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We report here the synthesis of [Cu 2 (TFA) 4 ( t Bu 2 S) 2 ] (1), [Ag 4 (TFA) 4 ( t Bu 2 S) 4 ] (2) and [AuCl( t Bu 2 S)] (3) (TFA = trifluoroacetate), which decompose in solution medium at ultra-low temperature (e. g., in boiling toluene) to afford phase-pure and highly crystalline Cu 9 S 5 , Ag 2 S and metallic Au nanoparticles, respectively. The low decomposition temperature of these precursors is attributed to the facile decomposition mechanism in the di-tertiary-butyl sulfide ligand. These results are a significant step in the direction of establishing a general low-temperature strategy spanning a range of systems including thermodynamically metastable materials and incorporate them in technologies that are sensitive to the harsh conditions.

The solution phase soft-chemical pathways to nanomaterials, such as sol-gel or metal-organic decomposition (MOD), have many advantages over traditional ceramic routes including access to desired forms of inorganic nanomaterials at much lower temperature. [1][2][3][4][5] These solution phase synthetic methods also provide a high homogeneity to the resulting chemical system, and are cost-effective and easy to implement at larger scale for the synthesis of nanomaterials. [6][7][8] As compared to the commonly used hydro/solvothermal synthesis, which usually results in the thermodynamically stable end products, the designed precursors with all the constituent elements preorganized in a molecular framework can potentially influence the decomposition route and, consequently, overcome the thermodynamic impediments to produce nanomaterials under milder conditions and with better control over their properties, leading sometimes to isolation of even thermodynamically metastable phases. During molecule-to-materials transformation, the organic groups/ligands are eliminated to afford the desired metal-containing materials. [9,10] Therefore, a detailed understanding of the structural rearrangements and sequential elimination of the organic ligands during the transformation/ degradation of these metal-organic precursors under certain reaction conditions is of utmost importance as it allows the rational design of specific compositions and morphologies of materials having improved chemical and electronic properties. [START_REF] Mathur | Comprehensive Organometallic Chemistry III[END_REF] Since the 'hot injection' method reported in 1993 by Murray et al. for the synthesis of monodisperse cadmium chalcogenide nanoparticles (NPs), [START_REF] Murray | [END_REF] several solution-phase methods involving either single source precursors or separate metal and chalcogenide reagents have been explored for the synthesis of colloidal metal chalcogenide NPs. These exploit a wide variety of different chalcogenide ligands/reagents such as tertiary phosphine chalcogenides, sulfur and selenium dissolved in octadecene or amines, chalcogenoureas, chalcogenolato, chalcogenocarbamato, xanthate, dichalcogeno-imidodiphosphinato, and so on. [13][14][15] However, a majority of these precursors require high temperature, a condition that not only enhance the grain growth but also favors formation of thermodynamically stable species only. General low-temperature synthetic strategies that span a range of systems are not yet well established. Lowering the reaction temperature requires identifying reagents that are reactive at low temperature. Other rationales behind exploring alternate chalcogenide reagents include low cost, ease of handling, non-toxicity, purity, and the ability to tune the nucleation and growth kinetics.

The silylated chalcogenoethers (R 3 Si) 2 E (E = S, Se, Te) have been employed as excellent starting reagents for the synthesis of metal chalcogenide nanomaterials and clusters owing to their ability to transfer the chalcogenide anion (E 2À ) under mild condition and versatility in reacting even with non-conventional metal reagents or being employed in a variety of synthetic methods. [16][17][START_REF] Foos | [END_REF] These silylated chalcogenoethers react readily with a metal reagent MX n (X = alkyl, halide, amide, carboxylate), where facile and homogeneous delivery of chalcogenide (E 2À ) to the metal center and MÀE bond formation are promoted by the generation and elimination of the corresponding R 3 SiX. [19][20][21][22][23] On the contrary, the exploit of non-silylated chalcogenoethers R 2 E (R = a non-silylated alkyl group; E = S, Se, Te) have been mainly restricted to the elaboration of thin films by chemical vapor deposition technique requiring usually high temperature. [24,25] Only recently, we have employed nonsilylated selenoether ligands, particularly the ones having facile decomposition mechanism, [26] for the first time in the solutionphase synthesis of metal selenide NPs for the photocatalytic applications. [27][28][29][30] Thus, the reactions of t Bu 2 Se with coinage metal reagents not only resulted in the formation of binary and ternary metal selenide NPs at room temperature (RT) but also allowed us to isolate and characterize highly reactive molecular intermediates during the reactions. These have important implications in understanding the molecule-to-nanoparticle transformation better and developing a perspective for the synthesis of even compositionally complex materials with greater control.

