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Abstract 

Chapter 1 summarizes how global population and economic growth in the near future 

project to increase the global demand for energy. Hydrogen is expected to become an 

increasingly important energy carrier as part of the effort to move away from nonrenewable 

fossil fuels and more toward renewable sources with more benign environmental impact. 

This chapter reviews current technologies used for molecular dihydrogen (H2) production 

from renewable and non-renewable sources. The massive production of H2 worldwide is 

primarily from fossil fuels via steam reforming of methane (CH4). “Green” hydrogen, 

however, is produced by electrolysis/photolysis technologies from water. 

Chapter 2 of this dissertation considers the limitations for the synthesis of 

dithiocarbamate ligands directly from secondary amines and CS2. This ligand type is used 

as a supporting ligand for the catalysts described in Chapter 3. With secondary amines that 

are not sterically hindered, such as Et2NH or iBu2NH, the reaction 2R2NH + CS2 → 

[R2NH2][R2NCS2] is facile, but with Cy2NH, the reaction does not proceed cleanly. If the 

reaction is conducted in the presence of NaOH/H2O as proton acceptor, the reaction is 

complicated by the formation of S8, apparently via [COS2]
2– and by tetraalkylthiuram 

polysulfides. A cleaner, more effective route to Cy2NC(S)SSC(S)NCy2 was found by 

deprotonation of Cy2NH with tBuLi followed by oxidation coupling with I2. The 

conclusion from this work is that branching at the carbon atom that is alpha to the amine 

nitrogen decides the synthetic approach to tetraalkylthiuram disulfides that is viable. 

The focus of Chapter 3 is upon the synthesis of a palette of triangular [Mo3(µ3-E)(µ2-

EF)3(Q2LR2)3]
+ (E = S; F =  S, or Se; L = CN or P; Q =  S, or Se), clusters, which vary in 

the chalcogenide core composition (E,F) and in the identity of the ancillary chalcogen 
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donor ligand. The supporting ligand can be dithiocarbamate (R2NCS2
1-), 

diselenocarbamate (R2NCS2
1-), or dialkyldithiophosphate (R2PS2

1-). For consistency, R has 

been maintained as iBu or OiPr. These clusters have been characterized structurally by X-

ray crystallography and spectroscopically by UV-vis and NMR. With differing degrees of 

activity, these compounds function as homogeneous catalysts for H2 formation from H2O 

under photolysis with [Ru(bpy)3]
2+ as chromophore and 4-N,N-trimethylaniline (TMA) as 

reversible quencher in relay with triethylamine (TEA) as sacrificial electron donor. The 

source of H+ is H2O. Under identical conditions, [Mo3S7(S2CNiBu2)3]
+ is the most effective 

H2 evolution catalyst studied in this photosystem.  

Chapter 4 summarizes efforts to synthesize a phosphonate-substituted dithiocarbamate 

ligand that might be chemically immobilized onto an electrode surface. If tethered to an 

electrode, a well-defined small molecule redox catalyst can enjoy the kinetic advantage of 

restricted proximity to the source of reducing equivalents. One of the well-developed 

choices for anchoring a metal complex to an oxide surface is the phosphonate group. As 

detailed in Chapter 3, trimolybdenum clusters of types [Mo3S7(S2CNR2)3]
+ have been 

observed by us to be moderately active H2 -evolving catalysts under photolysis in the 

presence of  [Ru(bpy)3]
2+ as chromophore and  triethylamine (TEA) as sacrificial electron 

donor. Several hundred turnovers in a period of several hours have been observed, and 

diminished activity over time appears to be due to chromophore deterioration rather than 

to degradation of catalyst. Thus, a surface-tethered version of the molybdenum sulfide 

cluster may allow a clearer view of its inherent activity without the complicating effect of 

dependency upon a chromophore of limited lifetime. 
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Chapter 1 

 

H2 Production: A Brief Overview 

 

1.1 Introduction 

Hydrogen is the simplest, most abundant, and versatile energy carrier on earth. 

Hydrogen in molecular form can be found as part of another substance, such as fossil fuels, 

water, or alcohol. Hydrogen can be obtained from natural resources such as plants and 

animals, which is biomass. Because of this reason, it is considered as an energy carrier, 

which can help tackle various critical energy challenges. 

The hydrogen produced with diverse, domestic resources such as nuclear, natural gas 

and biomass, coal and renewable energy resources such as solar, wind, sea wave etc. To 

extract hydrogen from diversity of domestic energy sources makes hydrogen in an excess 

quantity with promising energy carrier and important for energy security. It is desirable that 

hydrogen be produced using renewable energy resources and production technologies 

would allow for its sustainable production. The production of hydrogen can be achieved 

via main hydrogen production technologies will be set according to the raw material used 

such as fossil fuels or renewable energy resources. 

Hydrogen is the most abundant element and has maximum energy content per unit of 

weight. However, it is not available in free form in nature. Hydrogen can be produced in 

various ways from initial raw materials. Nowadays, hydrogen is mainly produced by 

thermochemical processes using fossil fuels such as steam reforming of natural gas, coal 
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gasification, hydrocarbon pyrolysis and plasma reforming, process which leads to 

significant amounts of emissions of greenhouse gases1,2. 

Clean hydrogen is considered to be an energy vector, not as an energy source, of the 

future. However, the large-scale production of clean hydrogen and its sustainability depend 

upon an ecofriendly hydrogen production pathway and a source of renewable energy used 

during the process. Hence, renewable energy will play an important role during the 

decarbonization of the current energy system. 

1.2 Hydrogen Production Technologies  

Table 1.1. Hydrogen Production Methods. 

Technology Feedstock 
Operating 

Conditions 
Efficiency Maturity 

Steam reforming 
Light 

hydrocarbons 
800-1000 °C 70-85% Commercial 

Partial oxidation 
Heavy 

hydrocarbons 
> 1000 °C 60-75% Commercial 

Autothermal 

reforming 

Light 

hydrocarbons 
> 1000 °C 60-75% 

Early 

commercial 

Plasma 

reforming 
Hydrocarbons > 2000 °C 9-75% Long term 

Coal 

Gasification 
Coal 700-1200 °C  Commercial 

Biomass 

Gasification 
Biomass 800-900 °C 35-50% Commercial 

Electrolysis Electricity 50-900 °C 35-50% Commercial 

Photolysis Sunlight 
Ambient 

conditions 
0.5% Long term 

Thermochemical 

water splitting 
Heat  > 2500 °C  Long term 
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1.2.1 Hydrogen Production from Fossil Fuel 

1.2.1.1 Steam Reforming 

Steam reforming is currently the most developed technique for hydrogen production. 

This method is one of the least expensive processes for hydrogen production.3 Close to 

50% of the world’s hydrogen is currently generated by this method.4 The steam reforming 

reaction process uses a mixture of steam and methane at high temperature between (700-

1100 °C) (1292-2012 F) in the presence of a nickel catalyst. This reaction is highly 

endothermic, and it produces molecular hydrogen and carbon monoxide.5 The carbon 

monoxide then passes through the water-gas shift reaction to produce carbon dioxide and 

additional hydrogen. 

 

  

1.2.1.2 Partial Oxidation 

Partial oxidation of hydrocarbons is one of the hydrogen production techniques to 

obtain hydrogen from heavy fuel oil.6 Partial oxidation is an exothermic process used to 

combust fuel-air or fuel-oxygen mixture to produce hydrogen and carbon monoxide and 

other partially oxidized species.7 The partial oxidation reaction depends on a sub 

stoichiometric fuel-air mixture or a fuel-oxygen that is constrained by a high reaction 

temperature >1000 C in a reformer or partial oxidation reactor. The catalytic partial 

oxidation reactions are usually carried out with a heterogeneous catalyst at lower 

temperature. Overall, thermal partial oxidation (TPOX), and catalytic partial oxidation 

reactions (CPOX) could be described as follows.                 
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1.2.1.3 Plasma reforming 

In the case of plasma reforming, energy and free radicals used for the reforming 

reaction are provided by a plasma converter typically produced with heat and electricity.8-

11 Two types of plasma reforming, thermal and non-thermal, are used.11 Hydrogen can be 

efficiently produced in a plasma converter from hydrocarbon fuels.8-11 The plasma 

converter has a number of advantages, namely low cost, high conversion efficiencies, fast 

response time, compactness and low weight. Here, the high temperature conditions 

accelerate the thermodynamically favored reaction without a catalyst. The dependence on 

electricity and maintaining a high-pressure are the only disadvantages of this method.9 

1.2.1.4 Coal gasification 

Production of hydrogen from coal is defined as coal gasification. In the coal 

gasification process, coal is converted into gaseous mixtures, including hydrogen and 

carbon monoxide.12-14 In this thermochemical conversion process, steam and oxygen or air 

helps to convert to synthesis gas from coal at high temperature and pressure.15-17 The main 

disadvantage of this method is higher carbon dioxide emissions than other methods. 

1.2.2 Hydrogen Production from Renewable Resources 

1.2.2.1 Hydrogen from Biomass 

Biomass is a primary renewable source which is available from plants, animal wastes, 

forest residues, crops, municipal solid waste products, microalgae, or animal byproducts.18-

19 Here, the hydrogen produced from biomass and waste products is via gasification, steam 

reforming or biological conversion processes such as fermentative hydrogen production. 

Compared with other hydrogen production methods, processes using biomass are more 

ecologically friendly. Moreover, a wide range of wastes sources can be utilized to produce 
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hydrogen through biochemical pathways. In 2050, biomass in projected to meet more than 

25% of energy demand.20 

1.2.2.2 Hydrogen from Water 

Although at present 95% of the global demand for hydrogen,21-22 is met with fossil 

fuels, renewable sources have attracted attention for the generation of “green” hydrogen.20 

Green hydrogen is produced without the use of fossil fuels by processes such as H2O-

splitting, which is the oxidative and reductive deconstruction of the water molecule into 

elemental hydrogen and oxygen. A source of energy for water splitting with a low carbon 

footprint can significantly reduce carbon dioxide emissions and limit global warming. 

Thus, such a process is referred to as “green” hydrogen generation. The conversion can be 

accomplished in many ways, such as electrolysis, thermolysis, photo-electrocatalysis, bio 

photolysis and photocatalytic water splitting. However, these methods are more expensive 

than hydrocarbon-based production methods. 

1.3 Homogeneous Systems for H2 Production  

1.3.1 True H2O-Splitting  

True water splitting is the conversion of liquid water into gaseous hydrogen and 

oxygen. 

 

The free energy change of this reaction is ∆G = 237.2 kJ/mol or 2.46 eV/molecule. Here 

two electrons are involved, so n =2 and the standard EMF = 1.23 eV/e. The photons in a 

solar energy system produce the energy to drive the reaction. This reaction can be driven 

thermally by heating water to 1500-2500 K. 23 However, the efficiency is below 2%. 
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1.3.2 Proton Reduction with Metal Catalysts  

1.3.2.1 Photocatalytic Systems 

An alternative method for electrolysis is multistep water splitting. In this system. an 

efficient photosensitizer is combined with one or more charge accumulation sites and one 

or more catalysts. Here in the system illustrated in Figure 1.1, light absorption drives a 

chromophore, [Ru(bipy)3]
2+, into an excited state, [Ru*(bipy)3]

2+, which become quenched 

by a one-electron reduction from trimethylaniline (TMA). The reduced sensitizer is 

returned to its original state following electron transfer to the catalyst, and the oxidized 

TMA+ is converted back to TMA by the sacrificial electron donor, triethylamine (TEA). 

The electrons received from [Ru(bipy)3]
 + are combined by the catalyst with protons from 

water to produce hydrogen gas. Lehn and co-workers have reported an early example of 

this method. They used [Ru(bpy)3Cl2], as sensitizer, triethanolamine as the sacrificial 

donor, and K2PtCl6 as catalyst.24 Sasse and co-workers have produced a quantum efficiency 

of 93% for hydrogen evolution from 9-anthracenecar-boxylate, EDTA and methyl 

viologen.25 
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Another example of homogeneous catalytic H2 evolution, reported in 2011 by 

McNamara et al.,26 implements a cobalt bis(dithiolene) complex as catalyst as in both 

photocatalytic and electrocatalytic systems (Figure 1.2). This compound is a very active 

catalyst for hydrogen production from water.in the presence of [Ru(bpy)3]
2+ as the 

photosensitizer and ascorbic acid as the sacrificial donor. This system was reported to 

produce over 2700 TON’s hydrogen. 

 

 

 

 

 

Figure 1.2. Structure of Cobalt dithiolene complex. 

Figure 1.1.  Homogeneous system for Mo-catalyst in water splitting. 

Reproduced with permission from American Chemical Society. 
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In general terms, a photolytically driven H2-scheme features with a light absorbing 

molecule (chromophore) that transfers electrons to a catalyst that reduces protons.27-28 

However, such homogeneous solution systems typically suffer short lifetimes because of 

decomposition of the chromophore over a period of time.29 Semiconductor nanocrystals 

(NCs) are alternative chromophores for light-induced proton reduction.30-31 Richard 

Eisenberg et al.32 reported that CdSe nanocrystals capped with dihydrolipoic acid (DHLA) 

as the light absorber, Ni2+-DHLA as catalyst for proton reduction, and ascorbic acid as an 

electron donor (Figure 1.3). This is one of the active system for solar hydrogen generation 

in water, producing over 600,000 TON’s. 

 

 

 

 

  

 Figure 1.3 Cartoon that illustrates the relevant energies for H2 production. dHA indicates 

dehydroascorbic acid. Potentials are shown versus that of NHE at pH = 4.5. Reproduced with 

permission from Science. 



9 
 

 
 

1.3.2.2 Electrocatalytic Systems  

 

Cyclic diphosphine ligands with two amines serve as the basis for class of catalysts. 

These 1,5-diaza-3,7-diphosphacyclooctanes, referred to as P2N2 ligands, showed effects on 

the reactivity of many catalysts. The resulting [Ni (PR
2N

R'
2)2]

2+ complexes have been 

shown to be remarkably effective in altering reaction pathways in catalysts and are 

excellent electrocatalyst for both production and oxidation of hydrogen.33 

 

 

 

 

 

Figure 1.4 Catalyst design is organized around the first, second, and outer coordination 

spheres as well as the surrounding solvent, as exemplified by a [Ni(PR
2NR′2)2]2+ complex. 

Reproduced with permission from American Chemical Society. 
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Roy and co-workers34 reported that structurally fragile molecular catalysts can be 

stabilized by incorporation into a metal-organic frameworks (MOF) so that they can be 

used as electrocatalysts for extended periods of time. Moreover, the structural integrity of 

the cobaloximes is greatly improved, as it produced at least 50-200 times higher TONs than 

those of any other related system that utilized similar cobaloxime. 

1.4 Conclusions 

Although significant effort and resources are being directed toward the development of 

hydrogen generation technologies, the most widely used technology is the reforming of 

hydrocarbons because production costs are correlated with fuel prices, which remain at 

acceptable levels. However, the main drawback of this method is the attending emission of 

a significant amount of greenhouse gases. To decrease carbon emissions, significant 

improvements in other hydrogen generation technologies from renewable sources such as 

water and biomass must be devised. Hydrogen can be generated from a wide range of 

renewable sources available almost everywhere. Development of hydrogen production 

 

Figure 1.5. (A) Structure of the cobaloxime linker in UU-100(Co) and (B) structural model of 

UU-100(Co) MOF viewed along [001]. Reproduced with permission from the American 

Chemical Society. 
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techniques that reduce the world’s dependence on fossil fuels will also reduce 

environmental impact. Hydrogen can be produced from a wide variety of renewable 

feedstock, which may allow every region of the world able to produce its own energy. It is 

clear that, as future improvements in green hydrogen technologies are expected, hydrogen 

may prove to be the most widely available fuel. 
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Chapter 2 
 

Probing the Limits of Tetraalkylthiuram Disulfide 

Synthesis by Direct Reaction of Secondary Amines 

with CS2:  

The Structures of  

Cy2NC(S)SSC(S)NCy2 and Cy2NC(S)SSSSC(S)NCy2 

 

2.1 Introduction 

Tetraalkylthiuram disulfides comprise a class of organosulfur compounds of broad 

usefulness in both applied and synthetic chemistry. Tetraethylthiuram disulfide, for 

example, has long history of use as a treatment for alcohol use disorder1,2 but has more 

Scheme 2.1. Approaches to the synthesis of tetraalkylthiuram disulfides. 
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recently been repurposed for use as a potential anticancer therapeutic.3-5 and as a mitigant 

for the severe effects of advanced sepsis.6 (Klimiankou & Skokowa, 2021). Tetrathiuam 

disulfides have demonstrated utility for the synthesis of a wide range of dithiocarbamate 

coordination compounds, typically by oxidative addition to a suitable lower-valent 

precursor,7-10 and they serve as synthons toward such other useful compounds as 

thioureas,11 dialkylthiocarbamoyl chlorides,12 and organic dithiocarbamates.13 As such, 

optimal methods of synthesis of these compounds are of interest to for the further extension 

of their applications. 

A commonly reported preparation of tetraalkylthiuram disulfides involve the reaction of 

the desired amine precursor, usually a secondary amine, with carbon disulfide in the 

presence of HO‒ as a H+ scavenger (Scheme 2.1, path (a)) prior to oxidation coupling to 

the disulfide.14-15 We have observed this approach to be highly unsatisfactory because 

 

Figure 2.1 Structures of tetracyclohexylthiuram tetrasulfide (a), tetracyclohexylthiuram disulfide (b), 

and the chiral C2-symmetric cores of a typical tetraalkylthiuram disulfide (c). 
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hydroxide, both a smaller and more potent base than the amine, intercepts CS2 to form 

dithiocarbonate, which then readily proceeds to extrude elemental sulfur (Scheme 2.1, path 

(b)). This sulfur further complicates the reaction mixture by enabling the facile formation 

of tetraalkylthiuram polysulfides, which differ little in visible or spectroscopic appearances 

from the intended disulfide. Consequently, an inseparable mixture is often the result.  

In the course of a broadly ranging survey of the activity of [Mo3S7(S2CNR2)3]
+I‒ complexes 

as H2-evolving catalysts,16 we contended with the problem illustrated in Scheme 2.1 (b) 

and, in the case of R = cyclohexyl (Cy), identified the tetrasulfide 

Cy2NC(S)SSSSC(S)NCy2 unequivocally by X-ray crystallography as one of the species 

occurring in the product mixture (Figure 2.1 (a)). Appreciable amounts of S8, determined 

by its unit cell, were also present. A modified approach to R2NC(S)SSC(S)NR2 compounds 

involving the use of a second equivalent of the amine as H+ acceptor (Scheme 2.1 (c)) is 

effective with such alkyl substituents (R) as iBu.15 The R2NH2
+I‒ salt generated after 

oxidative coupling with I2 is readily separated from the R2NC(S)SSC(S)NR2 by an 

extraction that exploits their very different solubilities in nonpolar media. However, the 

method of Scheme 2.1 (c) is ineffective with Cy2NH, possibly because clean reactivity 

with CS2 is inhibited by its greater steric profile. Therefore, we resorted to deprotonation 

of Cy2NH with tBuLi and subsequent introduction of the dicyclohexylamide anion to CS2, 

followed by oxidative coupling (Scheme 2.1 (d)). In our hands, this procedure reliably 

produced Cy2NC(S)SSC(S)NCy2 in moderate yields of 74%. We note prior published 

syntheses of Cy2NC(S)SSC(S)NCy2 by the method of Scheme 2.1 (a)15 and by NaClO2-

mediated oxidative coupling of the corresponding dithiocarbamic acid.16 In the latter 
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report, a melting point of 88-89 °C is indicated for Cy2NC(S)SSC(S)NCy2, which is at 

variance with other literature data17 and our observation of a melting point of 169 °C. 

In this account, we briefly relay the structures of both Cy2NC(S)SSC(S)NCy2 and 

Cy2NC(S)SSSSC(S)NCy2 the latter of which does not have a precedent for its type in the 

Cambridge Crystallographic Database. Crystal data and refinement statistics are presented 

in Table 1. 

Two complete molecules occur in the asymmetric unit for the triclinic polymorph of 

Cy2NC(S)SSC(S)NCy2, both of which closely approximate C2 symmetry around the 

central disulfide bond. The thione groups are disposed on the same side of the disulfide 

bond and define a 2-bladed propeller around the molecular C2. The molecule with S1-S4 

bears a right-handed (clockwise) orientation to its thione groups, while the molecule with 

S5-S8 is left-handed. (cf. Figure 2.2, (a) and (b)) Consequently, the C13‒S2‒S3‒C14 and 

C39‒S6‒S7‒C40 torsion angles are similar in magnitude but opposite in sign at 88.52° and 

‒87.72°, respectively. These values are within the range observed in the many other 

thiuram sulfides that have been crystallographically characterized.18 Slight disorder in the 

cyclohexyl groups of one molecule differentiates it from the other and likely contributes to 

the occurrence of P-1 as space group rather than a higher symmetry system. 

The two molecules of Cy2NC(S)SSC(S)NCy2 that comprise the asymmetric unit of the 

triclinic polymorph are approximately planar in the ab plane, with the long axes of the two 

molecules meeting in a near orthogonal fashion. Replication of these two molecules in the 

ab plane (Figure 3 (a)) produces a zig-zagged appearance to the arrangement. The sheets 

of molecules thus created stack along the c axis of the cell (Figure 2.3 (b)) with the 

cyclohexyl groups protruding above and  
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Table 2.1. Crystal and Refinement Data for Cy2NC(S)SSC(S)NCy2 and Cy2NC(S)SSSSC(S)NCy2. 

compound Cy2NC(S)SSC(S)NCy2 Cy2NC(S)SSC(S)NCy2 Cy2NC(S)SSSSC(S)NCy2 

structure code JPD926 JPD1425 JPD864 
formula C26H44N2S4 C26H44N2S4 C26H44N2S6 

FW 512.87 512.87 576.99 
temperature, K 298 150 150 
wavelength, Å 0.71073 1.54178 1.54178 
2θ range, deg. 3.334 – 51.450 9.06 – 144.56 6.528 – 144.506 
crystal system triclinic monoclinic monoclinic 
space group P-1 P21/m C2/c 

a, Å 12.8612(11) 10.3672(3) 28.1464(15) 
b, Å 13.1642(11) 13.2293(3) 9.2015(5) 
c, Å 18.3871(16) 10.6033(2) 12.0265(6) 

α, deg. 109.965(1) 90 90 
β, deg. 97.922(1) 109.518(1) 105.848(2) 
γ, deg. 90.446(1) 90 90 

volume, Å3 2893.0(4) 1370.68(6) 2996.3(3) 

Z 4 2 4 
density, g/cm3 1.178 1.243 1.279 

μ, mm-1 0.345 3.296 4.343 

F(000) 1112 556 1240 
crystal size 0.083 x 0.357 x 0.397 0.093 x 0.103 x 0.290 0.026 x 0.143 x 0.183 
color, habit amber plate pale yellow block colorless plate 

limiting indices, h –15 ≤ h ≤ 15 –11 ≤ h ≤ 12 –13 ≤ h ≤ 34 
limiting indices, k –16 ≤ k ≤ 15 –16 ≤ k ≤ 16 0 ≤ k ≤ 10 
limiting indices, l –22 ≤ l ≤ 22 –13 ≤ l ≤ 13 –14 ≤ l ≤ 14 

reflections collected 22600 27733 17752 
independent data 10898 2745 2731 

restraints 12 483 0 
parameters refined 557 282 242 

GooFa 0.965 1,097 1.043 
R1,b,c wR2d,c 0.0536, 0.0680 0.0347, 0.0946 0.0575, 0.1398 
R1,b,e wR2d,e 0.1276, 0.0716 0.0356, 0.0954 0.0767, 0.1489 

largest diff. peak, e∙Å-3 0.339 0.217 0.395 
largest diff. hole, e∙Å-3 –0.331 –0.189 –0.515 

aGooF = {Σ[w(Fo
2 – Fc

2)2]/(n – p)}½, where n= number of reflections and p is the total number of parameters refined; bR1 = Σ||Fo| – |Fc||/Σ|Fo|; 
cR 

indices for data cut off at I > 2σ(I); dwR2 = {Σ[w(Fo
2 – Fc

2)2]/Σw(Fo
2)2}1/2; w = 1/[σ2(Fo

2) + (xP)2 + yP], where P = (Fo
2 + 2Fc

2)/3; eR indices for 
all data. 
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Figure 2.2.  Molecules 1 (a) and 2 (b) of Cy2NC(S)SSC(S)NCy2 in triclinic polymorph. Ellipsoids are drawn at the 

30% level. Image (c) shows the monoclinic polymorph of Cy2NC(S)SSC(S)NCy2 with 50% ellipsoids. Tetrasulfide 

Cy2NC(S)SSSSC(S)NCy2 is presented in (d), also with 50% ellipsoids. For clarity, all H atoms are omitted, and 

disorder in the Cy groups in (b) and (c) is not shown. 



22 
 

 
 

 

Figure 2.3. (a) Arrangement of Cy2NC(S)SSC(S)NCy2 molecules (triclinic polymorph) into sheets in the ab 

plane. (b) Stacking of sheets of Cy2NC(S)SSC(S)NCy2 molecules (triclinic polymorph) along the c axis. 
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below such that intersheet contacts, and perhaps the packing pattern as whole, appear to be 

guided by hydrocarbon-hydrocarbon dispersion interactions. 

The monoclinic polymorph of Cy2NC(S)SSC(S)NCy2 places the molecule on a mirror 

plane in P21/m, although it is not a symmetry element that is possessed by the molecule. 

This mirror plane is coincident with the plane defined by C1, N1, and C6 on one side and 

cleaves each of its two pendant cyclohexyl groups (Figure 2.2 (c), Figure 2.4). However, 

these cyclohexyl groups are not quite symmetrically bisected such that the mirror plane 

also passes through C4 and C9, the carbon atoms in the 4-position of the ring. These rings 

thus have the appearance of being slightly pivoted off the mirror plane and are 

consequently disordered (Figure 2.4). Except for N2, which also coincides with the mirror 

plane, the remainder of the molecule’s backbone (S1-C5-S2-S3-C10-S4) is off-plane to 

Figure 2.4. Symmetry-imposed disorder in the monoclinic form of Cy2NC(S)SSC(S)NCy2. A mirror plane 

coincides with C1, N1, C6 and N2 and generates a symmetry equivalent for all atoms that are off-plane. In 

addition to the symmetry-imposed disorder, the cyclohexyl groups have a static conformational disorder over 

two positions. 
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varying degrees and necessarily subject to a symmetry-imposed disorder over two positions 

(Figure 2.4). One of the two cyclohexyl groups appended to N2 is unique, the other being 

generated by the reflection operation. However, this unique cyclohexyl group itself suffers 

from a static, highly overlapping conformational disorder over two positions, the second 

of which is shown in Figure 2.4 but not in Figure 2.2 (c). The disorder afflicting this 

unique Cy group was modeled as a 48.5:51.5 best fit distribution. Although it is not unusual 

for a molecule to crystallize on a symmetry element that it, as a free molecule does not 

possess, it is noteworthy that this monoclinic polymorph of Cy2NC(S)SSC(S)NCy2, is the 

only example, among the many structural characterizations that have been reported for the 

molecule type, to crystallize in such fashion. All prior instances reveal the molecule to 

either be on a general position or on a C2 axis or inversion center that is coincident with 

the midpoint of the disulfide bond.19 

In contrast to Cy2NC(S)SSC(S)NCy2, tetrasulfide Cy2NC(S)SSSSC(S)NCy2 coincides 

with a crystallographic C2 axis in monoclinic C2/c such that only half of one molecule is 

unique (Figure 2.2 (d)). The C1–S2–S3–S3A and S2–S3–S3A–S2A torsion angles within 

the molecule’s core are –75.84° and –92.67°, respectively. A right-handed aspect is 

displayed by the thione groups around the C2 axis, which bisects the central S3–S3A single 

bond. The packing arrangement for Cy2NC(S)SSSSC(S)NCy2 is such that molecules stack 

in well-ordered columns along the b axis of the cell, with the columns being replicated by 

simple unit translations in the a and c axis directions (Figure 2.5). The long axis of the 

molecule aligns approximately with the ab face diagonal. When the molecular packing is 

considered from a vantage that is orthogonal to the b axis, rather than down the b axis as 
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in Figure 2.5, it is clear than intermolecular contacts, and the pattern as a whole, are again 

decisively influenced by dispersion interactions between cyclohexyl groups. 

Many tetraalkylthiuram disulfide molecules have been characterized structurally, but 

dithiocarbamoyl or diselenocarbamoyl groups with more than a two chalcogen connector 

find scant occurrence in the structural database. The only such molecules with polysulfide 

linkages are (O(CH2CH2)2N)C(S)SSSC(S)(N(CH2CH2)2O), or bis(4-

morpholine)dithiocarbamoyl)monosul-fide20 and (C5H10)NC(S)S6C(S)N(C5H10), 

bis(piperidinyl)dithiocarbamoyl tetrasulfide.21 Among the selenium analogues, only 

bis(diethyldiselenocarbamoyl) triselenide, Et2NC(Se)SeSeSeC(Se)NEt2, has been subject 

to X-ray crystallographic characterization.22,23 

 

Figure 2.5. Packing arrangement for Cy2NC(S)SSSSC(S)NCy2 viewed along the b axis of the unit cell. All H 

atoms are omitted for clarity. The thermal ellipsoids are presented at the 50% level. 
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2.2 Summary and Concluding Remarks 

The synthesis of tetracyclohexyylthiuram disulfide via reaction of Cy2NH with CS2 in the 

presence of NaOH suffers from competing formation of S8 and Cy2NC(S)SSSSC(S)NCy2, 

the identities of which were established by X-ray crystallography. Tetrasulfide 

Cy2NC(S)SSSSC(S)NCy2 is the first such molecule to be structurally characterized. The 

Cy2N
– anion, generated from the amine with tBuLi, cleanly reacts with CS2 and is 

oxidatively coupled to Cy2NC(S)SSC(S)NCy2. Triclinic and monoclinic polymorphs of 

Cy2NC(S)SSC(S)NCy2, grown by evaporation from Et2O and acetone, respectively, are 

reported. The latter is disordered across a mirror plane in space group P21/m. A conclusion 

arising from this work is that secondary amines with branched alkyl groups are most 

effectively transformed to the tetraalkylthiuram disulfides by deprotonation with an 

alkyllithium agent prior to introduction of CS2 and then oxidation. In continuing work, we 

are developing the synthesis of dithiocarbamate ligands with water-solubilizing functional 

groups such as diethyl phosphonate, OP(OEt)2-. 

 

2.3 Experimental 

Cy2NC(S)SSC(S)NCy2. Under a N2 atmosphere, a solution of tert-butyllithium in n-

pentane (1.6 M, 25 mL, 2.56 g, 40 mmol) was added dropwise to 200 mL of THF solution 

of dicyclohexylamine (7.253 g, 40 mmol) held at –20°. Carbon disulfide (3.045 g, 40 

mmol) was added via syringe, which induced a change in color from light yellow to red, 

and stirring was continued for 2 h. The solution was warmed to 50 °C in an oil bath. Solid 

I2 (5.076 g, 20 mmol) was then added as a single portion under an outward flow of N2, and 

stirring was continued overnight at 50 °C. The solvent was removed under reduced pressure 
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to afford a pasty yellowish solid residue. This crude solid was extracted with EtOAc (3 x 

100 mL), and the combined extracts were filtered to remove insoluble, finely-divided 

solids. The filtrate was taken to dryness under vacuum. Recrystallization of a portion of 

this solid by evaporation from a carefully filtered Et2O solution produced 

Cy2NC(S)SSC(S)NCy2 in microcrystalline form, while evaporation of an acetone solution 

produced its monoclinic polymorph as pale-yellow blocks. Yield: 3.321 g, 6.475 mmol, 

74%. MP: 169 °C. 1H NMR (δ ppm in CDCl3): 3.03 (m, 4 H, -NCH of cyclohexyl ring), 

1.99 (br, -CH2- of cyclohexyl group, 8 H), 1.86 (m, -CH2- of cyclohexyl group, 8 H), 1.67 

(m, -CH2- of cyclohexyl group, 8 H), 1.38 (m, -CH2- of cyclohexyl group, 8 H), 1.23-1.14 

(m, -CH2- of cyclohexyl group, 8 H). 13C NMR (δ ppm in CDCl3): 206.94, 65.86, 30.95, 

26.36, 15.29. 

A modest number of colorless plate crystals of Cy2NC(S)SSSSC(S)NCy2, commingled 

with elemental sulfur, were obtained by evaporation of an EtOAc solution of the crude 

solid obtained following a literature procedure that invoked the use of Cy2NH in reaction 

with CS2/NaOH/EtOAc followed by oxidation with NaNO2.
15 Because 

Cy2NC(S)SSSSC(S)NCy2 was not easily distinguished from the other substances in the 

mixture by visual appearance, it could not be characterized more thoroughly. Slow 

evaporation of an Et2O solution of this same crude product mixture yielded small amounts 

of the triclinic polymorph of Cy2NC(S)SSC(S)NCy2as amber-hued plates. CCDC 

2325220- 2325222 contain the supplementary crystallographic data for this structures.   
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Chapter 3 

Tri molybdenum Triangular [Mo3(µ3-E)(µ2-

EF)3(Q2LR2)3]+ (E = S; F =  S, or Se; L = CN or P; 

Q =  S, or Se) Clusters: Synthesis, 

Crystallographic, Electro- Physical and 

Photocatalytic H2 Evolution Properties 

3.1Introduction 

The present and future demand for energy is an important topic of discussion 

worldwide, not only because human population continues to grow but also because 

improved standards of living correlate to higher per capita energy consumption. The long-

term energy supply to meet this demand remains uncertain.1,2 Further, fossil fuel 

combustion adds CO2 to the atmosphere at a rate that is contributing to increases in average 

global temperatures.3,4 In turn, global warming threatens to increase sea levels by melting 

the polar ice caps, which would immerse low-lying coastal cities. Fossil fuel combustion 

also diminishes air quality by releasing nitrogen oxides (NOx) that lead to smog and other 

breathing irritants. These environmental impacts of fossil fuel use, in conjunction with their 

nonrenewable nature, bring the issue of developing alternative energy sources to the 

forefront in world political discussion.5 

Solar energy is a clean and renewable alternative to fossil fuels. The primary disadvantage 

of solar energy is its intermittent nature, which demands that energy that cannot be 

immediately consumed as electricity be stored. A practical form of energy storage is via 
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chemical bonds, and the simplest, energy-rich bond that can meet this use is the H‒H bond 

in H2.
6-12 Hydrogen gas is essential to other important industrial processes, such as 

hydrodesulfurization13 and ammonia production14 but is currently produced via steam 

reforming of CH4 gas. Hence, photolytic and/or photo electrocatalytic water splitting to 

form H2 is an attractive way to both to store solar energy and to meet industrial demand for 

H2 without contributing to CO2 emissions. 

3.1.1 MoS2 derivatives in H2 production 

Molybdenum disulfide, MoS2, is one of the few H2-evolving catalytic materials that is 

inexpensive enough to perhaps be scalable for commercial H2 production. However, 

polymeric, or particulate MoS2, while highly active at its surface and edge sites, is poorly 

active as a bulk material. Recent research studies on MoS2 have aimed at making various 

types of MoS2 to increase the surface area and reactive sites and depositing MoS2 

nanoparticles onto highly conducting supports to improve the kinetics of electron 

Figure 3.1. (NH4)2(Mo3S13) structures. Reproduced with permission from Nature 

Chemistry. 
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transfer15. Moreover, MoS2 has also been studied in photo electrocatalytic water splitting, 

both as a reduction catalyst and as a photo electrode/catalytic surface16.  

3.1.2 MoSe2 derivatives in H2 production 

2D layered transitional metal dichalcogenides, MoSe2 have superior features for attractive 

catalytic activity through hydrogen evolution reactions. Ni3Se4@MoSe17 composites act as 

an active electro catalyst in hydrogen evolution reactions. MoSe2@graphene18 

electrocatalyst functionalization having long term electrochemical stability during 

hydrogen evolution reaction due to that it showed significantly enhance hydrogen evolution 

reaction activity. Moreover MoSe2-MoS2
19 layered heterostructures act as an active 

electrocatalyst for superior hydrogen evolution reactions.  

 

 

3.1.3 Objective 

Figure 3.2. Synthesis for Ni3Se4@MoSe2 nanostructures. Reproduced with 

permission from Applied Sciences. 
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The objectives of this project are 1) Synthesis of a broad palette of triangular [Mo3(µ3-

E)(µ2-EF)3]
4+ clusters, which can vary in the chalcogenide core composition (E,F) and with 

the identity of the ancillary chalcogen donor ligand. All clusters originate from Mo(CO)6 

The supporting ligand can be dithiocarbamate (R2NCS2
1-), O- diisopropyldithiophosphate 

((OR)2PS2
1-), dialkyldithiophosphate (R2PS2

1-), or diselenocarbamate (R2NCSe2
1-). For 

consistency, R will be maintained as iBu. With differing degrees of activity, these 

compounds function as homogeneous catalysts for H2 formation from H2O under 

photolysis with a photosensitizer and sacrificial electron donor. 2) Identification of a 

correlation between photocatalytic activity level and composition of the Mo3 structure and 

physical properties of the cluster, such as reduction potentials. 3) Identification of a 

maximally active [Mo3(µ3-E)(µ2-EF)3]
4+ cluster. 

3.1.4 Approach 

These photocatalytic studies will use a 

H2O/MeCN mixture as solvent, [Ru(bpy)3]
2+ 

as chromophore, Et3N as sacrificial electron 

donor and trimethyl aniline (TMA) as 

electron transfer intermediary (Scheme 3.1). 

The synthesis of the Mo3 clusters that are 

being used in this study proceeds as outlined 

in (Scheme 3.2 and Scheme 3.3). 

 

Scheme 3.1. Photocatalytic system employed in 

these studies. Conditions: [Ru(bpy)3]2+ = 260 μM; 

[TMA] = 50 mM; [TEA] = 0.4 M; solvent = 1:2:1 

THF:MeCN:H2O, 4 mL total; headspace = 4.7 

mL. 
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3.2 Experimental 

3.2.1 Analytical, Spectroscopic, and Physical Methods 

The UV-vis spectra were recorded at ambient temperature with an Ocean Optics 

HR2000+ES spectrometer. All NMR spectra were obtained at 25 C with a Bruker 400 MHz 

spectrometer reported with Me4Si (0 ppm) as standard. The ESI-MS spectra were recorded 

on a micrOTOF 11 Bruker Daltonics instrument.. Raman spectra were obtained with a 

WITec Focus Innovations alpha300 spectrometer. The excitation source was a 532 nm line 

with a 600 grooves/mm grating. The elemental analyses were performed either by 

Galbraith Laboratories of Knoxville, TN, or Kolbe Microanalytical Laboratory of 

Oberhausen, Germany. 

Unit cell and refinement data were collected using 1958-9988 selected reflections from 

the full data set in Tables and, and figures with full atom labeling are presented in Figures.  

Electrochemistry measurements were obtained with a AgCl/Ag reference electrode, 

glassy carbon working electrode, Pt wire counter electrode, [nBu4N][PF6] as supporting 

electrolyte and dry CH2Cl2 as solvent.  

The photolysis samples were illuminated in a home-built, multiwell photoreactor 

comprised of an Al cylinder equipped with blue LEDs (Solid Apollo, 24 W, 460 nm) 

mounted inside the cylinder wall in a uniform, spiral pattern. The actinometry was carried 

out using the photooxidation of [Ru(bpy)3] 
2+ by [S2O8] 

2-. The 10 mL of photoreaction 

sample contained 8.5 mL dry MeCN, 1.0 mL H2O, and 0.5 mL dry THF with 

concentrations of  0.05 M for N,N-trimethylaniline, 260 μM for [Ru(bpy)3]Cl2,  0.40 M for 

Et3N, and 100 μM for the Mo-based catalysts. The photolysis samples were thoroughly 

degassed by bubbling with Ar and sealed with screwcaps having PTFE/silicone septa 
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before irradiation. A 4.7 mL headspace volume was kept for each sample. After irradiation, 

a 50 L sample of gas was extracted and injected into a gas chromatograph (Cow-Mac GC; 

Molecular Sieve Column, T= 35 0C; Carrier Gas: N2) for quantitative determination of the 

H2 produced. The quantum yield for H2 production per absorbed photon was measured as 

ΦH2 = 2(moles H2 produced)/(moles photons) = 2𝑃𝑉H2 /(𝑅 · 𝑇 · 𝐼 · 𝑡), where 𝑉H2 is the 

volume of H2 produced in the cell headspace, P = pressure in the headspace of the 

photolysis vial, R = gas constant, T = temperature, I = light intensity (quanta /s from 

actinometry) and t = irradiation time. Turnover numbers (TON) for H2 production per 

catalyst were measured as: 𝑇𝑂𝑁H2 = (moles H2 produced)/(moles Mo‐ catalyst) = 𝑃𝑉H2 

/(𝑅 · 𝑇 · 𝑛Mo), where nMo = number of moles of Mo-catalyst in each sample. 

 

3.2.2 Syntheses 

3.2.2.1 General Considerations  

[NH4]2[Mo3S13], 
iBu2NCSSSSCNiBu2 and iBu2PSSSSPiBu2 were obtained by literature 

procedures. Solvents for synthesis were dried with a system of drying columns from the 

Glass Contour Company (CH2Cl2, THF, Et2O). The anhydrous solvents (DMF, 1,2 

dichlorobenzene, EtOH) were purchased from commercial sources.  All other reagents 

where commercially available products were used without further purification.  

3.2.2.2 K[S2P(iPrO)2]. 

An oven dried two neck 2 L round bottomed flask was equipped with condenser and 

with an outlet leading to a KOH/H2O trap with which to neutralize any H2S gas byproduct. 

Then 1000 mL of 99% iPrOH were added, and the system was then purged with N2 gas for 
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one hour. Then 104.67 g of P4S10 were added in portions over the course of ~30 min. 

Initially, the P4S10 was a pale yellow suspended powder, but over the course of a few hours, 

it was fully digested to afford a translucent, pale yellow solution. The reaction mixture was 

stirred for 2 days at ambient temperature and then sparged again with N2(g) for 30 min and 

cooled in an ice bath. Portions of K metal that were 0.5 – 1.0 g in size were added under 

outward N2 flow over a period of ~1 h. A cream-colored suspension of solid formed during 

the course of the addition of K metal, during which time the cooling was maintained. After 

further stirring overnight, the solid product was collected on a large Buchner funnel, 

washed with cold iPrOH followed by cold Et2O, and dried under vacuum. Yield: 160.23 g, 

65.7%. 1H NMR (400 MHz, CD3CN-d2): 4.71 (octet, 1 H, -OCH(CH3)2), 1.22 (d, 3 H, -

OCH(CH3)2), 1.20 (d, 3 H, -OCH(CH3)2). 
13C NMR (400 MHz, CD3CN-d2): 118.28, 69.64, 

24.11. 31P NMR (400 MHz, CD3CN-d2): 111.67. 

