Science Foundation of the Fujian Province, China 
(Grant 2014J01046), and the National Basic Research Program of 
China (Grant 2010CB732403). 

Notes and references 

a Ministry of Education, Fujian Provincial Key Lab of Analysis and 70 

Detection for Food Safety, and College of Chemistry, Fuzhou University, 

Fuzhou, 350108, China. E-mail: qhw76@fzu.edu.cn. 
b Beijing Synchrotron Radiation Laboratory, Institute of High Energy 

Physics, Beijing 100039, and State Key Laboratory of Structural 

Chemistry, Fujian Institute of Research on the Structure of Matter and 75 

Graduate School of CAS, Fuzhou, Fujian 350002, China. 

† Electronic Supplementary Information (ESI) available: Experimental 
details; Crystallographic parameters and the details for data collections 
and refinements of the two Ag3Cu5 clusters, and Fig. S1–S6. See 
DOI: 10.1039/b000000x/ 80 

1 a) A.  J. Bard, Electrogenerated Chemiluminescence, New York, (Ed: 
Dekker) 2004; b) A. J. Bard and L. R. Faulkner, Electrochemical 

Methods: Fundamentals and Application. 2nd ed.; John Wiley and 
Sons, New York, 2000, Chapter 6; c) M. M. Richter, Chem. Rev. 

2004, 104, 3003-3036; d) W. J. Miao, Chem. Rev. 2008, 108, 2506-85 

2553; e) L. Z. Hu and G. B. Xu, Chem. Soc. Rev. 2010, 39, 3275-
3304. 

2 a) W. J. Miao and A. J. Bard, Anal. Chem. 2004, 76, 7109-7113; b) 
N. Nickita, G. Gasser, P. Pearson, M. J. Belousoff, L. Y. Goh, A. M. 
Bond, G. B. Deacon and L. Spiccia, Inorg. Chem. 2009, 48, 68-81; 90 

c) Q. H. Wei, Y. F. Lei, Y. N. Duan, F. N. Xiao, M. J. Li and G. N. 
Chen, Dalton Trans. 2011, 40, 11636-11642; d) H. Wei, J. Y. Yin 
and E. K. Wang, Anal. Chem. 2008, 80, 5635-5639. 

3 a) E. H. Doeven, E. M. Zammit, G. J. Barbante, C. F. Hogan, N. W. 
Barnett and P. S. Francis, Angew. Chem. Int. Ed. 2012, 51, 4354-95 

4357; b) X. F. Tang, D. Zhao, J. C. He, F.W. Li, J. X. Peng and M. 
N. Zhang, Anal. Chem. 2013, 85, 1711-1718; c) S. N. Ding, D. Shan, 
S. Cosnier and A. L. Goff, Chem. Eur. J. 2012, 18, 11564-11568. 

4 a) Q. H. Wei, L. J. Han, Y. Jiang, X. X. Lin, Y. N. Duan and G. N. 
Chen, Inorg. Chem. 2012, 51, 11117-11125; b) Z. F. Chen, K. M. C. 100 

Wong, V. K. M. Au, Y. B. Zu and V. W. W. Yam, Chem. Commun. 

2009, 7, 791-793; c) Z. F. Chen, K. M. C. Wong, E. C. H. Kwok, N. 
Y. Zhu, Y. B. Zu and V. W. W. Yam, Inorg. Chem. 2011, 50, 2125-
2132; d) E. F. Reid, V. C. Cook, D. J. D. Wilson and C. F. Hogan, 
Chem. Eur. J. 2013, 19, 15907-15917. 105 

5 a) J. Suk, P. Natarajan, J. N. Moorthy and A. J. Bard, J. Am. 

Chem.Soc. 2012, 134, 3451-3460; b) M. Shen, X. H. Zhu and A. J. 
Bard, J. Am. Chem. Soc. 2013, 135, 8868-8873; c) K. N. Swanick, 
M. Hesari, M. S. Workentin and Z. F. Ding, J. Am. Chem. Soc. 2012, 
134, 15205-15208; d) W. W. Guo, J. P. Yuan and E. Wang, Chem. 110 

Commun. 2012, 48, 3076-3078; e) L.Y. Zheng, Y.W. Chi, Y.Q. 
Dong, J. P. Lin and B. B. Wang, J. Am. Chem. Soc. 2009, 131,4564-
4565. 

6 a) V. W. W. Yam, Acc. Chem. Res. 2002, 35, 555-563; b) R. 
Buschbeck, P. J. Low and H. Lang, Coord. Chem. Rev. 2011, 255, 115 

241-272; c) Z. N. Chen, N. Zhao, Y. Fan and J. Ni, Coord. Chem. 