Here we extend the above work to di-tertiary-butyl sulfide t Bu 2 S by reasoning that CÀS bond is more stable than CÀSe bond, which should increase the stability of the intermediates sufficiently so that they become stable at RT but decompose at slightly higher temperature to generate metal sulfide NPs under ultra-mild but controlled conditions. Indeed, a lower reactivity of sulfide precursors in comparison to analogous selenide precursors has previously been demonstrated and explained on the basis of density functional theory (DFT) calculations. [31] As a case study, we focused our attention on coinage metals, as their chalcogenides offer numerous advantages such as low bandgaps, high chemical stability, high absorption coefficients, NIR surface plasmon oscillations, etc., [32][33][34] and show a large variety of applications in the field of thermoelectrics, [35] photovoltaics, [36] bioimaging, [37] thermochromics, [38] and NIR absorption. [39] The non-silylated di-tertiary-butyl chalcogenides, t Bu 2 E (E = S, Se, Te) have been studied for their facile decomposition at low temperature, although their exact decomposition mechanism has been a subject of intense debate. [40,41] The possible initial steps in the decomposition include (i) CÀE bond cleavage to give t Bu * and t BuE * radicals, and (ii) β ÀH elimination to give isobutene and tertiary-butyl chalcogenol (Scheme 1). While it was proposed using deuterium labelled experiments that t Bu 2 Se undergoes decomposition via initial SeÀC bond cleavage, [40] recently it was shown using ab initio calculations that the nonradical β-H elimination pathway could almost fully account for the decomposition of t Bu 2 S, even though radical reactions do have an effect on the product distribution. [31] This difference in the decomposition mechanism of t Bu 2 Se and t Bu 2 S may be traced to a slightly different bond strengths of the CÀS and CÀSe bonds, the former being thermodynamically more stable.

Owing to this facile decomposition, the di-tertiary-butyl chalcogenides t Bu 2 E (E = S, Se, Te) have been used as E-source in dual CVD to obtain thin films of metal chalcogenides. [42] However, this facile decomposition mechanism has been rarely exploited as a strategy in preparing single source precursors with low thermal decomposition temperature. In recent years, we have described direct synthesis of binary and ternary coinage metal selenide NPs Cu 2-x Se, Ag 2 Se and AgCuSe at RT from the reaction of t Bu 2 Se with Cu(TFA) 2 or/and Ag(TFA) (where TFA = trifluoroacetate) in a variety of solvents (diethyl ether, tetrahydrofuran or toluene). [27][28][29][30] Isolation and single crystal X-ray structural characterization of highly reactive intermediates [Cu 2 (TFA) 2 ( t Bu 2 Se) 3 ], [Ag(TFA)( t Bu 2 Se) 2 ] and [Ag 2 Cu(TFA) 4 ( t Bu 2 Se) 4 ] during the course of these reactions confirmed that Cu 2-x Se, Ag 2 Se and AgCuSe NPs are formed via above intermediates, respectively. These isolated intermediates are kinetically and/or thermodynamically unstable, as indicated by changes in their color within few days even at low temperature and in Argon atmosphere (they turn black due to their transformation into metal selenides) and confirmed by the DFT calculations.