3.2.2.3 (iPrO)2P(=S)SSP(=S)(OiPr)2. 

A mixture of K[S2P(OiPr)2] (10 g, 39.6 mmol) and I2 (5.0 g, 19.7 mmol) was heated for 

~12 h (70 °C) in 150 mL anhydrous EtOH under a N2 atmosphere. The reaction mixture 

was cooled to ambient temperature and allowed to stand for one day. Pale yellow crystal 

and white KI were observed. The remaining EtOH solution was filtered and evaporated 

(2.21 g) crystal was observed. The crude was washed with DI water and filtered through 

vacuum (5.51 g) crystal was observed. Yield: 7.72 g, 92%. MP: 85-88 °C. 1H NMR (400 

MHz, CD2Cl2-d2): 4.92 (m, 4 H, -OCH(CH3)2), 1.40 (d, 12 H, -OCH(CH3)2), 1.38 (d, 12H, 

-OCH(CH3)2). 
13C NMR (400 MHz, CD2Cl2-d2): 75.21, 75.14, 65.19, 23.93, 23.88, 23.77, 

23.72. 31P NMR (400 MHz, CD2Cl2-d2): 81.28.  

3.2.2.4 iBu2NC(=Se)SeSeSeC(=S)NiBu2. 
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MP:115-118 °C. 1H NMR (400 MHz, CD2Cl2-d2): 3.86 (d, 4 H, -CH2CH(CH3)2), 3.81 

(d, 4 H, -CH2CH(CH3)2), 2.52 (octet, 4 H, -CH2CH(CH3)2), 1.04 (d, 12 H, -CH2CH(CH3)2), 

0.93 (d, 12 H, -CH2CH(CH3)2). 
13C NMR (400 MHz, CD2Cl2-d2): 204.2, 58, 57.4, 27.7, 

27.5, 20.3.  

 

3.2.2.5 [Mo3S7(S2CNiBu2)3]Cl, [1a]Cl. 

A mixture of Mo(CO)6 (1.00 g, 3.79 mmol), S powder (0.24 g, 7.58 mmol) and 

iBu2NC(=S)SSC(=S)CNiBu2 (1.51 g, 3.71 mmol) was refluxed (170 °C) in 50 mL of 

anhydrous 1,2- dichlorobenzene for 1.5 h under N2 atmosphere. The reaction mixture was 

cooled to room temperature, left to stand for one day, and then reduced to a dark black oily 

residue under steady stream of air overnight. This oily residue was dissolved in a mixture 

of 10 mL CH2Cl2 and 20 ml Et2O, and the resulting solution was transferred to a vial that 

was then loosely covered with Al foil or a cap. After the evaporation of solvent over the 

course of one week, a black oily residue was again observed. Portions of Et2O amounting 

to 30 mL were then used to wash away the black oily material and leave behind an orange 

crystalline solid at the bottom of the vial (0.9 g). This orange solid was recrystallized by 

the diffusion of hexanes vapor into a 1,2 ClCH2CH2Cl solution. Yield: 0.8 g of orange 

needles, 68%. 1H NMR (400 MHz, CD2Cl2-d2): 3.66 (d, 6 H, -CH2CH(CH3)2), 3.60 (d, 6 

H, -CH2CH(CH3)2), 2.32 (m, 6 H, -CH2CH(CH3)2), 1.00 (d, 18 H, -CH2CH(CH3)2), 0.96 

(d, 18 H, -CH2CH(CH3)2). 
13C NMR (400 MHz, CD2Cl2-d2): 204.2, 58, 57.4, 27.7, 27.6, 

20.3. UV-vis [CH2Cl2, λmax nm (ε)]: ~260, ~284, ~358, ~415. MS (ESI+) Calcd for 

[C27H54Mo3N3S13]
+: m/z 1125.7843; Observed: m/z 1125.7845; Error (δ): 0.21 ppm. Raman 

(cm-1): 71.6, 103.7, 129.9, 248.2, 265.4, 291.1, 311, 356.4, 390.2, 451.9, 513.1, 535.3. 
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Anal. Calcd for C27H54ClMo3N3S13: C, 27.94; H, 4.69; N, 3.62; Cl, 3.05; S, 35.91; C, 27.89; 

H, 4.71; N, 3.60; Cl, 3.03; S, 35.92. 

 

 

3.2.2.6 [Mo3S7(S2CNiBu2)3] I, [1a]I. 

A mixture of [Mo3S7(S2CNiBu2)3]Cl (0.1 g, 0.075 mmol) and 10 NaI (0.11 g, 0.75 

mmol) was refluxed overnight  (110 °C) in 20 mL anhydrous DMF and 10 mL anhydrous 

EtOH under a N2 atmosphere. The reaction mixture was cooled to ambient temperature and 

then reduced to an orange solid under steady stream of air overnight. Then the crude solid 

was dissolved in 10 mL of CH2Cl2 and filtered. The filtrate was evaporated to an orange 

solid. Orange crystals were obtained by diffusion of tBuOMe vapor into a concentrated 1,2 

ClCH2CH2Cl solution of this solid. Yield: 0.085 g, 94%. 1H NMR (400 MHz, CD2Cl2-d2): 

3.66 (d, 6 H, -CH2CH(CH3)2), 3.59 (d, 6 H, -CH2CH(CH3)2), 2.32 (m, 6 H, -

CH2CH(CH3)2), 0.96 (d, 18 H, -CH2CH(CH3)2), 0.94 (d, 18 H, -CH2CH(CH3)2). 
13C NMR 

(400 MHz, CD2Cl2-d2): 204.2, 58, 57.4, 27.7, 27.5, 20.3. UV-vis [CH2Cl2, λmax nm (ε)]: 

~263, ~352, ~427. MS (ESI+) Calcd for [C27H54Mo3N3S13]
+: m/z 1125.7843; Observed: m/z 

1125.7845 Error (δ): 0.21 ppm. Raman (cm -1): 71.6, 103.7, 129.9, 248.2, 265.4, 291.1, 

311, 356.4, 390.2, 451.9, 513.1, 535.3. 

3.2.2.7 Mo3S4Se3(S2CNiBu2)3SeCN, [2a]SeCN. 

A red solution of [Mo3S7(S2CNiBu2)3]I (0.05 g) in 10 mL CH2Cl2 was stirred together 

with a solution of 4 equivalents of KSeCN (0.023 g) in 5 mL water under a N2 atmosphere. 

After 2 days, the organic layer was separated, dried over anhydrous Na2SO4, and 
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evaporated to dryness to yield [2a]SeCN. Yield: 0.04 g, 74%. A crystalline sample was 

obtained by diffusing tBuOMe into a solution of the compound in 1,2-ClCH2CH2Cl. 1H 

NMR (400 MHz, CD2Cl2-d2): 3.66 (d, 6 H, -CH2CH(CH3)2), 3.60 (d, 6 H, -CH2CH(CH3)2), 

2.28 (m, 6H, -CH2CH(CH3)2), 0.96 (d, 18 H, -CH2CH(CH3)2), 0.94 (d, 18 H, -

CH2CH(CH3)2). 
13C NMR (400 MHz, CD2Cl2-d2): 204.2, 58, 57.1, 27.7, 27.6, 20.3. UV-

vis [CH2Cl2, λmax nm (ε)]:  ~269, ~335, ~434. MS (ESI+) Calcd for [C27H54Mo3N3S10Se3]
+: 

m/z 1265.6206; Observed: m/z 1265.6300; Error (δ): 7.45 ppm. Raman (cm-1): 75.7, 93.2, 

125.3, 186.1, 257.9, 266.5, 289.4, 340.5, 380.1, 394.1, 441.8, 450.2, 553. 

3.2.2.8 [Mo3Se7(S2CNiBu2)3]2Se. 

A mixture of Mo(CO)6 (1.00 g, 3.79 mmol), Se powder (1.2g, 15.2 mmol) and 

iBu2NC(=S)SSC(=S)NiBu2 (1.51 g, 3.71 mmol) was refluxed (200-220 °C) in 50 mL 

anhydrous  1,2- dichlorobenzene for 1.5 h under a N2 atmosphere. The reaction mixture 

was cooled to room temperature and then vacuum filtered to remove unreacted Se. The 

filtrate was reduced to a dark red oily residue under steady stream of air overnight. This 

residual oily residue was washed with small portions of Et2O amounting to 30 mL to 

remove a red oily material. A crude solid residue of [Mo3Se7(S2CNiBu2)3]2Se was 

observed. Yield: 1.02 g, 70%. 1H NMR (400 MHz, CD2Cl2-d2): 3.86 (d, 6 H, -

CH2CH(CH3)2), 3.82 (d, 6 H, -CH2CH(CH3)2), 3.58 (d, 6 H, -CH2CH(CH3)2),  3.55 (d, 6 

H, -CH2CH(CH3)2), 2.32 (m, 12 H, -CH2CH(CH3)2), 0.94 (d, 36 H, -CH2CH(CH3)2), 0.93 

(d, 36 H, -CH2CH(CH3)2). 
13C NMR (400 MHz, CD2Cl2-d2): 204.2, 58.6, 56.4, 27.1, 27.0, 

19.8. UV-vis [CH2Cl2, λmax nm (ε)]: ~278, ~350, ~428. MS (ESI+) Calcd for 

[C54H108Se15Mo6N6S12]
1+: m/z 2985.7233; Observed: m/z 2985.7353; Error (δ): 4.01 ppm. 
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Raman (cm-1): 85.3, 109.6, 135.9, 174.1, 200.1, 235.9, 269.6, 315, 360, 441, 470, 510, 537, 

564, 601.8, 669.3. 

3.2.2.9 [Mo3Se7(S2CNiBu2)3]I, [3a]I. 

A mixture of [Mo3Se7(S2CNiBu2)3]2Se (1.00 g) and 10 NaI (0.5 g) was refluxed (110 

°C) overnight in a mixture of 50 mL anhydrous DMF and 25 mL anhydrous EtOH under a 

N2 atmosphere. The reaction mixture was cooled to ambient temperature and then reduced 

to a red solid under steady stream of air overnight. This crude solid was dissolved in 30 

mL of CH2Cl2 and filtered. The filtrate was evaporated to again afford a red solid, which 

was crystallized as red needles by the diffusion of n-pentane vapor into a concentrated 1,2-

ClCH2CH2Cl solution. Yield: 0.44 g (crude), 99%. 1H NMR (400 MHz, CD2Cl2-d2): 3.58 

(d, 6 H, -CH2CH(CH3)2), 3.55 (d, 6 H, -CH2CH(CH3)2), 2.24 (m, 6 H, -CH2CH(CH3)2), 

0.94 (d, 18 H, -CH2CH(CH3)2), 0.88 (d, 18 H, -CH2CH(CH3)2). 
13C NMR (400 MHz, 

CD2Cl2-d2): 205.2, 57.3, 56.7, 27.6, 27.5, 20.5. UV-vis [CH2Cl2, λmax nm (ε)]: ~284, ~384, 

~420. MS (ESI+) Calcd for [C27H54Mo3N3S6Se7]
+: m/z 1453.4021; Observed: m/z 

1453.4055; Error (δ): 2.36 ppm. Raman (cm -1): 72.8, 107.8, 128.2, 168.8, 203.4, 246, 

272.2, 306.5, 332, 354.7, 399.8, 439, 486.5, 553, 580.5.  

3.2.2.10 [Mo3Se7(Se2CNiBu2)3]Cl, [3c]Cl.  

A mixture of Mo(CO)6 (0.086 g) , Se powder (0.1 g) and iBu2NCSeSeSeSeSeCNiBu2 

(0.2 g,) was refluxed (170-180 °C) under N2 atmosphere in 15 mL of anhydrous 1,2- 

dichlorobenzene for 1.5 hours. The reaction mixture was cooled to room temperature and 

then vacuum filtered to remove unreacted Se. The filtrate was reduced to a dark red oily 

residue under steady stream of air overnight. This residual oily residue was washed with 

portions of Et2O amounting to20 mL to remove a red oily material. The resulting solid 
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residue was crystallized as orange crystals by diffusion of hexanes vapor into a 

concentrated 1,2-ClCH2CH2Cl solution.  Yield:0.09 g (crude), 70%. 1H NMR (400 MHz, 

CD2Cl2-d2): 3.59 (d, 6 H, -CH2CH(CH3)2), 3.55 (d, 6 H, -CH2CH(CH3)2), 2.25 (m, 6 H, -

CH2CH(CH3)2), 0.95 (d, 18 H, -CH2CH(CH3)2), 0.91 (d, 18 H, -CH2CH(CH3)2). 
13C NMR 

(400 MHz, CD2Cl2-d2): 205.2, 57.1, 56.7, 27.6, 27.5, 20.5. UV-vis [CH2Cl2, λmax nm (ε)]: 

~278, ~364, ~454. MS (ESI+) Calcd for [C27H54Mo3N3Se13]
+: m/z 1736.0741; Observed: 

m/z 1736.0253; Error (δ): 29.08 ppm. Raman (cm -1): 80, 100.3, 130.6, 168.8, 214.8, 256.6, 

282.3, 319.7, 341.3, 366.7, 403.7, 438.6, 461.7, 494.4, 542.2. 

3.2.2.11 [Mo3Se7(Se2CNiBu2)3]I, [3c]I. 

A mixture of [Mo3Se7(Se2CNiBu2)3]Cl (0.0122g) and 10 eq NaI (0.0051 g) was 

refluxed (110 °C) overnight in a mixture of 10 mL anhydrous DMF and 20 mL anhydrous 

EtOH under a N2 atmosphere. The reaction mixture was cooled to room temperature and 

then reduced to a red solid under steady stream of air overnight. The resulting residual solid 

was dissolved in 20 mL of CH2Cl2 and filtered. Evaporation of the filtrate afforded a red 

solid.  Red needle crystals were obtained by diffusion of hexanes vapor into a concentrated 

1,2-ClCH2CH2Cl solution. Yield: 0.01 g (crude), 99%. 1H NMR (400 MHz, CD2Cl2-d2): 

3.59 (d, 6 H, -CH2CH(CH3)2), 3.55 (d, 6 H, -CH2CH(CH3)2), 2.25 (m, 6 H, -

CH2CH(CH3)2), 0.95 (d, 18 H, -CH2CH(CH3)2), 0.91 (d, 18 H, -CH2CH(CH3)2). 
13C NMR 

(400 MHz, CD2Cl2-d2): 205.2, 57.1, 56.7, 27.6, 27.5, 20.5. UV-vis [CH2Cl2, λmax nm (ε)]: 

~278, ~364, ~454. MS (ESI+) Calcd for [C27H54Mo3N3Se13]
+: m/z 1736.0741; Observed: 

m/z 1736.0251; Error (δ): 28.08 ppm. Raman (cm -1): 80, 100.3, 130.6, 168.8, 214.8, 256.6, 

282.3, 319.7, 341.3, 366.7, 403.7, 438.6, 461.7, 494.4, 542.2. 

3.2.2.12. [Mo3S7(S2PiBu2)3](S2PiBu2), [1e][S2PiBu2]. 
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A mixture of Mo(CO)6 (0.25 g, 3.79 mmol) , S powder (0.06 g, 7.58 mmol) and 

iBu2PSSSSPiBu2 (0.387g, 3.71 mmol) was refluxed for 5 hours at 140 °C in 20 mL of 1,3,5- 

triisopropylbenzene under a N2 atmosphere. The reaction mixture was cooled to room 

temperature. The resulting yellow-orange precipitate was collected by filtration, washed 

with Et2O, and dried. Then the precipitate was purified with hot DCM/methanol, and the 

solid part was recrystallized by DCM/pentane vapor diffusion (0.2 g). Yield: 65%. 1H 

NMR (400 MHz, CD2Cl2-d2): 2.42 (m, 8 H, -CH2CH(CH3)2), 2.14 (d, 8 H, -

CH2CH(CH3)2), 2.10 (d, 8 H, -CH2CH(CH3)2), 1.15 (d, 24 H, -CH2CH(CH3)2), 1.11 (d, 24 

H, -CH2CH(CH3)2). 
13C NMR (400 MHz, CD2Cl2-d2): 48.8, 48.4, 46.2, 45.8, 25.1. 31P 

NMR (400 MHz, CD2Cl2-d2): 123.0, 103.8. UV-vis [CH2Cl2, λmax nm (ε)]: ~260, ~332, 

~420. MS (ESI+) Calcd for [C24H54Mo3P3S13]
+: m/z 1140.6963; Observed: m/z 1140.6968. 

Error (δ): 0.48 ppm. Raman (cm -1): 84.52, 116.6, 148.56, 160.15, 189.05, 223.6, 235.08, 

249.41, 275.14, 332.05, 394.2, 436.3, 497.7, 522.6, 553, 569.5, 619, 660. 

3.2.2.13. [Mo3S7(S2PiBu2)3]I, [1e]I 

A mixture of [Mo3S7(S2P
iBu2)3][S2P

iBu2] (0.025 g) and 10 NaI (0.12 g) was refluxed 

(110 °C) overnight in a mixture of 20 mL anhydrous DMF and 10 mL anhydrous EtOH 

under a N2 atmosphere. The reaction mixture was cooled to room temperature, and then 

the reaction mixture was reduced to an orange solid under steady stream of air overnight. 

The crude solid residue was dissolved in 10 mL CH2Cl2 and filtered. The filtrate was 

evaporated to afford a red solid. Red crystals were obtained by diffusion of n-pentane vapor 

into a CH2Cl2 solution of this solid. Yield: 0.02 g, 99%). 1H NMR (400 MHz, CD2Cl2-d2): 

2.38 (m, 6 H, -CH2CH(CH3)2), 2.14 (d, 6 H, -CH2CH(CH3)2), 2.10 (d, 6 H, -

CH2CH(CH3)2), 1.16 (d, 18 H, -CH2CH(CH3)2), 1.14 (d, 18 H, -CH2CH(CH3)2). 
13C NMR 
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(400 MHz, CD2Cl2-d2): 48.8, 48.4, 46.2, 45.8, 25.1. 31P NMR (400 MHz, CD2Cl2-d2): 

102.8. UV-vis [CH2Cl2, λmax nm (ε)]: ~238, ~345. MS (ESI+) Calcd for [C24H54Mo3P3S13]
+: 

m/z 1140.6963. Observed: m/z 1140.6968. Error (δ): 0.48 ppm. Raman (cm -1): 68.7, 115.4, 

141.5, 176.3, 239.6, 262.5, 288.2, 356.3, 378.9, 418.3, 449.1, 474.2, 515.9, 612.4, 647.9. 

Anal. Calcd for C24H54IMo3P3S13: C, 22.75; H, 4.30; P, 7.33; S, 33.89. Found: C, 23.01; H, 

2.93; P, 7.39; S, 33.41. 

3.2.2.14 [Mo3S4Se3(S2PiBu2)3]I, [2e]I. 

A red solution of [Mo3S7(S2P
iBu2)3]I (0.05 g) in 10 mL of CH2Cl2 was stirred together 

with a solution of 4 eq of KSeCN (0.0227 g) in 5 mL water under a N2 atmosphere. This 

mixture was gently heated to 50 °C. After 2 days, the organic layer was separated, dried 

over anhydrous Na2SO4, and  reduced to dryness to afford the crude product. A crystalline 

sample was obtained by diffusing n-pentane into a concentrated solution of the compound 

in CH2Cl2. Yield: 0.04 g, 74%. 1H NMR (400 MHz, CD2Cl2-d2): 2.41 (m, 6 H, -

CH2CH(CH3)2), 2.14 (d, 6 H, -CH2CH(CH3)2), 2.10 (d, 6 H, -CH2CH(CH3)2), 1.17 (d, 18 

H, -CH2CH(CH3)2), 1.15 (d, 18 H, -CH2CH(CH3)2). 
13C NMR (400 MHz, CD2Cl2-d2): 

48.8, 48.4, 46.2, 45.8, 25.1. 31P NMR (400 MHz, CD2Cl2-d2): 102.7. UV-vis [CH2Cl2, λmax 

nm (ε)]: ~279, ~345, ~430. MS (ESI+) Calcd for [C24H54Mo3P3S10Se3]
+: m/z 1280.5325; 

Observed: m/z 1280.5345. Raman (cm -1): 79.2, 105.5, 149.1, 163.6, 229.8, 304.1, 332.5, 

349.5, 397, 422.8, 450.8, 503.7, 550.8, 572.8, 589.3, 646.8, 725.6, 776.8, 841. Anal. Calcd. 

for C24H36IMo3P3S10Se3: C, 20.48; H, 3.87; P, 6.60; S: 22.77. Found: C, 20.62; H, 2.63; P, 

6.67; S, 22.95. 

3.2.2.15 [Mo3Se7(S2PiBu2)3][S2PiBu2], [3e][S2PiBu2]. 
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A mixture of Mo(CO)6 (0.25 g, 3.79 mmol), Se powder (0.3 g, 15.2 mmol) and 

iBu2PSSSSPiBu2 (0.387 g, 3.71 mmol) was refluxed for 1.5 hours at 140 °C in 20 mL of 

anhydrous 1,2-dichlorobenzene under a N2 atmosphere. The reaction mixture was then 

cooled to ambient temperature and vacuum filtered to remove unreacted Se. The filtrate 

was reduced to a dark black oily residue under steady stream of air overnight. This oily 

residue was dissolved in a mixture of 20 mL Et2O and 10 mL CH2Cl2, and the solution was 

loosely covered with Al foil or a cap. After the evaporation of the solvent, a black oily 

residual was obtained. Portions of Et2O amounting to 30 mL were then used to wash awaya 

this dark green oily material and leave behind a red crystalline solid. This red solid was 

recrystallized by diffusion of n-pentane vapor into a CH2Cl2 solution. Yield: 0.2 g, 70%. 

1H NMR (400 MHz, CD2Cl2-d2): 2.42 (m, 8 H, -CH2CH(CH3)2), 2.14 (d, 8 H, -

CH2CH(CH3)2), 2.09 (d, 8 H, -CH2CH(CH3)2), 1.15 (d, 24 H, -CH2CH(CH3)2), 1.12 (d, 24 

H, -CH2CH(CH3)2). 
13C NMR (400 MHz, CD2Cl2-d2): 48.8, 48.4, 46.2, 45.8, 25.1. 31P 

NMR (400 MHz, CD2Cl2-d2): 123.0, 103.8. UV-vis [CH2Cl2, λmax nm (ε)]: ~236, ~277, 

~401. MS (ESI+) Calcd for [C24H54Mo3P3S6Se7]
+: m/z 1468.3141; Observed: m/z 

1468.3058; Error (δ): 5.61 ppm. Raman (cm -1): 116, 163, 197.7, 220.7, 260.8, 357.5, 396.9, 

425, 455.8, 492, 553, 599.8, 687.2, 730.5, 797.8, 864.5. Anal. Calcd. for 

C32H72Mo3P4S8Se7: C, 22.91; H, 4.33; S, 15.29. Found: C, 22.51; H, 4.26; S, 15.02. 

3.2.2.16 [Mo3Se7(S2PiBu2)3]I, [3e]I. 

A mixture of [Mo3Se7(S2P
iBu2)3][S2P

iBu2] (0.025 g) and 10 NaI (0.12 g) was refluxed 

overnight at 110 °C in a mixture of 20 mL of anhydrous DMF and 10 mL of anhydrous 

EtOH under a N2 atmosphere. The reaction mixture was cooled to ambient temperature and 

then reduced to an orange solid under steady stream of air overnight. This crude solid was 
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dissolved in 10 mL of CH2Cl2 and filtered. The filtrate was evaporated to afford a red solid, 

which was obtained in crystalline form by diffusion of n-pentane vapor into a CH2Cl2 

solution. Yield: 0.02 g, 99%. 1H NMR (400 MHz, CD2Cl2-d2): 2.40 (m, 6 H, -

CH2CH(CH3)2), 2.11 (d, 6 H, -CH2CH(CH3)2), 2.06 (d, 6 H, -CH2CH(CH3)2), 1.15 (d, 18 

H, -CH2CH(CH3)2), 1.10 (d, 18 H, -CH2CH(CH3)2). 
13C NMR (400 MHz, CD2Cl2-d2): 

48.8, 48.4, 46.2, 45.8, 25.1. 31P NMR (400 MHz, CD2Cl2-d2): 102.7. UV-vis [CH2Cl2, λmax 

nm (ε)]: ~239, ~282, ~356. MS (ESI+) Calcd for [C24H54Mo3P3S6Se7]
+: m/z 1468.3141; 

Observed: m/z 1468.3058; Error (δ): 5.61 ppm. Raman (cm -1): 75.7, 116.6, 163, 249, 275.1, 

332, 382.9, 461, 500.4, 575, 632.7, 670.8, 784.4, 851.2. Anal. Calcd. for 

C24H54IMo3P3S6Se7: C, 18.07; H, 3.41; Found: C, 19.55; H, 3.70. 

3.2.2.17 [Mo3Se7(S2P(OiPr)2)3][S2P(OiPr)2], [3f][S2P(OiPr)2]. 

A mixture of Mo(CO)6 (1.00 g, 3.79 mmol), Se powder (1.2 g, 15.22 mmol) and freshly 

prepared (iPrO)2P(=S)SSP(=S)(OiPr)2 (1.6 g, 3.71 mmol) was refluxed for 1.5 hours at (140 

°C) in 50 mL of anhydrous 1,2-dichlorobenzene under a N2 atmosphere. The reaction 

mixture was cooled to room temperature and then vacuum filtered to remove unreacted Se. 

The filtrate was reduced to a dark black solid residue under steady stream of air overnight.  

This residual solid was dissolved in 30 mL of dry Et2O and slowly evaporated from a vial 

loosely covered with Al foil or a cap. After one week, crystalline material was collected 

from the bottom of the vial and washed with portions of dry Et2O amounting to 30 mL, 

which removed a black oily material. Yield: 0.8 g (crude), 68%. 1H NMR (400 MHz, 

CD2Cl2-d2): 4.86 (m, 8 H, -OCH(CH3)2), 1.37 (d, 24 H, -OCH(CH3)2), 1.34 (d, 24 H, -

OCH(CH3)2). 
13C NMR (400 MHz, CD2Cl2-d2): 74.35, 74.29, 24.09, 24.07, 24.05, 24.03. 

31P NMR (400 MHz, CD2Cl2-d2): 92.23, 106.4. UV-vis [CH2Cl2, λmax nm (ε)]: ~236, ~344, 
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~441. MS (ESI+) Calcd for [C18H42O6Mo3P3S6Se7]
+: m/z 1152.5717; Observed: m/z 

1152.5688; Error (δ): 12.04 ppm. Raman (cm -1): 81.3, 103.6, 137.9, 168.1, 184.1, 243.9, 

257.8, 301.2, 334.6, 363.9, 383.4, 437.7, 455, 503, 535.5, 571.5, 628.1, 674.9. 
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3.3 Discussion 

3.3.1 Discussion of Syntheses 

 

 

 

 

 

 

 

 

 

Scheme 3.2. S y n t h e t i c  routes to [Mo3Q7L3]
+ type cluster cations from 

Mo(CO)6. 
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Scheme 3.3. S y n t h e t i c  routes to [Mo3Q7L3]+ type cluster cations from 

Mo(CO)6 

 

Scheme 3.4. Known synthetic routes to [Mo3S7L3]+ type cluster cations from 

[Mo3S13]2- or [Mo3S7Br6]2-. 
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3.3.2 Synthesis of [Mo3S(S2)3L3]+ complexes; L = (-S2CNiBu2, -

Se2CNiBu2, -S2PiBu2, -S2P(OiPr)2) 

Since the first [Mo3S(S2)3]
4+ cluster core was discovered in 197422, there are variety of 

[Mo3S(S2)3]
4+ complexes and efficient pathways are discovered and have been reported23-

30. Especially, a trinuclear remarkable molybdenum complex, (NH4)2[Mo3S(S2)6]
23, which 

was discovered in 1980 by Muller, considering it has bridging and terminal disulfide edges, 

a strong contribution to do this kind of chemistry. After discovery of (NH4)2[Mo3S(S2)6] 

complex, first (NEt4)2[Mo3S7X6]
28 (X=Cl, Br) complex was synthesized by Fedin and 

coworkers. However, the first cluster with the [Mo3S(S2)3]
4+ core compound supported by 

dithiocarbamate ligand was synthesized by Hegetschweiler31. Moreover, they reported that 

they obtained this compound by two methods. One method is that direct oxidation of 

(NH4)2[Mo3S(S2)6] by dithiocarbomate compound (1) and another method is that 

nucleophilic substitution of the six Br- in (NEt4)2[Mo3S7X6] (X=Cl, Br) by Na(S2CNEt2) 

ligand and NaI was used to form compound (1). Furthermore, in their studies they obtained 

compound (2) from (NEt4)2[Mo3S7X6] (X=Cl, Br) and Na(S2CNEt2). Around the same 

time, Fedin and coworkers32 did the experiment between 4 Na(S2CNEt2) and 

(NEt4)2[Mo3S7X6] (X=Cl, Br) and they obtained [Mo3S7(S2CNEt3)] (S2CNEt3) compound. 

Scheme 3.5. Known synthetic routes to [Mo3S7L3]+ type cluster cations. 
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But it was not characterized by XRD. During the crystallization process of this compound 

with boiling 1,2 DCE they got [Mo3S7(S2CNEt3)] Cl compound (4).    

In the case of Mo3S7-cluster dithiophosphinates, Keck et al,1981, reported33 that 

reaction of the disulfanes with carbonyl complexes Mo (CO)6 produced Mo3S7 cluster 

chelate of types [Mo3S7(S2PEt3)] (S2PEt3) compound. Rong-min et al,1998 reported34 that 

the molecule structure of the compound of a discrete cluster cation Mo3S7(S2POiPr2)4 and 

Mo2S4(S2POiPr2)2 were obtained from the reaction between (NH4)2{MoS4} and 

P2S5/
iPrOH. Continued Sha-Fang et al, reported35 [Mo3S7(S2POiPr2)3] I was prepared by 

addition of (CH3)4NI into reaction mixture of Mo3S7(S2POiPr2)4. 

Here, we propose a new synthetic route for [Mo3S7L3] +; L = (-S2CNiBu2, -Se3CNiBu2, 

-S2P
iBu2, -S2P(OiPr)2) cluster compounds from Mo (CO)6. One of the features of this study 

is simply refluxing the mixture of Mo (CO)6, elemental sulfur and (-S2CNiBu2)2or 

(S2P
iBu2)2 in 1,2 dicholorobenzene at different temperatures. Another feature is that this 

cheapest method produced high yield within the 1.5 hours of reaction time period. 

Beginning with (-S2CNiBu2)2ligand produced direct [Mo3S7(S2CNiBu2)3] Cl cluster at 170 

C temperature and then NaI addition produced [Mo3S7(S2CNiBu2)3] I (94%). In the high 

temperature (220-240 C), [Mo3S7(S2CNiBu2)3] S2CNiBu2 was formed. But this is not 

characterized by X-ray analysis but confirmed with 1H-NMR. Followed by addition of NaI 

proved that it formed [Mo3S7(S2CNiBu2)3] I cluster. The reaction with triseleno carbomate 

(iBu2NCSe2) Se at 170 C, its dimer compound and solid elemental Se were observed. 

The reaction with disulfanes (iBu2PS2)2 at 140 C in 1,2 dicholorobenzene produced 

dimer type Mo2S4(S2P
iBu2)2 clusters rather than Mo3S7 type clusters, whereas non-polar 

solvent like 1,3,5 triisopropylbenzene produced [Mo3S7(S2P
iBu2)3] S2P

iBu2 type clusters. 
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Followed by addition of NaI produced [Mo3S7(S2P
iBu2)3] I cluster. The studies of 

(OiPr2PS2)2 at 140 °C, it formed both Mo3S7(S2POiPr2)4 and Mo2S4(S2POiPr2)2. However, 

Mo3S7(S2POiPr2)4 was not characterized by XRD but 1H NMR and 31P NMR proved its 

identity of this compound. 

 

Figure 3.3. 1H NMR spectrum of complex [Mo3S7(S2CNiBu2)3] (S2CNiBu2). 
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Figure 3.4. 1H NMR spectrum of complex [Mo3S7(S2P(OiPr)2)3][S2P(OiPr)2]. 

 

Figure 3.5. 31P NMR spectrum of complex [Mo3S7(S2P(OiPr)2)3][S2P(OiPr)2]. 
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Scheme 3.6. S y n t h e t i c  routes to [Mo3S7L3] + type cluster cations from 

Mo(CO)6. 
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3.3.3 Synthesis of [Mo3S4Se3L3] +; L = (-S2CNiBu2, -S2PiBu2) 

complexes 

The formation of [Mo3S4Se3(S2CNEt2)3] SeCN has been reported36 from 

[Mo3S7(S2CNEt2)3] S2CNEt2. The same literature procedure was used for compound 

[Mo3S7(S2CNiBu2)3] I to form [Mo3S4Se3(S2CNiBu2)3] SeCN. However, for 

dithiophosphate compounds [Mo3S7(S2P
iBu2)3] I this procedure was applied but the 

starting material was observed so it was modified with warming the mixture at 50 C for 2 

days then [Mo3S4Se3(S2P
iBu2)3] I was observed. 

  

 

Scheme 3.7. S y n t h e t i c  routes to [Mo3S4Se3L3] + type cluster cations.  
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3.3.4 Synthesis of [Mo3Se (Se2)3L3] +; L = (-S2CNiBu2, -

Se2CNiBu2, -S2PiBu2, -S2P(OiPr)2) complexes. 

As we previously discussed, the discovery of a largest number of the synthesis have 

been obtained for [Mo3S(S2)3]
4+ complexes. Particularly different synthetic methods for 

[Mo3S(S2)3]
4+ complexes and [Mo3S4Se3]

4+ complexes have been developed. Moreover, Di 

cluster compound joint with central chalcogen atom [Mo3S7(S2CNEt2)3]2S
37 have been 

developed. Most of the work in this area of specifically built polymeric metal sulfide 

species has been studied. However, the reports of analogs for selenides such as [Mo3Se 

(Se2)3]
4+ have been rarely studied. The initial [Mo3Se (Se2)3]

4+ core compound of 

[Mo12Se56]
12- 38was obtained from metallic Mo and K2Se4 in H2O and it was structurally 

characterized. Fedin and coworkers developed39 a new method for [Mo3Se (Se2)3]
4+ 

complexes from polymeric material [Mo3Se7X4] n (X=Cl or Br) by mechanochemical 

activation. Furthermore, they discovered another method40 for [Mo3Se7X6]
2- complexes 

from polymeric material [Mo3Se7X4] n by heating. They obtained the first [Mo3Se (Se2)3]
4+ 

cluster core supported by dithiocarbomate compounds([Mo3Se7(S2CNEt2)3] S2CNEt2) 

from reaction between [Mo3Se7X6]
2- and Na(S2CNEt2) ligand. The same [Mo3Se (Se2)3]

4+ 

cluster supported with dithiocarbomate compounds joint with central Se atom 

[Mo3Se7(S2CNEt2)3]2Se type complex was synthesized by Almond and coworkers41 from 

by heating of   Mo (CO)6, elemental Se and (Et2CNS2)2 in 1,2 dichlorobenzene for 1.5 

hours. Gushchin et al42 recently reported that, (nBu4N)2Mo3Se7X6]X (X=Cl or Br) was 

made by microwave activation of polymeric Mo3Se7Br4 and (nBu4N) Br and they obtained 

(nBu4N)2[Mo3Se7(dithiolene)3] 
nBu4N.  
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Here in, we propose one of the efficient, cheapest, and a new method for synthesis of 

[Mo3Se (Se2)3L3] +;  L = (-S2CNiBu2, -Se3CNiBu2, -S2P
iBu2, -S2P(OiPr)2) analogs from 

Mo (CO)6, elemental Se and (-S2CNiBu2)2or (S2P
iBu2)2 in 1,2 dicholorobenzene by simply 

refluxing at different temperatures for 1.5 hours. This method produced high yield within 

the short period of time compared with other expensive previously developed methods. 

Beginning with Mo (CO)6, elemental Se and (iBu2NCS2)2 was heated (220 C) under 

reflux in 1,2 dicholorobenzene for 1.5 hours as previously reported41 dicluster 

[Mo3Se7(S2CNiBu2)3]2Se was formed. Then it was treated with NaI and formed 

[Mo3Se7(S2CNiBu2)3] I cluster. On the other hand, when this reaction mixture was heated 

at 170 C under reflux, [Mo3Se7(S2CNiBu2)3] Cl or [Mo3Se7(S2CNiBu2)3] (S2CNiBu2) 

formed but this was not characterized by XRD, ESI-MS proved its identity of this 

compound. Then followed by addition of NaI, [Mo3Se7(S2CNiBu2)3] I was observed. The 

same method was applied for (iBu2NCSe2)2Se triselenocarbomate ligand, 

Scheme 3.8. Known synthetic routes to [Mo3Se7L3] + type cluster cations.  
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[Mo3Se7(Se2CNiBu2)3] Cl and [Mo3Se7(Se2CNiBu2)3] I were observed. But at 240 C dimer 

was observed. 

For disulfanes (iBu2PS2)2, and ((iPrO)2PS2)2 the temperature was kept at 140 °C, 

Mo3Se7(S2P(OiPr)2)4 and Mo3Se7(S2P
iBu2)4 were observed. Followed by NaI addition 

produced its Mo3Se7(S2P
iBu2)3I cluster. 

 

Figure 3.6. ESI-MS spectrum of complex [Mo3Se7(S2CNiBu2)3] + during the 

reaction at 170 °C. 
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Scheme 3.9. S y n t h e t i c  routes to [Mo3Se7L3]
+ type cluster cations from 

Mo(CO)6. 
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3.3.5 Future work  

1) Synthesis of [Mo3S4Se3L3] + and [Mo3Se4S3L3] +  ; L = (-S2CNiBu2, -Se2CNiBu2, -

S2P
iBu2) complexes can be achieved by developed new synthetic routes as illustrated in 

(Scheme 3.10 and Scheme 3.11). 

 

 

 

Scheme 3.10. New s y n t h e t i c  routes to [Mo3S4Se3L3] + type cluster cations.  

 

Scheme 3.11. New synthetic routes to [Mo3Se4S3L3] + type cluster cations.  
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2) Try to make [Mo3Te7L3] + ; L = (-S2CNiBu2, -Se2CNiBu2, -S2P
iBu2) complexes  by 

developed new synthetic route as illustrated in (Scheme 3.9 ) at high temperatures (240 C 

or above). 

3) Synthesis of [Mo3S7L3] Br; L = (-S2CNiBu2, -Se2CNiBu2) complexes  by developed new 

synthetic route as illustrated in (Scheme 3.6) with 1,2 dibromobenzene lieu of 1,2 

dicholorobenzene. 

4) Similar new synthetic route as illustrated in (Scheme 3.6) can be implemented to other 

metal carbonyls such as (Co2(CO)8, V(CO)6, Cr (CO)6, Fe (CO)5, Ni(CO)5 etc) 
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3.4 Discussion of Crystal Structures 

The crystal structure of bis(O,O'-di-isopropylphosphorothionyl)disulfide, which is the 

disulfide form of the O,O'-di-isopropyldithiophosphate salt, has been previously reported 

by others.43 The unit cell found is the same as that observed earlier (Table 3.1), but the 

quality of the data obtained here, as manifested by final R-factors (Table 3.1) and the low 

uncertainties in bond parameters, is appreciably improved over the data reported earlier. 

The compound crystallizes on an inversion center that coincides with the S1–S1A midpoint 

(Figure 3.7), which has a length of 2.1106(3) Å as consistent with its single bond character. 

Figure 3.7. Thermal ellipsoid plots (50%) for bis(O,O'-di-isopropylphosphorothionyl)disulfide 

(a), and bis[[bis(2-methylpropyl)amino]selenoxomethyl] triselenide (b). All H atoms are omitted 

for clarity. 
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The terminal phosphorus bond (P1–S2) has a length of 1.9205(2), which is consistent with 

its ylid character and contrasts with the P1–S1 single bond length of 2.0822(3) Å. Related 

compounds that have been structurally characterized are those Me,44 Np,44 Cy,45 Ph,46 and 

p-tolyl47 in place of iPr. 

Bis[[bis(2-methylpropyl)amino]selenoxomethyl] triselenide, although not the intended 

diselenide, nevertheless serves as a source of the corresponding diselenocarbamate ligand 

when use in the same fashion as tetraalkyl thiuram disulfides (Figure 3.7, (b)). This 

compound has been previously prepared and identified as being, on the basis of 77Se NMR, 

in solution equilibrium between an open chain form ((a) in Scheme 3.12) and a chelating 

form ((b) in Scheme 3.12).47 The Se2–Se(3) and Se3–Se4 bond distances are 2.4674(12) 

Å and 2.4642(13) Å, respectively, which are similar to the 2.446 Å and 2.479 Å distance 

reported for the analogous compound reported with Et groups. The Se1···Se3 and 

Se5···Se3 distances are appreciable longer at 2.8309(13) Å and 2.7999(13) Å, respectively; 

indicating that chelation of the central Se atom, to the extent that such description is 

appropriate, is weak and readily gives way to 

the linear triselenide structure. However, the 

crystallographic van der Waals radius reported 

for selenium is 1.9 Å, well beyond half the 

Se1···Se3 and Se5···Se3 separations. This fact 

argues that the interactions are both real 

bonding interactions and non-negligible in 

degree. 