Rev. 2009, 253, 1-20. 
7 a) I. O. Koshevoy, A. J. Karttunen, J. R. Shakirova, A. S. Melnikov, 

M. Haukka, S. P. Tunik and T. A. Pakkanen, Angew. Chem. Int. Ed. 
2010, 49, 8864-8866; b) I. O. Koshevoy, A. J. Karttunen, I. S. 120 

Kritchenkou, D. V. Krupenya, S. I. Selivanov, A. S. Melnikov, S. P. 
Tunik, M. Haukka and T. A. Pakkanen, Inorg. Chem. 2013, 52, 
3663-3673; c) P. S. Chelushkin, D. V. Krupenya, Y. J. Tseng, T. Y. 
Kuo, P. T. Chou, I. O. Koshevoy, S. V. Burov and S. P. Tunik, 
Chem. Commun. 2014, 50, 849-851. 125 

Page 3 of 6 Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



 

4  |  Journal Name, [year], [vol], 00–00 This journal is © The Royal Society of Chemistry [year] 

8 a) Y. Jiang, Y. T. Wang, Z. G. Ma, Z. H. Li, Q. H. Wei and G. N. 
Chen, Organometallics 2013, 32, 4919-4926; b) Q. H. Wei, L. Y. 
Zhang, G. Q. Yin, L. X. Shi and Z. N. Chen, J. Am. Chem. Soc. 

2004, 126, 9940-9941; c) Q. H. Wei, L. Y. Zhang, G. Q. Yin, L. X. 
Shi and Z. N. Chen, Organometallics 2005, 24, 3818-3820. 5 

9 T. U. Connell, S. Sandanayake, G. N. Khairallah, J. M. White, R. A. 
J. O’Hair, P. S. Donnelly and S. J. Williams, Dalton Trans. 2013, 42, 
4903-4907. 

10 a) I. O. Koshevoy, Y. C. Chang, A. J. Karttunen, M. Haukka, T. 
Pakkanen and P. T. Chou, J. Am. Chem. Soc. 2012, 134, 6564-6567; 10 

b) I. O. Koshevoy, Y. C. Chang, A. J. Karttunen, J. R. Shakirova, J. 
Jänis, M. Haukka, T. Pakkanen and P. T. Chou, Chem. Eur. J. 2013, 
19, 5104-5112; c) I. O. Koshevoy, C. L. Lin, A. J. Karttunen, J. 
Jänis, M. Haukka, S. P. Tunik, P. T. Chou and T. A. Pakkanen, 
Chem. Eur. J. 2011, 17, 11456-11466. 15 

11 G. F. Manbeck, W. W. Brennessel, R. A. J. Stockland and R. 
Eisenberg, J. Am. Chem. Soc. 2010, 132, 12307-12318. 

12 a) Q. H. Wei, G. Q. Yin, L. Y. Zhang, L. X. Shi, Z. W. Mao and Z. N. 
Chen, Inorg. Chem. 2004, 43, 3484-3491; b) Q. H. Wei, G. Q. Yin, 
L.Y. Zhang and  Z. N. Chen, Organometallics 2006, 25, 4941-4944. 20 

13 a) I. O. Koshevoy, A. J. Karttunen, Y. C. Lin, C. C. Lin, P. T. Chou, 
S. P. Tunik, M. Haukka and T. A. Pakkanen, Dalton Trans. 2010, 
39, 2395-2403; b) O. M. Abu-Salah, M. S. Hussain and E. O. 
Schlemper, Chem. Commun. 1988, 212-213 

14 Z. H. Chen, L. Y. Zhang, Z. N. Chen, Organometallics 2012, 31, 25 

256-260. 
15 a) M. S. Hussain, O. M. J. Abu-Salah, J Organomet. Chem. 1993, 

445, 295-300; b) M. S. Hussain, M. U. Haque, O. M. J. Abu-Salah, 
Cluster Sci. 1996, 7, 167-177. 

16 CCDC 1025983 and 1025984 contain the crystallographic data for 30 

compound 1 and 2, respectively, in this paper. These data can be 
obtained free of charge from The Cambridge Crystallographic Data 
Centre via www.ccdc.cam.ac.uk/data_request/cif. 

17 a) G. Yu, S. W. Yin, Y. Q. Liu, J. S. Chen, X. J. Xu, X. B. Sun, D. G. 
Ma, X. W. Zhan, Q. Peng, Z. G. Shuai, B. Z. Tang, D. B. Zhu, W. H. 35 

Fang and Y. Luo, J. Am. Chem. Soc. 2005, 127, 6335-6346; b) Y. H. 
Jiang, Y. C. Wang, J. L. Hua, J. Tang, B. Li, S. X. Qian and H. Tian, 
Chem. Commun. 2010, 46, 4689-4691; c) X. X. Lin, Z. H. Li, X. Y. 
Huang, Y. Jiang, Q. H. Wei and G. N. Chen, Dalton Trans. 2014, 43, 
8861-8867. 40 

Page 4 of 6Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



 

1

Graphic Abstract for Contents 

Novel Electrochemi- / Photo-Luminescence of Ag3Cu5 Heterometallic Alkynyl 

Clusters 

Yi Jiang, Wen-Jing Guo, De-Xian Kong, Jin-Yun Wang, Qiao-Hua Wei,* and Guo-Nan Chen  

Two windmill-like Ag3Cu5 alkynyl clusters were synthesized and characterized. They display novel PL 

and ECL properties, which could be modified by changing of the substituent on the alkynyl ligands. 

According to the study of electrochemical behaviours, ECL behaviours and ECL emission spectra of the 

Ag3Cu5 clusters, a possible ECL mechanism was proposed. 

  

 

Page 5 of 6 Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



 

2

  

Figure of Contents 

 

 

 

 

 

Page 6 of 6Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t