Here we have extended these studies to t Bu 2 S. The rationale behind replacing t Bu 2 Se with t Bu 2 S was that a slightly stronger CÀS bond in the later would enhance the stability of the intermediate at RT and ensure their decomposition only at slightly higher temperature. This would not only allow storage of the precursors at RT for longer period but also impart more control during their transformation to metal chalcogenide NPs. Indeed, t Bu 2 S reacted differently with Cu(TFA) 2 , Ag(TFA) or HAuCL 4 in toluene and, unlike reactions of t Bu 2 Se, did not lead to change in the color of the solutions or any precipitation even after stirring for 2-3 h at room temperature. However, upon refluxing, it yielded either black (in the cases of Cu and Ag) or brown (Au) precipitates immediately. While the XRD analysis of the black precipitate obtained from the reaction of Cu(TFA) 2 showed the presence of a mixture of Cu 9 S 5 (ICDD #00-047-1748) and CuS (ICDD #00-006-0464, 22 %) as the major and minor phases, respectively, the powder XRD of the precipitate obtained from the reaction with Ag(TFA) confirmed it to be single-phase Ag 2 S (ICDD #00-014-0072) (Figure S1). The average crystallite size of the Ag 2 S NPs (~40 nm), calculated using Debye-Scherrer equation, was found to be almost double than that for the copper sulfide NPs (~20 nm). The PXRD of the brown precipitate obtained from HAuCl 4 .H 2 O showed it to be metallic gold (ICDD #00-004-0784).

To gain more insight on the above observations, we made attempts to isolate and identify the species present in the solutions before the precipitation of NPs. We succeeded in isolating crystalline molecular species [Cu 2 (TFA) 4 ( t Bu 2 S) 2 ] (1) and [Ag 4 (TFA) 4 ( t Bu 2 S) 4 ] (2) in good yield from the reactions of t Bu 2 S with trifluoroacetates of copper(II) and silver(I), respectively. In the case of reaction with HAuCl 4 .H 2 O, we isolated a Au(I) species [AuCl( t Bu 2 S)] (3) in good yield after two hours of stirring. On prolonged stirring (over 4 h), the initial Au(III) species is completely reduced to metallic gold nanoparticles (see below). The ability of chalcogenoethers to reduce metal centers has previously been demonstrated [31] and Au(III) thioether complexes have previously been shown to be reduced easily to Au(I) species by photo-or thermal-induced reductive elimination processes. [43] The FTIR spectra of 1-3 show characteristic bands for the ligand t Bu 2 S, the copper and silver complexes also showing additional bands for the trifluoroacetate ligand (Figure S2). The ν as (CO 2 ) appears at 1703 and 1670 cm À1 for 1 and 2, respectively, indicating a bridging mode of coordination for the TFA group. [44] Expectedly, the 1 H NMR spectra of 2 and 3 in CDCl 3 showed a singlet at δ = 1.56 and 1.60 ppm, respectively, for the t Bu group of the thioether.