 

Scheme 3.12. Proposed solution equilibrium for 
iBu2NC(Se)SeSeSeC(Se)NiBu2, as deduced by 
77Se NMR. 
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Table 3.1.Crystal and refinement data for bis(O,O'-di-isopropylphosphorothionyl)disulfide, and 

bis[[bis(2-methylpropyl)amino]selenoxomethyl] triselenide. 

compound (iPrO)2P(S)SSP(S)(OiPr)2 iBu2NC(Se)SeSeSeC(Se)NiBu2  

structure code JPD1268 JPD1141  

formula C12H28O4P2S4 C18H36N2Se5  

FW 426.52 675.29  

temperature, K 150 150  

wavelength, Å 0.71073 0.71073  

2θ range, deg. 2.442 – 38.450 4.606 – 58.542  

crystal system triclinic monoclinic  

space group P-1 P21/n  

a, Å 8.1001(8) 12.6525(11)  

b, Å 8.3522(8) 11.7435(11)  

c, Å 8.4745(8) 18.2297(15)  

α, deg. 97.731(4) 90  

β, deg. 111.085(3) 106.629(3)  

γ, deg. 94.678(4) 90  

volume, Å3 524.82(9) 2595.4(4)  

Z 1 4  

density, g/cm3 1.350 1.728  

μ, mm-1 0.616 7.062  

F(000) 11552 1312  

crystal size 0.248 x 0.273 x 0.563 0.128 x 0.286 x 0.361  

color, habit colorless block orange block  

limiting indices, h –15 ≤ h ≤ 15 –17 ≤ h ≤ 16  

limiting indices, k –15 ≤ k ≤ 15 0 ≤ k ≤ 16  

limiting indices, l –16 ≤ l ≤ 16 0 ≤ l ≤ 25  

reflections collected 40335 16311  

independent data 7197 16311  

restraints 0 12  

parameters refined 104 247  

GooFa 1.063 1.040  

R1,b,c wR2d,c 0.0253, 0.0673 0.0727, 0.1540  

R1,b,e wR2d,e 0.0318, 0.0710 0.1042, 0.1704  

largest diff. peak, e∙Å-3 0.395 1.306  

largest diff. hole, e∙Å-3 –0.216 –1.396  
aGooF = {Σ[w(Fo

2 – Fc
2)2]/(n – p)}½, where n= number of reflections and p is the total number of parameters refined; bR1 = Σ||Fo| – 

|Fc||/Σ|Fo|; 
cR indices for data cut off at I > 2σ(I); dwR2 = {Σ[w(Fo

2 – Fc
2)2]/Σw(Fo

2)2}1/2; w = 1/[σ2(Fo
2) + (xP)2 + yP], where P = (Fo

2 + 

2Fc
2)/3; eR indices for all data. 
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Table 3.2.  Crystal and refinement data for structurally characterized Mo3 and Mo2 compounds. 

 

compound [Mo3S4Se3(S2CNiBu2)3]+ [Mo3S7(S2PiBu2)3]+ [Mo3Se7(S2P(OiPr)2)3]+ 

counteranion [SeCN]– [I]– [S2P(OiPr)2]– 

structure code JPD1002 JPD839 JPD1296 

compound abbrev. [2a]SeCN [1e]I [3f][S2P(OiPr)2] 

solvent 1/2(DCE)·½tBuOMe - 1/4Et2O 

formula C31.50H62ClMo3N4O0.50S10Se4 C24H54IMo3P3S13 C25H58.50Mo3O8.25P4S8Se7 

FW 1464.56 1267.08 1712.11 

temperature, K 150 100 150 

wavelength, Å 0.71073 0.71073 0.71073 

2θ range, deg. 2.442 – 38.450 2.746 – 57.662 4.458 – 53.034 

crystal system tetragonal orthorhombic triclinic 

space group I41/a Pna21 P-1 

a, Å 35.378(4) 11.5814(18) 13.7582(4) 

b, Å 35.378(4) 23.552(4) 14.3562(4) 

c, Å 18.903(2) 19.102(3) 16.1940(5) 

α, deg. 90 90 72.260(2) 

β, deg. 90 90 72.906(2) 

γ, deg. 90 90 68.909(2) 

volume, Å3 23659(6) 5210.2(14) 2780.59(15) 

Z 16 4 2 

density, g/cm3 1.645 1.615 2.045 

μ, mm-1 3.512 1.934 5.701 

F(000) 11552 2520 1653 

crystal size 0.150 x 0.150 x 0.200 0.084 x 0.212 x 0.273 0.139 x 0.173 x 0.326 

color, habit red-orange block orange plate orange plate 

limiting indices, h –32 ≤ h ≤ 32 –15 ≤ h ≤ 15 –17 ≤ h ≤ 17 

limiting indices, k –32 ≤ k ≤ 32 –31 ≤ k ≤ 30 –17 ≤ k ≤ 18 

limiting indices, l –17 ≤ l ≤ 17 –25 ≤ l ≤ 25 –20 ≤ l ≤ 20 

reflections collected 48575 47648 105771 

independent data 4894 13014 11504 

restraints 22 1 5 

parameters refined 513 410 517 

GooFa 1.130 1.005 1.036 

R1,b,c wR2d,c 0.0455, 0.1263 0.0356, 0.0804 0.0650, 0.1461 

R1,b,e wR2d,e 0.0581, 0.1378 0.0455, 0.0839 0.1035, 0.1771 

largest diff. peak, e∙Å-3 1.183 1.005 2.125 

largest diff. hole, e∙Å-3 –0.499 –0.566 –2.154 
aGooF = {Σ[w(Fo

2 – Fc
2)2]/(n – p)}½, where n= number of reflections and p is the total number of parameters refined; bR1 = Σ||Fo| – |Fc||/Σ|Fo|; 

cR 

indices for data cut off at I > 2σ(I); dwR2 = {Σ[w(Fo
2 – Fc

2)2]/Σw(Fo
2)2}1/2; w = 1/[σ2(Fo

2) + (xP)2 + yP], where P = (Fo
2 + 2Fc

2)/3; eR indices for 
all data. 
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Table 3.2., Cont’d. Crystal and refinement data for structurally characterized Mo3 and Mo2 

compounds. 

compound [Mo3S4Se3(S2CNiBu2)3]+ [Mo3Se7(S2CNiBu2)3]+ [Mo3Se7(Se2CNiBu2)3]I+ 

counteranion [I]– [I]– [I]– 

structure code JPD1097 JPD1172 JPD1375 

compound abbrev. [2a]I [3a]I [3c]I 

solvent 1/2(C5H10) 1/6(DCE)·1/3(C5H10) - 

formula C26.50H60IMo3P3S10Se3 C29H54.67Cl0.33Mo3N3S6Se7 C27H54IMo3N3Se13 

FW 1443.85 1617.04 1861.93 

temperature, K 150 156 150 

wavelength, Å 0.71073 0.71073 0.71073 

2θ range, deg. 4.234 – 54.498 2.500 - 59.290 3.576 – 52.888 

crystal system monoclinic monoclinic monoclinic 

space group C2/c P21/c P21/c 

a, Å 32.047(3) 27.7223(12) 28.1698(14) 

b, Å 17.7330(14) 13.5820(4) 13.6823(7) 

c, Å 20.1100(15) 40.7503(11) 41.079(2) 

α, deg. 90 90 90 

β, deg. 106.950(2) 90.917(1) 90.876(1) 

γ, deg. 90 90 90 

volume, Å3 10931.9(15) 15341.5(8) 15831.3(14) 

Z 8 12 12 

density, g/cm3 1.755 2.100 2.344 

μ, mm-1 3.729 6.597 10.276 

F(000) 5640 9220 10296 

crystal size 0.060 x 0.206 x 0.217 0.312 x 0.406 x 0.503 0.022 x 0.145 x 0.364 

color, habit orange plate thick red-orange plate yellow plate 

limiting indices, h –41 ≤ h ≤ 41 –38 ≤ h ≤ 38 –35 ≤ h ≤ 35 

limiting indices, k –22 ≤ k ≤ 22 –18 ≤ k ≤ 18 –17 ≤ k ≤ 17 

limiting indices, l –25 ≤ l ≤ 25 –56 ≤ l ≤ 56 –51 ≤ l ≤ 51 

reflections collected 144302 1076082 285209 

independent data 12155 43161 32504 

restraints 101 0 0 

parameters refined 465 1329 1290 

GooFa 1.072 1.080 1.019 

R1,b,c wR2d,c 0.0638, 0.1794 0.0566, 0.1495 0.0519, 0.0935 

R1,b,e wR2d,e 0.0877, 0.2066 0.0695, 0.1615 0.1003, 0.116 

largest diff. peak, e∙Å-3 1.791 2.620 1,344 

largest diff. hole, e∙Å-3 –2.021 –5.018 –1.641 
aGooF = {Σ[w(Fo

2 – Fc
2)2]/(n – p)}½, where n= number of reflections and p is the total number of parameters refined; bR1 = Σ||Fo| – |Fc||/Σ|Fo|; 

cR indices for data cut off at I > 2σ(I); dwR2 = {Σ[w(Fo
2 – Fc

2)2]/Σw(Fo
2)2}1/2; w = 1/[σ2(Fo

2) + (xP)2 + yP], where P = (Fo
2 + 2Fc

2)/3; eR indices 

for all data. 
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Table 3.2., Cont’d. Crystal and refinement data for structurally characterized Mo3 and Mo2 compounds 

compound [Mo3Se7(S2P(OiPr)2)3]+ [(iBu2NCS2)Mo(O)(μ-S)]2 [(iPrO)2PS2)Mo(S)(μ-S)]2 

counteranion [S2P(OiPr)2]– - - 

structure code JPD1296 JPD1106 JPD1309 

compound abbrev. [3f][S2P(OiPr)2] 4 5 

solvent 1/4Et2O - - 

formula C25H58.50Mo3O8.25P4S8Se7 C18H36Mo2N2O2S6 C12H28Mo2O4P2S8 

FW 1712.11 696.73 746.64 

temperature, K 150 150 150 

wavelength, Å 0.71073 0.71073 0.71073 

2θ range, deg. 4.458 – 53.034 2.336 – 46.604 4.760 – 52.856 

crystal system triclinic monoclinic monoclinic 

space group P-1 P21/c P21/c 

a, Å 13.7582(4) 18.7482(8) 12.6795(5) 

b, Å 14.3562(4) 9.6344(4) 13.8455(6) 

c, Å 16.1940(5) 16.9043(7) 16.1584(6) 

α, deg. 72.260(2) 90 90 

β, deg. 72.906(2) 111.590(1) 101.481(1) 

γ, deg. 68.909(2) 90 90 

volume, Å3 2780.59(15) 2839.2(2) 2779.91(19) 

Z 2 4 4 

density, g/cm3 2.045 1.630 1.784 

μ, mm-1 5.701 1.342 1.635 

F(000) 1653 1416 1496 

crystal size 0.139 x 0.173 x 0.326 0.051 x 0.062 x 0.252 0.009 x 0.189 x 0.357 

color, habit orange plate yellow column brown plate 

limiting indices, h –17 ≤ h ≤ 17 –20 ≤ h ≤ 20 –15 ≤ h ≤ 15 

limiting indices, k –17 ≤ k ≤ 18 –10 ≤ k ≤ 10 –17 ≤ k ≤ 17 

limiting indices, l –20 ≤ l ≤ 20 –18 ≤ l ≤ 18 –20 ≤ l ≤ 20 

reflections collected 105771 65330 88748 

independent data 11504 4109 5684 

restraints 5 0 0 

parameters refined 517 279 261 

GooFa 1.036 1.175 1.018 

R1,b,c wR2d,c 0.0650, 0.1461 0.0476, 0.0931 0.0230, 0.0574 

R1,b,e wR2d,e 0.1035, 0.1771 0.0595, 0.0973 0.0345, 0.0642 

abs. struct. param - - - 

largest diff. peak, e∙Å-3 2.125 0.831 0.439 

largest diff. hole, e∙Å-3 –2.154 –0.472 –0.343 
aGooF = {Σ[w(Fo

2 – Fc
2)2]/(n – p)}½, where n= number of reflections and p is the total number of parameters refined; bR1 = Σ||Fo| – |Fc||/Σ|Fo|; 

cR indices for data cut off at I > 2σ(I); dwR2 = {Σ[w(Fo
2 – Fc

2)2]/Σw(Fo
2)2}1/2; w = 1/[σ2(Fo

2) + (xP)2 + yP], where P = (Fo
2 + 2Fc

2)/3; eR indices 

for all data. 
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Table 3.2., Cont’d. Crystal and refinement data for structurally characterized Mo3 and Mo2 

compounds. 

compound [(iBu2NCSe2)Mo(O)(μ-Se)]2   

counteranion -   

structure code JPD1293   

compound 

abbrev. 
6   

solvent -   

formula C18H36Mo2N2O2Se6   

FW 978.13   

temperature, K 273   

wavelength, Å 0.71073   

2θ range, deg. 4.544 – 61.106   

crystal system monoclinic   

space group Cc   

a, Å 11.3342(6)   

b, Å 17.9266(10)   

c, Å 14.5595(8)   

α, deg. 90   

β, deg. 95.7698(19)   

γ, deg. 90   

volume, Å3 2943.3(3)   

Z 4   

density, g/cm3 2.207   

μ, mm-1 8.289   

F(000) 1848   

crystal size 0.090 x 0.221 x 0.286   

color, habit yellow block   

limiting indices, 

h 
–16 ≤ h ≤ 16   

limiting indices, 

k 
–25 ≤ k ≤ 25   

limiting indices, 

l 
–20 ≤ l ≤ 20   

reflections 

collected 
29564  

 

independent 

data 
8643  

 

restraints 2   

parameters 

refined 
280  

 

GooFa 1.054   

R1,b,c wR2d,c 0.0356, 0.0818   

R1,b,e wR2d,e 0.0435, 0.0876   

abs. struct. 

param 
0.049(10)  

 

largest diff. 

peak, e∙Å-3 
1.568  

 

largest diff. 

hole, e∙Å-3 –1.037  
 

aGooF = {Σ[w(Fo
2 – Fc

2)2]/(n – p)}½, where n= number of reflections and p is the total number of parameters refined; bR1 = Σ||Fo| – 

|Fc||/Σ|Fo|; 
cR indices for data cut off at I > 2σ(I); dwR2 = {Σ[w(Fo

2 – Fc
2)2]/Σw(Fo

2)2}1/2; w = 1/[σ2(Fo
2) + (xP)2 + yP], where P = (Fo

2 + 

2Fc
2)/3; eR indices for all data. 
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Figure 3.8. Thermal ellipsoid plots (50%) of [1a]+, [1e]+, [2a][SeCN], [2e]+, [3a]+, and [3c]+. For clarity, all H 

atoms are omitted, and any disorder is edited to show only one of two parts. 
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Figure 3.9. Thermal ellipsoid plots (50%) of [3f]+, 4, 5, and 6. For clarity, all H atoms are omitted, and 

any disorder is edited to show only one of two parts. 
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The isostructural clusters illustrated in Figures 3.8 

and 3.9 are defined by an equilateral triangle of MoIV 

ions that are joined by a single chalcogenide dianion, 

either S2‒ or Se2‒ (μ3Q
2‒), in a μ3-bridging mode and by 

three identical dichalcogenide ligands, either S2
2‒, Se2

2‒ 

or SeS2‒, that are situated at the midpoints of the 

intermetal vectors. These dichalcogenide ligands are asymmetrically positioned such that 

one atom is within the M3 plane (Qeq) while other (Qax) is held somewhat below the M3 

plane on the side opposite the μ3Q
2‒ ligand (Figure 3.10). The chemical lability that 

distinguishes the Qeq atom from the Qax atom and enables formation of the complexes with 

mixed dichalcogenide SeS2‒ is reflected in M‒Qeq bond lengths that are ~0.06 – 0.08 Å 

longer than the M‒Qax interatomic distances (Table 3.3). Excision of the Qeq atoms 

produces [M3S4]
4+ voided cubanes that provide ingress to a broad range of homo- and 

heterometallic cubanes. Completing the coordination sphere at each metal ion is a 

dithiocarbamate, diselenocarbamate, or dithiophosphate ligand (Figure 3.10), whose three-

atom chelate is oriented with near orthogonality to the M3 plane (cf θ, Table 3.3). A tighter 

binding of the μ3Q
2‒ atom to M than the Qax atom is revealed in M‒μ3Q bond lengths that 

are ~0.03-0.04 Å shorter than the corresponding M‒Qax values (Table 3.3) and additionally 

manifested by a trans influence upon the chelating ligand that renders its chelation 

modestly asymmetric. The M‒Eanti bond lengths consistently exceed the M‒Esyn bond 

lengths by ~0.03 Å, a difference that is significant within the resolution of the data. In all 

instances, the soft counteranion to the cluster is ensconced in close proximity (Table 3.3)  

Figure 3.10. Illustration of the 

distinction between equatorial 

and axial positions in bridging 

dichalcogenide ligands. 
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Table 3.3.  Selected interatomic distances (Å) and angles (deg.) for triangular M3 cations. Averaged valuesa 

are presented for distances and angles that are chemically identical. 

 [1a]Clf [1e]I [2a][SeCN] [3a]Ig,h,i,j [3c]Ig,h,i,k [4a]I j,l,m 

M–Mb 2.7129[3] 2.7285[5] 2.7278[8] 2.7950[3] 2.7718[4] 2.7092[4] 

M–μ3Q 2.3745[7] 2.3775[9] 2.370[2] 2.4718[4] 2.5052[4] 2.393[1] 

M–Qax 2.4068[5] 2.4075[7] 2.421[1] 2.5416[2] 2.5472[3] 2.418[1] 

M–Qeq 2.4854[5] 2.4867[7] 2.6063[6] 2.6006[2] 2.6100[3] 2.496[1] 

Q–Q 2.051[1] 2.053[1] 2.229[2] 2.3158[4] 2.3271[5] 2.068[2] 

M–Edtc,syn
c 2.4674[7] 2.5126[9] 2.469[2] 2.4846[4] 2.6053[4] 2.471[1] 

M–Edtc,anti
d 2.5141[7] 2.536[1] 2.527[2] 2.5227[6] 2.6425[4] 2.507[1] 

M–μ3Q–M 69.68[2] 70.03[2] 70.28[5] 67.79[1] 67.18[1] 68.96[3] 

M–Qax–M 68.61[2] 69.04[2] 68.58[5] 65.69[1] 65.92[1] 68.15[3] 

M–Qeq–M 66.15[2] 66.54[2] 63.11[2] 64.02[1] 64.15[1] 65.73[3] 
Qax–M–Qax 84.44[2] 84.31[3] 83.79[6] 83.11[1] 83.05[1] 85.02[4] 
Qeq–M–Qeq 171.40[3] 171.05[3] 168.96[3] 167.21[1] 166.94[2] 171.06[4] 
Qeq–M–Qax 49.54[2] 49.58{2] 52.48[3] 53.52[1] 53.63[1] 49.75[3] 
μ3Q–M–Qax 110.30[2] 109.95[2] 110.10[4] 112.63[1] 112.80[1] 110.79[3] 
μ3Q–M–Qeq 85.73[2] 85.56[2] 84.35[3] 84.05[1] 83.84[1] 85.53[3] 

θe 87.1[1] 87.67[5] 87.4[2] 88.2[1] 88.0[1] 88.8[2] 
aFor averaged values, uncertainties are determined using the general formula for error propagation as described by Taylor45 and are enclosed with 

square brackets; bM = metal; cM–E bond length for dichalcogenocarbamate atom or –S2P
iBu2 sulfur atom on the same side of the M3 plane as the 

μ3S ligand; dM–E bond length for dichalcogenocarbamate atom or –S2P
iBu2 sulfur atom on the opposite side of the M3 plane as the μ3S ligand; eθ 

= Angle between M3 plane and E2C or S2P plane of chelating ligand; fValues are averaged across 2 independent clusters in the asymmetric unit; 
gValues are averaged across 3 independent clusters in the asymmetric unit; hM = Mo; iQ = Se; jE = S; kE = Se; lM = W; mQ = S. 

 

to the Qax atoms of the bridging Qeq‒Qax ligands, which bear a distinctive electrophilic 

character that has been noted early in the elucidation of these clusters and their properties. 

 

 

3.5 Electrochemistry 
 

3.5.1Cyclic Voltammetry and Differential Pulse Voltammetry 

The laboratory experiment for electrochemistry will introduce cyclic voltammetry. This is 

one of the rapid and powerful methods for characterizing the electrochemical behavior of 
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compounds can provide information as to whether they can be electrochemically oxidized 

or reduced. 

To analyze the electrochemical behavior of Mo3S7, Mo3S4Se3 & Mo3Se7 complexes cyclic 

voltammetry was used. Here, there are 3 standard electrode setups that were used. Pt wire 

(Auxiliary or counter electrode (CE)), Ag/AgCl reference electrode (RE) and glassy carbon 

working electrode (WE). DCM was used as a solvent (7ml) and [Bu4N] [PF6] was used as 

electrolyte. For each experiment 100 mVs-1 scan rate was carried out. 

For the differential pulse voltammetry measurements, here the same experimental set up 

was carried out like cyclic voltammetry. The potential was scanned only in the negative, 

cathode directions. 

3.5.1.1 [Mo3S7(S2CNiBu2)3] I 

Cyclic voltammetry measurements for [Mo3S7(S2CNiBu2)3] I, the whole window shows 3 

reductions peaks followed by two irreversible oxidations peaks. Moreover, the third 

reduction is reversible with an E1/2 = -1.22V. 

DPV measurements show its all reductions within the 0 to -1.6V window. It showed four 

reductions with its reversible third reduction at E1/2 = -1.12V 
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Figure 3.11. The whole CV window for [Mo3S7(S2CNiBu2)3]I in DCM. 

Figure 3.12. Reductive CV data for [Mo3S7(S2CNiBu2)3]I in DCM. 
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3.5.1.2 [Mo3S7(S2CNiBu2)3] Cl 

A similar pattern was observed like [Mo3S7(S2CNiBu2)3] I. here also third reduction is 

reversible reduction with an E1/2 = -1.224V. 

Again, DPV window shows four reductions with its third reduction was reversible 

reduction at E1/2 = -1.12V. 

 

Figure 3.13. Reduction peak potentials for [Mo3S7(S2CNiBu2)3]I by DPV. 
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Figure 3.14. The whole CV window for [Mo3S7(S2CNiBu2)3]Cl in DCM 

Figure 3.15. Reductive CV data for [Mo3S7(S2CNiBu2)3]Cl in DCM. 
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3.5.1.3 [Mo3S4Se3(S2CNiBu2)3] SeCN 

This compound shows a complex CV with multiple reductions peaks followed by one 

irreversible oxidation. Here the sixth reduction shows reversibility with an E1/2 = -1.52V. 

In the DPV measurements. The first peak and sixth peak show its maximum, whereas in 

between peaks shows smaller peaks. Here at sixth position E1/2 = -1.412V reversible 

reduction was observed. 

 

Figure 3.16. Reduction peak potentials for [Mo3S7(S2CNiBu2)3]Cl by 

DPV. 
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Figure 3.17. The whole CV window for [Mo3S4Se3(S2CNiBu2)3]SeCN 

in DCM 

Figure 3.18. Reductive CV data for [Mo3S4Se3 (S2CNiBu2)3]SeCN 

in DCM. 
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3.5.1.4 [Mo3Se7(S2CNiBu2)3] I 

This compound also shows complex CV with multiple reductions peaks followed by four 

irreversible oxidations. This shows similarity third reduction reversibility like 

[Mo3S7(S2CNiBu2)3] I with an E1/2 = -1.040V. 

In the DPV window, there are five reductions observed. However, very sharp peak third 

reduction at E1/2 = -0.960V was a reversible peak. 

 

Figure 3.19. Reduction peak potentials for [Mo3S4Se3 (S2CNiBu2)3]SeCN 

by DPV. 
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Figure 3.20. The whole CV window for [Mo3Se7(S2CNiBu2)3]I 

in DCM 

Figure 3.21. Reductive CV data for [Mo3Se7(S2CNiBu2)3]I in 

DCM. 
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3.5.1.5 [Mo3Se7(Se2CNiBu2)3] I 

Similar reduction pattern like [Mo3S7(S2CNiBu2)3] I was observed. However, here fourth 

reduction shows reversibility with an E½ = -1.103 V. 

Here, in the DPV reductions, although there are three smaller reductions peaks in the whole 

window, the broad peak with an E½ = -1.052 V was a reversible peak. 

Figure 3.22. Reduction peak potentials for [Mo3Se7(S2CNiBu2)3]I by 

DPV. 
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Figure 3.23. The whole CV window for [Mo3Se7(Se2CNiBu2)3]I 

in DCM 

Figure 3.24. Reductive CV data for [Mo3Se7(Se2CNiBu2)3]I in DCM. 
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3.5.1.6 [Mo3S7(S2PiBu2)3] I 

In the whole CV window, there were three reduction peaks followed by one oxidation peak 

being observed. Here the second reduction peak shows reversibility with an E½ = -0.979 V. 

In the DPV window, the maxima peak at E½ = -0.888 V shows reversibility. 

 

Figure 3.26. The whole CV window for [Mo3S7(S2P
iBu2)3]I in 

DCM 

Figure 3.25. Reduction peak potentials for [Mo3Se7(Se2CNiBu2)3]I 

by DPV. 
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3.5.1.7 [Mo3S4Se3(S2PiBu2)3] I 

The whole CV window shows complex CV with multiple reductions peaks like 

[Mo3S4Se3(S2CNiBu2)3] SeCN compound. Followed by two irreversible oxidations. A 

reversible reduction pattern was observed at E1/2 = -1.03V, it was the fourth reduction. 
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 CV reductions

-0.721 V

-0.979 V -1.341 V

Figure 3.27. Reductive CV data for [Mo3S7(S2P
iBu2)3]I in 

DCM. 

 

Figure 3.28. Reduction peak potentials for [Mo3S7(S2P
iBu2)3]I by 

DPV. 
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When scanning the DPV. The reversible peak was formed at E1/2 = -0.912V with multiple 

reductions. 
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Figure 3.29. The whole CV window for [Mo3S4Se3(S2P
iBu2)3]I in DCM 

Figure 3.30. Reductive CV data for [Mo3S4Se3 (S2P
iBu2)3]I in 

DCM. 
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3.5.1.8 [Mo3Se7(S2PiBu2)3] I 

This compound reduction pattern was like [Mo3Se7(S2CNiBu2)3] I with complex CV with 

multiple reductions peaks followed by three irreversible oxidations. Here reversible 

reduction peak was observed at E1/2 = -0.976V. 

In the DPV measurements, the third reduction peak with E1/2 = -0.942V was a reversible 

peak. 

 

Figure 3.31. Reduction peak potentials for [Mo3S4Se3 (S2P
iBu2)3]I 

by DPV. 
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Figure 3.32. The whole CV window for [Mo3Se7(S2P
iBu2)3]I in 

DCM. 
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Figure 3.33. Reductive CV data for [Mo3Se7(S2P
iBu2)3]I in 

DCM. 

 

Figure 3.34. Reduction peak potentials for [Mo3Se7(S2P
iBu2)3]I 

by DPV. 
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3.5.1.9 [Mo3Se7(S2P(OiPr)2)3] (S2P(OiPr)2) 

When scanning the whole CV window, multiple reductions peaks were observed. Here at 

E1/2 = -0.859V reversible reduction peak was observed. It was a third reduction. 

In DPV, there are five reductions peaks were obtained. However, the third reduction peak 

was a reversible reduction peak with an E1/2 = -0796V. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.35. The whole CV window for [Mo3Se7(S2P(OiPr)2)3] 

(S2P(OiPr)2 in DCM 



91 
 

 
 

                           

 

 

 

 

  

 

 

0.2 0.0 −0.2 −0.4 −0.6 −0.8 −1.0 −1.2 −1.4 −1.6 −1.8

C
u
rr

e
n
t,
 u

A

Volts vs Ag/AgCl

 CV reduction

-1.541V

-0.859V

-0.343V

Figure 3.36. Reductive CV data for [Mo3Se7(S2P(OiPr)2)3] 

(S2P(OiPr)2 in DCM 

 

Figure 3.37. Reduction peak potentials for [Mo3Se7(S2P(OiPr)2)3] 

(S2P(OiPr)2by DPV. 
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Table 3.4. Comparison of first reduction potential for all clusters. 

  

 

Table 3.5.  Comparison of reversible reduction between CV and DPV.  

Compound CV E½ DPV E½ 
Reduction 

type 

[Mo3S7(S2CNiBu2)3] I -1.221V -1.12V 3rd 

[Mo3S7(S2CNiBu2)3] Cl -1.224V -1.12V 3rd 

[Mo3S4Se3(S2CNiBu2)3] SeCN -1.521V -1.412V 5th 

[Mo3Se7(S2CNiBu2)3] I -1.04V -0.990V 3rd 

[Mo3Se7(Se2CNiBu2)3] I -1.103V -1.032V 4th 

[Mo3S7(S2PiBu2)3] I -0.979V -0.888V 2nd 

[Mo3S4Se3(S2PiBu2)3] I -1.03V -0.912V 4th 

[Mo3Se7(S2PiBu2)3] I -0.976V -0.912V 3rd 

[Mo3Se7(S2POiPr2)3] (S2POiPr2) -0.859V -0.796V 3rd 

Compound CV  E½ DPV  E½ 
Reduction 

type 

[Mo3S7(S2CNiBu2)3] I -0.634V -0.572V 1st 

[Mo3S7(S2CNiBu2)3] Cl -0.637V -0.572V 1st 

[Mo3S4Se3(S2CNiBu2)3] SeCN -0.373V -0.320V 1st 

[Mo3Se7(S2CNiBu2)3] I -0.470V -0.432V 1st 

[Mo3Se7(Se2CNiBu2)3] I  -0.2V 1st 

[Mo3S7(S2PiBu2)3] I -0.721V -0.628V 1st 

[Mo3S4Se3(S2PiBu2)3] I -0.514V -0.396V 1st 

[Mo3Se7(S2PiBu2)3] I  -0.416V 1st 

[Mo3Se7(S2POiPr2)3] (S2POiPr2) -0.343V -0.304V 1st 
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3.6 Photolysis 

3.6.1 Previous findings 

The initial design and development of the multistep component systems for Mo3S7 

coordinate with dithiocarbamate catalyst’s work was done by Dr. Bing Shan.49 In this work 

they used reductive quenchers such as (TTA) or the more soluble (TMA). Here the excited 

state of photosensitizer (PS*) was reduced by (PS-) by quencher (TTA). Then this (PS-) 

was reacted with (HEC) then H+ from H2. Here sacrificial electron donor acts to complete 

the cycle and to form its original state of quencher (TTA). 

 

 

Initially [Mo3S13]
2- was tested in this system. The results showed that it produced over 80 

TON hydrogen within the 3 hours of time by using only 26 M catalyst. Due to its anionic 

nature and poor solubility, it shows modest activity. So, to observe its changes in this 

photosystem, they made cationic catalyst [Mo3S7(S2CNEt)3]I. This was tested. The 

maximum TON was observed at concentration of 50M catalyst. They carried out MALDI-

Ms experiment with photolysis to find out its changes during the time interval. They 

obtained conversion from [Mo3S7(S2CNEt2)3]
+ (peak A at 957 m/z) to [Mo3S4(S2CNEt2)3] 

Scheme 3.13. Four component 

photosystem using reductive quenching. 
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+ (species B at 861 m/z) within the 3 min time interval. So, they concluded that 

[Mo3S7(S2CNEt)3] I act as a precatalyst in this photo system. 
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Figure 3.39. TON for the 

[Mo3S7(S2CNEt2)3]
+ catalyst at various 

concentrations. 

 

 

Figure 3.38. TON for the [NBu4]2[Mo3S13] 

catalyst at various concentrations 
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. 

 The continuation of this work was carried out by Dr. Fontenot as part of her dissertation.50 

She measured the hydrogen evolution ability for [Mo3S7(S2CNR2)3] I, [Mo3S4(S2CNR2)3] 

I, and [Mo3S4(S2CNR2)4] clusters. Among these three types of catalysts, [Mo3S7(S2CNR2)3] 

I produced more hydrogen in this photosystem. Moreover, there are three types of 

[Mo3S7(S2CNR2)3] I: R= Me, Et, iBu clusters were made and tested through in this 

photosystem. More soluble iBu type clusters ([Mo3S7(S2CNiBu2)3] I) act as a maximally 

active catalyst in this photosystem. It produced over 300 TON hydrogen within 3 hours. 

Investigated which concentration of this catalyst produced more hydrogen in this system. 

Figure 3.40. MALDI-MS experiment during photolysis of 

[Mo3S7(S2CNEt2)3]
+. 
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They found that 100 µM catalyst produced maximum hydrogen than other concentrations. 

 

 
Figure 3.42. Turnover number during 3-

hour photolysis of [Mo3S7(S2CNiBu2)3]
+I–. 

 

Figure 3.41. Hydrogen production at various 

concentrations of [Mo3S7(S2CNiBu2)3]
+. 
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From previous conclusions, my work was started. In my work, broad synthesis of 

[Mo3Q7L3] +; Q = (S or Se), L = (-S2CNiBu2, -Se2CNiBu2, -S2P
iBu2, -S2P(OiPr)2) clusters 

were made to investigate hydrogen evolution activity in this photosystem. Here, especially 

iBu or OiPr type of clusters were made to increase the solubility of the catalyst in MeCN 

/H2O solvent set and 100 µM catalyst was used for permanent factor to find out maximally 

active catalyst. 

The photolysis samples were illuminated in a home-built, multi-well photoreactor 

comprised of an Al cylinder equipped with blue LEDs (Solid Apollo, 24 W, 460 nm) 

mounted inside the cylinder wall in a uniform, spiral pattern. The Actinometry was carried 

out using the photooxidation of [Ru(bpy)3] 
2+ by [S2O8] 

2-. The 4 ml of photoreaction 

sample contained 8.5 mL dry MeCN, 1.0 mL H2O, and 0.5 mL  dry THF with 

concentrations of  0.05 M for N,N-trimethylaniline,  260 μM for [Ru(bpy)3]Cl2,  0.40 M 

for Et3N, and 100 μM for the Mo-based catalysts. The photolysis samples were thoroughly 
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Figure 3.43. Micromoles of hydrogen during 3-hour 

photolysis of [Mo3S7(S2CNiBu2)3]
+I–. 
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degassed by bubbling with Ar and sealed with screwcaps having PTFE/silicone septa, 

before irradiation. The 4.7 mL headspace volume was kept for each sample. After 

irradiation, a 50 L sample of gas was extracted and injected into a gas chromatograph 

(Cow-Mac GC; Molecular Sieve Column, T= 35 0C; Carrier Gas: N2) for quantitative 

determination of the H2 produced. The quantum yield for H2 production per absorbed 

photon was measured as ΦH2 = 2(moles H2 produced)/(moles photons) = 2𝑃𝑉H2 /(𝑅 · 𝑇 · 

𝐼 · 𝑡), where 𝑉H2 is the volume of H2 produced in the cell headspace, P = pressure in the 

headspace of the photolysis vial, R = gas constant, T = temperature, I = light intensity 

(quanta /s from actinometry) and t = irradiation time. Turnover numbers (TON) for H2 

production per catalyst were measured as: 𝑇𝑂𝑁H2 = (moles H2 produced)/(moles Mo‐ 

catalyst) = 𝑃𝑉H2 /(𝑅 · 𝑇 · 𝑛Mo), where nMo = number of moles of Mo-catalyst in each 

sample. 

3.6.2 Results 

3.6.2.1 Photolysis of [Mo3S4Se3(S2CNiBu2)3] SeCN 

The same conditions ((100 µM) Catalyst in 9:1 MeCN: H2O, 260 μM [Ru(bpy)3]
2+, 

0.05 M TMA, and 0.4M Et
3
N)  were used as previously they used for [Mo3S7(S2CNiBu2)3] 

I cluster. Although it has anionic effect, it shows median activity in hydrogen production. 

It produced 228 TON hydrogen whereas [Mo3S7(S2CNiBu2)3] I produced 314 TON in a 3-

hour photolysis. This apparently shows that, when its equatorial S was changed with high 

molar mass Se, decreases in hydrogen evolution activity in this photosystem. 
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Figure 3.44. Turnover number during 3-hour photolysis of 

[Mo3S4Se3(S2CNiBu2)3] SeCN 

 

Figure 3.45. Micromoles of hydrogen during 3-hour 

photolysis of [Mo3S4Se3(S2CNiBu2)3] SeCN.
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3.6.2.2 Photolysis of [Mo3Se7(S2CNiBu2)3] I 

As this cluster compound has higher molar mass Se atoms in equatorial, axial, and apical 

positions, this shows less solubility in organic solvents. So, 0.5 ml THF was used to 

dissolve this cluster. Here 8.5 ml MeCN, 1.0 ml H2O and 0.5 ml THF were used as solvent. 

Other remaining conditions (100 µM) Catalyst in 8.5:1:0.5 MeCN: H2O:THF, 260 μM 

[Ru(bpy)3]
2+, 0.05 M TMA,and 0.4M Et

3
N are maintained same like previous photolysis. 

Due to its poor solubility, it showed modest hydrogen evolution reactivity in this 

photosystem. It produced 80 TON hydrogen in a 3-hour period. This is four times lower 

than [Mo3S7(S2CNiBu2)3] I cluster hydrogen evolution reactivity. 
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Figure 3.46. photolysis measurement comparing [Mo3S7(S2CNiBu2)3] I , 

versus [Mo3S4Se3 (S2CNiBu2)3] SeCN 
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Figure 3.47. Turnover number during 3-hour photolysis 

of [Mo3Se7(S2CNiBu2)3] +I 

Figure 3.48. Micromoles of hydrogen during 3-hour 

photolysis of [Mo3Se7(S2CNiBu2)3] +I 

 



103 
 

 
 

 

 

 

3.6.2.3 Photolysis of [Mo3Se7(Se2CNiBu2)3]I 

As previously mentioned about solubility, this cluster having Se atom in all positions, was 

insoluble in MeCN:H2O = 9:1 solvent set. So above compound parameters were used for 

this cluster (100 µM) Catalyst in 8.5:1.0:0.5 MeCN: H2O:THF, 260 μM [Ru(bpy)3]
2+, 0.05 

M TMA, and 0.4M Et
3
N in the photosystem. When the ligand position was changed from 

(S2CNiBu2)3 to (Se2CNiBu2)3, it produced 100 TON hydrogen. This number is 20 TON 

higher than [Mo3Se7(S2CNiBu2)3] I compound produced in this photosystem. So external 

factors also affect its hydrogen production activity not only its equatorial and axial 

positions. 
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Figure 3.49. Photolysis measurement comparing [Mo3S7(S2CNiBu2)3]I , 

versus [MoSe7(S2CNiBu2)3]I 
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Figure 3.50. Turnover number during 3-hour 

photolysis of [Mo3Se7(Se2CNiBu2)3] +I 

Figure 3.51. Micromoles of hydrogen during 

3-hour photolysis of [Mo3Se7(Se2CNiBu2)3] +I 
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3.6.2.4 Photolysis of [Mo3S7(S2PiBu2)3] I 

 

Here within the same Mo3S7 core cluster, like [Mo3S7(S2CNiBu2)3] I only external ligand 

part was changed from (S2CNiBu2)3 to (S2P
iBu2)3. However same conditions (100 µM) 

Catalyst in 9:1 MeCN: H2O, 260 μM [Ru(bpy)3]
2+, 0.05 M TMA,and 0.4M Et

3
N were 

applied like [Mo3S7(S2CNiBu2)3] I, particularly, same solvent set were applied, it dissolved 

like [Mo3S7(S2CNiBu2)3]I, it showed modest hydrogen evolution reaction activity was 

observed. It produced about 78 TON hydrogen in a 3-hour period. Compared with 

[Mo3S7(S2CNiBu2)3] I cluster it produced 4 times less hydrogen evolution reaction activity. 

This compound produced the same amount of hydrogen as [Mo3Se7(S2CNiBu2)3]I. 
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Figure 3.52. photolysis measurement comparing [Mo3Se7(S2CNiBu2)3]I 

versus [MoSe7(Se2CNiBu2)3]I. 
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Figure 3.53. Turnover number during 3-hour photolysis of 

[Mo3S7(S2P
iBu2)3] +I 

 

Figure 3.54. Micromoles of hydrogen during 3-hour 

photolysis of [Mo3S7(S2P
iBu2)3] +I 
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3.6.2.5 Photolysis of [Mo3S4Se3(S2PiBu2)3] I 

When Se was substituted instead of S atom, similar decreasing behavior was observed 

like dithiocarbamate compounds. Even though similar reaction conditions (100 µM) 

Catalyst in 9:1 MeCN: H2O, 260 μM [Ru(bpy)3]
2+, 0.05 M TMA, and 0.4 M Et

3
N were 

applied like [Mo3S7(S2P
iBu2)3]I, it produced 65 TON hydrogen. Not a very drastic 

difference between [Mo3S4Se3(S2P
iBu2)3] I and [Mo3S7(S2P

iBu2)3] I in hydrogen 

production in this system was observed. Only 15 TON differentiates both compounds. 
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Figure 3.55. photolysis measurement comparing [Mo3S7(S2CNiBu2)3] I 

, versus [Mo3S7 (S2P
iBu2)3] I. 
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Figure 3.56. Turnover number during 3-hour photolysis of 

[Mo3S4Se3(S2P
iBu2)3]

+I–. 

 

Figure 3.57. Micromoles of hydrogen during 3-hour 

photolysis of [Mo3S4Se3(S2P
iBu2)3]

+I–. 
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3.6.2.6 Photolysis of [Mo3Se7(S2PiBu2)3] I 

The same photolysis conditions (100 µM) Catalyst in 8.5:1.0:0.5 MeCN: H2O:THF, 260 

μM [Ru(bpy)3]
2+, 0.05 M TMA,and 0.4M Et

3
N  used, except for the change in the solvent 

set, were applied in measuring the hydrogen evolution reaction activity of 

[Mo3Se7(S2P
iBu2)3] I. as mentioned earlier, the solvent was changed to have 3 components, 

THF, MeCN,and H2O. Again, a similar pattern was observed like dithiocarbamate 

compounds, but here same amount of TON was reduced from [Mo3S4Se3(S2P
iBu2)3] I. It 

produced 50 TON hydrogen. The difference between all 3 compounds was the same. In 

this case, all 3 are the same type and there is no anion effect like dithiocarbamate 
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Figure 3.58. Photolysis measurement comparing [Mo3S7(S2P
iBu2)3]I , 

versus [Mo3S4Se3(S2P
iBu2)3]I. 
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compounds. Compared with Mo3S7 core cluster with dithiocarbamate compounds act as 

very active catalyst than Mo3S7 coordinated with dithiophosphate clusters in this 

photosystem. 
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Figure 3.59. Turnover number during 3-hour photolysis of 

[Mo3Se7(S2P
iBu2)3]I. 
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Figure 3.60. Micromoles of hydrogen during 3-hour 

photolysis of [Mo3Se7(S2P
iBu2)3]I. 
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Figure 3.61. photolysis measurement comparing [Mo3S7(S2P
iBu2)3]I , 

versus [Mo3S4Se3 (S2P
iBu2)3] I and  [Mo3Se7(S2P

iBu2)3]I. 
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3.6.2.7 Photolysis of [Mo3Se7(S2P(OiBu)2)3] (S2P(OiBu)2 

As this compound is like a polar compound, the same solvent set was applied MeCN: H2O 

= 9:1. Moreover, same conditions (100 µM) Catalyst in 9:1 MeCN:H2O, 260 μM 

[Ru(bpy)3]
2+, 0.05 M TMA, and 0.4 M Et

3
N were applied to find out its hydrogen evolution 

reaction activity. Although, this compound has different anion than previous compounds, 

within the 3-hour photolysis this produced only 38 TON hydrogen.  
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Figure 3.62. Turnover number during 3-hour 

photolysis of [Mo3Se7(S2P(iPrO)2)3] (S2P(iPrO)2) 
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3.6.2.8 Anion effect between [Mo3S7(S2CNiBu2)3] I and 

[Mo3S7(S2CNiBu2)3] Cl 
 

When Mo3S7 core cluster coordinated with dithiocarbamate compound was changed in the 

anion factor from I- to very strong electronegativity Cl- atom, it showed very drastic 

difference in hydrogen evolution reaction activity and its solubility.  [Mo3S7(S2CNiBu2)3] 

Cl compound having higher solubility in organic solvents, especially in MeCN, it 

immediately dissolves in MeCN without any sonication than [Mo3S7(S2CNiBu2)3] I. Even 

though, its dissolving ability in MeCN higher than [Mo3S7(S2CNiBu2)3] I, the same 100 

µM catalyst was used and same other photolysis conditions (100 µM) Catalyst in 9:1 

MeCN: H2O, 260 μM [Ru(bpy)3]
2+, 0.05 M TMA, and 0.4 M Et

3
N were implemented to 

measuring HER activity in this system. Surprisingly, it surpassed the previous record 300 

TON hydrogen in 50 minutes, and it produced the highest TON hydrogen in this photolysis 
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Figure 3.63. Micromoles of hydrogen during 3-hour 

photolysis of [Mo3Se7(S2P(iPrO)2)3] (S2P(iPrO)2) 
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system. This is one of the maximally active catalysts in the multicomponent system. 220 

micromoles of hydrogen were observed within the 3-hour phtolysis and over 500 TON 

produced. Compared with [Mo3S7(S2CNiBu2)3] I, its value was 1.6 times higher than 

[Mo3S7(S2CNiBu2)3] I cluster produced in photosystem. This is apparently shown that this 

is the maximally active catalyst in this photosystem. 
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Figure 3.64. Turnover number during 3-hour 

photolysis of [Mo3S7(S2CNiBu2)3] Cl 

 

Figure 3.65. Micromoles of hydrogen during 3-hour 

photolysis of [Mo3S7(S2CNiBu2)3] Cl 
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Figure 3.66. photolysis measurement comparing [Mo3S7(S2CNiBu2)3] I , versus 

[Mo3S7 (S2CNiBu2)3] Cl. 

 

Figure 3.67. Comparison of all clusters. 
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3.7 Conclusion 

 
Preparation of broad [Mo3Q7L3] 

+ complexes; L = (-S2CNiBu2, -Se2CNiBu2, -S2PiBu2, -

S2P(OiPr)2) Q= (S or Se) was achieved by developed new methods. Although, synthesis of 

[Mo3S7L3] 
+ clusters having several methods, we developed a new method from Mo (CO)6 that 

helps us to find out maximally active catalyst in our photosystem. However, for selenium analogs 

[Mo3Se7L3] 
+, there was only one method that was previously developed. As we developed one of 

the efficient pathways for [Mo3Se7L3]
+ clusters, we were able to make almost all types of 

[Mo3Se7L3]
+ clusters. Even from triseleno carbamate (Se2CNiBu2) Se ligand, 

[Mo3Se7(Se2CNiBu2)3] I compound was made by using that method. 

As we successfully made all [Mo3Q7L3] 
+ clusters, to learn what effects these differing 

compositions of molybdenum complexes as hydrogen evolution catalyst in a photosystem was 

achieved. Previous work by Dr. Fontenot provided a clear idea and proposed insight for ways to 

carryout effective photocatalytic activity in this photosystem. 

Synthesis and analysis of broad varieties of the catalysts helped to explain their differing 

compositions directly correlated with photocatalytic activity in this photosystem. Moreover, it 

provided a clear analysis to figure out and design a most active catalyst particularly for our 

photosystem. There were 4 different ligands   L = (-S2CNiBu2, -Se2CNiBu2, -S2P
iBu2, -S2P(OiPr)2) 

catalysts tested in this photosystem, (-S2CNiBu2) ligand precursors produced more hydrogen than 

(-S2P
iBu2) ligand precursors. 

The studies of insight compositions of these clusters in this photosystem clearly addressed that 

[Mo3S7(S2CNiBu2)3] I clusters are active than [Mo3S4Se3(S2CNiBu2)3] SeCN and 
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[Mo3Se7(S2CNiBu2)3] I. Even though, the choice of solvent (MeCN:H2O =9:1) was same for both  

[Mo3S7(S2CNiBu2)3] I and  [Mo3S4Se3(S2CNiBu2)3] SeCN clusters,  [Mo3S7(S2CNiBu2)3] I act as 

a active catalyst in this photosystem. Comparatively, [Mo3Se7(S2CNiBu2)3] I cluster having less 

solubility in this solvent system. 

Another category composition anion effect provided an interesting and important thoughts to 

resolve many of the problems in the homogeneous systems. Here solubility is a very important 

factor as previously Dr. Fontenot provided to enhance the hydrogen production in this 

photosystem. The solubility difference between [Mo3S7(S2CNiBu2)3] I and [Mo3S7(S2CNiBu2)3] 

Cl, the [Mo3S7(S2CNiBu2)3] Cl is readily soluble in MeCN than [Mo3S7(S2CNiBu2)3] I and due to 

electronegativity behavior of Cl- is higher than I-, [Mo3S7(S2CNiBu2)3] Cl become more positive 

than [Mo3S7(S2CNiBu2)3] I. 

The making of a new catalyst with more soluble behavior, [Mo3S7(S2CNiBu2)3]Cl, made a new 

path to enhance the hydrogen within the 3-hours time. The new catalyst, [Mo3S7(S2CNiBu2)3] Cl 

from new method that resulted produced much greatest activity with highest TONs. Among all 

types of clusters, [Mo3S7(S2CNiBu2)3] + clusters proved again that it is an active catalyst in 

homogeneous systems. Particularly, [Mo3S7(S2CNiBu2)3]Cl catalyst is a maximally active catalyst 

in the photosystem. 
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Chapter 4 
 

Synthesis of a Phosphonate-Substituted  

Dithiocarbamate Ligand for Surface Immobilization 

of Mo3 Sulfide Catalysts 

 

4.1 Introduction 

As noted in Chapter 3, we have shown that clusters of the type [Mo3S7(S2CNiBu2)3]
+, 

which are derived from Mo(CO)6, are precursors to fairly active homogeneous catalysts 

for H2 formation under photolysis. Thus far, no method has been developed for surface 

attachment of discrete molybdenum sulfide clusters to electrode surfaces via covalent 

bonds. Here, we propose the chemical immobilization of [Mo3S7(S2CNR2)3]
+ onto a Cu2O 

photocathode surface. When chemically tethered to an electrode surface, a well-defined 

small molecule redox catalyst can enjoy the kinetic advantage of restricted proximity to the 

source of reducing equivalents. The methyl phosphate functional group, (HO)2P(O)CH2-, 

Figure 4.1. (Left) A Re catalysts for CO2 reduction immobilized onto a Cu2O photocathode by a bipyridyl 

ligand functionalized with phosphate groups. Reproduced with permission from American Chemical 

Society. (Right) A proposed [Mo3S7]4+ cluster functionalized with a phosphate-substituted dithiocarbamate 

ligand. 
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has been incorporated into 2,2'-bipyridine1 (Figure 4.1, left) and 1,10 phenanthroline2 

ligands for the tethering of a metal complex to an oxide surface and is therefore a well-

vetted choice as anchoring unit. 

 

4.2 Physical Methods and General Considerations 

All NMR spectra were obtained at 25 C with a Bruker-400 MHz spectrometer with a δ 

(ppm) scale and TMS (= 0 ppm) as an internal standard. The ESI-MS spectra were recorded 

on a micrOTOF 11 Bruker Daltonics instrument. Solvents for synthesis were dried with a 

system of drying columns from the Glass Contour Company (CH2Cl2, THF, Et2O). The 

anhydrous solvents (DMF, EtOH) were purchased from commercial sources. All other 

reagents where commercially available products were used without further purification. 

 

Scheme 4.1. A proposed synthesis of an asymmetric phosphate-substituted dithiocarbamate ligand for 

surface immobilization. 
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4.3 Result and Discussion 

Herein, a synthesis procedure for the surface-tethering of a [Mo3S7(S2CNiBu2)3]
+ type 

cluster is described (Scheme 4.1). Beginning with commercially available 1,4-

bis(bromoethyl)benzene ((a), Scheme 4.1), a Michaelis-Arbuzov condensation followed 

by SN2 reaction with benzyl amine and triethylamine (base) produces the asymmetric 

dibenzyl amine shown as (c) in Scheme 4.1 Treatment of (c) with carbon disulfide followed 

by a typical oxidation protocol for tetrathiuram disulfide synthesis should yield (d). 

Dealkylation of phosphonate (d) with TMSBr, MeOH and water is intended to produced 

phosphonic acid (e). Compound (e) would serve as an immediate precursor to an N,N-

dialkyldithiocarbamate ligand when introduced to [Mo3S13]
2– complex (g).  

 

Scheme 4.2. Synthesis of diethyl P-[[4-(bromomethyl)phenyl]methyl]phosphonate, which is 

targeted as precursor to phosphate-substituted-dithiocarbamate. 
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Compound (b)3 was prepared by refluxing commercially available p-xylene dibromide 

with 1 equivalent of triethylphosphite at 80-90C for 3 hours. The remaining 

triethylphosphite was then removed by vacuum distillation. A small quantity of MeOH was 

added to the mixture, and unreacted p-xylene dibromide was then separated by filtration. 

Then the remaining oily material was purified by silica column chromatography 

(3:7/EtOAc:hexanes) to afford (b) in Scheme 4.2 as a pale yellow oil (61%), as gauged by 

1H NMR spectroscopy (Figure 4.2).  

In the next step (Scheme 4.3), compound (b) (2.35 g) was treated with 1 equivalent of 

benzyl amine (0.79 mL) in the presence of 1 equivalent of NEt3 (1 mL), activated powered 

Figure 4.2. 1H NMR spectrum in CDCl3 of diethyl P-[[4-

(bromomethyl)phenyl]methyl]phosphonate. 
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4 Å activated powdered molecular sieves (1 g)(optional) and dry DMF (30 mL) at 20-25C 

for one day. The solids were separated by filtration and washed with EtOAc. The crude 

product collected from the filtrate was purified by silica column chromatography 

(EtOAc:EtOH /9.9:0.1). Before the crude product mixture was loaded onto the column, 4 

drops of NEt3 were used to wash the silica (3 times) to prevent the amine from  sticking to 

the silica.  Compound (c) was obtained as a pale-yellow oil (65%) and separated from the 

tertiary amine (30%), which was also a yellow oil. Initial analysis of the reaction mixture 

by mass spectrometry showed the presence of both components, and mass spectrometry 

and 1H NMR and 31P NMR spectroscopy of the purified compounds confirmed their 

identities (Figures 4.3-4.8). 

 

 

 

Scheme 4.3. Synthesis of diethyl [[4-[[(phenylmethyl)amino]methyl]phenyl]methyl] phosphonate, (c). 
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Figure 4.3. ESI mass spectrum of diethyl [[4-[[(phenylmethyl)amino]methyl]phenyl]methyl] 

phosphonate, (c). 

Figure 4.4. 1H NMR spectrum of diethyl [[4-[[(phenylmethyl)amino]methyl]phenyl]methyl] 

phosphonate, (c). 
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Figure 4.5. 31P NMR spectrum of diethyl [[4-[[(phenylmethyl)amino]methyl]phenyl]methyl] 

phosphonate, (c). 

Figure 4.6. ESI mass spectrum of bis([benzyl-4-methyl]diethylphosphonate) benzylamine. 
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Figure 4.8. 31P NMR spectrum of bis([benzyl-4-methyl]diethylphosphonate) benzylamine. 

Figure 4.7. 1H NMR spectrum of bis([benzyl-4-methyl]diethylphosphonate) benzylamine. 
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2 equivalents of compound (c) (0.4 g) and 1 equivalent of carbon disulfide (0.044 g, 

0.04 mL) were mixed in 20 mL of absolute EtOH. This mixture was stired for 1 h at ambient 

temperature, and the solution was then refluxed at 90 °C under a N2 atmosphere. Half an 

equivalent of solid I2 (0.07 g) was added to the reaction mixture, and stirring was continued 

overnight. The mixture was cooled to room temperature, and the solvent was removed 

under reduced pressure to efford an oily residue. This residue was extracted with EtOAc 

(3 x 10 mL) and filtered through paper. A yellow oil was obtained upon removal of the 

solvent. The identity of the product obtained from the reaction illustrated in Scheme 4.4 

was assessed by NMR spectroscopy (Figure 4.9). 

 

Scheme 4.4. Synthesis of tetrathiuram disulfide (d). 
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One equivalent of the compound presumed to be (d) (0.3785 g) was added to a round 

bottom flask with 15 mL of dry CH2Cl2. The reaction mixture was stirred for 15 minutes. 

Then 6 equivalents of Me3SiBr (0.355 mL) were added, and it was sealed with a greased 

Figure 4.9. 1H NMR spectrum of product from reaction targeting tetrathiuram disulfide (d). 

Scheme 4.5. Synthesis targeting tetrathiuram disulfide (e). 
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stopper. Stirring of the reaction was continued overnight at room temperature, and the 

solvent was then removed under reduced pressure. A yellow oily material was observed. 

Water and methanol were added. The flask was sealed with rubber septum, and a needle 

was inserted to vent any pressure build-up of volatiles. Then it was allowed to stir at room 

temperature overnight. A pale yellow solution was observed. The solvent was then 

evaporated overnight under a steady stream of air. The crude residue was washed with 

EtOAc to remove a yellow oily material and leave behind a white crude solid. This white 

crude solid was recrystallized from MeCN to afford white needle crystals. 

4.4 Future Work  

 

The targeted synthesis of cluster (j) might be accomplished by an alternate route that  

involves reaction between the dithiocarbamate salt (h) and [Mo3S7Br6]
2–, as illustrated in 

Scheme 4.6. If cluster (j) can be accessed, then its homogeneous catalytic activity will be 

Scheme 4.6. Alternative synthetic route to Mo3 cluster 
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assessed, and samples of it will be provided to Prof. Shanlin Pan, a collaborator at the 

University of Alabama, who will undertake photoelectrocatalytic studies of the cluster 

immobilized onto a Cu2O electrode. 
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Figure B-3 1H NMR spectrum of complex Cy2NCSSSSCNCy2 in Chapter 2  

 

 

 

Figure B-2 13C NMR spectrum of complex Cy2NCSSSSCNCy2 in Chapter 2 
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Figure C-4 1H NMR spectrum of complex K[S2P(iPrO)2] in Chapter 3 

 

 

Figure C-5 13C NMR spectrum of complex K[S2P(iPrO)2] in Chapter 3 
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Figure C-6 31P NMR spectrum of complex K[S2P(iPrO)2] in Chapter 3 

 

 

 

Figure C-4 1H NMR spectrum of complex (
iPrO)2P(=S)SSP(=S)(OiPr)2 in Chapter 3 
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Figure C-5 13C NMR spectrum of complex (
iPrO)2P(=S)SSP(=S)(OiPr)2 in Chapter 3 

 

 

Figure C-6 31P NMR spectrum of complex (
iPrO)2P(=S)SSP(=S)(OiPr)2 in Chapter 3 
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Figure C-7 1H NMR spectrum of complex 
iBu2NC(=Se)SeSeSeC(=S)NiBu2 

in Chapter 3 
 

 

Figure C-8 13C NMR spectrum of complex 
iBu2NC(=Se)SeSeSeC(=S)NiBu2 

in Chapter 3 
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Figure C-9 ESI-MS spectrum of complex [Mo3S7(S2CNiBu2)3] I in Chapter 3 

 

Figure C-10 UV-VIS spectrum of complex [Mo3S7(S2CNiBu2)3] I in Chapter 3 
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Figure C-11 Raman spectrum of complex [Mo3S7(S2CNiBu2)3] I in Chapter 3 

 

 

Figure C-12 1H NMR spectrum of complex [Mo3S7(S2CNiBu2)3] I in Chapter 3 
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Figure C-13 13C NMR spectrum of complex [Mo3S7(S2CNiBu2)3] I in Chapter 3 

 

 

 

 

Figure C-14 ESI-MS spectrum of complex [Mo3S7(S2CNiBu2)3] Cl in Chapter 3 
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Figure C-15 UV-VIS spectrum of complex [Mo3S7(S2CNiBu2)3] Cl in Chapter 3 
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Figure C-16 Raman spectrum of complex [Mo3S7(S2CNiBu2)3] Cl in Chapter 3 

 

 

Figure C-17 1H NMR spectrum of complex [Mo3S7(S2CNiBu2)3] Cl in Chapter 3 
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Figure C-18 13C NMR spectrum of complex [Mo3S7(S2CNiBu2)3] Cl in Chapter 3 

 

Figure C-19 ESI-MS spectrum of complex [Mo3S7(S2CNiBu2)3] SeCN in Chapter 3 
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Figure C-20 UV-VIS spectrum of complex [Mo3S7(S2CNiBu2)3] SeCN in Chapter 3 

 

Figure C-21 Raman spectrum of complex [Mo3S7(S2CNiBu2)3] SeCN in Chapter 3 
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Figure C-22 1H NMR spectrum of complex [Mo3S7(S2CNiBu2)3] SeCN in Chapter 3 

 

Figure C-23 13C NMR spectrum of complex [Mo3S7(S2CNiBu2)3] SeCN in Chapter 3 
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Figure C-24 ESI-MS spectrum of complex [Mo3S7(S2CNiBu2)3]2Se in Chapter 3 

 

Figure C-25 UV-VIS spectrum of complex [Mo3S7(S2CNiBu2)3]2 Se in Chapter 3 
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Figure C-26 Raman spectrum of complex [Mo3S7(S2CNiBu2)3]2 Se in Chapter 3 
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Figure C-27 1H NMR spectrum of complex [Mo3S7(S2CNiBu2)3]2Se in Chapter 3 

 

 

Figure C-28 13C NMR spectrum of complex [Mo3S7(S2CNiBu2)3]2Se in Chapter 3 
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Figure C-29 ESI-MS spectrum of complex [Mo3Se7(S2CNiBu2)3] I in Chapter 3 

 

Figure C-30 UV-VIS spectrum of complex [Mo3Se7(S2CNiBu2)3] I in Chapter 3 
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Figure C-31 Raman spectrum of complex [Mo3Se7(S2CNiBu2)3] I in Chapter 3 
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Figure C-32 1H NMR spectrum of complex [Mo3Se7(S2CNiBu2)3] I in Chapter 3 

 

 

Figure C-33 13C NMR spectrum of complex [Mo3Se7(S2CNiBu2)3] I in Chapter 3 
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Figure C-34 ESI-MS spectrum of complex [Mo3Se7(Se2CNiBu2)3] Cl in Chapter 3 

 

Figure C-35 UV-VIS spectrum of complex [Mo3Se7(Se2CNiBu2)3] Cl in Chapter 3 
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Figure C-36 Raman spectrum of complex [Mo3Se7(Se2CNiBu2)3] Cl in Chapter 3 

 

Figure C-37 1H NMR spectrum of complex [Mo3Se7(Se2CNiBu2)3] Cl in Chapter 3 
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Figure C-38 13C NMR spectrum of complex [Mo3Se7(Se2CNiBu2)3] Cl in Chapter 3 

 

 

Figure C-39 ESI-MS spectrum of complex [Mo3Se7(Se2CNiBu2)3] I in Chapter 3 
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Figure C-40 UV-VIS spectrum of complex [Mo3Se7(Se2CNiBu2)3] I in Chapter

 

Figure C-41 Raman spectrum of complex [Mo3Se7(Se2CNiBu2)3] I in Chapter 3 
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Figure C-42 1H NMR spectrum of complex [Mo3Se7(Se2CNiBu2)3] I in Chapter 3 

 

 

Figure C-43 13C NMR spectrum of complex [Mo3Se7(Se2CNiBu2)3] I in Chapter 3 
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Figure C-44 ESI-MS spectrum of complex [Mo3S7(S2P
iBu2)3] (S2P

iBu2) in Chapter 3 

 

 

 

 

Figure C-45 UV-VIS spectrum of complex [Mo3S7(S2P
iBu2)3] (S2P

iBu2) in Chapter 3 
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Figure C-46 Raman spectrum of complex [Mo3S7(S2P
iBu2)3] (S2P

iBu2) in Chapter 3 

 

Figure C-47 1H NMR spectrum of complex [Mo3S7(S2P
iBu2)3] (S2P

iBu2) in Chapter 3 

 



165 
 

 
 

 

Figure C-48 13C NMR spectrum of complex [Mo3S7(S2P
iBu2)3] (S2P

iBu2) in Chapter 3 

 

 

Figure C-49 31P NMR spectrum of complex [Mo3S7(S2P
iBu2)3] (S2P

iBu2) in Chapter 3 
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Figure C-50 ESI-MS spectrum of complex [Mo3S7(S2P
iBu2)3] I in Chapter 3 

 

 

 

Figure C-51 UV-VIS spectrum of complex [Mo3S7(S2P
iBu2)3] I in Chapter 3 
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Figure C-52 Raman spectrum of complex [Mo3S7(S2P
iBu2)3] I in Chapter 3 
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Figure C-53 1H NMR spectrum of complex [Mo3S7(S2P
iBu2)3] I in Chapter 3 

 

 

Figure C-54 13C NMR spectrum of complex [Mo3S7(S2P
iBu2)3] I in Chapter 3 
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Figure C-55 31P NMR spectrum of complex [Mo3S7(S2P
iBu2)3] I in Chapter 3 

 

 

Figure C-56 ESI-MS spectrum of complex [Mo3S4Se3(S2PiBu2)3] I in Chapter 3 
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Figure C-57 UV-VIS spectrum of complex [Mo3S4Se3(S2PiBu2)3] I in Chapter 3 

 

Figure C-58 Raman spectrum of complex [Mo3S4Se3(S2PiBu2)3] I in Chapter 3 
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Figure C-59 1H NMR spectrum of complex [Mo3S4Se3(S2P
iBu2)3] I in Chapter 3 
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Figure C-60 13C NMR spectrum of complex [Mo3S4Se3(S2P
iBu2)3] I in Chapter 3 

 

 

Figure C-61 31P NMR spectrum of complex [Mo3S4Se3(S2P
iBu2)3] I in Chapter 3 
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Figure C-62 ESI-MS spectrum of complex [Mo3Se7(S2P
iBu2)3] (S2P

iBu2) in Chapter 3 
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Figure C-63 UV-VIS spectrum of complex [Mo3Se7(S2P
iBu2)3] (S2P

iBu2) in Chapter 3 

 

Figure C-64 Raman spectrum of complex [Mo3Se7(S2P
iBu2)3] (S2P

iBu2) in Chapter 3 
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Figure C-65 1H NMR spectrum of complex [Mo3Se7(S2P
iBu2)3] (S2P

iBu2) in Chapter 3 
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Figure C-66 13C NMR spectrum of complex [Mo3Se7(S2P
iBu2)3] (S2P

iBu2) in Chapter 3 

 

Figure C-67 31P NMR spectrum of complex [Mo3Se7(S2P
iBu2)3] (S2P

iBu2) in Chapter 3 
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Figure C-68 ESI-MS spectrum of complex [Mo3Se7(S2P
iBu2)3] I in Chapter 3 

 

 

 

 

Figure C-69 UV-VIS spectrum of complex [Mo3Se7(S2P
iBu2)3] I in Chapter 3 



178 
 

 
 

 

Figure C-70 Raman spectrum of complex [Mo3Se7(S2P
iBu2)3] I in Chapter 3 
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Figure C-71 1H NMR spectrum of complex [Mo3Se7(S2P
iBu2)3] I in Chapter 3 
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Figure C-72 13C NMR spectrum of complex [Mo3Se7(S2P
iBu2)3] I in Chapter 3 
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Figure C-73 1H NMR spectrum of complex [Mo3Se7(S2P
iBu2)3] I in Chapter 
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Figure C-74 ESI-MS spectrum of complex [Mo3S7((S2P(iPrO)2))3] (S2P(iPrO)2) Chapt

 

Figure C-75 UV-VIS spectrum of complex [Mo3S7((S2P(iPrO)2))3] (S2P(iPrO)2) in Chapter 3 
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Figure C-76 Raman spectrum of complex [Mo3S7((S2P(iPrO)2))3] (S2P(iPrO)2) in Chapter 3 

 

Figure C-77 1H NMR spectrum of complex [Mo3S7((S2P(iPrO)2))3] (S2P(iPrO)2) in Chapter 3 
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Figure C-78 13C NMR spectrum of complex [Mo3S7((S2P(iPrO)2))3] (S2P(iPrO)2)in Chapter 3 

 

Figure C-79 31P NMR spectrum of complex [Mo3S7((S2P(iPrO)2))3] (S2P(iPrO)2)in Chapter 3 
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Structure Determination Summary 

 
 

Table A.1. Crystal Data and Structure Refinement for Cy2NC(S)SSC(S)NCy2 

 

Identification code JPD926_0m_a 

Empirical formula C26H44N2S4 

Formula weight 512.87 

Temperature 298(2) K 

Wavelength 0.71073 Å 

Crystal system Triclinic 

Space group P-1 

Unit cell dimensions a = 12.8612(11) Å α = 109.9650(10)° 

 b = 13.1642(11) Å β = 97.9220(10)° 
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 c = 18.3871(16) Å γ = 90.4460(10)° 

Volume 2893.0(4) Å3 

Z 4 

Density (calculated) 1.178 g/cm3 

Absorption coefficient 0.345 mm-1 

F(000) 1112 

Crystal size 0.397 x 0.357 x 0.083 mm3 

θ range for data collection 1.667 to 25.725° 

Index ranges -15 ≤ h ≤ 15, -16 ≤ k ≤ 15, -22 ≤ l ≤ 22 

Reflections collected 22600 

Independent reflections 10898 [R(int) = 0.0582] 

Completeness to θ = 25.242° 99.2 % 

Absorption correction None 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 10898 / 12 / 557 

Goodness-of-fit on F2 0.965 

Final R indices [I>2σ(I)] R1 = 0.0536, wR2 = 0.0680 

R indices (all data) R1 = 0.1276, wR2 = 0.0716 

Extinction coefficient n/a 

Largest diff. peak and hole 0.339 and -0.331 e·Å-3 
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Table A.2. Atomic coordinates (x 104) and equivalent isotropic displacement parameters 

(Å2 x 103) for Cy2NC(S)SSC(S)NCy2. U(eq) is defined as one third of the trace of the 

orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

S(1) 6808(1) 2656(1) 1984(1) 64(1) 

S(2) 5945(1) 2310(1) 3322(1) 72(1) 

S(3) 5303(1) 3680(1) 3306(1) 75(1) 

S(4) 3973(1) 2003(1) 1948(1) 78(1) 

S(5) -1107(1) 7709(1) 2056(1) 67(1) 

S(6) 329(1) 7374(1) 3386(1) 67(1) 

S(7) 972(1) 8705(1) 3307(1) 69(1) 

S(8) 1696(1) 6959(1) 1973(1) 77(1) 

N(1) 7473(2) 1222(2) 2662(2) 43(1) 

N(2) 3514(2) 4081(2) 2578(2) 55(1) 

N(3) -1441(2) 6193(2) 2689(2) 44(1) 

N(4) 2456(2) 9019(2) 2533(2) 59(1) 

C(1) 7582(3) 874(3) 3349(2) 50(1) 

C(2) 8705(3) 855(3) 3699(2) 71(1) 

C(3) 8759(3) 602(4) 4445(2) 92(1) 

C(4) 8192(4) -454(4) 4305(2) 100(2) 

C(5) 7053(3) -482(3) 3934(3) 95(2) 

C(6) 6976(3) -191(3) 3187(2) 65(1) 

C(7) 8040(2) 589(3) 2016(2) 46(1) 

C(8) 9021(2) 1214(3) 1953(2) 64(1) 

C(9) 9626(3) 439(3) 1349(2) 77(1) 

C(10) 8937(3) -91(3) 570(2) 82(1) 

C(11) 7972(3) -679(3) 653(2) 72(1) 

C(12) 7369(2) 68(3) 1251(2) 59(1) 

C(13) 6847(2) 2010(3) 2598(2) 46(1) 

C(14) 4138(2) 3255(3) 2549(2) 54(1) 

C(15) 2664(3) 4008(3) 1946(3) 70(1) 

C(16) 2932(3) 3849(3) 1168(2) 85(1) 

C(17) 2040(3) 3944(3) 584(2) 84(1) 

C(18) 1038(3) 3343(4) 592(3) 109(2) 

C(19) 769(3) 3490(3) 1363(3) 82(1) 

C(20) 1670(3) 3381(3) 1946(2) 68(1) 

C(21) 3659(3) 5128(3) 3244(2) 67(1) 

C(22) 4224(3) 5990(3) 3063(2) 66(1) 

C(23) 4435(3) 7010(3) 3758(3) 100(2) 

C(24) 3545(4) 7354(3) 4203(3) 110(2) 

C(25) 3015(3) 6468(4) 4367(2) 93(2) 

C(26) 2758(3) 5499(3) 3657(2) 94(2) 

C(27) -2271(2) 5583(3) 2048(2) 45(1) 
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Table A.2, Cont’d. Atomic coordinates (x 104) and equivalent isotropic displacement 

parameters (Å2 x 103) for Cy2NC(S)SSC(S)NCy2. U(eq) is defined as one third of the trace 

of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

C(28) -1905(2) 5112(3) 1263(2) 55(1) 

C(29) -2739(3) 4364(3) 659(2) 73(1) 

C(30) -3758(3) 4924(3) 595(2) 78(1) 

C(31) -4122(3) 5407(3) 1396(2) 70(1) 

C(32) -3279(2) 6189(3) 1997(2) 61(1) 

C(33) -1206(2) 5744(3) 3323(2) 48(1) 

C(34) -653(2) 4691(3) 3064(2) 59(1) 

C(35) -354(3) 4294(3) 3743(2) 77(1) 

C(36) -1300(3) 4207(3) 4137(2) 79(1) 

C(37) -1831(3) 5259(3) 4390(2) 75(1) 

C(38) -2161(2) 5645(3) 3701(2) 62(1) 

C(39) -860(2) 7042(3) 2653(2) 45(1) 

C(40) 1810(2) 8213(3) 2547(2) 49(1) 

C(41A) 2590(6) 10136(5) 3303(5) 48(2) 

C(42A) 1962(7) 10933(7) 3141(6) 45(3) 

C(43A) 2072(7) 12007(7) 3818(6) 84(3) 

C(44A) 3098(6) 12385(6) 4153(5) 75(3) 

C(45A) 3822(6) 11233(8) 4310(5) 64(3) 

C(46A) 3729(6) 10519(7) 3615(4) 69(3) 

C(41B) 2711(7) 10023(8) 2971(7) 44(3) 

C(42B) 1876(11) 10949(12) 2928(9) 89(6) 

C(43B) 2256(11) 11979(9) 3549(8) 83(5) 

C(44B) 2881(11) 12013(12) 4376(7) 107(5) 

C(45B) 3597(10) 11643(10) 4353(7) 67(4) 

C(46B) 3301(8) 10076(8) 3774(5) 60(4) 

C(47A) 3095(6) 9042(10) 2006(6) 62(3) 

C(48A) 2496(6) 8739(9) 1156(4) 61(3) 

C(49A) 3335(10) 8827(10) 544(7) 77(4) 

C(50A) 4175(7) 8289(10) 608(5) 83(3) 

C(51A) 4788(6) 8540(9) 1455(6) 61(3) 

C(52A) 4122(7) 8492(7) 1914(6) 51(3) 

C(47B) 2988(7) 8633(11) 1721(8) 47(3) 

C(48B) 2758(9) 9291(12) 1234(6) 68(4) 

C(49B) 3093(12) 8977(14) 586(10) 95(7) 

C(50B) 4480(9) 8846(13) 736(7) 94(4) 

C(51B) 4621(9) 8132(11) 1165(9) 75(4) 

C(52B) 4078(10) 8360(11) 2081(8) 73(5) 
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Table A.3. Bond lengths (Å) for Cy2NC(S)SSC(S)NCy2. Symmetry transformations used 

to generate equivalent atoms:  

________________________________________________________________________ 

S(1)-C(13) 1.625(3) 

S(2)-C(13) 1.830(3) 

S(2)-S(3) 1.9980(12) 

S(3)-C(14) 1.837(3) 

S(4)-C(14) 1.633(3) 

S(5)-C(39) 1.626(3) 

S(6)-C(39) 1.834(3) 

S(6)-S(7) 1.9905(12) 

S(7)-C(40) 1.828(3) 

S(8)-C(40) 1.620(3) 

N(1)-C(13) 1.345(3) 

N(1)-C(1) 1.474(3) 

N(1)-C(7) 1.486(3) 

N(2)-C(14) 1.348(4) 

N(2)-C(15) 1.458(4) 

N(2)-C(21) 1.489(4) 

N(3)-C(39) 1.365(3) 

N(3)-C(33) 1.475(3) 

N(3)-C(27) 1.473(3) 

N(4)-C(41B) 1.302(10) 

N(4)-C(40) 1.352(3) 

N(4)-C(47A) 1.361(8) 

N(4)-C(41A) 1.644(8) 

N(4)-C(47B) 1.651(11) 

C(1)-C(2) 1.502(4) 

C(1)-C(6) 1.515(4) 

C(1)-H(1) 0.9800 

C(2)-C(3) 1.510(4) 

C(2)-H(2A) 0.9700 

C(2)-H(2B) 0.9700 

C(3)-C(4) 1.490(5) 

C(3)-H(3A) 0.9700 

C(3)-H(3B) 0.9700 

C(4)-C(5) 1.523(4) 

C(4)-H(4A) 0.9700 

C(4)-H(4B) 0.9700 

C(5)-C(6) 1.538(4) 

C(5)-H(5A) 0.9700 

C(5)-H(5B) 0.9700 

C(6)-H(6A) 0.9700 

C(6)-H(6B) 0.9700 

C(7)-C(12) 1.480(4) 

C(7)-C(8) 1.540(4) 

C(7)-H(7) 0.9800 

C(8)-C(9) 1.535(4) 

C(8)-H(8A) 0.9700 

C(8)-H(8B) 0.9700 

C(9)-C(10) 1.511(4) 

C(9)-H(9A) 0.9700 

C(9)-H(9B) 0.9700 

C(10)-C(11) 1.510(4) 

C(10)-H(10A) 0.9700 

C(10)-H(10B) 0.9700 

C(11)-C(12) 1.512(4) 

C(11)-H(11A) 0.9700 

C(11)-H(11B) 0.9700 

C(12)-H(12A) 0.9700 

C(12)-H(12B) 0.9700 

C(15)-C(16) 1.463(4) 

C(15)-C(20) 1.517(4) 

C(15)-H(15) 0.9800 

C(16)-C(17) 1.496(4) 

C(16)-H(16A) 0.9700 

C(16)-H(16B) 0.9700 

C(17)-C(18) 1.511(4) 

C(17)-H(17A) 0.9700 

C(17)-H(17B) 0.9700 

C(18)-C(19) 1.455(4) 

C(18)-H(18A) 0.9700 

C(18)-H(18B) 0.9700 

C(19)-C(20) 1.508(4) 

C(19)-H(19A) 0.9700 

C(19)-H(19B) 0.9700 

C(20)-H(20A) 0.9700 

C(20)-H(20B) 0.9700 

C(21)-C(26) 1.468(4) 

C(21)-C(22) 1.496(4) 

C(21)-H(21) 0.9800 

C(22)-C(23) 1.496(4) 

C(22)-H(22A) 0.9700 

C(22)-H(22B) 0.9700 

C(23)-C(24) 1.483(5) 

C(23)-H(23A) 0.9700 

C(23)-H(23B) 0.9700 

C(24)-C(25) 1.482(5) 

C(24)-H(24A) 0.97
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Table A.3, Cont’d. Bond lengths (Å) for Cy2NC(S)SSC(S)NCy2. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

C(24)-H(24B) 0.9700 

C(25)-C(26) 1.477(4) 

C(25)-H(25A) 0.9700 

C(25)-H(25B) 0.9700 

C(26)-H(26A) 0.9700 

C(26)-H(26B) 0.9700 

C(27)-C(28) 1.506(4) 

C(27)-C(32) 1.536(4) 

C(27)-H(27) 0.9800 

C(28)-C(29) 1.504(4) 

C(28)-H(28A) 0.9700 

C(28)-H(28B) 0.9700 

C(29)-C(30) 1.519(4) 

C(29)-H(29A) 0.9700 

C(29)-H(29B) 0.9700 

C(30)-C(31) 1.532(4) 

C(30)-H(30A) 0.9700 

C(30)-H(30B) 0.9700 

C(31)-C(32) 1.527(4) 

C(31)-H(31A) 0.9700 

C(31)-H(31B) 0.9700 

C(32)-H(32A) 0.9700 

C(32)-H(32B) 0.9700 

C(33)-C(38) 1.517(4) 

C(33)-C(34) 1.520(4) 

C(33)-H(33) 0.9800 

C(34)-C(35) 1.515(4) 

C(34)-H(34A) 0.9700 

C(34)-H(34B) 0.9700 

C(35)-C(36) 1.521(4) 

C(35)-H(35A) 0.9700 

C(35)-H(35B) 0.9700 

C(36)-C(37) 1.505(4) 

C(36)-H(36A) 0.9700 

C(36)-H(36B) 0.9700 

C(37)-C(38) 1.530(4) 

C(37)-H(37A) 0.9700 

C(37)-H(37B) 0.9700 

C(38)-H(38A) 0.9700 

C(38)-H(38B) 0.9700 

C(41A)-C(42A) 1.416(10) 

C(41A)-C(46A) 1.513(10) 

C(41A)-H(41A) 0.9800 

C(42A)-C(43A) 1.522(11) 

C(42A)-H(42A) 0.9700 

C(42A)-H(42B) 0.9700 

C(43A)-C(44A) 1.387(12) 

C(43A)-H(43A) 0.9700 

C(43A)-H(43B) 0.9700 

C(44A)-C(45A) 1.869(13) 

C(44A)-H(44A) 0.9700 

C(44A)-H(44B) 0.9700 

C(45A)-C(46A) 1.291(9) 

C(45A)-H(45A) 0.9700 

C(45A)-H(45B) 0.9700 

C(46A)-H(46A) 0.9700 

C(46A)-H(46B) 0.9700 

C(41B)-C(46B) 1.542(15) 

C(41B)-C(42B) 1.646(17) 

C(41B)-H(41B) 0.9800 

C(42B)-C(43B) 1.470(17) 

C(42B)-H(42C) 0.9700 

C(42B)-H(42D) 0.9700 

C(43B)-C(44B) 1.61(2) 

C(43B)-H(43C) 0.9700 

C(43B)-H(43D) 0.9700 

C(44B)-C(45B) 1.044(14) 

C(44B)-H(44C) 0.9700 

C(44B)-H(44D) 0.9700 

C(45B)-C(46B) 1.978(17) 

C(45B)-H(45C) 0.9700 

C(45B)-H(45D) 0.9700 

C(46B)-H(46C) 0.9700 

C(46B)-H(46D) 0.9700 

C(47A)-C(52A) 1.513(12) 

C(47A)-C(48A) 1.560(14) 

C(47A)-H(47A) 0.9800 

C(48A)-C(49A) 1.693(14) 

C(48A)-H(48A) 0.9700 

C(48A)-H(48B) 0.9700 

C(49A)-C(50A) 1.309(12) 

C(49A)-H(49A) 0.9700 

C(49A)-H(49B) 0.9700 

C(50A)-C(51A) 1.569(14) 

C(50A)-H(50A) 0.9700 

C(50A)-H(50B) 0.9700
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Table A.3, Cont’d. Bond lengths (Å) for Cy2NC(S)SSC(S)NCy2. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

C(51A)-C(52A) 1.299(11) 

C(51A)-H(51A) 0.9700 

C(51A)-H(51B) 0.9700 

C(52A)-H(52A) 0.9700 

C(52A)-H(52B) 0.9700 

C(47B)-C(48B) 1.448(15) 

C(47B)-C(52B) 1.565(16) 

C(47B)-H(47B) 0.9800 

C(48B)-C(49B) 1.259(17) 

C(48B)-H(48C) 0.9700 

C(48B)-H(48D) 0.9700 

C(49B)-C(50B) 1.79(2) 

C(49B)-H(49C) 0.9700 

C(49B)-H(49D) 0.9700 

C(50B)-C(51B) 1.416(17) 

C(50B)-H(50C) 0.9700 

C(50B)-H(50D) 0.9700 

C(51B)-C(52B) 1.84(2) 

C(51B)-H(51C) 0.9700 

C(51B)-H(51D) 0.9700 

C(52B)-H(52C) 0.9700 

C(52B)-H(52D) 0.9700 
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Table A.4. Bond angles (deg.) for Cy2NC(S)SSC(S)NCy2. Symmetry transformations used 

to generate equivalent atoms:  

________________________________________________________________________ 

C(13)-S(2)-S(3) 105.50(11) 

C(14)-S(3)-S(2) 105.38(12) 

C(39)-S(6)-S(7) 104.31(12) 

C(40)-S(7)-S(6) 104.87(12) 

C(13)-N(1)-C(1) 122.5(3) 

C(13)-N(1)-C(7) 121.9(3) 

C(1)-N(1)-C(7) 115.4(2) 

C(14)-N(2)-C(15) 121.7(3) 

C(14)-N(2)-C(21) 122.4(3) 

C(15)-N(2)-C(21) 115.9(3) 

C(39)-N(3)-C(33) 122.6(3) 

C(39)-N(3)-C(27) 121.8(3) 

C(33)-N(3)-C(27) 115.2(2) 

C(41B)-N(4)-C(40) 136.2(6) 

C(40)-N(4)-C(47A) 130.6(6) 

C(40)-N(4)-C(41A) 116.6(4) 

C(40)-N(4)-C(47B) 110.3(5) 

N(1)-C(1)-C(2) 113.5(3) 

N(1)-C(1)-C(6) 112.5(3) 

C(2)-C(1)-C(6) 111.5(3) 

N(1)-C(1)-H(1) 106.3 

C(2)-C(1)-H(1) 106.3 

C(6)-C(1)-H(1) 106.3 

C(1)-C(2)-C(3) 110.7(3) 