The crystal structures of the molecular complexes 1-3 were determined using single crystal X-ray crystallography (Figure 1, Table S1). Complex [Cu 2 (μ,η 1 ,η 1 -TFA) 4 (η 1t Bu 2 S) 2 (1) crystallizes in monoclinic C2/c space group and adopts a discrete, paddle wheel dimeric structure, which is a commonly encountered structural motif among the copper carboxylate complexes. [45] All the trifluoroacetate ligands are in bridging μ,η 1 ,η 1 -position with the CuÀO bond lengths lying in the range 1.935(5) to 2.087(5) Å (Table S2). A terminally bonded t Bu 2 S on each copper center (CeÀS = 2.479(2) Å) then completes a 5-coordinate environment for them, if a week Cu…Cu interaction (3.039(2) Å) is not taken into account. While the CuÀO bond distances compare well with the literature, [45] the CuÀS distance in 1 is actually shorter than those reported for related Cu(II) thioether complexes, [46] indicating that t Bu 2 S is strongly coordinated to copper center. The silver analogue [Ag 4 (μ 3 ,η 1 ,η 2 -TFA) 2 (μ,η 1 ,η 1 -TFA) 2 (μ,η 1 ,η 1t Bu 2 S)(η 1t Bu 2 S) 3 ] (2), on the other hand, shows a zigzag tetranuclear structure constructed with the help of two triply bridging μ 3 ,η 1 ,η 2 -TFA, two doubly bridging μ,η 1 ,η 1 -TFA and one doubly bridging μ,η 1 ,η 1t Bu 2 S ligands. The remaining three t Bu 2 S ligands are terminally bonded to Ag1, Ag3 and Ag4. While Ag1…Ag2 (2.999(6) Å) and A3…Ag4 (2.949(6) Å) have considerable argentophilic interaction, the distance between Ag2 and Ag3 is too long for such an interaction (3.636 Å). [47] The silver atom Ag1 (O environment as the distance Ag4…S3 (3.190 Å) is significantly longer to be considered as a proper bond. The AgÀO distances range from 2.297(4) to 2.458(3) Å. The AgÀS distance for the bridging μt Bu 2 S group (2.789(1) Å) is longer than the corresponding η 1t Bu 2 S ones (av. 2.446 Å) (Table S2). The monomeric complex [AuCl( t Bu 2 S)] (3) crystallizes in the monoclinic space group P2 1 /c and adopts the anticipated linear geometry at gold [SÀAuÀCI 176.5(9)°]. The bond distances, 2.269(2) and 2.263(2) Å for AuÀS and Au-CI, respectively, compare well with those found in a related complex [AuCl (Me 2 S)]. [48] The discrete molecules of 3 are rather loosely packed in the crystal lattice and no extended aggregations are present (the shortest Au…Au contact is 6.220 Å) (Figure S3). The aurophilic interactions in Au(I) complexes, usually in the range of 2.9-3.6 Å, enhance the tendency for the molecules to aggregate within the crystal lattice and can lead to dimers, trimers, tetramers, or even polymeric networks that span throughout the solid state structure. [49] thermogravimetric studies of 1-3, recorded under an argon atmosphere, confirmed their low thermal stability (Figure 1). The TG-DTG curves of the precursors 1 and 2 show that these are completely decomposed below 150 °C to afford metal sulfide. While 1 shows a sharp single step decomposition at 110 °C with a total weight loss of 79 % (Figure 1d), the silver precursor 2 exhibits two distinct steps during decomposition (Figure 1e), as evident from two endothermic peaks at 111 and 137 °C in its DTG curve, and corresponds to a total weight loss of 65 %. The residual weights for 1 (21 %) and 2 (35 %) are in agreement with the calculated weights for their complete conversion into Cu 9 S 5 (19 %) and Ag 2 S (34 %), respectively. Similar to 2, the gold precursor 3 also shows a two-step decomposition in the temperature range 90-250 °C, which are accompanied by two DTG peaks observed at 95 °C and 174 °C (Figure 1f). A residual mass of 51.8 % at 250 °C indicates the formation of gold as the end product (calculated value 52 %). As described before, the low decomposition temperature of 1-3 can be attributed to the availability of a facile decomposition path in the t Bu 2 S group. [40] To better understand the decomposition mechanism of this ligand, the gold complex 3, which does not have any other organic group than the t Bu 2 S group, was further studied by the TGA-mass spectrometry (TGA-MS). Evolution of isobutene, isobutane, and H 2 S were observed as the major volatile products, the release time of the later lasting longer than the first two hydrocarbons. These major products are likely accounted for by the β-hydrogen elimination, releasing isobutene and isobutane and leaving sulfur on the surface, which along with Cl, are later released as H 2 S and HCl, respectively. Thus, the first step in the TG-DTG curves, which corresponds to 30 % mass loss, can be attributed to the loss of isobutene/isobutane molecules (theoretical value 29.6 %). In the subsequent step, which accounts for 18 % mass loss, Cl and S are probably lost simultaneously (theoretical value 17.8 %) to afford gold NPs. To provide further support to this, we also synthesized silver trifluoroacetate complex with dimethyl sulfide ligand, for which there is no possibility of β-hydrogen elimination. The obtained complex of the composition [Ag-(TFA)(Me 2 S)] (4), as confirmed by elemental analysis and spectroscopic characterization, shows a single-step thermal decomposition in its TG-DTG curves that lasts well beyond 250 °C (Figure S4). The residual weight at 300 °C is 41.6 %, which is in agreement with the theoretical value (43.7 %) calculated for the formation of Ag 2 S from two moles of 4. Previously also, we have shown a relatively high decomposition temperature for the metal derivatives with Me 2 E than those with t Bu 2 E ligands (E = S, Se). [27,29,50] The above observations indicated that 1 and 2, which have direct metal-sulfur bonds as well as low thermal stability, would serve as excellent single source precursors (SSPs) for obtaining metal sulfide NPs at ultralow temperature. Therefore, we decomposed them in the presence of octadecanethiol (ODT) as a capping reagent using hot injection method. A solution of either 1 or 2 in a minimum amount of xylene was injected at once into a pre-heated solution of ODT-mixed xylene. On refluxing this mixture for an hour and then washing with ethanol and n-pentane, we recovered black precipitates of ODTcapped metal sulfide NPs in high yield, which were characterized by a range of physico-chemical analyses. The powder XRD of these NPs confirmed the presence of phase-pure Digenite Cu 9 S 5 (ICDD #00-047-1748) and Ag 2 S (ICDD #00-014-0072) with an average particle size of 10-12 nm (Figure 2a and2e). The presence of octadecanethiol ligand around metal sulfide NPs was confirmed by FTIR and TGA studies. The FTIR spectra showed the characteristic bands for the ODT moiety at 2961, 2918 and 2848 cm À1 (Figure S5) which correspond to vibration modes of ν as (CH 3 ), ν as (CH 2 ) and ν s (CH 2 ). [51] The TGA curves revealed that Cu 9 S 5 and Ag 2 S NPs contain about 6 and 21 % by weight of octadecanethiol, respectively (Figure S6). This capping ligand starts to decompose at around 200 °C and is completely eliminated by 350 °C. Quantitative elemental analysis using EDX indicated high purity for these NPs (Figure S7). Further, TEM analyses (Figure 2b-d, Figure S8) show that Cu 9 S 5 exists in the form of nano-dendrites and that the particle sizes are in the range of 5 to 15 nm. The high-resolution TEM (HR-TEM) images show lattice fringes for Cu 9 S 5 with d-spacing of 0.33 nm (Figure S8b). The Fast Fourier Transform (FFT) analysis of the HR-TEM images further confirmed the presence of well-crystallized Cu 9 S 5 (047-1748) (Figure 2d). The TEM analyses of Ag 2 S NPs show that they have a spherical morphology with a uniform size distribution and an average particle size of 5 nm (Figure 2f andS9). The high-resolution TEM (HR-TEM) images show lattice fringes for Ag 2 S with d-spacing of 0.23 nm (Figure 2g). The Fast Fourier Transform (FFT) analysis of this HR-TEM image further confirmed the presence of well crystalline silver sulfide (014-0072) (Figure 2h).