C(1)-C(2)-H(2A) 109.5 

C(3)-C(2)-H(2A) 109.5 

C(1)-C(2)-H(2B) 109.5 

C(3)-C(2)-H(2B) 109.5 

H(2A)-C(2)-H(2B) 108.1 

C(4)-C(3)-C(2) 111.4(3) 

C(4)-C(3)-H(3A) 109.4 

C(2)-C(3)-H(3A) 109.4 

C(4)-C(3)-H(3B) 109.4 

C(2)-C(3)-H(3B) 109.4 

H(3A)-C(3)-H(3B) 108.0 

C(3)-C(4)-C(5) 111.5(3) 

C(3)-C(4)-H(4A) 109.3 

C(5)-C(4)-H(4A) 109.3 

C(3)-C(4)-H(4B) 109.3 

C(5)-C(4)-H(4B) 109.3 

H(4A)-C(4)-H(4B) 108.0 

C(4)-C(5)-C(6) 111.5(3) 

C(4)-C(5)-H(5A) 109.3 

C(6)-C(5)-H(5A) 109.3 

C(4)-C(5)-H(5B) 109.3 

C(6)-C(5)-H(5B) 109.3 

H(5A)-C(5)-H(5B) 108.0 

C(1)-C(6)-C(5) 110.6(3) 

C(1)-C(6)-H(6A) 109.5 

C(5)-C(6)-H(6A) 109.5 

C(1)-C(6)-H(6B) 109.5 

C(5)-C(6)-H(6B) 109.5 

H(6A)-C(6)-H(6B) 108.1 

C(12)-C(7)-N(1) 115.0(3) 

C(12)-C(7)-C(8) 112.6(3) 

N(1)-C(7)-C(8) 113.0(3) 

C(12)-C(7)-H(7) 105.0 

N(1)-C(7)-H(7) 105.0 

C(8)-C(7)-H(7) 105.0 

C(9)-C(8)-C(7) 108.6(3) 

C(9)-C(8)-H(8A) 110.0 

C(7)-C(8)-H(8A) 110.0 

C(9)-C(8)-H(8B) 110.0 

C(7)-C(8)-H(8B) 110.0 

H(8A)-C(8)-H(8B) 108.4 

C(10)-C(9)-C(8) 111.9(3) 

C(10)-C(9)-H(9A) 109.2 

C(8)-C(9)-H(9A) 109.2 

C(10)-C(9)-H(9B) 109.2 

C(8)-C(9)-H(9B) 109.2 

H(9A)-C(9)-H(9B) 107.9 

C(9)-C(10)-C(11) 111.6(3) 

C(9)-C(10)-H(10A) 109.3 

C(11)-C(10)-H(10A) 109.3 

C(9)-C(10)-H(10B) 109.3 

C(11)-C(10)-H(10B) 109.3 

H(10A)-C(10)-H(10B) 108.0 

C(10)-C(11)-C(12) 111.0(3) 

C(10)-C(11)-H(11A) 109.4 

C(12)-C(11)-H(11A) 109.4 

C(10)-C(11)-H(11B) 109.4 

C(12)-C(11)-H(11B) 109.4 

H(11A)-C(11)-H(11B) 108.0 

C(7)-C(12)-C(11) 112.0(3) 

C(7)-C(12)-H(12A) 109.2 

C(11)-C(12)-H(12A) 109.2
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Table A.4, Cont’d. Bond angles (deg.) for Cy2NC(S)SSC(S)NCy2. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

C(7)-C(12)-H(12B) 109.2 

C(11)-C(12)-H(12B) 109.2 

H(12A)-C(12)-H(12B) 107.9 

N(1)-C(13)-S(1) 128.8(2) 

N(1)-C(13)-S(2) 110.7(2) 

S(1)-C(13)-S(2) 120.50(19) 

N(2)-C(14)-S(4) 128.5(3) 

N(2)-C(14)-S(3) 111.6(3) 

S(4)-C(14)-S(3) 119.9(2) 

N(2)-C(15)-C(16) 118.4(3) 

N(2)-C(15)-C(20) 115.0(3) 

C(16)-C(15)-C(20) 114.6(3) 

N(2)-C(15)-H(15) 101.7 

C(16)-C(15)-H(15) 101.7 

C(20)-C(15)-H(15) 101.7 

C(15)-C(16)-C(17) 114.9(3) 

C(15)-C(16)-H(16A) 108.6 

C(17)-C(16)-H(16A) 108.6 

C(15)-C(16)-H(16B) 108.6 

C(17)-C(16)-H(16B) 108.6 

H(16A)-C(16)-H(16B) 107.5 

C(16)-C(17)-C(18) 112.9(3) 

C(16)-C(17)-H(17A) 109.0 

C(18)-C(17)-H(17A) 109.0 

C(16)-C(17)-H(17B) 109.0 

C(18)-C(17)-H(17B) 109.0 

H(17A)-C(17)-H(17B) 107.8 

C(19)-C(18)-C(17) 115.6(3) 

C(19)-C(18)-H(18A) 108.4 

C(17)-C(18)-H(18A) 108.4 

C(19)-C(18)-H(18B) 108.4 

C(17)-C(18)-H(18B) 108.4 

H(18A)-C(18)-H(18B) 107.4 

C(18)-C(19)-C(20) 114.5(3) 

C(18)-C(19)-H(19A) 108.6 

C(20)-C(19)-H(19A) 108.6 

C(18)-C(19)-H(19B) 108.6 

C(20)-C(19)-H(19B) 108.6 

H(19A)-C(19)-H(19B) 107.6 

C(19)-C(20)-C(15) 112.3(3) 

C(19)-C(20)-H(20A) 109.2 

C(15)-C(20)-H(20A) 109.2 

C(19)-C(20)-H(20B) 109.2 

C(15)-C(20)-H(20B) 109.2 

H(20A)-C(20)-H(20B) 107.9 

C(26)-C(21)-N(2) 117.6(3) 

C(26)-C(21)-C(22) 114.2(3) 

N(2)-C(21)-C(22) 112.4(3) 

C(26)-C(21)-H(21) 103.4 

N(2)-C(21)-H(21) 103.4 

C(22)-C(21)-H(21) 103.4 

C(23)-C(22)-C(21) 111.7(3) 

C(23)-C(22)-H(22A) 109.3 

C(21)-C(22)-H(22A) 109.3 

C(23)-C(22)-H(22B) 109.3 

C(21)-C(22)-H(22B) 109.3 

H(22A)-C(22)-H(22B) 107.9 

C(24)-C(23)-C(22) 115.4(4) 

C(24)-C(23)-H(23A) 108.4 

C(22)-C(23)-H(23A) 108.4 

C(24)-C(23)-H(23B) 108.4 

C(22)-C(23)-H(23B) 108.4 

H(23A)-C(23)-H(23B) 107.5 

C(23)-C(24)-C(25) 114.0(4) 

C(23)-C(24)-H(24A) 108.7 

C(25)-C(24)-H(24A) 108.7 

C(23)-C(24)-H(24B) 108.7 

C(25)-C(24)-H(24B) 108.7 

H(24A)-C(24)-H(24B) 107.6 

C(26)-C(25)-C(24) 111.8(4) 

C(26)-C(25)-H(25A) 109.3 

C(24)-C(25)-H(25A) 109.3 

C(26)-C(25)-H(25B) 109.3 

C(24)-C(25)-H(25B) 109.3 

H(25A)-C(25)-H(25B) 107.9 

C(21)-C(26)-C(25) 113.5(4) 

C(21)-C(26)-H(26A) 108.9 

C(25)-C(26)-H(26A) 108.9 

C(21)-C(26)-H(26B) 108.9 

C(25)-C(26)-H(26B) 108.9 

H(26A)-C(26)-H(26B) 107.7 

N(3)-C(27)-C(28) 114.3(3) 

N(3)-C(27)-C(32) 114.1(3) 

C(28)-C(27)-C(32) 111.8(3) 

N(3)-C(27)-H(27) 105.2 

C(28)-C(27)-H(27) 105.2
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Table A.4, Cont’d. Bond angles (deg.) for Cy2NC(S)SSC(S)NCy2. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

C(32)-C(27)-H(27) 105.2 

C(29)-C(28)-C(27) 112.0(3) 

C(29)-C(28)-H(28A) 109.2 

C(27)-C(28)-H(28A) 109.2 

C(29)-C(28)-H(28B) 109.2 

C(27)-C(28)-H(28B) 109.2 

H(28A)-C(28)-H(28B) 107.9 

C(28)-C(29)-C(30) 111.3(3) 

C(28)-C(29)-H(29A) 109.4 

C(30)-C(29)-H(29A) 109.4 

C(28)-C(29)-H(29B) 109.4 

C(30)-C(29)-H(29B) 109.4 

H(29A)-C(29)-H(29B) 108.0 

C(29)-C(30)-C(31) 111.0(3) 

C(29)-C(30)-H(30A) 109.4 

C(31)-C(30)-H(30A) 109.4 

C(29)-C(30)-H(30B) 109.4 

C(31)-C(30)-H(30B) 109.4 

H(30A)-C(30)-H(30B) 108.0 

C(32)-C(31)-C(30) 111.7(3) 

C(32)-C(31)-H(31A) 109.3 

C(30)-C(31)-H(31A) 109.3 

C(32)-C(31)-H(31B) 109.3 

C(30)-C(31)-H(31B) 109.3 

H(31A)-C(31)-H(31B) 107.9 

C(31)-C(32)-C(27) 108.4(3) 

C(31)-C(32)-H(32A) 110.0 

C(27)-C(32)-H(32A) 110.0 

C(31)-C(32)-H(32B) 110.0 

C(27)-C(32)-H(32B) 110.0 

H(32A)-C(32)-H(32B) 108.4 

N(3)-C(33)-C(38) 112.8(3) 

N(3)-C(33)-C(34) 112.2(3) 

C(38)-C(33)-C(34) 112.4(3) 

N(3)-C(33)-H(33) 106.3 

C(38)-C(33)-H(33) 106.3 

C(34)-C(33)-H(33) 106.3 

C(35)-C(34)-C(33) 110.8(3) 

C(35)-C(34)-H(34A) 109.5 

C(33)-C(34)-H(34A) 109.5 

C(35)-C(34)-H(34B) 109.5 

C(33)-C(34)-H(34B) 109.5 

H(34A)-C(34)-H(34B) 108.1 

C(34)-C(35)-C(36) 111.4(3) 

C(34)-C(35)-H(35A) 109.3 

C(36)-C(35)-H(35A) 109.3 

C(34)-C(35)-H(35B) 109.3 

C(36)-C(35)-H(35B) 109.3 

H(35A)-C(35)-H(35B) 108.0 

C(37)-C(36)-C(35) 111.7(3) 

C(37)-C(36)-H(36A) 109.3 

C(35)-C(36)-H(36A) 109.3 

C(37)-C(36)-H(36B) 109.3 

C(35)-C(36)-H(36B) 109.3 

H(36A)-C(36)-H(36B) 107.9 

C(36)-C(37)-C(38) 111.3(3) 

C(36)-C(37)-H(37A) 109.4 

C(38)-C(37)-H(37A) 109.4 

C(36)-C(37)-H(37B) 109.4 

C(38)-C(37)-H(37B) 109.4 

H(37A)-C(37)-H(37B) 108.0 

C(33)-C(38)-C(37) 109.4(3) 

C(33)-C(38)-H(38A) 109.8 

C(37)-C(38)-H(38A) 109.8 

C(33)-C(38)-H(38B) 109.8 

C(37)-C(38)-H(38B) 109.8 

H(38A)-C(38)-H(38B) 108.2 

N(3)-C(39)-S(5) 127.9(2) 

N(3)-C(39)-S(6) 111.0(2) 

S(5)-C(39)-S(6) 121.12(19) 

N(4)-C(40)-S(8) 127.9(3) 

N(4)-C(40)-S(7) 111.5(2) 

S(8)-C(40)-S(7) 120.6(2) 

C(42A)-C(41A)-C(46A) 113.8(7) 

C(42A)-C(41A)-N(4) 110.0(7) 

C(46A)-C(41A)-N(4) 112.6(6) 

C(42A)-C(41A)-H(41A) 106.6 

C(46A)-C(41A)-H(41A) 106.6 

N(4)-C(41A)-H(41A) 106.6 

C(41A)-C(42A)-C(43A) 113.1(8) 

C(41A)-C(42A)-H(42A) 109.0 

C(43A)-C(42A)-H(42A) 109.0 

C(41A)-C(42A)-H(42B) 109.0 

C(43A)-C(42A)-H(42B) 109.0 

H(42A)-C(42A)-H(42B) 107.8 

C(44A)-C(43A)-C(42A) 115.1(7)
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Table A.4, Cont’d. Bond angles (deg.) for Cy2NC(S)SSC(S)NCy2. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

C(44A)-C(43A)-H(43A) 108.5 

C(42A)-C(43A)-H(43A) 108.5 

C(44A)-C(43A)-H(43B) 108.5 

C(42A)-C(43A)-H(43B) 108.5 

H(43A)-C(43A)-H(43B) 107.5 

C(43A)-C(44A)-C(45A) 108.0(7) 

C(43A)-C(44A)-H(44A) 110.1 

C(45A)-C(44A)-H(44A) 110.1 

C(43A)-C(44A)-H(44B) 110.1 

C(45A)-C(44A)-H(44B) 110.1 

H(44A)-C(44A)-H(44B) 108.4 

C(46A)-C(45A)-C(44A) 103.2(7) 

C(46A)-C(45A)-H(45A) 111.1 

C(44A)-C(45A)-H(45A) 111.1 

C(46A)-C(45A)-H(45B) 111.1 

C(44A)-C(45A)-H(45B) 111.1 

H(45A)-C(45A)-H(45B) 109.1 

C(45A)-C(46A)-C(41A) 110.9(8) 

C(45A)-C(46A)-H(46A) 109.4 

C(41A)-C(46A)-H(46A) 109.4 

C(45A)-C(46A)-H(46B) 109.4 

C(41A)-C(46A)-H(46B) 109.4 

H(46A)-C(46A)-H(46B) 108.0 

N(4)-C(41B)-C(46B) 110.0(8) 

N(4)-C(41B)-C(42B) 118.6(8) 

C(46B)-C(41B)-C(42B) 119.2(10) 

N(4)-C(41B)-H(41B) 101.8 

C(46B)-C(41B)-H(41B) 101.8 

C(42B)-C(41B)-H(41B) 101.8 

C(43B)-C(42B)-C(41B) 108.8(10) 

C(43B)-C(42B)-H(42C) 109.9 

C(41B)-C(42B)-H(42C) 109.9 

C(43B)-C(42B)-H(42D) 109.9 

C(41B)-C(42B)-H(42D) 109.9 

H(42C)-C(42B)-H(42D) 108.3 

C(42B)-C(43B)-C(44B) 121.4(11) 

C(42B)-C(43B)-H(43C) 107.0 

C(44B)-C(43B)-H(43C) 107.0 

C(42B)-C(43B)-H(43D) 107.0 

C(44B)-C(43B)-H(43D) 107.0 

H(43C)-C(43B)-H(43D) 106.7 

C(45B)-C(44B)-C(43B) 115.5(14) 

C(45B)-C(44B)-H(44C) 108.4 

C(43B)-C(44B)-H(44C) 108.4 

C(45B)-C(44B)-H(44D) 108.4 

C(43B)-C(44B)-H(44D) 108.4 

H(44C)-C(44B)-H(44D) 107.5 

C(44B)-C(45B)-C(46B) 108.0(13) 

C(44B)-C(45B)-H(45C) 110.1 

C(46B)-C(45B)-H(45C) 110.1 

C(44B)-C(45B)-H(45D) 110.1 

C(46B)-C(45B)-H(45D) 110.1 

H(45C)-C(45B)-H(45D) 108.4 

C(41B)-C(46B)-C(45B) 104.0(8) 

C(41B)-C(46B)-H(46C) 111.0 

C(45B)-C(46B)-H(46C) 111.0 

C(41B)-C(46B)-H(46D) 111.0 

C(45B)-C(46B)-H(46D) 111.0 

H(46C)-C(46B)-H(46D) 109.0 

N(4)-C(47A)-C(52A) 125.2(7) 

N(4)-C(47A)-C(48A) 113.0(7) 

C(52A)-C(47A)-C(48A) 104.9(9) 

N(4)-C(47A)-H(47A) 103.8 

C(52A)-C(47A)-H(47A) 103.8 

C(48A)-C(47A)-H(47A) 103.8 

C(47A)-C(48A)-C(49A) 110.1(7) 

C(47A)-C(48A)-H(48A) 109.6 

C(49A)-C(48A)-H(48A) 109.6 

C(47A)-C(48A)-H(48B) 109.6 

C(49A)-C(48A)-H(48B) 109.6 

H(48A)-C(48A)-H(48B) 108.2 

C(50A)-C(49A)-C(48A) 111.9(10) 

C(50A)-C(49A)-H(49A) 109.2 

C(48A)-C(49A)-H(49A) 109.2 

C(50A)-C(49A)-H(49B) 109.2 

C(48A)-C(49A)-H(49B) 109.2 

H(49A)-C(49A)-H(49B) 107.9 

C(49A)-C(50A)-C(51A) 116.7(9) 

C(49A)-C(50A)-H(50A) 108.1 

C(51A)-C(50A)-H(50A) 108.1 

C(49A)-C(50A)-H(50B) 108.1 

C(51A)-C(50A)-H(50B) 108.1 

H(50A)-C(50A)-H(50B) 107.3 

C(52A)-C(51A)-C(50A) 108.6(9) 

C(52A)-C(51A)-H(51A) 110.0 

C(50A)-C(51A)-H(51A) 110.0
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Table A.4, Cont’d. Bond angles (deg.) for Cy2NC(S)SSC(S)NCy2. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

C(52A)-C(51A)-H(51B) 110.0 

C(50A)-C(51A)-H(51B) 110.0 

H(51A)-C(51A)-H(51B) 108.3 

C(51A)-C(52A)-C(47A) 127.6(9) 

C(51A)-C(52A)-H(52A) 105.4 

C(47A)-C(52A)-H(52A) 105.4 

C(51A)-C(52A)-H(52B) 105.4 

C(47A)-C(52A)-H(52B) 105.4 

H(52A)-C(52A)-H(52B) 106.0 

C(48B)-C(47B)-C(52B) 129.3(9) 

C(48B)-C(47B)-N(4) 114.6(8) 

C(52B)-C(47B)-N(4) 97.1(9) 

C(48B)-C(47B)-H(47B) 104.5 

C(52B)-C(47B)-H(47B) 104.5 

N(4)-C(47B)-H(47B) 104.5 

C(49B)-C(48B)-C(47B) 116.3(13) 

C(49B)-C(48B)-H(48C) 108.2 

C(47B)-C(48B)-H(48C) 108.2 

C(49B)-C(48B)-H(48D) 108.2 

C(47B)-C(48B)-H(48D) 108.2 

H(48C)-C(48B)-H(48D) 107.4 

C(48B)-C(49B)-C(50B) 109.8(13) 

C(48B)-C(49B)-H(49C) 109.7 

C(50B)-C(49B)-H(49C) 109.7 

C(48B)-C(49B)-H(49D) 109.7 

C(50B)-C(49B)-H(49D) 109.7 

H(49C)-C(49B)-H(49D) 108.2 

C(51B)-C(50B)-C(49B) 104.9(11) 

C(51B)-C(50B)-H(50C) 110.8 

C(49B)-C(50B)-H(50C) 110.8 

C(51B)-C(50B)-H(50D) 110.8 

C(49B)-C(50B)-H(50D) 110.8 

H(50C)-C(50B)-H(50D) 108.8 

C(50B)-C(51B)-C(52B) 122.6(10) 

C(50B)-C(51B)-H(51C) 106.7 

C(52B)-C(51B)-H(51C) 106.7 

C(50B)-C(51B)-H(51D) 106.7 

C(52B)-C(51B)-H(51D) 106.7 

H(51C)-C(51B)-H(51D) 106.6 

C(47B)-C(52B)-C(51B) 92.0(10) 

C(47B)-C(52B)-H(52C) 113.3 

C(51B)-C(52B)-H(52C) 113.3 

C(47B)-C(52B)-H(52D) 113.3 

C(51B)-C(52B)-H(52D) 113.3 

H(52C)-C(52B)-H(52D) 110.6 
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Table A.5. Anisotropic displacement parameters (Å2 x 103) for Cy2NC(S)SSC(S)NCy2. 

The anisotropic displacement factor exponent takes the form: -2π2[h2a*2U11 + ...  + 

2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

S(1) 60(1) 63(1) 88(1) 45(1) 16(1) 13(1) 

S(2) 56(1) 85(1) 94(1) 49(1) 32(1) 35(1) 

S(3) 49(1) 60(1) 105(1) 18(1) 6(1) 19(1) 

S(4) 65(1) 46(1) 115(1) 16(1) 15(1) 6(1) 

S(5) 58(1) 62(1) 95(1) 45(1) 7(1) -1(1) 

S(6) 47(1) 72(1) 87(1) 38(1) -1(1) -16(1) 

S(7) 56(1) 51(1) 94(1) 12(1) 24(1) -11(1) 

S(8) 72(1) 48(1) 105(1) 15(1) 20(1) 2(1) 

N(1) 38(2) 44(2) 56(2) 25(2) 18(2) 12(1) 

N(2) 33(2) 50(2) 89(3) 33(2) 9(2) 11(2) 

N(3) 35(2) 47(2) 53(2) 24(2) 2(2) -4(1) 

N(4) 48(2) 48(2) 91(3) 32(2) 21(2) -1(2) 

C(1) 48(3) 52(3) 60(3) 27(2) 21(2) 23(2) 

C(2) 66(3) 80(3) 75(3) 41(3) 0(2) 9(2) 

C(3) 90(4) 105(4) 81(4) 36(3) 2(3) 37(3) 

C(4) 134(5) 116(4) 83(4) 65(3) 40(3) 59(4) 

C(5) 105(4) 94(4) 115(4) 65(3) 36(3) 14(3) 

C(6) 62(3) 74(3) 71(3) 37(3) 23(2) 13(2) 

C(7) 50(2) 38(2) 59(3) 22(2) 22(2) 12(2) 

C(8) 40(2) 70(3) 81(3) 21(2) 21(2) 4(2) 

C(9) 53(3) 79(3) 109(4) 31(3) 43(3) 8(2) 

C(10) 85(3) 94(4) 72(4) 23(3) 38(3) 8(3) 

C(11) 71(3) 65(3) 79(3) 19(3) 23(2) 5(2) 

C(12) 49(2) 59(3) 64(3) 12(2) 15(2) -8(2) 

C(13) 34(2) 47(2) 57(3) 18(2) 10(2) 7(2) 

C(14) 34(2) 48(3) 76(3) 18(2) 5(2) 0(2) 

C(15) 50(3) 84(3) 94(4) 56(3) 1(3) 0(2) 

C(16) 66(3) 112(4) 78(4) 35(3) 12(3) -22(3) 

C(17) 91(4) 86(3) 81(4) 33(3) 16(3) 0(3) 

C(18) 81(4) 135(5) 85(4) 12(3) -3(3) -10(3) 

C(19) 54(3) 96(4) 99(4) 36(3) 8(3) 4(2) 

C(20) 42(3) 71(3) 96(3) 34(3) 18(2) 3(2) 

C(21) 58(3) 38(3) 102(4) 13(3) 26(3) 23(2) 

C(22) 57(3) 55(3) 81(3) 14(3) 15(2) -9(2) 

C(23) 119(4) 51(3) 108(4) 2(3) 11(3) -6(3) 

C(24) 95(4) 76(4) 121(5) -15(3) 15(3) 9(3) 

C(25) 101(4) 94(4) 83(4) 20(3) 40(3) 36(3) 

C(26) 88(4) 90(4) 102(4) 16(3) 49(3) -5(3) 

C(27) 40(2) 44(2) 47(3) 13(2) -4(2) -10(2) 
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Table A.5, Cont’d. Anisotropic displacement parameters (Å2 x 103) for 

Cy2NC(S)SSC(S)NCy2. The anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

C(28) 47(2) 55(3) 61(3) 21(2) -1(2) 5(2) 

C(29) 82(3) 67(3) 69(3) 26(3) 3(3) -6(3) 

C(30) 56(3) 92(3) 79(4) 32(3) -18(3) -12(2) 

C(31) 40(3) 81(3) 96(4) 41(3) 1(3) 2(2) 

C(32) 31(2) 67(3) 86(3) 28(2) 4(2) 2(2) 

C(33) 38(2) 48(3) 56(3) 20(2) -2(2) -10(2) 

C(34) 49(2) 62(3) 68(3) 26(2) 7(2) 9(2) 

C(35) 71(3) 71(3) 93(4) 42(3) -10(3) 4(2) 

C(36) 94(4) 74(3) 74(3) 40(3) -8(3) -9(3) 

C(37) 89(3) 81(3) 67(3) 35(3) 24(2) -4(3) 

C(38) 57(3) 62(3) 79(3) 31(2) 30(2) 5(2) 
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Table A.6. Hydrogen coordinates (x 104) and isotropic displacement parameters (Å2 x 103) 

for Cy2NC(S)SSC(S)NCy2. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________  

H(1) 7260 1420 3750 60 

H(2A) 9066 1553 3810 85 

H(2B) 9057 311 3327 85 

H(3A) 9489 580 4656 110 

H(3B) 8450 1173 4829 110 

H(4A) 8211 -575 4798 120 

H(4B) 8547 -1033 3963 120 

H(5A) 6673 26 4307 114 

H(5B) 6727 -1201 3807 114 

H(6A) 7258 -760 2784 78 

H(6B) 6244 -136 2998 78 

H(7) 8314 -12 2171 56 

H(8A) 8812 1820 1791 77 

H(8B) 9465 1494 2458 77 

H(9A) 10218 838 1277 93 

H(9B) 9901 -116 1546 93 

H(10A) 9337 -599 214 98 

H(10B) 8722 458 347 98 

H(11A) 8182 -1288 812 86 

H(11B) 7521 -960 151 86 

H(12A) 7084 623 1058 71 

H(12B) 6785 -343 1321 71 

H(15) 2440 4753 2102 85 

H(16A) 3203 3137 966 102 

H(16B) 3492 4378 1219 102 

H(17A) 2239 3661 65 101 

H(17B) 1910 4703 694 101 

H(18A) 462 3572 296 131 

H(18B) 1100 2576 324 131 

H(19A) 207 2961 1308 99 

H(19B) 502 4203 1571 99 

H(20A) 1809 2622 1821 81 

H(20B) 1471 3642 2465 81 

H(21) 4168 4976 3637 81 

H(22A) 4885 5731 2895 80 

H(22B) 3803 6142 2636 80 

H(23A) 5029 6916 4111 120 

H(23B) 4636 7589 3582 120 

H(24A) 3031 7658 3910 132 

H(24B) 3803 7921 4696 132 
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Table A.6, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for Cy2NC(S)SSC(S)NCy2. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________  

H(25A) 3471 6278 4761 111 

H(25B) 2374 6719 4575 111 

H(26A) 2487 4917 3802 113 

H(26B) 2206 5658 3303 113 

H(27) -2479 4957 2180 55 

H(28A) -1715 5696 1089 66 

H(28B) -1283 4717 1316 66 

H(29A) -2866 3732 798 88 

H(29B) -2493 4122 155 88 

H(30A) -4298 4406 237 94 

H(30B) -3655 5495 386 94 

H(31A) -4755 5786 1343 85 

H(31B) -4291 4826 1581 85 

H(32A) -3515 6454 2504 74 

H(32B) -3144 6804 1839 74 

H(33) -705 6268 3731 57 

H(34A) -1114 4146 2651 71 

H(34B) -25 4804 2857 71 

H(35A) 183 4791 4123 92 

H(35B) -63 3590 3554 92 

H(36A) -1799 3644 3776 94 

H(36B) -1073 4001 4590 94 

H(37A) -1355 5805 4790 91 

H(37B) -2448 5164 4616 91 

H(38A) -2686 5133 3320 74 

H(38B) -2467 6342 3883 74 

H(41A) 2305 9961 3716 58 

H(42A) 1231 10666 3016 54 

H(42B) 2157 11053 2684 54 

H(43A) 1734 12548 3634 101 

H(43B) 1697 11928 4221 101 

H(44A) 3103 12968 4649 90 

H(44B) 3432 12658 3810 90 

H(45A) 4555 11450 4523 77 

H(45B) 3505 10958 4660 77 

H(46A) 4137 9907 3628 82 

H(46B) 4008 10830 3268 82 

H(41B) 3281 10204 2725 52 

H(42C) 1817 11033 2421 107 

H(42D) 1186 10728 2998 107 
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Table A.6, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for Cy2NC(S)SSC(S)NCy2. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________  

H(43C) 1649 12409 3658 99 

H(43D) 2708 12354 3329 99 

H(44C) 3011 12764 4715 128 

H(44D) 2431 11666 4616 128 

H(45C) 3952 11760 4878 80 

H(45D) 4047 11949 4089 80 

H(46C) 3948 9702 3716 73 

H(46D) 2867 9755 4039 73 

H(47A) 3303 9812 2154 75 

H(48A) 1936 9226 1147 74 

H(48B) 2182 8007 982 74 

H(49A) 2977 8543 9 92 

H(49B) 3545 9582 660 92 

H(50A) 4656 8432 288 99 

H(50B) 3968 7522 392 99 

H(51A) 5315 8017 1451 73 

H(51B) 5140 9256 1641 73 

H(52A) 4524 8726 2436 62 

H(52B) 3939 7727 1780 62 

H(47B) 2633 7925 1410 57 

H(48C) 2001 9327 1136 81 

H(48D) 3053 10020 1528 81 

H(49C) 2937 9495 322 114 

H(49D) 2743 8284 257 114 

H(50C) 4740 8548 240 113 

H(50D) 4846 9543 1030 113 

H(51C) 5374 8085 1285 90 

H(51D) 4345 7422 809 90 

H(52C) 4044 7717 2223 88 

H(52D) 4433 8964 2517 88 
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Table A.7. Crystal Data and Structure Refinement for Cy2NC(S)SSC(S)NCy2, Monoclinic 

Polymorph 

 

Identification code JPD1425_0m_a 

Empirical formula C26H44N2S4 

Formula weight 512.87 

Temperature 150(2) K 

Wavelength 1.54178 Å 

Crystal system monoclinic 

Space group P21/m 

Unit cell dimensions a = 10.3672(3) Å α = 90° 

 b = 13.2293(3) Å β = 109.5180(10)° 

 c = 10.6033(2) Å γ = 90° 

Volume 1370.68(6) Å3 

Z 2 

Density (calculated) 1.243 g/cm3 

Absorption coefficient 3.296 mm-1 

F(000) 556 

Crystal size 0.290 x 0.103 x 0.093 mm3 

θ range for data collection 4.53 to 72.28° 

Index ranges –11 ≤ h ≤ 12, –16 ≤ k ≤ 16, –13 ≤ l ≤ 13 

Reflections collected 27733 

Independent reflections 2745 [R(int) = 0.0323] 

Completeness to θ = 72.28° 97.1% 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.75 and 0.61 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2745 / 483 / 282 

Goodness-of-fit on F2 1.097 

Final R indices [I>2σ(I)] R1 = 0.0347, wR2 = 0.0946 

R indices (all data) R1 = 0.0356, wR2 = 0.0954 

Extinction coefficient n/a 

Largest diff. peak and hole 0.217 and -0.189 e∙Å-3 
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Table A.8. Atomic coordinates (x 104) and equivalent isotropic displacement parameters 

(Å2 x 103) for monoclinic Cy2NC(S)SSC(S)NCy2. U(eq) is defined as one third of the trace 

of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

S(1) 4972(1) 2478(3) 1415(1) 49(1) 

S(2) 7530(1) 2735(1) 3236(1) 53(1) 

S(3) 8865(1) 3312(1) 4994(1) 47(1) 

S(4) 9139(1) 1057(1) 5371(1) 49(1) 

C(10) 9720(2) 2190(2) 5919(2) 41(1) 

C(5) 5754(2) 2614(12) 3069(2) 35(2) 

C(2) 3141(7) 1428(6) 3163(13) 59(2) 

C(3) 1639(7) 1345(5) 3047(9) 81(2) 

C(4) 813(3) 2231(4) 2309(4) 82(3) 

C(2A) 2898(8) 3338(7) 3042(13) 60(2) 

C(3A) 1395(8) 3231(6) 2961(10) 80(2) 

C(7) 5711(7) 3534(7) 6086(7) 51(1) 

C(8) 6683(5) 3659(4) 7527(5) 63(1) 

C(9) 6681(4) 2731(4) 8353(3) 74(2) 

C(7A) 6075(8) 1642(7) 6281(8) 62(2) 

C(8A) 7022(6) 1788(5) 7709(5) 73(1) 

N(1) 5227(1) 2500 4040(1) 40(1) 

C(1) 3717(2) 2500 3783(2) 53(1) 

C(6) 6083(2) 2500 5468(2) 52(1) 

N(2) 10792(2) 2500 7023(2) 45(1) 

C(11A) 11278(5) 3483(4) 7419(5) 50(1) 

C(12A) 11190(6) 3739(5) 8798(7) 51(1) 

C(13A) 11664(7) 4829(6) 9151(8) 67(2) 

C(14A) 13102(5) 4991(4) 9147(4) 53(1) 

C(15A) 13157(7) 4734(5) 7763(5) 63(2) 

C(16A) 12711(6) 3646(5) 7372(6) 57(1) 

C(11B) 11612(5) 3375(3) 7900(5) 43(1) 

C(12B) 10852(6) 3991(4) 8642(6) 46(1) 

C(13B) 11807(8) 4717(6) 9624(6) 63(2) 

C(14B) 12619(6) 5350(4) 8995(6) 75(1) 

C(15B) 13402(5) 4732(5) 8283(7) 63(1) 

C(16B) 12423(5) 4032(4) 7260(5) 51(1) 
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Table A.9. Bond lengths (Å) for monoclinic Cy2NC(S)SSC(S)NCy2. Symmetry 

transformations used to generate equivalent atoms: Symmetry transformations used to 

generate equivalent atoms: #1 x, -y + ½, z. 

________________________________________________________________________ 

S(1)-C(5) 1.678(3) 

S(2)-C(5) 1.797(3) 

S(2)-S(3) 2.0613(10) 

S(3)-C(10) 1.835(2) 

S(4)-C(10) 1.647(2) 

C(10)-N(2) 1.380(3) 

C(5)-N(1) 1.326(3) 

C(2)-C(3) 1.525(9) 

C(2)-C(1) 1.593(8) 

C(2)-H(2A) 0.9900 

C(2)-H(2B) 0.9900 

C(3)-C(4) 1.507(7) 

C(3)-H(3A) 0.9900 

C(3)-H(3B) 0.9900 

C(4)-C(3A) 1.521(7) 

C(4)-H(4A) 0.9900 

C(4)-H(4B) 0.9900 

C(2A)-C(1) 1.456(9) 

C(2A)-C(3A) 1.538(9) 

C(2A)-H(2AA) 0.9900 

C(2A)-H(2AB) 0.9900 

C(3A)-H(3AA) 0.9900 

C(3A)-H(3AB) 0.9900 

C(7)-C(8) 1.533(7) 

C(7)-C(6) 1.618(7) 

C(7)-H(7A) 0.9900 

C(7)-H(7B) 0.9900 

C(8)-C(9) 1.508(7) 

C(8)-H(8A) 0.9900 

C(8)-H(8B) 0.9900 

C(9)-C(8A) 1.519(7) 

C(9)-H(9A) 0.9900 

C(9)-H(9B) 0.9900 

C(7A)-C(6) 1.426(8) 

C(7A)-C(8A) 1.517(7) 

C(7A)-H(7AA) 0.9900 

C(7A)-H(7AB) 0.9900 

C(8A)-H(8AA) 0.9900 

C(8A)-H(8AB) 0.9900 

N(1)-C(6) 1.477(2) 

N(1)-C(1) 1.496(2) 

C(1)-H(1) 0.98(3) 

C(6)-H(1AA) 0.94(3) 

N(2)-C(11A)#1 1.407(5) 

N(2)-C(11A) 1.407(5) 

N(2)-C(11B) 1.549(5) 

N(2)-C(11B)#1 1.549(5) 

C(11A)-C(16A) 1.519(7) 

C(11A)-C(12A) 1.532(8) 

C(11A)-H(11A) 1.0000 

C(12A)-C(13A) 1.529(9) 

C(12A)-H(12A) 0.9900 

C(12A)-H(12B) 0.9900 

C(13A)-C(14A) 1.508(8) 

C(13A)-H(13A) 0.9900 

C(13A)-H(13B) 0.9900 

C(14A)-C(15A) 1.526(7) 

C(14A)-H(14A) 0.9900 

C(14A)-H(14B) 0.9900 

C(15A)-C(16A) 1.526(8) 

C(15A)-H(15A) 0.9900 

C(15A)-H(15B) 0.9900 

C(16A)-H(16A) 0.9900 

C(16A)-H(16B) 0.9900 

C(11B)-C(16B) 1.518(6) 

C(11B)-C(12B) 1.522(6) 

C(11B)-H(11B) 1.0000 

C(12B)-C(13B) 1.516(8) 

C(12B)-H(12C) 0.9900 

C(12B)-H(12D) 0.9900 

C(13B)-C(14B) 1.493(8) 

C(13B)-H(13C) 0.9900 

C(13B)-H(13D) 0.9900 

C(14B)-C(15B) 1.518(7) 

C(14B)-H(14C) 0.9900 

C(14B)-H(14D) 0.9900 

C(15B)-C(16B) 1.526(7) 

C(15B)-H(15C) 0.9900 

C(15B)-H(15D) 0.9900 

C(16B)-H(16C) 0.9900 

C(16B)-H(16D) 0.9900 
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Table A.10. Bond angles (deg.) for monoclinic Cy2NC(S)SSC(S)NCy2. Symmetry 

transformations used to generate equivalent atoms: Symmetry transformations used to 

generate equivalent atoms: #1 x, -y + ½, z. 

________________________________________________________________________ 

C(5)-S(2)-S(3) 118.6(2) 

C(10)-S(3)-S(2) 104.05(9) 

N(2)-C(10)-S(4) 131.74(16) 

N(2)-C(10)-S(3) 108.75(14) 

S(4)-C(10)-S(3) 119.52(14) 

N(1)-C(5)-S(1) 128.2(3) 

N(1)-C(5)-S(2) 127.47(16) 

S(1)-C(5)-S(2) 103.51(12) 

C(3)-C(2)-C(1) 109.3(7) 

C(3)-C(2)-H(2A) 109.8 

C(1)-C(2)-H(2A) 109.8 

C(3)-C(2)-H(2B) 109.8 

C(1)-C(2)-H(2B) 109.8 

H(2A)-C(2)-H(2B) 108.3 

C(4)-C(3)-C(2) 111.9(6) 

C(4)-C(3)-H(3A) 109.2 

C(2)-C(3)-H(3A) 109.2 

C(4)-C(3)-H(3B) 109.2 

C(2)-C(3)-H(3B) 109.2 

H(3A)-C(3)-H(3B) 107.9 

C(3)-C(4)-C(3A) 111.7(3) 

C(3)-C(4)-H(4A) 109.3 

C(3A)-C(4)-H(4A) 109.3 

C(3)-C(4)-H(4B) 109.3 

C(3A)-C(4)-H(4B) 109.3 

H(4A)-C(4)-H(4B) 107.9 

C(1)-C(2A)-C(3A) 111.0(7) 

C(1)-C(2A)-H(2AA) 109.4 

C(3A)-C(2A)-H(2AA) 109.4 

C(1)-C(2A)-H(2AB) 109.4 

C(3A)-C(2A)-H(2AB) 109.4 

H(2AA)-C(2A)-H(2AB) 108.0 

C(4)-C(3A)-C(2A) 110.3(6) 

C(4)-C(3A)-H(3AA) 109.6 

C(2A)-C(3A)-H(3AA) 109.6 

C(4)-C(3A)-H(3AB) 109.6 

C(2A)-C(3A)-H(3AB) 109.6 

H(3AA)-C(3A)-H(3AB) 108.1 

C(8)-C(7)-C(6) 109.2(4) 

C(8)-C(7)-H(7A) 109.8 

C(6)-C(7)-H(7A) 109.8 

C(8)-C(7)-H(7B) 109.8 

C(6)-C(7)-H(7B) 109.8 

H(7A)-C(7)-H(7B) 108.3 

C(9)-C(8)-C(7) 111.3(5) 

C(9)-C(8)-H(8A) 109.4 

C(7)-C(8)-H(8A) 109.4 

C(9)-C(8)-H(8B) 109.4 

C(7)-C(8)-H(8B) 109.4 

H(8A)-C(8)-H(8B) 108.0 

C(8)-C(9)-C(8A) 111.2(3) 

C(8)-C(9)-H(9A) 109.4 

C(8A)-C(9)-H(9A) 109.4 

C(8)-C(9)-H(9B) 109.4 

C(8A)-C(9)-H(9B) 109.4 

H(9A)-C(9)-H(9B) 108.0 

C(6)-C(7A)-C(8A) 111.7(5) 

C(6)-C(7A)-H(7AA) 109.3 

C(8A)-C(7A)-H(7AA) 109.3 

C(6)-C(7A)-H(7AB) 109.3 

C(8A)-C(7A)-H(7AB) 109.3 

H(7AA)-C(7A)-H(7AB) 107.9 

C(7A)-C(8A)-C(9) 112.5(6) 

C(7A)-C(8A)-H(8AA) 109.1 

C(9)-C(8A)-H(8AA) 109.1 

C(7A)-C(8A)-H(8AB) 109.1 

C(9)-C(8A)-H(8AB) 109.1 

H(8AA)-C(8A)-H(8AB) 107.8 

C(5)-N(1)-C(6) 122.26(16) 

C(5)-N(1)-C(1) 122.42(17) 

C(6)-N(1)-C(1) 114.85(15) 

C(2A)-C(1)-N(1) 119.0(4) 

C(2A)-C(1)-C(2) 112.6(3) 

N(1)-C(1)-C(2) 107.5(3) 

C(2A)-C(1)-H(1) 107.6(12) 

N(1)-C(1)-H(1) 103.9(18) 

C(2)-C(1)-H(1) 105.1(8) 

C(7A)-C(6)-N(1) 119.8(3) 

C(7A)-C(6)-C(7) 112.2(2) 

N(1)-C(6)-C(7) 105.8(2) 

C(7A)-C(6)-H(1AA) 103.3(11) 

N(1)-C(6)-H(1AA) 102.7(17) 

C(7)-C(6)-H(1AA) 112.9(8) 

C(10)-N(2)-C(11A)#1 94.9(2)
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Table A.10, Cont’d. Bond angles (deg.) for monoclinic Cy2NC(S)SSC(S)NCy2. Symmetry 

transformations used to generate equivalent atoms: Symmetry transformations used to 

generate equivalent atoms: #1 x, -y + ½, z. 

________________________________________________________________________ 

C(10)-N(2)-C(11A) 129.4(2) 

C(11A)#1-N(2)-C(11A) 135.1(4) 

C(10)-N(2)-C(11B)#1 114.3(2) 

C(11A)#1-N(2)-C(11B)#1 19.97(17) 

C(11A)-N(2)-C(11B)#1 116.2(4) 

C(11B)-N(2)-C(11B)#1 96.7(4) 

N(2)-C(11A)-C(16A) 112.2(4) 

N(2)-C(11A)-C(12A) 111.1(4) 

C(16A)-C(11A)-C(12A) 111.7(5) 

N(2)-C(11A)-H(11A) 107.1 

C(16A)-C(11A)-H(11A) 107.1 

C(12A)-C(11A)-H(11A) 107.1 

C(13A)-C(12A)-C(11A) 109.1(6) 

C(13A)-C(12A)-H(12A) 109.9 

C(11A)-C(12A)-H(12A) 109.9 

C(13A)-C(12A)-H(12B) 109.9 

C(11A)-C(12A)-H(12B) 109.9 

H(12A)-C(12A)-H(12B) 108.3 

C(14A)-C(13A)-C(12A) 111.7(6) 

C(14A)-C(13A)-H(13A) 109.3 

C(12A)-C(13A)-H(13A) 109.3 

C(14A)-C(13A)-H(13B) 109.3 

C(12A)-C(13A)-H(13B) 109.3 

H(13A)-C(13A)-H(13B) 107.9 

C(13A)-C(14A)-C(15A) 109.0(5) 

C(13A)-C(14A)-H(14A) 109.9 

C(15A)-C(14A)-H(14A) 109.9 

C(13A)-C(14A)-H(14B) 109.9 

C(15A)-C(14A)-H(14B) 109.9 

H(14A)-C(14A)-H(14B) 108.3 

C(14A)-C(15A)-C(16A) 111.5(5) 

C(14A)-C(15A)-H(15A) 109.3 

C(16A)-C(15A)-H(15A) 109.3 

C(14A)-C(15A)-H(15B) 109.3 

C(16A)-C(15A)-H(15B) 109.3 

H(15A)-C(15A)-H(15B) 108.0 

C(11A)-C(16A)-C(15A) 109.7(5) 

C(11A)-C(16A)-H(16A) 109.7 

C(15A)-C(16A)-H(16A) 109.7 

C(11A)-C(16A)-H(16B) 109.7 

C(15A)-C(16A)-H(16B) 109.7 

H(16A)-C(16A)-H(16B) 108.2 

C(16B)-C(11B)-C(12B) 112.6(4) 

C(16B)-C(11B)-N(2) 115.7(3) 

C(12B)-C(11B)-N(2) 115.8(4) 

C(16B)-C(11B)-H(11B) 103.5 

C(12B)-C(11B)-H(11B) 103.5 

N(2)-C(11B)-H(11B) 103.5 

C(13B)-C(12B)-C(11B) 111.3(5) 

C(13B)-C(12B)-H(12C) 109.4 

C(11B)-C(12B)-H(12C) 109.4 

C(13B)-C(12B)-H(12D) 109.4 

C(11B)-C(12B)-H(12D) 109.4 

H(12C)-C(12B)-H(12D) 108.0 

C(14B)-C(13B)-C(12B) 112.6(5) 

C(14B)-C(13B)-H(13C) 109.1 

C(12B)-C(13B)-H(13C) 109.1 

C(14B)-C(13B)-H(13D) 109.1 

C(12B)-C(13B)-H(13D) 109.1 

H(13C)-C(13B)-H(13D) 107.8 

C(13B)-C(14B)-C(15B) 113.3(6) 

C(13B)-C(14B)-H(14C) 108.9 

C(15B)-C(14B)-H(14C) 108.9 

C(13B)-C(14B)-H(14D) 108.9 

C(15B)-C(14B)-H(14D) 108.9 

H(14C)-C(14B)-H(14D) 107.7 

C(14B)-C(15B)-C(16B) 110.0(4) 

C(14B)-C(15B)-H(15C) 109.7 

C(16B)-C(15B)-H(15C) 109.7 

C(14B)-C(15B)-H(15D) 109.7 

C(16B)-C(15B)-H(15D) 109.7 

H(15C)-C(15B)-H(15D) 108.2 

C(11B)-C(16B)-C(15B) 111.4(5) 

C(11B)-C(16B)-H(16C) 109.3 

C(15B)-C(16B)-H(16C) 109.3 

C(11B)-C(16B)-H(16D) 109.3 

C(15B)-C(16B)-H(16D) 109.3 

H(16C)-C(16B)-H(16D) 108.0 
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Table A.11. Anisotropic displacement parameters (Å2 x 103) for monoclinic 

Cy2NC(S)SSC(S)NCy2. The anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

S(1) 34(1) 68(1) 39(1) -15(1) 5(1) 1(1) 

S(2) 30(1) 83(1) 40(1) 11(1) 6(1) -8(1) 

S(3) 32(1) 52(1) 48(1) 9(1) 1(1) -7(1) 

S(4) 42(1) 51(1) 46(1) -6(1) 6(1) -7(1) 

C(10) 32(1) 50(2) 40(1) 2(1) 11(1) -3(1) 

C(5) 31(1) 27(6) 43(1) 2(1) 5(1) -1(1) 

C(2) 34(3) 75(4) 64(3) -4(3) 11(3) -21(3) 

C(3) 44(3) 126(5) 73(4) -24(4) 19(3) -35(3) 

C(4) 31(1) 143(8) 69(2) -33(3) 15(1) -15(2) 

C(2A) 37(3) 79(4) 59(3) -5(3) 9(2) 2(2) 

C(3A) 33(2) 129(6) 75(3) -26(4) 16(2) 3(3) 

C(7) 36(3) 74(3) 37(2) -12(2) 6(2) -3(2) 

C(8) 45(2) 91(3) 52(2) -15(2) 14(2) -2(2) 

C(9) 55(2) 120(7) 42(1) 0(2) 11(1) 7(2) 

C(7A) 45(4) 80(4) 56(3) 10(2) 11(2) 13(3) 

C(8A) 62(3) 105(4) 44(2) 18(3) 8(2) 16(3) 

N(1) 29(1) 49(1) 40(1) 0 6(1) 0 

C(1) 30(1) 79(1) 48(1) 0 10(1) 0 

C(6) 31(1) 82(1) 40(1) 0 8(1) 0 

N(2) 30(1) 61(1) 40(1) 0 4(1) 0 

C(11A) 41(2) 53(2) 47(3) 7(2) 2(2) 0(2) 

C(12A) 27(2) 55(3) 69(3) -14(2) 12(2) -3(2) 

C(13A) 43(2) 64(3) 81(5) -20(3) 4(3) 7(2) 

C(14A) 39(2) 46(2) 62(2) 2(2) 1(2) -3(1) 

C(15A) 57(3) 68(2) 51(3) 10(2) 1(2) -18(2) 

C(16A) 51(3) 65(3) 57(2) -6(2) 23(2) -18(2) 

C(11B) 37(2) 45(2) 47(2) 3(2) 12(2) -1(1) 

C(12B) 40(3) 52(3) 49(2) -3(2) 17(2) 0(2) 

C(13B) 59(3) 69(3) 60(3) -20(2) 19(3) -15(2) 

C(14B) 61(3) 66(3) 100(3) -24(2) 29(3) -22(2) 

C(15B) 38(2) 64(2) 80(4) -2(3) 12(3) -16(2) 

C(16B) 37(2) 60(3) 58(2) 4(2) 20(1) 1(2) 
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Table A.12. Hydrogen coordinates (x 104) and isotropic displacement parameters (Å2 x 

103) for monoclinic Cy2NC(S)SSC(S)NCy2. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________  

H(2A) 3234 1356 2268 71 

H(2B) 3674 882 3744 71 

H(3A) 1254 713 2570 97 

H(3B) 1569 1309 3955 97 

H(4A) -143 2163 2292 98 

H(4B) 804 2227 1372 98 

H(2AA) 2950 3355 2127 72 

H(2AB) 3272 3982 3490 72 

H(3AA) 1333 3263 3871 96 

H(3AB) 853 3796 2431 96 

H(7A) 5803 4118 5539 61 

H(7B) 4752 3508 6075 61 

H(8A) 7622 3784 7520 76 

H(8B) 6399 4253 7939 76 

H(9A) 5768 2652 8448 88 

H(9B) 7362 2816 9259 88 

H(7AA) 6365 1037 5896 74 

H(7AB) 5132 1524 6281 74 

H(8AA) 7977 1836 7714 87 

H(8AB) 6959 1190 8246 87 

H(1) 3640(30) 2500 4680(30) 80 

H(1AA) 6980(30) 2500 5430(30) 78 

H(11A) 10658 3961 6763 60 

H(12A) 10236 3661 8784 61 

H(12B) 11778 3273 9479 61 

H(13A) 11035 5293 8497 80 

H(13B) 11624 4994 10049 80 

H(14A) 13745 4554 9829 63 

H(14B) 13376 5704 9368 63 

H(15A) 14103 4830 7759 76 

H(15B) 12552 5201 7095 76 

H(16A) 12721 3509 6457 68 

H(16B) 13356 3174 7996 68 

H(11B) 12336 3019 8634 52 

H(12C) 10107 4377 7988 56 

H(12D) 10434 3529 9130 56 

H(13C) 11262 5166 9999 75 

H(13D) 12442 4327 10372 75 

H(14C) 13277 5764 9697 90 

H(14D) 11993 5817 8344 90 
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Table A.12, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for monoclinic Cy2NC(S)SSC(S)NCy2. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________  

H(15C) 14115 4326 8945 75 

H(15D) 13859 5190 7826 75 

H(16C) 11783 4442 6539 61 

H(16D) 12952 3595 6852 61 
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Table A.13. Crystal Data and Structure Refinement for Cy2NC(S)S4C(S)NCy2. 

 

Identification code jpd864_4a_a 

Empirical formula C26H44N2S6 

Formula weight 576.99 

Temperature 150(2) K 

Wavelength 1.54178 Å 

Crystal system monoclinic 

Space group C2/c 

Unit cell dimensions a = 28.1464(15) Å α = 90° 

 b = 9.2015(5) Å β = 105.848(2)° 

 c = 12.0265(6) Å γ = 90° 

Volume 2996.3(3) Å3 

Z 4 

Density (calculated) 1.279 g/cm3 

Absorption coefficient 4.343 mm-1 

F(000) 1240 

Crystal size 0.183 x 0.143 x 0.026 mm3 

θ range for data collection 3.264 to 72.253° 

Index ranges -14 ≤ h ≤ 14, -10 ≤ k ≤ 10, 16 ≤ l ≤ -33 

Reflections collected 17752 

Independent reflections 2731 [R(int) = 0.0637] 

Completeness to θ = 68.000° 93.5 % 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.90 and 0.50 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2731 / 0 / 242 

Goodness-of-fit on F2 1.043 

Final R indices [I>2σ(I)] R1 = 0.0575, wR2 = 0.1398 

R indices (all data) R1 = 0.0767, wR2 = 0.1489 

Extinction coefficient n/a 

Largest diff. peak and hole 0.394 and -0.515 e·Å-3  
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Table A.14. Atomic coordinates (x 104) and equivalent isotropic displacement parameters 

(Å2 x 103) for Cy2NC(S)S4C(S)NCy2. U(eq) is defined as one third of  the trace of the 

orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

S(1) 4098(1) 10506(1) 3397(1) 38(1) 

S(2) 4771(1) 7926(1) 4025(1) 32(1) 

S(3) 5162(1) 9391(1) 3383(1) 37(1) 

N(1) 3891(1) 8093(3) 4441(3) 29(1) 

C(1) 4193(1) 8878(4) 3982(3) 28(1) 

C(2) 3397(1) 8619(5) 4481(4) 36(1) 

C(3) 3410(2) 9972(4) 5206(4) 36(1) 

C(4) 2887(2) 10387(6) 5244(5) 59(1) 

C(5) 2540(2) 10515(7) 4058(6) 73(2) 

C(6) 2518(2) 9126(7) 3361(5) 61(1) 

C(7) 3035(2) 8694(5) 3292(4) 45(1) 

C(8) 4025(1) 6629(4) 4958(3) 33(1) 

C(9) 4121(2) 6628(5) 6263(4) 45(1) 

C(10) 4290(2) 5132(6) 6767(5) 52(1) 

C(11) 3931(2) 3953(5) 6200(5) 55(1) 

C(12) 3831(2) 3965(5) 4902(5) 59(1) 

C(13) 3665(2) 5444(4) 4379(4) 45(1) 
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Table A.15. Bond lengths (Å) for Cy2NC(S)S4C(S)NCy2. Symmetry transformations used 

to generate equivalent atoms: #1 –x + 1, y, –z + ½. 

________________________________________________________________________ 

S(1)-C(1) 1.646(4) 

S(2)-C(1) 1.836(4) 

S(2)-S(3) 2.0216(13) 

S(3)-S(3)#1  2.069(2) 

N(1)-C(1) 1.345(5) 

N(1)-C(2) 1.486(4) 

N(1)-C(8) 1.488(5) 

C(2)-C(7) 1.513(6) 

C(2)-C(3) 1.514(6) 

C(2)-H(2) 1.01(4) 

C(3)-C(4) 1.535(6) 

C(3)-H(3A) 0.99(6) 

C(3)-H(3B) 1.00(5) 

C(4)-C(5) 1.497(9) 

C(4)-H(4A) 1.10(6) 

C(4)-H(4B) 0.97(6) 

C(5)-C(6) 1.520(9) 

C(5)-H(5A) 1.01(5) 

C(5)-H(5B) 1.12(8) 

C(6)-C(7) 1.532(7) 

C(6)-H(6A) 0.96(6) 

C(6)-H(6B) 1.05(6) 

C(7)-H(7A) 1.00(5) 

C(7)-H(7B) 1.06(5) 

C(8)-C(9) 1.519(6) 

C(8)-C(13) 1.522(6) 

C(8)-H(8) 1.01(4) 

C(9)-C(10) 1.527(6) 

C(9)-H(9A) 0.97(5) 

C(9)-H(9B) 0.86(4) 

C(10)-C(11) 1.513(7) 

C(10)-H(10A) 1.09(8) 

C(10)-H(10B) 0.84(5) 

C(11)-C(12) 1.510(8) 

C(11)-H(11B) 0.97(6) 

C(11)-H(11A) 1.07(6) 

C(12)-C(13) 1.519(6) 

C(12)-H(12A) 0.93(6) 

C(12)-H(12B) 0.92(5) 

C(13)-H(13A) 1.05(5) 

C(13)-H(13B) 0.95(5) 
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Table A.16. Bond angles (deg.) for Cy2NC(S)S4C(S)NCy2. Symmetry transformations 

used to generate equivalent atoms: #1 –x + 1, y, –z + ½. 

________________________________________________________________________ 

C(1)-S(2)-S(3) 103.96(13) 

S(2)-S(3)-S(3)#1 105.02(6) 

C(1)-N(1)-C(2) 122.8(3) 

C(1)-N(1)-C(8) 122.7(3) 

C(2)-N(1)-C(8) 114.5(3) 

N(1)-C(1)-S(1) 128.1(3) 

N(1)-C(1)-S(2) 112.8(3) 

S(1)-C(1)-S(2) 119.1(2) 

N(1)-C(2)-C(7) 112.2(3) 

N(1)-C(2)-C(3) 114.2(3) 

C(7)-C(2)-C(3) 114.3(4) 

N(1)-C(2)-H(2) 107(2) 

C(7)-C(2)-H(2) 104(2) 

C(3)-C(2)-H(2) 104(3) 

C(2)-C(3)-C(4) 110.4(4) 

C(2)-C(3)-H(3A) 111(3) 

C(4)-C(3)-H(3A) 109(3) 

C(2)-C(3)-H(3B) 112(3) 

C(4)-C(3)-H(3B) 108(3) 

H(3A)-C(3)-H(3B) 105(4) 

C(5)-C(4)-C(3) 111.9(4) 

C(5)-C(4)-H(4A) 104(3) 

C(3)-C(4)-H(4A) 109(3) 

C(5)-C(4)-H(4B) 105(3) 

C(3)-C(4)-H(4B) 106(3) 

H(4A)-C(4)-H(4B) 119(5) 

C(4)-C(5)-C(6) 112.1(4) 

C(4)-C(5)-H(5A) 106(3) 

C(6)-C(5)-H(5A) 108(3) 

C(4)-C(5)-H(5B) 115(4) 

C(6)-C(5)-H(5B) 103(4) 

H(5A)-C(5)-H(5B) 114(5) 

C(5)-C(6)-C(7) 110.6(4) 

C(5)-C(6)-H(6A) 107(4) 

C(7)-C(6)-H(6A) 112(3) 

C(5)-C(6)-H(6B) 115(3) 

C(7)-C(6)-H(6B) 108(3) 

H(6A)-C(6)-H(6B) 104(4) 

C(2)-C(7)-C(6) 111.4(4) 

C(2)-C(7)-H(7A) 103(3) 

C(6)-C(7)-H(7A) 107(2) 

C(2)-C(7)-H(7B) 106(3) 

C(6)-C(7)-H(7B) 108(2) 

H(7A)-C(7)-H(7B) 121(4) 

N(1)-C(8)-C(9) 112.7(3) 

N(1)-C(8)-C(13) 113.3(3) 

C(9)-C(8)-C(13) 112.3(4) 

N(1)-C(8)-H(8) 108(2) 

C(9)-C(8)-H(8) 104(2) 

C(13)-C(8)-H(8) 105(2) 

C(8)-C(9)-C(10) 111.0(4) 

C(8)-C(9)-H(9A) 109(3) 

C(10)-C(9)-H(9A) 108(3) 

C(8)-C(9)-H(9B) 97(3) 

C(10)-C(9)-H(9B) 113(3) 

H(9A)-C(9)-H(9B) 118(4) 

C(11)-C(10)-C(9) 111.7(4) 

C(11)-C(10)-H(10A) 113(4) 

C(9)-C(10)-H(10A) 115(4) 

C(11)-C(10)-H(10B) 109(3) 

C(9)-C(10)-H(10B) 107(3) 

H(10A)-C(10)-H(10B) 100(5) 

C(12)-C(11)-C(10) 112.0(4) 

C(12)-C(11)-H(11B) 104(3) 

C(10)-C(11)-H(11B) 113(3) 

C(12)-C(11)-H(11A) 113(3) 

C(10)-C(11)-H(11A) 106(3) 

H(11B)-C(11)-H(11A) 109(4) 

C(11)-C(12)-C(13) 112.6(4) 

C(11)-C(12)-H(12A) 115(4) 

C(13)-C(12)-H(12A) 103(4) 

C(11)-C(12)-H(12B) 107(3) 

C(13)-C(12)-H(12B) 102(3) 

H(12A)-C(12)-H(12B) 118(5) 

C(12)-C(13)-C(8) 111.2(4) 

C(12)-C(13)-H(13A) 112(3) 

C(8)-C(13)-H(13A) 110(3) 

C(12)-C(13)-H(13B) 111(3) 

C(8)-C(13)-H(13B) 104(3) 

H(13A)-C(13)-H(13B) 108(4) 
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Table A.17. Anisotropic displacement parameters (Å2 x 103) for Cy2NC(S)S4C(S)NCy2. 

The anisotropic displacement factor exponent takes the form: -2π2[h2a*2U11 + ...  + 

2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

S(1) 46(1) 29(1) 41(1) 6(1) 16(1) 4(1) 

S(2) 31(1) 32(1) 34(1) 0(1) 12(1) 2(1) 

S(3) 34(1) 40(1) 38(1) -6(1) 15(1) -9(1) 

N(1) 29(2) 23(2) 35(2) -3(1) 12(1) 2(1) 

C(1) 33(2) 21(2) 30(2) -4(1) 8(1) 0(1) 

C(2) 26(2) 39(2) 46(2) -1(2) 12(2) 5(2) 

C(3) 45(2) 26(2) 42(2) 5(2) 18(2) 7(2) 

C(4) 62(3) 48(3) 77(4) 3(3) 35(3) 19(2) 

C(5) 52(3) 78(4) 91(4) 18(3) 21(3) 35(3) 

C(6) 34(2) 67(4) 72(4) 20(3) -1(2) 1(2) 

C(7) 43(2) 40(3) 44(2) 3(2) 0(2) 2(2) 

C(8) 37(2) 22(2) 41(2) 2(2) 12(2) 0(2) 

C(9) 47(3) 35(2) 46(3) 4(2) 3(2) 0(2) 

C(10) 42(3) 50(3) 57(3) 18(2) 0(2) 0(2) 

C(11) 57(3) 32(2) 72(3) 17(2) 8(2) 5(2) 

C(12) 65(3) 25(2) 82(4) -2(2) 13(3) -1(2) 

C(13) 64(3) 25(2) 43(3) -3(2) 7(2) 1(2) 

 

K,GTRDAXVNM 
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Table A.18. Hydrogen coordinates (x 104) and isotropic displacement parameters (Å2 x 

103) for Cy2NC(S)S4C(S)NCy2. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(2) 3252(16) 7850(50) 4890(40) 43(12) 

H(3A) 3620(20) 9830(60) 6010(50) 68(16) 

H(3B) 3557(19) 10820(60) 4900(50) 62(15) 

H(4A) 2730(20) 9510(70) 5660(50) 90(20) 

H(4B) 2910(19) 11360(70) 5560(50) 70(17) 

H(5A) 2201(19) 10670(50) 4180(40) 53(14) 

H(5B) 2650(30) 11350(90) 3490(70) 130(30) 

H(6A) 2370(20) 8390(70) 3730(50) 71(17) 

H(6B) 2290(20) 9170(60) 2520(50) 76(18) 

H(7A) 3013(15) 7660(50) 3030(40) 41(12) 

H(7B) 3165(17) 9520(50) 2840(40) 48(13) 

H(8) 4351(15) 6340(50) 4830(40) 37(11) 

H(9A) 3820(20) 6870(60) 6450(50) 64(16) 

H(9B) 4354(16) 7270(50) 6410(40) 35(11) 

H(10A) 4400(30) 5080(80) 7710(70) 120(30) 

H(10B) 4564(17) 4970(50) 6640(40) 39(13) 

H(11B) 4060(20) 2990(60) 6420(50) 72(17) 

H(11A) 3610(20) 4110(60) 6490(50) 70(16) 

H(12A) 3570(20) 3360(60) 4510(50) 70(17) 

H(12B) 4130(20) 3860(60) 4740(50) 60(16) 

H(13A) 3310(20) 5710(60) 4430(50) 68(16) 

H(13B) 3664(17) 5480(50) 3590(50) 50(13) 
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Table A.19. Crystal Data and Structure Refinement for [Mo3(μ2-S2)3(μ3-S)(S2P
iBu2)3]. 

 

Identification code jpd839_0m_a_sq 

Empirical formula C24H54IMo3P3S13 

Formula weight 1267.08 

Temperature 100(2) K 

Wavelength 0.71073 Å 

Crystal system orthorhombic 

Space group Pna21 

Unit cell dimensions a = 11.5814(18) Å α = 90° 

 b = 23.552(4) Å β = 90° 

 c = 19.102(3) Å γ = 90° 

Volume 5210.2(14) Å3 

Z 4 

Density (calculated) 1.615 g/cm3 

Absorption coefficient 1.934 mm-1 

F(000) 2520 

Crystal size 0.273 x 0.212 x 0.084 mm3 

θ range for data collection 1.373 to 28.831° 

Index ranges -15 ≤ h ≤ 15, -31 ≤ k ≤ 30, -25 ≤ l ≤ 25 

Reflections collected 47648 

Independent reflections 13014 [R(int) = 0.0454] 

Completeness to θ = 28.500° 99.3 % 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.74 and 0.61 
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Table A.19, Cont’d. Crystal Data and Structure Refinement for [Mo3(μ2-S2)3(μ3-

S)(S2P
iBu2)3]. 

 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 13014 / 1 / 410 

Goodness-of-fit on F2 1.005 

Final R indices [I>2σ(I)] R1 = 0.0356, wR2 = 0.0804 

R indices (all data) R1 = 0.0455, wR2 = 0.0839 

Absolute structure parameter 0.483(18) 

Extinction coefficient n/a 

Largest diff. peak and hole 1.332 and -0.566 e·Å-3 
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Table A.20. Atomic coordinates (x 104) and equivalent isotropic displacement parameters 

(Å2 x 103) for [Mo3(μ2-S2)3(μ3-S)(S2P
iBu2)3]. U(eq) is defined as one third of the trace of 

the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

I(1) 608(1) 3658(1) 5251(1) 28(1) 

Mo(1) 7933(1) 4846(1) 4234(1) 17(1) 

Mo(2) 7844(1) 5010(1) 5644(1) 18(1) 

Mo(3) 6730(1) 4106(1) 5058(1) 17(1) 

S(1) 9602(1) 4909(1) 4980(1) 20(1) 

S(2) 8809(1) 5678(1) 4829(1) 22(1) 

S(3) 8179(1) 4032(1) 5957(1) 20(1) 

S(4) 6637(1) 4336(1) 6327(1) 22(1) 

S(5) 8278(1) 3840(1) 4285(1) 20(1) 

S(6) 6787(1) 4041(1) 3755(1) 21(1) 

S(7) 6236(1) 5075(1) 4875(1) 20(1) 

S(8) 9349(1) 4776(1) 3224(1) 21(1) 

S(9) 7082(1) 5527(1) 3366(1) 24(1) 

S(10) 9218(1) 5244(1) 6633(1) 24(1) 

S(11) 6831(1) 5825(1) 6245(1) 25(1) 

S(12) 6499(1) 3040(1) 5219(1) 22(1) 

S(13) 4579(1) 4000(1) 5041(1) 22(1) 

P(1) 8423(1) 5372(1) 2704(1) 23(1) 

P(2) 8140(2) 5866(1) 6950(1) 24(1) 

P(3) 4765(1) 3146(1) 5172(1) 21(1) 

C(1) 7830(6) 5182(3) 1866(4) 30(2) 

C(2) 7020(6) 4677(3) 1824(4) 34(2) 

C(3) 7651(7) 4101(3) 1809(4) 39(2) 

C(4) 6224(7) 4731(4) 1179(4) 42(2) 

C(5) 9364(6) 5966(3) 2508(4) 28(2) 

C(6) 9982(7) 6247(3) 3110(4) 33(2) 

C(7) 11117(7) 6506(4) 2827(5) 46(2) 

C(8) 9257(7) 6695(3) 3464(4) 42(2) 

C(9) 8895(6) 6546(3) 6972(4) 33(2) 

C(10) 9418(7) 6755(3) 6285(4) 36(2) 

C(11) 8534(8) 7042(4) 5804(5) 56(2) 

C(12) 10414(7) 7157(4) 6448(5) 44(2) 

C(13) 7695(5) 5765(3) 7849(4) 27(1) 

C(14) 7152(6) 5198(3) 8050(4) 31(2) 

C(15) 5848(7) 5187(4) 7923(5) 52(2) 

C(16) 7408(7) 5044(4) 8807(5) 41(2) 

C(17) 4057(5) 2766(3) 4469(4) 24(1) 

C(18) 4389(5) 2909(3) 3718(4) 28(2) 

C(19) 5507(6) 2610(4) 3503(4) 41(2) 
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Table A.20, Cont’d. Atomic coordinates (x 104) and equivalent isotropic displacement 

parameters (Å2 x 103) for [Mo3(μ2-S2)3(μ3-S)(S2P
iBu2)3]. U(eq) is defined as one third of 

the trace of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

C(20) 3418(6) 2743(3) 3225(4) 37(2) 

C(21) 4007(6) 2895(3) 5940(4) 27(2) 

C(22) 4248(6) 3186(3) 6639(4) 33(2) 

C(23) 3238(7) 3099(4) 7126(4) 41(2) 

C(24) 5375(7) 2983(4) 6980(4) 45(2) 
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Table A.21. Bond lengths (Å) for [Mo3(μ2-S2)3(μ3-S)(S2P
iBu2)3]. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

Mo(1)-S(7) 2.3776(16) 

Mo(1)-S(5) 2.4041(16) 

Mo(1)-S(1) 2.4071(16) 

Mo(1)-S(2) 2.4829(17) 

Mo(1)-S(6) 2.4892(17) 

Mo(1)-S(9) 2.5081(17) 

Mo(1)-S(8) 2.5364(17) 

Mo(1)-Mo(2) 2.7239(9) 

Mo(1)-Mo(3) 2.7309(8) 

Mo(2)-S(7) 2.3765(16) 

Mo(2)-S(1) 2.4106(16) 

Mo(2)-S(3) 2.4107(16) 

Mo(2)-S(2) 2.4802(17) 

Mo(2)-S(4) 2.4862(16) 

Mo(2)-S(11) 2.5260(17) 

Mo(2)-S(10) 2.5299(17) 

Mo(2)-Mo(3) 2.7306(8) 

Mo(3)-S(7) 2.3784(16) 

Mo(3)-S(5) 2.4047(16) 

Mo(3)-S(3) 2.4076(16) 

Mo(3)-S(4) 2.4870(17) 

Mo(3)-S(6) 2.4947(17) 

Mo(3)-S(13) 2.5038(15) 

Mo(3)-S(12) 2.5428(16) 

S(1)-S(2) 2.053(2) 

S(3)-S(4) 2.049(2) 

S(5)-S(6) 2.058(2) 

S(8)-P(1) 2.028(2) 

S(9)-P(1) 2.037(2) 

S(10)-P(2) 2.018(2) 

S(11)-P(2) 2.030(2) 

S(12)-P(3) 2.026(2) 

S(13)-P(3) 2.037(2) 

P(1)-C(1) 1.799(7) 

P(1)-C(5) 1.811(7) 

P(2)-C(13) 1.808(7) 

P(2)-C(9) 1.826(7) 

P(3)-C(21) 1.809(7) 

P(3)-C(17) 1.810(7) 

C(1)-C(2) 1.518(10) 

C(1)-H(1A) 0.9900 

C(1)-H(1B) 0.9900 

C(2)-C(3) 1.540(11) 

C(2)-C(4) 1.545(10) 

C(2)-H(2) 1.0000 

C(3)-H(3A) 0.9800 

C(3)-H(3B) 0.9800 

C(3)-H(3C) 0.9800 

C(4)-H(4A) 0.9800 

C(4)-H(4B) 0.9800 

C(4)-H(4C) 0.9800 

C(5)-C(6) 1.508(11) 

C(5)-H(5A) 0.9900 

C(5)-H(5B) 0.9900 

C(6)-C(8) 1.508(11) 

C(6)-C(7) 1.547(11) 

C(6)-H(6) 1.0000 

C(7)-H(7A) 0.9800 

C(7)-H(7B) 0.9800 

C(7)-H(7C) 0.9800 

C(8)-H(8A) 0.9800 

C(8)-H(8B) 0.9800 

C(8)-H(8C) 0.9800 

C(9)-C(10) 1.527(10) 

C(9)-H(9A) 0.9900 

C(9)-H(9B) 0.9900 

C(10)-C(12) 1.524(10) 

C(10)-C(11) 1.533(11) 

C(10)-H(10) 1.0000 

C(11)-H(11A) 0.9800 

C(11)-H(11B) 0.9800 

C(11)-H(11C) 0.9800 

C(12)-H(12A) 0.9800 

C(12)-H(12B) 0.9800 

C(12)-H(12C) 0.9800 

C(13)-C(14) 1.527(10) 

C(13)-H(13A) 0.9900 

C(13)-H(13B) 0.9900 

C(14)-C(16) 1.519(11) 

C(14)-C(15) 1.530(10) 

C(14)-H(14) 1.0000 

C(15)-H(15A) 0.9800 

C(15)-H(15B) 0.9800 

C(15)-H(15C) 0.9800 

C(16)-H(16A) 0.9800 

C(16)-H(16B) 0.9800
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Table A.21, Cont’d. Bond lengths (Å) for [Mo3(μ2-S2)3(μ3-S)(S2P
iBu2)3]. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

C(16)-H(16C) 0.9800 

C(17)-C(18) 1.523(10) 

C(17)-H(17A) 0.9900 

C(17)-H(17B) 0.9900 

C(18)-C(20) 1.518(10) 

C(18)-C(19) 1.530(10) 

C(18)-H(18) 1.0000 

C(19)-H(19A) 0.9800 

C(19)-H(19B) 0.9800 

C(19)-H(19C) 0.9800 

C(20)-H(20A) 0.9800 

C(20)-H(20B) 0.9800 

C(20)-H(20C) 0.9800 

C(21)-C(22) 1.528(10) 

C(21)-H(21A) 0.9900 

C(21)-H(21B) 0.9900 

C(22)-C(23) 1.508(10) 

C(22)-C(24) 1.534(10) 

C(22)-H(22) 1.0000 

C(23)-H(23A) 0.9800 

C(23)-H(23B) 0.9800 

C(23)-H(23C) 0.9800 

C(24)-H(24A) 0.9800 

C(24)-H(24B) 0.9800 

C(24)-H(24C) 0.9800 
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Table A.22. Bond angles (deg.) for [Mo3(μ2-S2)3(μ3-S)(S2P
iBu2)3]. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

S(7)-Mo(1)-S(5) 109.85(6) 

S(7)-Mo(1)-S(1) 110.15(6) 

S(5)-Mo(1)-S(1) 84.43(5) 

S(7)-Mo(1)-S(2) 85.57(5) 

S(5)-Mo(1)-S(2) 133.74(6) 

S(1)-Mo(1)-S(2) 49.61(5) 

S(7)-Mo(1)-S(6) 85.48(5) 

S(5)-Mo(1)-S(6) 49.69(5) 

S(1)-Mo(1)-S(6) 133.88(6) 

S(2)-Mo(1)-S(6) 171.02(5) 

S(7)-Mo(1)-S(9) 82.56(6) 

S(5)-Mo(1)-S(9) 136.26(6) 

S(1)-Mo(1)-S(9) 131.90(6) 

S(2)-Mo(1)-S(9) 87.59(6) 

S(6)-Mo(1)-S(9) 91.99(6) 

S(7)-Mo(1)-S(8) 160.19(6) 

S(5)-Mo(1)-S(8) 81.91(6) 

S(1)-Mo(1)-S(8) 86.29(6) 

S(2)-Mo(1)-S(8) 97.78(6) 

S(6)-Mo(1)-S(8) 90.90(6) 

S(9)-Mo(1)-S(8) 78.10(5) 

S(7)-Mo(1)-Mo(2) 55.03(4) 

S(5)-Mo(1)-Mo(2) 96.07(4) 

S(1)-Mo(1)-Mo(2) 55.63(4) 

S(2)-Mo(1)-Mo(2) 56.67(4) 

S(6)-Mo(1)-Mo(2) 116.84(4) 

S(9)-Mo(1)-Mo(2) 123.21(5) 

S(8)-Mo(1)-Mo(2) 141.78(4) 

S(7)-Mo(1)-Mo(3) 54.97(4) 

S(5)-Mo(1)-Mo(3) 55.41(4) 

S(1)-Mo(1)-Mo(3) 96.16(4) 

S(2)-Mo(1)-Mo(3) 116.65(4) 

S(6)-Mo(1)-Mo(3) 56.87(4) 

S(9)-Mo(1)-Mo(3) 126.05(4) 

S(8)-Mo(1)-Mo(3) 136.58(4) 

Mo(2)-Mo(1)-Mo(3) 60.08(2) 

S(7)-Mo(2)-S(1) 110.06(6) 

S(7)-Mo(2)-S(3) 109.90(6) 

S(1)-Mo(2)-S(3) 84.26(6) 

S(7)-Mo(2)-S(2) 85.65(6) 

S(1)-Mo(2)-S(2) 49.60(5) 

S(3)-Mo(2)-S(2) 133.59(6) 

S(7)-Mo(2)-S(4) 85.67(6) 

S(1)-Mo(2)-S(4) 133.46(6) 

S(3)-Mo(2)-S(4) 49.45(5) 

S(2)-Mo(2)-S(4) 171.26(6) 

S(7)-Mo(2)-S(11) 82.42(6) 

S(1)-Mo(2)-S(11) 134.97(6) 

S(3)-Mo(2)-S(11) 133.48(6) 

S(2)-Mo(2)-S(11) 90.71(6) 

S(4)-Mo(2)-S(11) 89.19(6) 

S(7)-Mo(2)-S(10) 160.08(6) 

S(1)-Mo(2)-S(10) 83.30(6) 

S(3)-Mo(2)-S(10) 85.48(6) 

S(2)-Mo(2)-S(10) 92.74(6) 

S(4)-Mo(2)-S(10) 95.77(6) 

S(11)-Mo(2)-S(10) 77.75(6) 

S(7)-Mo(2)-Mo(1) 55.06(4) 

S(1)-Mo(2)-Mo(1) 55.51(4) 

S(3)-Mo(2)-Mo(1) 95.95(4) 

S(2)-Mo(2)-Mo(1) 56.76(4) 

S(4)-Mo(2)-Mo(1) 116.72(4) 

S(11)-Mo(2)-Mo(1) 125.09(5) 

S(10)-Mo(2)-Mo(1) 138.22(4) 

S(7)-Mo(2)-Mo(3) 54.98(4) 

S(1)-Mo(2)-Mo(3) 96.09(4) 

S(3)-Mo(2)-Mo(3) 55.43(4) 

S(2)-Mo(2)-Mo(3) 116.76(5) 

S(4)-Mo(2)-Mo(3) 56.71(4) 

S(11)-Mo(2)-Mo(3) 124.03(4) 

S(10)-Mo(2)-Mo(3) 140.61(5) 

Mo(1)-Mo(2)-Mo(3) 60.09(2) 

S(7)-Mo(3)-S(5) 109.80(6) 

S(7)-Mo(3)-S(3) 109.95(6) 

S(5)-Mo(3)-S(3) 84.25(6) 

S(7)-Mo(3)-S(4) 85.62(6) 

S(5)-Mo(3)-S(4) 133.43(5) 

S(3)-Mo(3)-S(4) 49.48(5) 

S(7)-Mo(3)-S(6) 85.34(6) 

S(5)-Mo(3)-S(6) 49.62(5) 

S(3)-Mo(3)-S(6) 133.58(5) 

S(4)-Mo(3)-S(6) 170.88(6) 

S(7)-Mo(3)-S(13) 81.63(5) 

S(5)-Mo(3)-S(13) 135.06(6) 

S(3)-Mo(3)-S(13) 134.06(6) 

S(4)-Mo(3)-S(13) 89.48(6)
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Table A.22, Cont’d. Bond angles (deg.) for [Mo3(μ2-S2)3(μ3-S)(S2P
iBu2)3]. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

S(6)-Mo(3)-S(13) 90.40(5) 

S(7)-Mo(3)-S(12) 159.97(5) 

S(5)-Mo(3)-S(12) 84.05(5) 

S(3)-Mo(3)-S(12) 85.18(5) 

S(4)-Mo(3)-S(12) 95.28(6) 

S(6)-Mo(3)-S(12) 93.62(6) 

S(13)-Mo(3)-S(12) 78.37(5) 

S(7)-Mo(3)-Mo(2) 54.92(4) 

S(5)-Mo(3)-Mo(2) 95.88(4) 

S(3)-Mo(3)-Mo(2) 55.53(4) 

S(4)-Mo(3)-Mo(2) 56.68(4) 

S(6)-Mo(3)-Mo(2) 116.41(4) 

S(13)-Mo(3)-Mo(2) 123.58(4) 

S(12)-Mo(3)-Mo(2) 140.35(4) 

S(7)-Mo(3)-Mo(1) 54.94(4) 

S(5)-Mo(3)-Mo(1) 55.38(4) 

S(3)-Mo(3)-Mo(1) 95.84(4) 

S(4)-Mo(3)-Mo(1) 116.44(4) 

S(6)-Mo(3)-Mo(1) 56.68(4) 

S(13)-Mo(3)-Mo(1) 124.31(4) 

S(12)-Mo(3)-Mo(1) 138.91(4) 

Mo(2)-Mo(3)-Mo(1) 59.83(2) 

S(2)-S(1)-Mo(1) 67.12(6) 

S(2)-S(1)-Mo(2) 66.96(6) 

Mo(1)-S(1)-Mo(2) 68.86(4) 

S(1)-S(2)-Mo(2) 63.43(6) 

S(1)-S(2)-Mo(1) 63.27(6) 

Mo(2)-S(2)-Mo(1) 66.57(4) 

S(4)-S(3)-Mo(3) 67.28(6) 

S(4)-S(3)-Mo(2) 67.19(6) 

Mo(3)-S(3)-Mo(2) 69.04(4) 

S(3)-S(4)-Mo(2) 63.35(6) 

S(3)-S(4)-Mo(3) 63.25(6) 

Mo(2)-S(4)-Mo(3) 66.61(4) 

S(6)-S(5)-Mo(1) 67.31(6) 

S(6)-S(5)-Mo(3) 67.46(6) 

Mo(1)-S(5)-Mo(3) 69.21(4) 

S(5)-S(6)-Mo(1) 63.00(6) 

S(5)-S(6)-Mo(3) 62.91(6) 

Mo(1)-S(6)-Mo(3) 66.45(4) 

Mo(2)-S(7)-Mo(1) 69.91(4) 

Mo(2)-S(7)-Mo(3) 70.10(4) 

Mo(1)-S(7)-Mo(3) 70.09(4) 

P(1)-S(8)-Mo(1) 89.17(7) 

P(1)-S(9)-Mo(1) 89.76(7) 

P(2)-S(10)-Mo(2) 89.59(8) 

P(2)-S(11)-Mo(2) 89.44(7) 

P(3)-S(12)-Mo(3) 88.69(7) 

P(3)-S(13)-Mo(3) 89.53(7) 

C(1)-P(1)-C(5) 103.7(3) 

C(1)-P(1)-S(8) 117.8(3) 

C(5)-P(1)-S(8) 108.5(2) 

C(1)-P(1)-S(9) 107.8(2) 

C(5)-P(1)-S(9) 116.7(3) 

S(8)-P(1)-S(9) 102.89(10) 

C(13)-P(2)-C(9) 103.3(3) 

C(13)-P(2)-S(10) 111.5(2) 

C(9)-P(2)-S(10) 110.4(2) 

C(13)-P(2)-S(11) 114.3(2) 

C(9)-P(2)-S(11) 114.5(3) 