The XPS survey spectra of these ODT-capped Cu 9 S 5 and Ag 2 S NPs showed the presence of expected elements and the respective binding energies. [52][53][54][55][56][57] High-resolution core-level Cu 2p XPS spectrum for Cu 9 S 5 NPs displayed two major peaks at binding energy 932 and 951.8 eV, for 2p 3/2 and 2p 1/2 , respectively, which are characteristics of Cu + (Figure 3a). [52][53][54] This is further supported by the spin-orbit coupling spacing value (2p 3/ shown the existence of both Cu + and Cu 2 + in Cu 9 S 5 , the former being the major component. [52][53][54] The S 2p spectrum showed the 2p 3/2 and 2p 1/2 binding energy at 161.8 and 162.9 eV, respectively, due to S 2À in the Digenite mineral. [52][53][54] It also displayed existence of the additional deconvoluted peaks due to organic sulfur of the surface ODT ligand; 163.7 and 164.9 eV due to -SH group, and 168.8 and 169.9 eV due to oxidized CSO 3 H group (Figure 3b). The XPS spectra of Ag 2 S NPs revealed binding energies for Ag 3d (3d 3/2 at 374 eV and 3d 5/2 at 368 eV) and S 2p (2p 1/2 at 162.4 eV and 2p 3/2 at 161.2 eV), which are consistent with the composition and expected oxidation states of the elements present (Figure 3c and3d). [55][56][57] The deconvoluted peaks at 163.2 and 164.3 eV are due to -SH of the surface ODT ligand. In literature, there exist several studies for the preparation of copper and silver sulfide NPs. [58][59][60][61][62][63][64][65][66] These reports mainly use sulfur reagents such as ammonium thiosulfate, [60] 1decanethiol, [61] 1-dodecanethiol, [59] ammonium diethyldithiocarbamate, [62] sodium sulfide nonahydrate, [63] or 8mercaptooctanoic acid [58] in high reaction temperatures (180-240 °C) and use reducing reagents such as NaBH 4 and hydrazine. [61,63] Existing studies that use SSPs for the synthesis of silver and copper sulfide nanoparticles report high thermal decomposition temperatures ranging from 200-400 °C. [52,[64][65][66] The formation of Au NPs during prolonged stirring of 3 (or a mixture of HAuCl 4 and t Bu 2 S) in an organic solvent was confirmed by PXRD which showed the presence of the pure phase (ICDD #00-004-0784). EDX confirmed the presence of pure Au NPs with no traces of any contamination (Figure S10). TEM images expectedly revealed the presence of polydispersed NPs, since no surfactant was employed to control the shape and size distribution of the NPs. The high-resolution TEM images clearly showed lattice fringes indicating high crystallinity for these NPs. In the FFT analysis of these NPs, the spots 1 and 2 correspond to the {1 1 1} and {2 0 0} planes, respectively, which along with an interreticular spacing of 0.25 nm, confirm the presence of the cubic crystal structure of gold (Fm3 ̄m, 225, ICDD #00-004-0784) (Figure 4c andd). Preliminary studies show that the complex 3 also undergoes facile reduction to afford metallic gold under a wide variety of other conditions as well (photolysis, thermolysis, sonolysis), which underlines its flexibility as a precursor to Au NPs.