S(10)-P(2)-S(11) 103.22(10) 

C(21)-P(3)-C(17) 102.7(3) 

C(21)-P(3)-S(12) 113.9(2) 

C(17)-P(3)-S(12) 114.9(2) 

C(21)-P(3)-S(13) 111.8(2) 

C(17)-P(3)-S(13) 110.4(2) 

S(12)-P(3)-S(13) 103.41(9) 

C(2)-C(1)-P(1) 118.6(5) 

C(2)-C(1)-H(1A) 107.7 

P(1)-C(1)-H(1A) 107.7 

C(2)-C(1)-H(1B) 107.7 

P(1)-C(1)-H(1B) 107.7 

H(1A)-C(1)-H(1B) 107.1 

C(1)-C(2)-C(3) 113.4(6) 

C(1)-C(2)-C(4) 110.2(6) 

C(3)-C(2)-C(4) 110.0(7) 

C(1)-C(2)-H(2) 107.7 

C(3)-C(2)-H(2) 107.7 

C(4)-C(2)-H(2) 107.7 

C(2)-C(3)-H(3A) 109.5 

C(2)-C(3)-H(3B) 109.5 

H(3A)-C(3)-H(3B) 109.5 

C(2)-C(3)-H(3C) 109.5 

H(3A)-C(3)-H(3C) 109.5 

H(3B)-C(3)-H(3C) 109.5 

C(2)-C(4)-H(4A) 109.5
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Table A.22, Cont’d. Bond angles (deg.) for [Mo3(μ2-S2)3(μ3-S)(S2P
iBu2)3]. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

C(2)-C(4)-H(4B) 109.5 

H(4A)-C(4)-H(4B) 109.5 

C(2)-C(4)-H(4C) 109.5 

H(4A)-C(4)-H(4C) 109.5 

H(4B)-C(4)-H(4C) 109.5 

C(6)-C(5)-P(1) 117.8(5) 

C(6)-C(5)-H(5A) 107.9 

P(1)-C(5)-H(5A) 107.9 

C(6)-C(5)-H(5B) 107.9 

P(1)-C(5)-H(5B) 107.9 

H(5A)-C(5)-H(5B) 107.2 

C(8)-C(6)-C(5) 112.6(7) 

C(8)-C(6)-C(7) 110.7(6) 

C(5)-C(6)-C(7) 108.0(6) 

C(8)-C(6)-H(6) 108.5 

C(5)-C(6)-H(6) 108.5 

C(7)-C(6)-H(6) 108.5 

C(6)-C(7)-H(7A) 109.5 

C(6)-C(7)-H(7B) 109.5 

H(7A)-C(7)-H(7B) 109.5 

C(6)-C(7)-H(7C) 109.5 

H(7A)-C(7)-H(7C) 109.5 

H(7B)-C(7)-H(7C) 109.5 

C(6)-C(8)-H(8A) 109.5 

C(6)-C(8)-H(8B) 109.5 

H(8A)-C(8)-H(8B) 109.5 

C(6)-C(8)-H(8C) 109.5 

H(8A)-C(8)-H(8C) 109.5 

H(8B)-C(8)-H(8C) 109.5 

C(10)-C(9)-P(2) 116.9(5) 

C(10)-C(9)-H(9A) 108.1 

P(2)-C(9)-H(9A) 108.1 

C(10)-C(9)-H(9B) 108.1 

P(2)-C(9)-H(9B) 108.1 

H(9A)-C(9)-H(9B) 107.3 

C(12)-C(10)-C(9) 108.9(6) 

C(12)-C(10)-C(11) 110.7(7) 

C(9)-C(10)-C(11) 113.1(7) 

C(12)-C(10)-H(10) 108.0 

C(9)-C(10)-H(10) 108.0 

C(11)-C(10)-H(10) 108.0 

C(10)-C(11)-H(11A) 109.5 

C(10)-C(11)-H(11B) 109.5 

H(11A)-C(11)-H(11B) 109.5 

C(10)-C(11)-H(11C) 109.5 

H(11A)-C(11)-H(11C) 109.5 

H(11B)-C(11)-H(11C) 109.5 

C(10)-C(12)-H(12A) 109.5 

C(10)-C(12)-H(12B) 109.5 

H(12A)-C(12)-H(12B) 109.5 

C(10)-C(12)-H(12C) 109.5 

H(12A)-C(12)-H(12C) 109.5 

H(12B)-C(12)-H(12C) 109.5 

C(14)-C(13)-P(2) 118.1(5) 

C(14)-C(13)-H(13A) 107.8 

P(2)-C(13)-H(13A) 107.8 

C(14)-C(13)-H(13B) 107.8 

P(2)-C(13)-H(13B) 107.8 

H(13A)-C(13)-H(13B) 107.1 

C(16)-C(14)-C(13) 111.6(6) 

C(16)-C(14)-C(15) 109.8(6) 

C(13)-C(14)-C(15) 112.4(6) 

C(16)-C(14)-H(14) 107.6 

C(13)-C(14)-H(14) 107.6 

C(15)-C(14)-H(14) 107.6 

C(14)-C(15)-H(15A) 109.5 

C(14)-C(15)-H(15B) 109.5 

H(15A)-C(15)-H(15B) 109.5 

C(14)-C(15)-H(15C) 109.5 

H(15A)-C(15)-H(15C) 109.5 

H(15B)-C(15)-H(15C) 109.5 

C(14)-C(16)-H(16A) 109.5 

C(14)-C(16)-H(16B) 109.5 

H(16A)-C(16)-H(16B) 109.5 

C(14)-C(16)-H(16C) 109.5 

H(16A)-C(16)-H(16C) 109.5 

H(16B)-C(16)-H(16C) 109.5 

C(18)-C(17)-P(3) 118.4(4) 

C(18)-C(17)-H(17A) 107.7 

P(3)-C(17)-H(17A) 107.7 

C(18)-C(17)-H(17B) 107.7 

P(3)-C(17)-H(17B) 107.7 

H(17A)-C(17)-H(17B) 107.1 

C(20)-C(18)-C(17) 109.9(5) 

C(20)-C(18)-C(19) 110.0(6) 

C(17)-C(18)-C(19) 111.4(6)
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Table A.22, Cont’d. Bond angles (deg.) for [Mo3(μ2-S2)3(μ3-S)(S2P
iBu2)3]. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

C(20)-C(18)-H(18) 108.5 

C(17)-C(18)-H(18) 108.5 

C(19)-C(18)-H(18) 108.5 

C(18)-C(19)-H(19A) 109.5 

C(18)-C(19)-H(19B) 109.5 

H(19A)-C(19)-H(19B) 109.5 

C(18)-C(19)-H(19C) 109.5 

H(19A)-C(19)-H(19C) 109.5 

H(19B)-C(19)-H(19C) 109.5 

C(18)-C(20)-H(20A) 109.5 

C(18)-C(20)-H(20B) 109.5 

H(20A)-C(20)-H(20B) 109.5 

C(18)-C(20)-H(20C) 109.5 

H(20A)-C(20)-H(20C) 109.5 

H(20B)-C(20)-H(20C) 109.5 

C(22)-C(21)-P(3) 118.2(5) 

C(22)-C(21)-H(21A) 107.8 

P(3)-C(21)-H(21A) 107.8 

C(22)-C(21)-H(21B) 107.8 

P(3)-C(21)-H(21B) 107.8 

H(21A)-C(21)-H(21B) 107.1 

C(23)-C(22)-C(21) 109.5(6) 

C(23)-C(22)-C(24) 110.9(6) 

C(21)-C(22)-C(24) 112.7(6) 

C(23)-C(22)-H(22) 107.9 

C(21)-C(22)-H(22) 107.9 

C(24)-C(22)-H(22) 107.9 

C(22)-C(23)-H(23A) 109.5 

C(22)-C(23)-H(23B) 109.5 

H(23A)-C(23)-H(23B) 109.5 

C(22)-C(23)-H(23C) 109.5 

H(23A)-C(23)-H(23C) 109.5 

H(23B)-C(23)-H(23C) 109.5 

C(22)-C(24)-H(24A) 109.5 

C(22)-C(24)-H(24B) 109.5 

H(24A)-C(24)-H(24B) 109.5 

C(22)-C(24)-H(24C) 109.5 

H(24A)-C(24)-H(24C) 109.5 

H(24B)-C(24)-H(24C) 109.5 
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Table A.23. Anisotropic displacement parameters (Å2 x 103) for [Mo3(μ2-S2)3(μ3-

S)(S2P
iBu2)3]. The anisotropic displacement factor exponent takes the form: -2π2[h2a*2U11 

+ ...  + 2hka*b*U12] 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

I(1) 19(1) 26(1) 40(1) -1(1) -2(1) 3(1) 

Mo(1) 12(1) 18(1) 21(1) 2(1) 0(1) 0(1) 

Mo(2) 12(1) 20(1) 22(1) -1(1) 1(1) 1(1) 

Mo(3) 12(1) 18(1) 21(1) 1(1) 0(1) 0(1) 

S(1) 13(1) 23(1) 25(1) -2(1) 1(1) -1(1) 

S(2) 19(1) 19(1) 28(1) 0(1) 1(1) -1(1) 

S(3) 15(1) 22(1) 23(1) 2(1) -1(1) 1(1) 

S(4) 17(1) 27(1) 21(1) 1(1) 2(1) -1(1) 

S(5) 14(1) 20(1) 24(1) 0(1) 1(1) 1(1) 

S(6) 15(1) 26(1) 22(1) 0(1) -1(1) 0(1) 

S(7) 12(1) 21(1) 26(1) 1(1) 0(1) 1(1) 

S(8) 15(1) 26(1) 23(1) 4(1) 3(1) 2(1) 

S(9) 18(1) 27(1) 28(1) 6(1) 2(1) 5(1) 

S(10) 14(1) 32(1) 27(1) -6(1) -2(1) 3(1) 

S(11) 18(1) 25(1) 32(1) -6(1) 1(1) 2(1) 

S(12) 14(1) 19(1) 31(1) 2(1) -1(1) 1(1) 

S(13) 13(1) 21(1) 31(1) 2(1) 0(1) -1(1) 

P(1) 19(1) 26(1) 25(1) 5(1) 1(1) 2(1) 

P(2) 20(1) 25(1) 28(1) -6(1) 2(1) -1(1) 

P(3) 14(1) 20(1) 28(1) 2(1) 1(1) -1(1) 

C(1) 21(3) 42(4) 26(4) 9(3) 1(3) 8(3) 

C(2) 31(4) 42(4) 31(4) 9(3) -2(3) -1(3) 

C(3) 31(4) 45(5) 41(5) -2(4) -12(3) -1(3) 

C(4) 34(4) 53(5) 40(4) 0(4) -10(4) 2(4) 

C(5) 27(4) 28(4) 28(3) 7(3) 2(3) 2(3) 

C(6) 34(4) 27(3) 37(4) 6(3) -1(3) -8(3) 

C(7) 42(5) 47(5) 49(5) -3(4) 2(4) -12(4) 

C(8) 53(5) 31(4) 43(5) 3(4) 3(4) -6(4) 

C(9) 29(4) 34(4) 36(4) -9(3) 6(3) 0(3) 

C(10) 44(5) 31(4) 32(4) -5(3) 8(3) -1(3) 

C(11) 57(6) 55(6) 55(6) 13(5) -5(4) -13(5) 

C(12) 42(5) 48(5) 42(5) -2(4) 5(4) -16(4) 

C(13) 17(3) 33(4) 30(4) -11(3) 0(3) 3(3) 

C(14) 22(3) 35(4) 37(4) -6(3) 3(3) -1(3) 

C(15) 29(4) 73(6) 53(6) 7(5) 5(4) -16(4) 

C(16) 31(4) 53(5) 40(5) 2(4) 5(4) 2(4) 

C(17) 15(3) 20(3) 38(4) 1(3) -5(3) -3(2) 

C(18) 23(3) 28(4) 32(4) -2(3) 1(3) -2(3) 

C(19) 31(4) 53(5) 40(5) -5(4) 0(3) 0(4) 
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Table A.23, Cont’d. Anisotropic displacement parameters (Å2 x 103) for [Mo3(μ2-S2)3(μ3-

S)(S2P
iBu2)3]. The anisotropic displacement factor exponent takes the form: -2π2[h2a*2U11 

+ ...  + 2hka*b*U12] 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

C(20) 32(4) 39(4) 39(4) 2(4) -5(3) -1(3) 

C(21) 24(3) 20(3) 36(4) 1(3) 8(3) -1(3) 

C(22) 34(4) 31(4) 33(4) 7(3) 5(3) -1(3) 

C(23) 46(5) 42(5) 36(4) 0(4) 15(4) 9(4) 

C(24) 35(4) 70(6) 29(4) 7(4) 3(3) -6(4) 
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Table A.24. Hydrogen coordinates (x 104) and isotropic displacement parameters (Å2 x 

103) for [Mo3(μ2-S2)3(μ3-S)(S2P
iBu2)3]. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(1A) 7411 5517 1683 35 

H(1B) 8483 5109 1544 35 

H(2) 6519 4683 2251 41 

H(3A) 7086 3793 1848 58 

H(3B) 8192 4081 2203 58 

H(3C) 8076 4064 1368 58 

H(4A) 6686 4699 751 63 

H(4B) 5836 5101 1188 63 

H(4C) 5644 4428 1188 63 

H(5A) 9954 5833 2171 33 

H(5B) 8898 6259 2267 33 

H(6) 10182 5949 3463 39 

H(7A) 11662 6201 2716 69 

H(7B) 11454 6756 3182 69 

H(7C) 10953 6726 2402 69 

H(8A) 9170 7021 3151 64 

H(8B) 9635 6816 3898 64 

H(8C) 8494 6538 3572 64 

H(9A) 8347 6838 7140 40 

H(9B) 9523 6519 7322 40 

H(10) 9740 6419 6031 43 

H(11A) 8919 7173 5377 84 

H(11B) 8189 7367 6047 84 

H(11C) 7927 6770 5681 84 

H(12A) 10766 7286 6010 66 

H(12B) 10993 6958 6730 66 

H(12C) 10122 7485 6709 66 

H(13A) 8381 5824 8150 32 

H(13B) 7135 6069 7965 32 

H(14) 7508 4898 7747 38 

H(15A) 5691 5263 7428 78 

H(15B) 5476 5477 8212 78 

H(15C) 5543 4812 8048 78 

H(16A) 8224 4942 8854 62 

H(16B) 6926 4722 8947 62 

H(16C) 7238 5371 9108 62 

H(17A) 4199 2356 4541 29 

H(17B) 3215 2828 4518 29 

H(18) 4511 3328 3682 33 

H(19A) 5694 2707 3017 62 
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Table A.24, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for [Mo3(μ2-S2)3(μ3-S)(S2P
iBu2)3]. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(19B) 5406 2198 3545 62 

H(19C) 6137 2733 3810 62 

H(20A) 3627 2847 2744 55 

H(20B) 2710 2942 3360 55 

H(20C) 3291 2332 3252 55 

H(21A) 3168 2926 5846 32 

H(21B) 4184 2486 5996 32 

H(22) 4322 3603 6549 39 

H(23A) 2520 3196 6882 62 

H(23B) 3327 3342 7538 62 

H(23C) 3210 2700 7273 62 

H(24A) 5328 2574 7069 67 

H(24B) 5492 3185 7423 67 

H(24C) 6024 3062 6665 67 
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Table A.25. Crystal Data and Structure Refinement for [Mo3(µ3-S)(µ-

SSe)3(S2CNiBu2)3][SeCN]·½ClCH2CH2Cl·½tBuOMe. 
 

Identification code JPD1002_0m_a 

Empirical formula C31.50H62ClMo3N4O0.50S10Se4 

Formula weight 1464.56 

Temperature 150(2) K 

Wavelength 0.71073 Å 

Crystal system Tetragonal 

Space group I41/a 

Unit cell dimensions a = 35.378(4) Å α = 90° 

 b = 35.378(4) Å β = 90° 

 c = 18.903(2) Å γ = 90° 

Volume 23659(6) Å3 

Z 16 

Density (calculated) 1.645 g/cm3 

Absorption coefficient 3.512 mm-1 

F(000) 11552 

Crystal size 0.200 x 0.150 x 0.150 mm3 

θ range for data collection 1.221 to 19.225° 

Index ranges -32 ≤ h ≤ 32, -32 ≤ k ≤ 32, -17 ≤ l ≤ 17 

Reflections collected 48575 

Independent reflections 4894 [R(int) = 0.0791] 

Completeness to θ = 19.225° 99.2 % 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.621 and 0.403 
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Table A.25, Cont’d. Crystal Data and Structure Refinement for [Mo3(µ3-S)(µ-

SSe)3(S2CNiBu2)3][SeCN]·½ClCH2CH2Cl·½tBuOMe. 

 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 4894 / 22 / 513 

Goodness-of-fit on F2 1.130 

Final R indices [I>2σ(I)] R1 = 0.0455, wR2 = 0.1263 

R indices (all data) R1 = 0.0581, wR2 = 0.1378 

Extinction coefficient n/a 

Largest diff. peak and hole 1.183 and -0.499 e·Å-3  
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Table A.26. Atomic coordinates (x 104) and equivalent isotropic displacement parameters 

(Å2 x 103) for [Mo3(µ3-S)(µ-SSe)3(S2CNiBu2)3][SeCN]·½ClCH2CH2Cl·½tBuOMe. U(eq) is 

defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

Mo(1) 720(1) 5247(1) 5611(1) 24(1) 

Mo(3) 1229(1) 4998(1) 4638(1) 24(1) 

Mo(2) 952(1) 5715(1) 4542(1) 23(1) 

Se(1) 498(1) 5950(1) 5545(1) 29(1) 

Se(2) 1485(1) 5479(1) 3706(1) 29(1) 

Se(3) 1065(1) 4604(1) 5759(1) 31(1) 

Se(4) 1704(1) 4741(1) 6691(1) 54(1) 

S(1) 300(1) 5544(1) 4762(1) 26(1) 

S(2) 898(1) 5249(1) 3615(1) 27(1) 

S(3) 632(1) 4692(1) 4888(2) 28(1) 

S(4) 1342(1) 5486(1) 5467(1) 24(1) 

S(5) 832(1) 5361(1) 6883(2) 34(1) 

S(6) 140(1) 5066(1) 6316(2) 31(1) 

S(7) 1329(1) 6297(1) 4668(2) 30(1) 

S(8) 696(1) 6227(1) 3738(2) 29(1) 

S(9) 1896(1) 4831(1) 4868(2) 31(1) 

S(10) 1411(1) 4431(1) 3907(2) 33(1) 

N(1) 183(3) 5373(3) 7621(5) 37(3) 

N(2) 1062(2) 6883(3) 3961(5) 31(2) 

N(3) 2138(3) 4237(2) 4126(5) 30(2) 

N(4) 1374(4) 4651(4) 8080(8) 89(4) 

C(1) 361(3) 5274(3) 7025(6) 32(3) 

C(2) -224(3) 5332(3) 7719(6) 37(3) 

C(3) -444(4) 5700(3) 7653(7) 49(4) 

C(4) -393(4) 5883(4) 6940(7) 66(4) 

C(5) -857(3) 5625(4) 7821(7) 57(4) 

C(6) 403(3) 5557(4) 8196(6) 49(4) 

C(7) 620(4) 5279(5) 8662(8) 75(5) 

C(8) 372(4) 5036(4) 9097(7) 71(4) 

C(9) 885(5) 5517(6) 9143(9) 127(8) 

C(10) 1031(3) 6517(3) 4095(5) 26(3) 

C(11) 791(3) 7085(3) 3486(6) 35(3) 

C(12) 961(3) 7192(3) 2778(6) 42(3) 

C(13) 1083(4) 6848(4) 2348(6) 56(4) 

C(14) 675(4) 7431(4) 2376(7) 61(4) 

C(15) 1372(3) 7104(3) 4269(6) 38(3) 

C(16) 1324(4) 7203(3) 5051(7) 47(4) 

C(17) 989(4) 7453(4) 5188(7) 68(4) 

C(18) 1686(4) 7384(4) 5315(8) 80(5) 

C(19) 1855(3) 4467(3) 4272(6) 29(3) 

C(20) 2097(3) 3908(3) 3660(6) 37(3) 

C(21) 2056(3) 3538(3) 4049(6) 38(3) 

C(22) 2103(4) 3207(3) 3545(6) 48(4) 
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Table A.26, Cont’d. Atomic coordinates (x 104) and equivalent isotropic displacement 

parameters (Å2 x 103) for [Mo3(µ3-S)(µ-SSe)3(S2CNiBu2)3][SeCN]·½ClCH2CH2Cl·½tBuOMe. 

U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

C(23) 1680(4) 3509(3) 4434(6) 47(3) 

C(24) 2520(3) 4306(3) 4396(6) 38(3) 

C(25A) 2790(6) 4469(8) 3854(12) 46(8) 

C(26A) 3179(7) 4506(9) 4177(15) 77(9) 

C(27A) 2654(6) 4835(8) 3586(14) 65(8) 

C(25B) 2717(9) 4666(11) 4080(20) 21(12) 

C(27B) 2723(12) 4652(14) 3280(30) 62(16) 

C(26B) 3114(14) 4697(16) 4370(30) 73(16) 

C(28) 1498(4) 4691(4) 7489(10) 62(4) 

Cl(1) -1011(2) 6522(2) 10677(4) 75(2) 

Cl(2) -1137(2) 5735(2) 9659(5) 88(3) 

C(29) -1130(7) 6074(6) 10915(13) 46(7) 

C(30) -1397(7) 5846(7) 10391(12) 47(7) 

O(1A) -580(1) 5849(1) 9748(2) 117(16) 

C(31A) -909(1) 6007(1) 10098(1) 90(20) 

C(32A) -1160(1) 5665(1) 10300(2) 250(70) 

C(33A) -848(1) 6255(1) 10763(1) 270(80) 

C(34A) -1116(1) 6244(1) 9528(1) 130(30) 

C(35) -233(1) 6046(2) 9916(5) 159(18) 

O(1B) 216(1) 6160(1) 9602(2) 89(13) 

C(31B) 363(1) 6542(1) 9630(1) 53(14) 

C(32B) 525(1) 6592(1) 10385(1) 50(14) 

C(33B) 90(1) 6874(1) 9472(2) 160(40) 

C(34B) 693(1) 6554(1) 9092(1) 140(30) 
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Table A.27. Bond lengths (Å) for [Mo3(µ3-S)(µ-

SSe)3(S2CNiBu2)3][SeCN]·½ClCH2CH2Cl·½tBuOMe. Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

Mo(1)-S(4) 2.373(3) 

Mo(1)-S(3) 2.413(3) 

Mo(1)-S(1) 2.428(3) 

Mo(1)-S(5) 2.471(3) 

Mo(1)-S(6) 2.530(3) 

Mo(1)-Se(3) 2.5959(15) 

Mo(1)-Se(1) 2.6116(14) 

Mo(1)-Mo(3) 2.7205(13) 

Mo(1)-Mo(2) 2.7374(13) 

Mo(3)-S(4) 2.365(3) 

Mo(3)-S(3) 2.421(3) 

Mo(3)-S(2) 2.429(3) 

Mo(3)-S(9) 2.469(3) 

Mo(3)-S(10) 2.518(3) 

Mo(3)-Se(3) 2.6014(14) 

Mo(3)-Se(2) 2.6098(14) 

Mo(3)-Mo(2) 2.7256(13) 

Mo(2)-S(4) 2.372(3) 

Mo(2)-S(2) 2.414(3) 

Mo(2)-S(1) 2.420(3) 

Mo(2)-S(7) 2.467(3) 

Mo(2)-S(8) 2.532(3) 

Mo(2)-Se(2) 2.5991(14) 

Mo(2)-Se(1) 2.6201(14) 

Se(1)-S(1) 2.178(3) 

Se(2)-S(2) 2.237(3) 

Se(3)-S(3) 2.271(3) 

Se(4)-C(28) 1.684(19) 

S(5)-C(1) 1.713(12) 

S(6)-C(1) 1.718(12) 

S(7)-C(10) 1.702(11) 

S(8)-C(10) 1.710(11) 

S(9)-C(19) 1.718(12) 

S(10)-C(19) 1.722(12) 

N(1)-C(1) 1.338(13) 

N(1)-C(2) 1.459(14) 

N(1)-C(6) 1.487(14) 

N(2)-C(10) 1.322(12) 

N(2)-C(15) 1.469(14) 

N(2)-C(11) 1.496(14) 

N(3)-C(19) 1.318(13) 

N(3)-C(20) 1.465(14) 

N(3)-C(24) 1.466(13) 

N(4)-C(28) 1.207(19) 

C(2)-C(3) 1.522(16) 

C(2)-H(2A) 0.9900 

C(2)-H(2B) 0.9900 

C(3)-C(4) 1.506(17) 

C(3)-C(5) 1.519(17) 

C(3)-H(3) 1.0000 

C(4)-H(4A) 0.9800 

C(4)-H(4B) 0.9800 

C(4)-H(4C) 0.9800 

C(5)-H(5A) 0.9800 

C(5)-H(5B) 0.9800 

C(5)-H(5C) 0.9800 

C(6)-C(7) 1.528(19) 

C(6)-H(6A) 0.9900 

C(6)-H(6B) 0.9900 

C(7)-C(8) 1.477(19) 

C(7)-C(9) 1.55(2) 

C(7)-H(7) 1.0000 

C(8)-H(8A) 0.9800 

C(8)-H(8B) 0.9800 

C(8)-H(8C) 0.9800 

C(9)-H(9A) 0.9800 

C(9)-H(9B) 0.9800 

C(9)-H(9C) 0.9800 

C(11)-C(12) 1.514(16) 

C(11)-H(11A) 0.9900 

C(11)-H(11B) 0.9900 

C(12)-C(14) 1.520(16) 

C(12)-C(13) 1.527(17) 

C(12)-H(12) 1.0000 

C(13)-H(13A) 0.9800 

C(13)-H(13B) 0.9800 

C(13)-H(13C) 0.9800 

C(14)-H(14A) 0.9800 

C(14)-H(14B) 0.9800 

C(14)-H(14C) 0.9800 

C(15)-C(16) 1.529(16) 

C(15)-H(15A) 0.9900 

C(15)-H(15B) 0.9900 

C(16)-C(17) 1.502(17) 

C(16)-C(18) 1.517(18) 

C(16)-H(16) 1.0000 

C(17)-H(17A) 0.9800 

C(17)-H(17B) 0.9800 

C(17)-H(17C) 0.9800 

C(18)-H(18A) 0.9800 

C(18)-H(18B) 0.9800 

C(18)-H(18C) 0.9800
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Table A.27, Cont’d. Bond lengths (Å) for [Mo3(µ3-S)(µ-

SSe)3(S2CNiBu2)3][SeCN]·½ClCH2CH2Cl·½tBuOMe. Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

C(20)-C(21) 1.507(15) C(20)-H(20A) 0.9900

C(20)-H(20B) 0.9900 

C(21)-C(22) 1.520(15) 

C(21)-C(23) 1.521(16) 

C(21)-H(21) 1.0000 

C(22)-H(22A) 0.9800 

C(22)-H(22B) 0.9800 

C(22)-H(22C) 0.9800 

C(23)-H(23A) 0.9800 

C(23)-H(23B) 0.9800 

C(23)-H(23C) 0.9800 

C(24)-C(25A) 1.52(2) 

C(24)-C(25B) 1.57(3) 

C(24)-H(24A) 0.9900 

C(24)-H(24B) 0.9900 

C(25A)-C(27A) 1.47(4) 

C(25A)-C(26A) 1.51(3) 

C(25A)-H(25A) 1.0000 

C(26A)-H(26A) 0.9800 

C(26A)-H(26B) 0.9800 

C(26A)-H(26C) 0.9800 

C(27A)-H(27A) 0.9800 

C(27A)-H(27B) 0.9800 

C(27A)-H(27C) 0.9800 

C(25B)-C(26B) 1.51(5) 

C(25B)-C(27B) 1.53(8) 

C(25B)-H(25B) 1.0000 

C(27B)-H(27D) 0.9800 

C(27B)-H(27E) 0.9800 

C(27B)-H(27F) 0.9800 

C(26B)-H(26D) 0.9800 

C(26B)-H(26E) 0.9800 

C(26B)-H(26F) 0.9800 

Cl(1)-C(29) 1.70(2) 

Cl(2)-C(30) 1.71(3) 

C(29)-C(30) 1.59(3) 

C(29)-H(29A) 0.9900 

C(29)-H(29B) 0.9900 

C(30)-H(30A) 0.9900 

C(30)-H(30B) 0.9900 

O(1A)-C(31A) 1.44889(17) 

O(1A)-C(35) 1.4500(2) 

C(31A)-C(32A) 1.54899(19) 

C(31A)-C(33A) 1.54882(18) 

C(31A)-C(34A) 1.54899(16) 

C(32A)-H(32A) 0.9800 

C(32A)-H(32B) 0.9800 

C(32A)-H(32C) 0.9800 

C(33A)-H(33A) 0.9800 

C(33A)-H(33B) 0.9800 

C(33A)-H(33C) 0.9800 

C(34A)-H(34A) 0.9800 

C(34A)-H(34B) 0.9800 

C(34A)-H(34C) 0.9800 

C(35)-H(35A) 0.9800 

C(35)-H(35B) 0.9800 

C(35)-H(35C) 0.9800 

O(1B)-C(31B) 1.44889(19) 

C(31B)-C(33B) 1.5488(2) 

C(31B)-C(32B) 1.54899(18) 

C(31B)-C(34B) 1.54899(17) 

C(32B)-H(32D) 0.9800 

C(32B)-H(32E) 0.9800 

C(32B)-H(32F) 0.9800 

C(33B)-H(33D) 0.9800 

C(33B)-H(33E) 0.9800 

C(33B)-H(33F) 0.9800 

C(34B)-H(34D) 0.9800 

C(34B)-H(34E) 0.9800 

C(34B)-H(34F) 0.9800 
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Table A.28. Bond angles (deg.) for [Mo3(µ3-S)(µ-

SSe)3(S2CNiBu2)3][SeCN]·½ClCH2CH2Cl·½tBuOMe. Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

S(4)-Mo(1)-S(3) 110.18(10) 

S(4)-Mo(1)-S(1) 109.78(10) 

S(3)-Mo(1)-S(1) 84.19(10) 

S(4)-Mo(1)-S(5) 84.53(10) 

S(3)-Mo(1)-S(5) 134.89(10) 

S(1)-Mo(1)-S(5) 132.09(10) 

S(4)-Mo(1)-S(6) 154.51(10) 

S(3)-Mo(1)-S(6) 89.34(10) 

S(1)-Mo(1)-S(6) 87.74(9) 

S(5)-Mo(1)-S(6) 69.99(9) 

S(4)-Mo(1)-Se(3) 83.57(7) 

S(3)-Mo(1)-Se(3) 53.78(7) 

S(1)-Mo(1)-Se(3) 137.64(8) 

S(5)-Mo(1)-Se(3) 87.91(8) 

S(6)-Mo(1)-Se(3) 95.96(8) 

S(4)-Mo(1)-Se(1) 86.26(7) 

S(3)-Mo(1)-Se(1) 135.17(8) 

S(1)-Mo(1)-Se(1) 51.06(7) 

S(5)-Mo(1)-Se(1) 86.45(8) 

S(6)-Mo(1)-Se(1) 91.20(8) 

Se(3)-Mo(1)-Se(1) 168.79(5) 

S(4)-Mo(1)-Mo(3) 54.81(7) 

S(3)-Mo(1)-Mo(3) 55.91(7) 

S(1)-Mo(1)-Mo(3) 95.69(7) 

S(5)-Mo(1)-Mo(3) 127.24(8) 

S(6)-Mo(1)-Mo(3) 144.30(8) 

Se(3)-Mo(1)-Mo(3) 58.53(4) 

Se(1)-Mo(1)-Mo(3) 118.39(4) 

S(4)-Mo(1)-Mo(2) 54.74(7) 

S(3)-Mo(1)-Mo(2) 96.47(8) 

S(1)-Mo(1)-Mo(2) 55.49(7) 

S(5)-Mo(1)-Mo(2) 124.85(8) 

S(6)-Mo(1)-Mo(2) 141.67(8) 

Se(3)-Mo(1)-Mo(2) 117.94(5) 

Se(1)-Mo(1)-Mo(2) 58.60(4) 

Mo(3)-Mo(1)-Mo(2) 59.92(3) 

S(4)-Mo(3)-S(3) 110.15(10) 

S(4)-Mo(3)-S(2) 110.05(10) 

S(3)-Mo(3)-S(2) 84.11(10) 

S(4)-Mo(3)-S(9) 84.09(10) 

S(3)-Mo(3)-S(9) 133.78(10) 

S(2)-Mo(3)-S(9) 133.50(10) 

S(4)-Mo(3)-S(10) 154.35(10) 

S(3)-Mo(3)-S(10) 88.48(10) 

S(2)-Mo(3)-S(10) 88.68(10) 

S(9)-Mo(3)-S(10) 70.26(9) 

S(4)-Mo(3)-Se(3) 83.60(7) 

S(3)-Mo(3)-Se(3) 53.62(7) 

S(2)-Mo(3)-Se(3) 137.42(8) 

S(9)-Mo(3)-Se(3) 86.63(8) 

S(10)-Mo(3)-Se(3) 94.43(8) 

S(4)-Mo(3)-Se(2) 85.04(7) 

S(3)-Mo(3)-Se(2) 136.51(8) 

S(2)-Mo(3)-Se(2) 52.56(7) 

S(9)-Mo(3)-Se(2) 86.79(8) 

S(10)-Mo(3)-Se(2) 93.44(8) 

Se(3)-Mo(3)-Se(2) 167.40(5) 

S(4)-Mo(3)-Mo(1) 55.09(7) 

S(3)-Mo(3)-Mo(1) 55.60(7) 

S(2)-Mo(3)-Mo(1) 95.77(7) 

S(9)-Mo(3)-Mo(1) 126.21(8) 

S(10)-Mo(3)-Mo(1) 142.88(8) 

Se(3)-Mo(3)-Mo(1) 58.34(4) 

Se(2)-Mo(3)-Mo(1) 118.35(4) 

S(4)-Mo(3)-Mo(2) 54.99(7) 

S(3)-Mo(3)-Mo(2) 96.58(7) 

S(2)-Mo(3)-Mo(2) 55.48(7) 

S(9)-Mo(3)-Mo(2) 125.37(8) 

S(10)-Mo(3)-Mo(2) 142.77(8) 

Se(3)-Mo(3)-Mo(2) 118.18(5) 

Se(2)-Mo(3)-Mo(2) 58.26(4) 

Mo(1)-Mo(3)-Mo(2) 60.35(3) 

S(4)-Mo(2)-S(2) 110.34(10) 

S(4)-Mo(2)-S(1) 110.07(10) 

S(2)-Mo(2)-S(1) 83.08(10) 

S(4)-Mo(2)-S(7) 84.17(9) 

S(2)-Mo(2)-S(7) 133.09(10) 

S(1)-Mo(2)-S(7) 135.08(10) 

S(4)-Mo(2)-S(8) 153.60(10) 

S(2)-Mo(2)-S(8) 91.41(9) 

S(1)-Mo(2)-S(8) 86.60(9) 

S(7)-Mo(2)-S(8) 69.81(9) 

S(4)-Mo(2)-Se(2) 85.14(7) 

S(2)-Mo(2)-Se(2) 52.85(7) 

S(1)-Mo(2)-Se(2) 135.74(8) 

S(7)-Mo(2)-Se(2) 86.20(8) 

S(8)-Mo(2)-Se(2) 97.17(7) 

S(4)-Mo(2)-Se(1) 86.08(7) 

S(2)-Mo(2)-Se(1) 133.97(8) 

S(1)-Mo(2)-Se(1) 51.02(7) 

S(7)-Mo(2)-Se(1) 89.83(8) 

S(8)-Mo(2)-Se(1) 89.33(7)
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Table A.28, Cont’d. Bond angles (deg.) for [Mo3(µ3-S)(µ-

SSe)3(S2CNiBu2)3][SeCN]·½ClCH2CH2Cl·½tBuOMe. Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

Se(2)-Mo(2)-Se(1) 170.69(5) S(4)-Mo(2)-Mo(3) 54.75(7)

S(2)-Mo(2)-Mo(3) 56.01(7) 

S(1)-Mo(2)-Mo(3) 95.74(7) 

S(7)-Mo(2)-Mo(3) 125.10(7) 

S(8)-Mo(2)-Mo(3) 146.55(8) 

Se(2)-Mo(2)-Mo(3) 58.64(4) 

Se(1)-Mo(2)-Mo(3) 117.90(4) 

S(4)-Mo(2)-Mo(1) 54.77(7) 

S(2)-Mo(2)-Mo(1) 95.69(7) 

S(1)-Mo(2)-Mo(1) 55.75(7) 

S(7)-Mo(2)-Mo(1) 126.56(8) 

S(8)-Mo(2)-Mo(1) 140.23(7) 

Se(2)-Mo(2)-Mo(1) 118.12(4) 

Se(1)-Mo(2)-Mo(1) 58.30(4) 

Mo(3)-Mo(2)-Mo(1) 59.73(3) 

S(1)-Se(1)-Mo(1) 60.10(8) 

S(1)-Se(1)-Mo(2) 59.74(8) 

Mo(1)-Se(1)-Mo(2) 63.10(4) 

S(2)-Se(2)-Mo(2) 59.32(8) 

S(2)-Se(2)-Mo(3) 59.56(8) 

Mo(2)-Se(2)-Mo(3) 63.10(4) 

S(3)-Se(3)-Mo(1) 58.98(8) 

S(3)-Se(3)-Mo(3) 59.13(7) 

Mo(1)-Se(3)-Mo(3) 63.13(4) 

Se(1)-S(1)-Mo(2) 69.24(8) 

Se(1)-S(1)-Mo(1) 68.84(8) 

Mo(2)-S(1)-Mo(1) 68.76(8) 

Se(2)-S(2)-Mo(2) 67.83(8) 

Se(2)-S(2)-Mo(3) 67.88(8) 

Mo(2)-S(2)-Mo(3) 68.50(8) 

Se(3)-S(3)-Mo(1) 67.23(8) 

Se(3)-S(3)-Mo(3) 67.24(8) 

Mo(1)-S(3)-Mo(3) 68.49(8) 

Mo(3)-S(4)-Mo(2) 70.27(8) 

Mo(3)-S(4)-Mo(1) 70.10(8) 

Mo(2)-S(4)-Mo(1) 70.48(8) 

C(1)-S(5)-Mo(1) 88.2(4) 

C(1)-S(6)-Mo(1) 86.1(4) 

C(10)-S(7)-Mo(2) 89.1(4) 

C(10)-S(8)-Mo(2) 86.8(4) 

C(19)-S(9)-Mo(3) 89.2(4) 

C(19)-S(10)-Mo(3) 87.5(4) 

C(1)-N(1)-C(2) 123.1(9) 

C(1)-N(1)-C(6) 119.0(9) 

C(2)-N(1)-C(6) 117.8(9) 

C(10)-N(2)-C(15) 120.5(9) 

C(10)-N(2)-C(11) 122.0(9) 

C(15)-N(2)-C(11) 117.5(9) 

C(19)-N(3)-C(20) 122.7(9) 

C(19)-N(3)-C(24) 121.5(9) 

C(20)-N(3)-C(24) 115.7(9) 

N(1)-C(1)-S(5) 122.9(8) 

N(1)-C(1)-S(6) 123.6(8) 

S(5)-C(1)-S(6) 113.5(7) 

N(1)-C(2)-C(3) 114.1(10) 

N(1)-C(2)-H(2A) 108.7 

C(3)-C(2)-H(2A) 108.7 

N(1)-C(2)-H(2B) 108.7 

C(3)-C(2)-H(2B) 108.7 

H(2A)-C(2)-H(2B) 107.6 

C(4)-C(3)-C(5) 112.1(11) 

C(4)-C(3)-C(2) 112.4(10) 

C(5)-C(3)-C(2) 109.1(10) 

C(4)-C(3)-H(3) 107.7 

C(5)-C(3)-H(3) 107.7 

C(2)-C(3)-H(3) 107.7 

C(3)-C(4)-H(4A) 109.5 

C(3)-C(4)-H(4B) 109.5 

H(4A)-C(4)-H(4B) 109.5 

C(3)-C(4)-H(4C) 109.5 

H(4A)-C(4)-H(4C) 109.5 

H(4B)-C(4)-H(4C) 109.5 

C(3)-C(5)-H(5A) 109.5 

C(3)-C(5)-H(5B) 109.5 

H(5A)-C(5)-H(5B) 109.5 

C(3)-C(5)-H(5C) 109.5 

H(5A)-C(5)-H(5C) 109.5 

H(5B)-C(5)-H(5C) 109.5 

N(1)-C(6)-C(7) 113.6(11) 

N(1)-C(6)-H(6A) 108.8 

C(7)-C(6)-H(6A) 108.8 

N(1)-C(6)-H(6B) 108.8 

C(7)-C(6)-H(6B) 108.8 

H(6A)-C(6)-H(6B) 107.7 

C(8)-C(7)-C(6) 113.3(12) 

C(8)-C(7)-C(9) 110.4(12) 

C(6)-C(7)-C(9) 106.9(14) 

C(8)-C(7)-H(7) 108.7 

C(6)-C(7)-H(7) 108.7 

C(9)-C(7)-H(7) 108.7 

C(7)-C(8)-H(8A) 109.5
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Table A.28, Cont’d. Bond angles (deg.) for [Mo3(µ3-S)(µ-

SSe)3(S2CNiBu2)3][SeCN]·½ClCH2CH2Cl·½tBuOMe. Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

C(7)-C(8)-H(8B) 109.5 

H(8A)-C(8)-H(8B) 109.5 

C(7)-C(8)-H(8C) 109.5 

H(8A)-C(8)-H(8C) 109.5

H(8B)-C(8)-H(8C) 109.5 

C(7)-C(9)-H(9A) 109.5 

C(7)-C(9)-H(9B) 109.5 

H(9A)-C(9)-H(9B) 109.5 

C(7)-C(9)-H(9C) 109.5 

H(9A)-C(9)-H(9C) 109.5 

H(9B)-C(9)-H(9C) 109.5 

N(2)-C(10)-S(7) 121.3(8) 

N(2)-C(10)-S(8) 124.7(8) 

S(7)-C(10)-S(8) 114.0(6) 

N(2)-C(11)-C(12) 113.3(9) 

N(2)-C(11)-H(11A) 108.9 

C(12)-C(11)-H(11A) 108.9 

N(2)-C(11)-H(11B) 108.9 

C(12)-C(11)-H(11B) 108.9 

H(11A)-C(11)-H(11B) 107.7 

C(11)-C(12)-C(14) 108.5(10) 