For the sake of comparison, we also studied the reactions of above coinage metal reagents with the silylated counterpart (Me 3 Si) 2 S, which resulted in instant precipitation of nanoparticles. Thus, direct reactions of copper(II) and silver(I) trifluoroacetates with (Me 3 Si) 2 S, using Et 2 O as a solvent at RT result in instant precipitation of CuS and Ag 2 S NPs, respectively. Figures S11 andS12 show the XRD patterns for copper and silver sulfides, respectively, where the peaks correspond to the ICDD cards of 00-001-1281 for CuS and 00-014-0072 for Ag 2 S. Similar reactions, when performed in the presence of octadecane thiol (ODT) as a capping ligand, resulted in instant formation of ODT-capped CuS and Ag 2 S NPs (Figure S11 and S12). Powder XRD results showed the decrease in average particle size from 10 nm to 5 nm for CuS, and 45 nm to 30 nm for Ag 2 S NPs due to the steric effect of the ODT ligand. The presence of ODT around these CuS and Ag 2 S NPs were further confirmed by the FTIR spectra of ODT-capped NPs (Figure S13). Similar reaction with HAuCl 4 .H 2 O in Et 2 O at RT resulted in the formation of black precipitate, the XRD of which indicated it to be a poorly crystallized product (Figure S14). These observations underline the difference in the reactivities of the silylated and the non-silylated chalcogenoethers and, therefore, the mechanisms associated with them.

In summary, we exploit here the inherent facile decommechanism in the t Bu 2 S ligand as a strategy to obtain molecular precursors with low decomposition temperature. These precursors, which are easily accessible through a simple synthetic protocol by using non-expensive commercially available reagents, decompose in solution phase at low-or even room temperature to afford phase-pure and highly crystalline Cu 9 S 5 , Ag 2 S or metallic Au NPs. This strategy can easily be extended to a range of other systems including thermodynamically metastable or complex metal chalcogenide nanomaterials (ternary or multinary compositions in the form of particles, thin films or composites) with greater control. [67] The obtained metal sulfide NPs are currently being studied for photocatalytic applications. [27,28,30] 

Experimental Section

General experimental procedures for the synthesis of the precursors 1-4 and their low temperature conversion to nanoparticles as well as X-ray crystallography are described in the Supporting Information.

Deposition Numbers 2079178 (for 1), 2079179 (for 3), and 2079180 (for 2) contain the supplementary crystallographic data for this paper. These data are provided free of charge by the joint Cambridge Crystallographic Data Centre and Fachinformationszentrum Karlsruhe Access Structures service www.ccdc.cam.ac.uk/ structures.

Figure 1 .

 1 Figure 1. (a)-(c) Perspective view of the molecular structures of [Cu 2 (TFA) 4 ( t Bu 2 S) 2 ] 1, [Ag 4 (TFA) 4 ( t Bu 2 S) 4 ] 2, and [AuCl( t Bu 2 S)] 3 with 50 % probability ellipsoids (H atoms omitted for clarity). (d)-(f) TGA (black) and DTG (blue) curves of 1-3. Selected bond lengths (Å) and angles (°): (1): Cu1ÀO3 1.935(5), Cu1ÀO4 2.086(5), Cu1ÀS1 2.479(2), O1ÀCu1ÀO2 87.6(2), S1ÀCu1ÀO1 98.4(2). (2) Ag1ÀS1 2.496(1), Ag1ÀS2 2.793(2), Ag1ÀO3 2.298(5), Ag2ÀO2 2.244(5), S1ÀAg1ÀS2 102.47(5), S1ÀAg1ÀO1 114.2(1), O1ÀAg1ÀO3 105.0(2). (3) Au1ÀS1 2.269(2), Au1ÀCl1 2.263(2), S1ÀAu1ÀCl1 176.48(9). Symmetry element, (1): (i) 1-x, + y, 1/2-z.

Figure 2 .

 2 Figure 2. Characterization of octadecanethiol-capped Cu 9 S 5 and Ag 2 S nanoparticles prepared by using 1 and 2, respectively, in hot injection method: (a)-(d) PXRD, TEM, HR-TEM and associated FFT of Cu 9 S 5 NPs. The diffraction spots 1-4 in d) correspond to the plane {1 0 7}, {0 0 15}, {0 1 14} and {1 0 1}, respectively, of the ICDD #047-1748. (e)-(h), PXRD, TEM, HR-TEM and associated FFT of Ag 2 S NPs. The diffraction spots 1-4 in h) are consistent with to the plane {-1 0 3}, {0 1 3}, {1 2 1}, and {1 1 2}, respectively, of the ICDD #014-0072.

Figure 3 .

 3 Figure 3. XPS spectra of of octadecanethiol-capped Cu 9 S 5 and Ag 2 S NPs showing binding energies of Cu2p 3/2 (a), Ag3d 5/2 (c) and Se3d (b and d).

  

  

Scheme 1. The possible decomposition pathways of t Bu 2 E (E = S, Se).

-2p 1/2 ) of 19.8 eV.[52] In addition, satellite peaks are observed at about 943 and 963 eV, which suggest the presence of some Cu 2 + also. This is consistent with previous studies that have
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