C(11)-C(12)-C(13) 112.5(9) 

C(14)-C(12)-C(13) 111.5(10) 

C(11)-C(12)-H(12) 108.1 

C(14)-C(12)-H(12) 108.1 

C(13)-C(12)-H(12) 108.1 

C(12)-C(13)-H(13A) 109.5 

C(12)-C(13)-H(13B) 109.5 

H(13A)-C(13)-H(13B) 109.5 

C(12)-C(13)-H(13C) 109.5 

H(13A)-C(13)-H(13C) 109.5 

H(13B)-C(13)-H(13C) 109.5 

C(12)-C(14)-H(14A) 109.5 

C(12)-C(14)-H(14B) 109.5 

H(14A)-C(14)-H(14B) 109.5 

C(12)-C(14)-H(14C) 109.5 

H(14A)-C(14)-H(14C) 109.5 

H(14B)-C(14)-H(14C) 109.5 

N(2)-C(15)-C(16) 115.0(10) 

N(2)-C(15)-H(15A) 108.5 

C(16)-C(15)-H(15A) 108.5 

N(2)-C(15)-H(15B) 108.5 

C(16)-C(15)-H(15B) 108.5 

H(15A)-C(15)-H(15B) 107.5 

C(17)-C(16)-C(18) 111.1(11) 

C(17)-C(16)-C(15) 112.9(11) 

C(18)-C(16)-C(15) 108.7(11) 

C(17)-C(16)-H(16) 108.0 

C(18)-C(16)-H(16) 108.0 

C(15)-C(16)-H(16) 108.0 

C(16)-C(17)-H(17A) 109.5 

C(16)-C(17)-H(17B) 109.5 

H(17A)-C(17)-H(17B) 109.5 

C(16)-C(17)-H(17C) 109.5 

H(17A)-C(17)-H(17C) 109.5 

H(17B)-C(17)-H(17C) 109.5 

C(16)-C(18)-H(18A) 109.5 

C(16)-C(18)-H(18B) 109.5 

H(18A)-C(18)-H(18B) 109.5 

C(16)-C(18)-H(18C) 109.5 

H(18A)-C(18)-H(18C) 109.5 

H(18B)-C(18)-H(18C) 109.5 

N(3)-C(19)-S(9) 122.5(9) 

N(3)-C(19)-S(10) 124.4(8) 

S(9)-C(19)-S(10) 113.1(7) 

N(3)-C(20)-C(21) 114.0(9) 

N(3)-C(20)-H(20A) 108.8 

C(21)-C(20)-H(20A) 108.8 

N(3)-C(20)-H(20B) 108.8 

C(21)-C(20)-H(20B) 108.8 

H(20A)-C(20)-H(20B) 107.7 

C(20)-C(21)-C(22) 110.7(10) 

C(20)-C(21)-C(23) 112.1(9) 

C(22)-C(21)-C(23) 110.2(10) 

C(20)-C(21)-H(21) 107.9 

C(22)-C(21)-H(21) 107.9 

C(23)-C(21)-H(21) 107.9 

C(21)-C(22)-H(22A) 109.5 

C(21)-C(22)-H(22B) 109.5 

H(22A)-C(22)-H(22B) 109.5 

C(21)-C(22)-H(22C) 109.5 

H(22A)-C(22)-H(22C) 109.5 

H(22B)-C(22)-H(22C) 109.5 

C(21)-C(23)-H(23A) 109.5 

C(21)-C(23)-H(23B) 109.5 

H(23A)-C(23)-H(23B) 109.5 

C(21)-C(23)-H(23C) 109.5 

H(23A)-C(23)-H(23C) 109.5 

H(23B)-C(23)-H(23C) 109.5 

N(3)-C(24)-C(25A) 114.2(11) 

N(3)-C(24)-C(25B) 114.5(14) 

N(3)-C(24)-H(24A) 108.7
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Table A.28, Cont’d. Bond angles (deg.) for [Mo3(µ3-S)(µ-

SSe)3(S2CNiBu2)3][SeCN]·½ClCH2CH2Cl·½tBuOMe. Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

C(25A)-C(24)-H(24A) 108.7 

N(3)-C(24)-H(24B) 108.7 

C(25A)-C(24)-H(24B) 108.7 

H(24A)-C(24)-H(24B) 107.6 

C(27A)-C(25A)-C(26A) 111.2(19) 

C(27A)-C(25A)-C(24) 111(2)

C(26A)-C(25A)-C(24) 109.5(17) 

C(27A)-C(25A)-H(25A) 108.3 

C(26A)-C(25A)-H(25A) 108.3 

C(24)-C(25A)-H(25A) 108.3 

C(25A)-C(26A)-H(26A) 109.5 

C(25A)-C(26A)-H(26B) 109.5 

H(26A)-C(26A)-H(26B) 109.5 

C(25A)-C(26A)-H(26C) 109.5 

H(26A)-C(26A)-H(26C) 109.5 

H(26B)-C(26A)-H(26C) 109.5 

C(25A)-C(27A)-H(27A) 109.5 

C(25A)-C(27A)-H(27B) 109.5 

H(27A)-C(27A)-H(27B) 109.5 

C(25A)-C(27A)-H(27C) 109.5 

H(27A)-C(27A)-H(27C) 109.5 

H(27B)-C(27A)-H(27C) 109.5 

C(26B)-C(25B)-C(27B) 110(3) 

C(26B)-C(25B)-C(24) 110(3) 

C(27B)-C(25B)-C(24) 111(3) 

C(26B)-C(25B)-H(25B) 108.7 

C(27B)-C(25B)-H(25B) 108.7 

C(24)-C(25B)-H(25B) 108.7 

C(25B)-C(27B)-H(27D) 109.5 

C(25B)-C(27B)-H(27E) 109.5 

H(27D)-C(27B)-H(27E) 109.5 

C(25B)-C(27B)-H(27F) 109.5 

H(27D)-C(27B)-H(27F) 109.5 

H(27E)-C(27B)-H(27F) 109.5 

C(25B)-C(26B)-H(26D) 109.5 

C(25B)-C(26B)-H(26E) 109.5 

H(26D)-C(26B)-H(26E) 109.5 

C(25B)-C(26B)-H(26F) 109.5 

H(26D)-C(26B)-H(26F) 109.5 

H(26E)-C(26B)-H(26F) 109.5 

N(4)-C(28)-Se(4) 175.6(14) 

C(30)-C(29)-Cl(1) 117.1(17) 

C(30)-C(29)-H(29A) 108.0 

Cl(1)-C(29)-H(29A) 108.0 

C(30)-C(29)-H(29B) 108.0 

Cl(1)-C(29)-H(29B) 108.0 

H(29A)-C(29)-H(29B) 107.3 

C(29)-C(30)-Cl(2) 107.6(17) 

C(29)-C(30)-H(30A) 110.2 

Cl(2)-C(30)-H(30A) 110.2 

C(29)-C(30)-H(30B) 110.2 

Cl(2)-C(30)-H(30B) 110.2 

H(30A)-C(30)-H(30B) 108.5 

C(31A)-O(1A)-C(35) 113.191(12) 

O(1A)-C(31A)-C(32A) 105.711(10) 

O(1A)-C(31A)-C(33A) 118.57(3) 

C(32A)-C(31A)-C(33A) 108.839(12) 

O(1A)-C(31A)-C(34A) 105.711(12) 

C(32A)-C(31A)-C(34A) 108.825(10) 

C(33A)-C(31A)-C(34A) 108.839(13) 

C(31A)-C(32A)-H(32A) 109.5 

C(31A)-C(32A)-H(32B) 109.5 

H(32A)-C(32A)-H(32B) 109.5 

C(31A)-C(32A)-H(32C) 109.5 

H(32A)-C(32A)-H(32C) 109.5 

H(32B)-C(32A)-H(32C) 109.5 

C(31A)-C(33A)-H(33A) 109.5 

C(31A)-C(33A)-H(33B) 109.5 

H(33A)-C(33A)-H(33B) 109.5 

C(31A)-C(33A)-H(33C) 109.5 

H(33A)-C(33A)-H(33C) 109.5 

H(33B)-C(33A)-H(33C) 109.5 

C(31A)-C(34A)-H(34A) 109.5 

C(31A)-C(34A)-H(34B) 109.5 

H(34A)-C(34A)-H(34B) 109.5 

C(31A)-C(34A)-H(34C) 109.5 

H(34A)-C(34A)-H(34C) 109.5 

H(34B)-C(34A)-H(34C) 109.5 

O(1A)-C(35)-H(35A) 109.5 

O(1A)-C(35)-H(35B) 109.5 

H(35A)-C(35)-H(35B) 109.5 

O(1A)-C(35)-H(35C) 109.5 

H(35A)-C(35)-H(35C) 109.5 

H(35B)-C(35)-H(35C) 109.5 

O(1B)-C(31B)-C(33B) 118.57(3) 

O(1B)-C(31B)-C(32B) 105.711(11) 

C(33B)-C(31B)-C(32B) 108.839(10) 

O(1B)-C(31B)-C(34B) 105.711(10) 

C(33B)-C(31B)-C(34B) 108.839(11) 

C(32B)-C(31B)-C(34B) 108.826(13) 

C(31B)-C(32B)-H(32D) 109.5 

C(31B)-C(32B)-H(32E) 109.5
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Table A.28, Cont’d. Bond angles (deg.) for [Mo3(µ3-S)(µ-

SSe)3(S2CNiBu2)3][SeCN]·½ClCH2CH2Cl·½tBuOMe. Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

H(32D)-C(32B)-H(32E) 109.5 

C(31B)-C(32B)-H(32F) 109.5 

H(32D)-C(32B)-H(32F) 109.5 

H(32E)-C(32B)-H(32F) 109.5 

C(31B)-C(33B)-H(33D) 109.5 

C(31B)-C(33B)-H(33E) 109.5 

H(33D)-C(33B)-H(33E) 109.5 

C(31B)-C(33B)-H(33F) 109.5 

H(33D)-C(33B)-H(33F) 109.5 

H(33E)-C(33B)-H(33F) 109.5 

C(31B)-C(34B)-H(34D) 109.5 

C(31B)-C(34B)-H(34E) 109.5 

H(34D)-C(34B)-H(34E) 109.5 

C(31B)-C(34B)-H(34F) 109.5 

H(34D)-C(34B)-H(34F) 109.5 

H(34E)-C(34B)-H(34F) 109.5 
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Table A.29. Anisotropic displacement parameters (Å2 x 103) for [Mo3(µ3-S)(µ-

SSe)3(S2CNiBu2)3][SeCN]·½ClCH2CH2Cl·½tBuOMe. The anisotropic displacement factor 

exponent takes the form: -2π2[h2 a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

Mo(1) 23(1) 25(1) 24(1) 3(1) 0(1) -2(1) 

Mo(3) 22(1) 22(1) 28(1) 2(1) 1(1) -1(1) 

Mo(2) 22(1) 23(1) 24(1) 2(1) 0(1) -1(1) 

Se(1) 28(1) 30(1) 30(1) 0(1) 0(1) 3(1) 

Se(2) 28(1) 30(1) 30(1) 4(1) 5(1) 0(1) 

Se(3) 29(1) 28(1) 36(1) 8(1) -1(1) -1(1) 

Se(4) 43(1) 39(1) 78(1) 3(1) -14(1) 1(1) 

S(1) 21(2) 29(2) 28(2) 4(1) 1(1) 0(1) 

S(2) 31(2) 24(2) 26(2) 1(1) 1(1) -1(1) 

S(3) 24(2) 29(2) 32(2) 1(1) 1(1) -4(1) 

S(4) 21(2) 23(2) 29(2) 2(1) -2(1) -2(1) 

S(5) 28(2) 45(2) 29(2) 2(2) -3(1) -8(2) 

S(6) 29(2) 40(2) 24(2) 1(1) 2(1) -4(1) 

S(7) 28(2) 25(2) 36(2) 4(1) -4(1) -2(1) 

S(8) 27(2) 29(2) 31(2) 4(1) -4(1) 1(1) 

S(9) 25(2) 29(2) 39(2) 0(2) -2(1) -1(1) 

S(10) 31(2) 28(2) 40(2) -3(2) -2(2) 2(1) 

N(1) 31(7) 47(7) 32(7) -1(5) 1(6) -2(5) 

N(2) 31(6) 27(7) 36(6) -2(5) -1(5) -4(5) 

N(3) 27(7) 23(6) 39(6) 0(5) 6(5) 4(5) 

N(4) 111(12) 76(10) 80(11) 6(9) -17(10) -1(8) 

C(1) 32(7) 41(8) 23(8) 7(6) 1(6) 1(6) 

C(2) 34(8) 49(9) 28(7) -2(6) 12(6) -8(7) 

C(3) 52(10) 41(9) 55(10) -10(7) 3(7) 9(7) 

C(4) 73(11) 52(10) 74(11) 23(8) 20(8) 20(8) 

C(5) 47(10) 59(9) 63(10) -1(8) 4(7) 10(7) 

C(6) 38(8) 81(10) 28(8) -16(8) 4(7) -10(8) 

C(7) 47(10) 137(15) 42(9) -11(10) -13(9) 5(10) 

C(8) 74(11) 95(12) 46(9) 3(9) -12(9) -2(9) 

C(9) 70(12) 240(30) 69(12) 14(14) -10(10) -60(15) 

C(10) 37(7) 10(7) 30(7) 5(5) 11(6) -2(5) 

C(11) 32(7) 34(7) 39(8) 2(6) 7(7) 3(6) 

C(12) 44(8) 34(8) 47(9) 14(7) -15(7) -18(6) 

C(13) 53(9) 84(11) 32(8) 8(8) 4(7) -2(8) 

C(14) 76(10) 46(9) 59(9) 25(7) -22(8) -9(8) 

C(15) 49(8) 30(7) 33(8) 4(6) -2(6) 1(6) 

C(16) 54(9) 35(8) 53(10) -9(7) 2(7) 3(7) 

C(17) 74(11) 79(11) 51(9) -4(8) 3(8) -1(9) 

C(18) 77(12) 87(12) 77(11) -32(10) -31(9) -2(9) 

C(19) 33(8) 21(7) 33(7) 6(6) 11(6) -1(6) 

C(20) 44(8) 26(8) 40(8) 8(7) 9(6) 8(6) 

C(21) 40(8) 37(8) 36(8) 0(7) -4(6) 10(6) 

C(22) 68(10) 32(8) 44(8) -6(7) 8(7) 7(7) 



242 
 

 
 

Table A.29, Cont’d. Anisotropic displacement parameters (Å2 x 103) for [Mo3(µ3-S)(µ-

SSe)3(S2CNiBu2)3][SeCN]·½ClCH2CH2Cl·½tBuOMe. The anisotropic displacement factor 

exponent takes the form: -2π2[h2 a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

C(23) 65(10) 40(8) 37(8) -8(6) -1(7) -6(7) 

C(24) 26(8) 40(8) 48(8) 5(6) 0(6) 1(6) 

C(28) 66(11) 40(9) 81(13) 14(9) -33(10) -10(7) 
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Table A.30. Hydrogen coordinates (x 104) and isotropic displacement parameters (Å2 x 

103) for [Mo3(µ3-S)(µ-SSe)3(S2CNiBu2)3][SeCN]·½ClCH2CH2Cl·½tBuOMe. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(2A) -271 5223 8194 44 

H(2B) -321 5150 7364 44 

H(3) -344 5878 8018 59 

H(4A) -471 5706 6568 100 

H(4B) -127 5950 6874 100 

H(4C) -549 6112 6914 100 

H(5A) -994 5866 7838 85 

H(5B) -877 5498 8280 85 

H(5C) -967 5464 7452 85 

H(6A) 227 5704 8497 59 

H(6B) 585 5737 7983 59 

H(7) 778 5113 8352 90 

H(8A) 229 5194 9430 107 

H(8B) 526 4854 9360 107 

H(8C) 195 4900 8789 107 

H(9A) 739 5624 9535 190 

H(9B) 998 5721 8866 190 

H(9C) 1086 5354 9332 190 

H(11A) 702 7317 3726 42 

H(11B) 568 6921 3404 42 

H(12) 1189 7351 2869 50 

H(13A) 859 6702 2208 84 

H(13B) 1250 6689 2636 84 

H(13C) 1219 6931 1924 84 

H(14A) 446 7282 2290 91 

H(14B) 785 7510 1923 91 

H(14C) 611 7655 2656 91 

H(15A) 1398 7342 3997 45 

H(15B) 1610 6960 4211 45 

H(16) 1286 6962 5318 57 

H(17A) 980 7518 5692 102 

H(17B) 757 7320 5056 102 

H(17C) 1012 7685 4907 102 

H(18A) 1741 7610 5031 121 

H(18B) 1895 7204 5271 121 

H(18C) 1656 7457 5812 121 

H(20A) 2321 3893 3348 44 

H(20B) 1872 3946 3356 44 

H(21) 2262 3524 4410 45 

H(22A) 1890 3200 3214 72 

H(22B) 2111 2971 3816 72 

H(22C) 2339 3236 3279 72 

H(23A) 1636 3740 4708 71 

H(23B) 1685 3291 4755 71 



244 
 

 
 

Table A.30, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for [Mo3(µ3-S)(µ-SSe)3(S2CNiBu2)3][SeCN]·½ClCH2CH2Cl·½tBuOMe. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(23C) 1475 3477 4089 71 

H(24A) 2625 4065 4575 46 

H(24B) 2503 4483 4801 46 

H(25A) 2806 4289 3447 56 

H(26A) 3262 4258 4351 116 

H(26B) 3357 4597 3818 116 

H(26C) 3170 4685 4571 116 

H(27A) 2407 4800 3362 97 

H(27B) 2834 4933 3238 97 

H(27C) 2631 5013 3980 97 

H(25B) 2571 4895 4235 25 

H(27D) 2917 4472 3121 93 

H(27E) 2782 4904 3091 93 

H(27F) 2475 4571 3103 93 

H(26D) 3106 4706 4888 109 

H(26E) 3261 4477 4219 109 

H(26F) 3232 4928 4189 109 

H(29A) -894 5927 10976 55 

H(29B) -1256 6085 11382 55 

H(30A) -1618 6003 10257 56 

H(30B) -1490 5613 10622 56 

H(32A) -1388 5755 10540 369 

H(32B) -1231 5527 9871 369 

H(32C) -1019 5497 10616 369 

H(33A) -1093 6342 10941 410 

H(33B) -720 6107 11130 410 

H(33C) -692 6474 10639 410 

H(34A) -1342 6359 9735 195 

H(34B) -947 6443 9355 195 

H(34C) -1189 6080 9134 195 

H(35A) -22 5927 9666 239 

H(35B) -254 6311 9769 239 

H(35C) -188 6034 10427 239 

H(32D) 629 6847 10436 75 

H(32E) 323 6554 10733 75 

H(32F) 725 6405 10465 75 

H(33D) 228 7114 9510 246 

H(33E) -11 6848 8992 246 

H(33F) -118 6872 9813 246 

H(34D) 804 6807 9087 207 

H(34E) 886 6369 9230 207 

H(34F) 598 6492 8619 207 
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Table A.31. Crystal Data and Structure Refinement for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). 

 

Identification code JPD1172_0m_a 

Empirical formula C29H54.67Cl0.33IMo3N3S6Se7 

Formula weight 1617.04 

Temperature 156(2) K 

Wavelength 0.71073 Å 

Crystal system Monoclinic 

Space group P21/c 

Unit cell dimensions a = 27.7223(8) Å α = 90° 

 b = 13.5820(4) Å β = 90.9170(10)° 

 c = 40.7503(11) Å γ = 90° 

Volume 15341.5(8) Å3 

Z 12 

Density (calculated) 2.100 g/cm3 

Absorption coefficient 6.597 mm-1 

F(000) 9220 

Crystal size 0.503 x 0.406 x 0.312 mm3 

θ range for data collection 1.250 to 29.645° 

Index ranges -38 ≤ h ≤ 38, -18 ≤ k ≤ 18, -56 ≤ l ≤ 56 
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Table A.31, Cont’d. Crystal Data and Structure Refinement for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). 

 

Reflections collected 1076082 

Independent reflections 43161 [R(int) = 0.0626] 

Completeness to θ = 25.242° 99.9 % 

Absorption correction Semi-empirical from equivalents 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 43161 / 0 / 1329 

Goodness-of-fit on F2 1.080 

Final R indices [I>2σ(I)] R1 = 0.0566, wR2 = 0.1495 

R indices (all data) R1 = 0.0695, wR2 = 0.1615 

Extinction coefficient n/a 

Largest diff. peak and hole 2.620 and -5.018 e·Å-3 
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Table A.32. Atomic coordinates (x 104) and equivalent isotropic displacement parameters 

(Å2 x 103) for [Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). U(eq) is defined as one 

third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

I(1) 2677(1) 11202(1) 4110(1) 45(1) 

I(2) 1097(1) 6070(1) 1473(1) 36(1) 

I(3) 4890(1) 3212(1) 6236(1) 29(1) 

Mo(1) 1528(1) 8847(1) 3782(1) 19(1) 

Mo(2) 1619(1) 8843(1) 4456(1) 25(1) 

Mo(3) 2283(1) 7862(1) 4078(1) 23(1) 

Mo(4) 1698(1) 6087(1) 2528(1) 15(1) 

Mo(5) 2063(1) 7742(1) 2221(1) 15(1) 

Mo(6) 2480(1) 5936(1) 2120(1) 15(1) 

Mo(7) 4553(1) 6521(1) 6046(1) 19(1) 

Mo(8) 4206(1) 6037(1) 6656(1) 19(1) 

Mo(9) 3679(1) 5564(1) 6099(1) 20(1) 

Se(1) 1596(1) 10418(1) 4120(1) 29(1) 

Se(2) 871(1) 9582(1) 4154(1) 37(1) 

Se(3) 2517(1) 9191(1) 4492(1) 33(1) 

Se(4) 2276(1) 7696(1) 4714(1) 43(1) 

Se(5) 2406(1) 9248(1) 3666(1) 27(1) 

Se(6) 2124(1) 7786(1) 3444(1) 27(1) 

Se(7) 1432(1) 7360(1) 4124(1) 49(1) 

Se(8) 1192(1) 7194(1) 2158(1) 22(1) 

Se(9) 1398(1) 7857(1) 2664(1) 26(1) 

Se(10) 2142(1) 6990(1) 1654(1) 22(1) 

Se(11) 2854(1) 7539(1) 1891(1) 25(1) 

Se(12) 1705(1) 4974(1) 2025(1) 23(1) 

Se(13) 2179(1) 4457(1) 2466(1) 29(1) 

Se(14) 2500(1) 6805(1) 2650(1) 37(1) 

Se(15) 5023(1) 5467(1) 6455(1) 24(1) 

Se(16) 4971(1) 7127(1) 6580(1) 30(1) 

Se(17) 4377(1) 4877(1) 5773(1) 26(1) 

Se(18) 3988(1) 6223(1) 5543(1) 34(1) 

Se(19) 3952(1) 4286(1) 6515(1) 25(1) 

Se(20) 3337(1) 5318(1) 6685(1) 28(1) 

Se(21) 3828(1) 7277(1) 6286(1) 42(1) 

S(1) 1282(1) 9911(1) 3305(1) 25(1) 

S(2) 853(1) 8068(1) 3473(1) 23(1) 

S(3) 1538(1) 9976(2) 4941(1) 37(1) 

S(4) 1042(1) 8143(2) 4858(1) 36(1) 

S(5) 3171(1) 7479(1) 4055(1) 35(1) 

S(6) 2407(1) 6056(1) 4037(1) 32(1) 
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Table A.32, Cont’d. Atomic coordinates (x 104) and equivalent isotropic displacement 

parameters (Å2 x 103) for [Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). U(eq) is 

defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

S(7) 924(1) 5229(1) 2683(1) 26(1) 

S(8) 1697(1) 5727(1) 3128(1) 22(1) 

S(9) 1827(1) 9311(1) 1927(1) 24(1) 

S(10) 2452(1) 9183(1) 2492(1) 25(1) 

S(11) 2881(1) 4924(1) 1683(1) 25(1) 

S(12) 3294(1) 5428(1) 2310(1) 24(1) 

S(13) 5324(1) 6595(1) 5724(1) 26(1) 

S(14) 4676(1) 8197(1) 5815(1) 28(1) 

S(15) 4434(1) 5350(1) 7212(1) 25(1) 

S(16) 3971(1) 7205(1) 7095(1) 24(1) 

S(17) 3173(1) 4230(1) 5832(1) 28(1) 

S(18) 2872(1) 6224(1) 5942(1) 29(1) 

N(1) 444(2) 9299(4) 3028(1) 21(1) 

N(2) 913(3) 9311(5) 5389(2) 35(2) 

N(3) 3348(2) 5535(5) 4054(2) 31(1) 

N(4) 897(2) 4798(5) 3327(2) 25(1) 

N(5) 2193(2) 10919(4) 2223(2) 26(1) 

N(6) 3743(2) 4226(4) 1890(2) 26(1) 

N(7) 5507(2) 8412(4) 5488(2) 26(1) 

N(8) 4100(2) 6470(4) 7704(1) 24(1) 

N(9) 2308(2) 4904(5) 5626(2) 27(1) 

C(1) 806(2) 9116(5) 3238(2) 20(1) 

C(2) 66(2) 8544(5) 2961(2) 24(1) 

C(3) -412(2) 8721(5) 3130(2) 28(1) 

C(4) -776(3) 7962(7) 3000(3) 42(2) 

C(5) -368(3) 8660(7) 3504(2) 37(2) 

C(6) 438(3) 10190(5) 2825(2) 25(1) 

C(7) 113(3) 11025(6) 2954(2) 31(2) 

C(8) 249(4) 11367(6) 3296(2) 42(2) 

C(9) 144(3) 11868(7) 2707(2) 41(2) 

C(10) 1135(3) 9168(6) 5103(2) 36(2) 

C(11) 670(4) 8505(7) 5558(2) 39(2) 

C(12) 136(4) 8659(8) 5618(2) 45(2) 

C(13) -157(5) 8729(9) 5301(3) 58(3) 

C(14) -44(5) 7790(10) 5822(3) 64(3) 

C(15) 1048(4) 10186(7) 5591(2) 41(2) 

C(16) 831(4) 11178(7) 5479(2) 42(2) 

C(17) 1125(5) 12001(9) 5640(4) 69(3) 

C(18) 302(4) 11276(8) 5558(2) 49(2) 
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Table A.32, Cont’d. Atomic coordinates (x 104) and equivalent isotropic displacement 

parameters (Å2 x 103) for [Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). U(eq) is 

defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

C(19) 3026(3) 6251(5) 4042(2) 29(1) 

C(20) 3233(3) 4506(6) 3982(2) 34(2) 

C(21) 3365(3) 4224(6) 3632(2) 41(2) 

C(22) 3432(5) 3137(8) 3602(3) 61(3) 

C(23) 2985(4) 4603(8) 3381(2) 49(2) 

C(24) 3850(3) 5751(6) 4154(2) 31(2) 

C(25) 3899(3) 5863(7) 4529(2) 38(2) 

C(26) 3683(4) 5024(8) 4716(2) 48(2) 

C(27) 4433(3) 6016(7) 4619(2) 39(2) 

C(28) 1134(2) 5195(5) 3085(2) 22(1) 

C(29) 425(3) 4320(6) 3266(2) 34(2) 

C(30A) 3(5) 5091(10) 3254(3) 40(3) 

C(31A) -64(6) 5680(12) 3580(4) 51(3) 

C(32A) -466(6) 4545(13) 3155(4) 53(3) 

C(30B) 9(11) 4670(20) 3418(8) 40(3) 

C(31B) -39(13) 5700(30) 3348(9) 51(3) 

C(32B) -447(14) 4120(30) 3287(10) 53(3) 

C(33) 1097(3) 4763(6) 3663(2) 32(2) 

C(34A) 1204(8) 3764(15) 3786(5) 39(3) 

C(35A) 1584(9) 3292(19) 3580(6) 53(3) 

C(36A) 1380(10) 3827(19) 4152(6) 52(4) 

C(34B) 1465(6) 3891(12) 3716(4) 39(3) 

C(35B) 1287(8) 2929(15) 3620(5) 53(3) 

C(36B) 1630(8) 3869(16) 4090(5) 52(4) 

C(37) 2163(2) 9941(5) 2214(2) 24(1) 

C(38) 1946(3) 11536(5) 1975(2) 28(1) 

C(39) 2228(3) 11677(6) 1660(2) 36(2) 

C(40) 2728(4) 12101(7) 1722(3) 49(2) 

C(41) 1935(5) 12370(8) 1434(3) 59(3) 

C(42) 2442(3) 11413(5) 2495(2) 33(2) 

C(43) 2153(4) 11460(6) 2810(2) 41(2) 

C(44) 2435(5) 12032(8) 3067(3) 63(3) 

C(45) 1651(4) 11888(7) 2752(2) 45(2) 

C(46) 3358(2) 4782(5) 1951(2) 24(1) 

C(47) 3819(3) 3823(6) 1561(2) 31(2) 

C(48) 4044(3) 4577(6) 1331(2) 38(2) 

C(49) 4539(4) 4889(9) 1447(3) 59(3) 

C(50) 4051(5) 4157(8) 984(2) 55(3) 

C(51) 4108(3) 4056(6) 2148(2) 31(2) 
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Table A.32, Cont’d. Atomic coordinates (x 104) and equivalent isotropic displacement 

parameters (Å2 x 103) for [Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). U(eq) is 

defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

C(52) 3952(4) 3316(7) 2402(2) 46(2) 

C(53) 3917(5) 2314(8) 2266(3) 64(3) 

C(54) 4306(5) 3377(11) 2698(3) 75(4) 

C(55) 5214(2) 7823(5) 5653(2) 26(1) 

C(56) 5957(3) 8051(6) 5346(2) 31(2) 

C(57) 5927(4) 8028(8) 4967(3) 51(2) 

C(58) 5530(5) 7370(11) 4841(3) 67(3) 

C(59) 6436(5) 7713(12) 4850(4) 83(5) 

C(60) 5390(3) 9454(5) 5437(2) 32(2) 

C(61A) 5776(5) 10182(10) 5583(3) 38(2) 

C(62A) 5598(7) 11261(14) 5503(5) 58(4) 

C(63A) 5883(8) 10039(15) 5926(5) 62(4) 

C(61B) 5546(10) 10070(20) 5735(7) 38(2) 

C(62B) 5399(14) 11160(30) 5634(10) 58(4) 

C(63B) 6095(15) 10020(30) 5815(10) 62(4) 

C(64) 4160(2) 6358(5) 7384(2) 22(1) 

C(65) 4289(3) 5729(6) 7934(2) 28(1) 

C(66) 3943(4) 4876(7) 7994(3) 47(2) 

C(67) 3487(4) 5143(11) 8155(4) 71(4) 

C(68) 4224(5) 4106(9) 8190(4) 77(4) 

C(69) 3860(3) 7325(6) 7839(2) 29(2) 

C(70) 4202(3) 8021(7) 8021(2) 38(2) 

C(71) 3913(4) 8814(8) 8184(3) 56(3) 

C(72) 4560(4) 8466(9) 7793(3) 62(3) 

C(73) 2728(2) 5084(6) 5780(2) 26(1) 

C(74) 2209(3) 3954(6) 5473(2) 32(2) 

C(75A) 2422(7) 4010(20) 5102(5) 32(2) 

C(76A) 2276(10) 3010(20) 4961(7) 54(4) 

C(77A) 2267(10) 4840(30) 4905(7) 52(4) 

C(75B) 2413(7) 3728(18) 5152(5) 32(2) 

C(76B) 2273(9) 2700(20) 5030(7) 54(4) 

C(77B) 2275(9) 4480(20) 4897(6) 52(4) 

C(78) 1926(3) 5650(7) 5624(2) 38(2) 

C(79) 1642(3) 5681(9) 5944(3) 56(3) 

C(80) 1301(5) 6547(11) 5934(6) 119(8) 

C(81) 1383(4) 4750(10) 6018(3) 65(3) 

C(82) 3568(11) 16030(20) 222(8) 69(7) 

C(83) 3621(10) 16440(20) 136(7) 62(6) 

C(84) 3310(11) 16460(20) 409(8) 65(7) 
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Table A.32, Cont’d. Atomic coordinates (x 104) and equivalent isotropic displacement 

parameters (Å2 x 103) for [Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). U(eq) is 

defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

C(85) 3190(20) 16170(50) 478(16) 150(20) 

C(86) 2960(9) 15488(19) 475(6) 57(5) 

C(87) 2615(11) 15550(20) 762(7) 74(7) 

C(88) 2294(13) 15950(30) 822(9) 89(9) 

C(89) 2095(9) 16394(18) 696(6) 57(5) 

C(90) 2393(14) 14720(30) 836(10) 101(11) 

C(91) 2654(13) 13650(30) 793(9) 94(10) 

C(92) 458(14) 5830(30) 4599(10) 101(11) 

C(93) 858(15) 5450(30) 4775(11) 112(12) 

Cl(1) 125(6) 5191(12) 4402(4) 151(5) 

Cl(2) 850(5) 4372(10) 4991(3) 126(4) 
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Table A.33. Bond lengths (Å) for [Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). 

Symmetry transformations used to generate equivalent atoms:  

________________________________________________________________________ 

Mo(1)-Se(7) 2.4699(13) 

Mo(1)-S(2) 2.4772(17) 

Mo(1)-S(1) 2.5103(18) 

Mo(1)-Se(5) 2.5450(9) 

Mo(1)-Se(1) 2.5456(9) 

Mo(1)-Se(2) 2.5881(10) 

Mo(1)-Se(6) 2.6027(9) 

Mo(1)-Mo(3) 2.7451(8) 

Mo(1)-Mo(2) 2.7523(8) 

Mo(2)-Se(7) 2.4753(13) 

Mo(2)-S(4) 2.494(2) 

Mo(2)-S(3) 2.518(2) 

Mo(2)-Se(3) 2.5357(10) 

Mo(2)-Se(1) 2.5401(10) 

Mo(2)-Se(2) 2.5970(11) 

Mo(2)-Se(4) 2.6063(11) 

Mo(2)-Mo(3) 2.7617(9) 

Mo(3)-Se(7) 2.4670(13) 

Mo(3)-S(6) 2.483(2) 

Mo(3)-S(5) 2.5195(19) 

Mo(3)-Se(3) 2.5473(10) 

Mo(3)-Se(5) 2.5489(10) 

Mo(3)-Se(4) 2.6039(11) 

Mo(3)-Se(6) 2.6156(10) 

Mo(4)-Se(14) 2.4700(10) 

Mo(4)-S(8) 2.4900(16) 

Mo(4)-S(7) 2.5317(17) 

Mo(4)-Se(8) 2.5386(8) 

Mo(4)-Se(12) 2.5496(8) 

Mo(4)-Se(13) 2.5998(9) 

Mo(4)-Se(9) 2.6059(9) 

Mo(4)-Mo(6) 2.7603(7) 

Mo(4)-Mo(5) 2.7712(7) 

Mo(5)-Se(14) 2.4665(10) 

Mo(5)-S(10) 2.4855(16) 

Mo(5)-S(9) 2.5263(16) 

Mo(5)-Se(8) 2.5350(8) 

Mo(5)-Se(10) 2.5380(8) 

Mo(5)-Se(9) 2.6049(9) 

Mo(5)-Se(11) 2.6063(9) 

Mo(5)-Mo(6) 2.7450(7) 

Mo(6)-Se(14) 2.4618(10) 

Mo(6)-S(12) 2.4724(17) 

Mo(6)-S(11) 2.5217(17) 

Mo(6)-Se(12) 2.5393(8) 

Mo(6)-Se(10) 2.5445(8) 

Mo(6)-Se(11) 2.5934(8) 

Mo(6)-Se(13) 2.5978(9) 

Mo(7)-Se(21) 2.4731(11) 

Mo(7)-S(14) 2.4878(19) 

Mo(7)-S(13) 2.5272(18) 

Mo(7)-Se(17) 2.5388(9) 

Mo(7)-Se(15) 2.5420(9) 

Mo(7)-Se(16) 2.5867(9) 

Mo(7)-Se(18) 2.5896(10) 

Mo(7)-Mo(8) 2.7601(8) 

Mo(7)-Mo(9) 2.7604(8) 

Mo(8)-Se(21) 2.4830(12) 

Mo(8)-S(16) 2.4866(17) 

Mo(8)-S(15) 2.5220(18) 

Mo(8)-Se(15) 2.5411(8) 

Mo(8)-Se(19) 2.5433(9) 

Mo(8)-Se(20) 2.6044(9) 

Mo(8)-Se(16) 2.6079(9) 

Mo(8)-Mo(9) 2.7550(7) 

Mo(9)-Se(21) 2.4793(11) 

Mo(9)-S(18) 2.4850(18) 

Mo(9)-S(17) 2.5280(17) 

Mo(9)-Se(19) 2.5333(9) 

Mo(9)-Se(17) 2.5423(9) 

Mo(9)-Se(18) 2.5949(10) 

Mo(9)-Se(20) 2.6062(9) 

Se(1)-Se(2) 2.3143(12) 

Se(3)-Se(4) 2.3254(13) 

Se(5)-Se(6) 2.3130(10) 

Se(8)-Se(9) 2.3146(10) 

Se(10)-Se(11) 2.3070(9) 

Se(12)-Se(13) 2.3182(10) 

Se(15)-Se(16) 2.3170(10) 

Se(17)-Se(18) 2.3127(12) 

Se(19)-Se(20) 2.3204(10) 

S(1)-C(1) 1.722(7) 

S(2)-C(1) 1.720(7) 

S(3)-C(10) 1.707(9) 

S(4)-C(10) 1.731(8) 

S(5)-C(19) 1.715(8)
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Table A.33, Cont’d. Bond lengths (Å) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

S(6)-C(19) 1.734(8) 

S(7)-C(28) 1.729(7) 

S(8)-C(28) 1.726(7) 

S(9)-C(37) 1.714(7) 

S(10)-C(37) 1.718(7) 

S(11)-C(46) 1.711(7) 

S(12)-C(46) 1.717(7) 

S(13)-C(55) 1.720(7) 

S(14)-C(55) 1.719(7) 

S(15)-C(64) 1.719(7) 

S(16)-C(64) 1.721(7) 

S(17)-C(73) 1.705(7) 

S(18)-C(73) 1.727(7) 

N(1)-C(1) 1.331(8) 

N(1)-C(6) 1.465(9) 

N(1)-C(2) 1.489(8) 

N(2)-C(10) 1.341(10) 

N(2)-C(11) 1.464(11) 

N(2)-C(15) 1.489(11) 

N(3)-C(19) 1.322(9) 

N(3)-C(20) 1.462(10) 

N(3)-C(24) 1.472(10) 

N(4)-C(28) 1.310(8) 

N(4)-C(33) 1.470(9) 

N(4)-C(29) 1.478(9) 

N(5)-C(37) 1.332(8) 

N(5)-C(42) 1.460(9) 

N(5)-C(38) 1.474(9) 

N(6)-C(46) 1.335(9) 

N(6)-C(51) 1.466(10) 

N(6)-C(47) 1.466(10) 

N(7)-C(55) 1.329(9) 

N(7)-C(60) 1.465(9) 

N(7)-C(56) 1.469(9) 

N(8)-C(64) 1.326(8) 

N(8)-C(69) 1.454(9) 

N(8)-C(65) 1.467(9) 

N(9)-C(73) 1.335(9) 

N(9)-C(74) 1.457(9) 

N(9)-C(78) 1.466(10) 

C(2)-C(3) 1.520(10) 

C(2)-H(2A) 0.9900 

C(2)-H(2B) 0.9900 

C(3)-C(5) 1.528(11) 

C(3)-C(4) 1.532(11) 

C(3)-H(3) 1.0000 

C(4)-H(4A) 0.9800 

C(4)-H(4B) 0.9800 

C(4)-H(4C) 0.9800 

C(5)-H(5A) 0.9800 

C(5)-H(5B) 0.9800 

C(5)-H(5C) 0.9800 

C(6)-C(7) 1.548(10) 

C(6)-H(6A) 0.9900 

C(6)-H(6B) 0.9900 

C(7)-C(8) 1.512(12) 

C(7)-C(9) 1.527(11) 

C(7)-H(7) 1.0000 

C(8)-H(8A) 0.9800 

C(8)-H(8B) 0.9800 

C(8)-H(8C) 0.9800 

C(9)-H(9A) 0.9800 

C(9)-H(9B) 0.9800 

C(9)-H(9C) 0.9800 

C(11)-C(12) 1.517(14) 

C(11)-H(11A) 0.9900 

C(11)-H(11B) 0.9900 

C(12)-C(13) 1.518(15) 

C(12)-C(14) 1.532(15) 

C(12)-H(12) 1.0000 

C(13)-H(13A) 0.9800 

C(13)-H(13B) 0.9800 

C(13)-H(13C) 0.9800 

C(14)-H(14A) 0.9800 

C(14)-H(14B) 0.9800 

C(14)-H(14C) 0.9800 

C(15)-C(16) 1.541(13) 

C(15)-H(15A) 0.9900 

C(15)-H(15B) 0.9900 

C(16)-C(18) 1.513(14) 

C(16)-C(17) 1.524(15) 

C(16)-H(16) 1.0000 

C(17)-H(17A) 0.9800 

C(17)-H(17B) 0.9800
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Table A.33, Cont’d. Bond lengths (Å) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

C(17)-H(17C) 0.9800 

C(18)-H(18A) 0.9800 

C(18)-H(18B) 0.9800 

C(18)-H(18C) 0.9800 

C(20)-C(21) 1.529(13) 

C(20)-H(20A) 0.9900 

C(20)-H(20B) 0.9900 

C(21)-C(22) 1.493(14) 

C(21)-C(23) 1.544(13) 

C(21)-H(21) 1.0000 

C(22)-H(22A) 0.9800 

C(22)-H(22B) 0.9800 

C(22)-H(22C) 0.9800 

C(23)-H(23A) 0.9800 

C(23)-H(23B) 0.9800 

C(23)-H(23C) 0.9800 

C(24)-C(25) 1.537(12) 

C(24)-H(24A) 0.9900 

C(24)-H(24B) 0.9900 

C(25)-C(26) 1.502(14) 

C(25)-C(27) 1.534(12) 

C(25)-H(25) 1.0000 

C(26)-H(26A) 0.9800 

C(26)-H(26B) 0.9800 

C(26)-H(26C) 0.9800 

C(27)-H(27A) 0.9800 

C(27)-H(27B) 0.9800 

C(27)-H(27C) 0.9800 

C(29)-C(30B) 1.40(3) 

C(29)-C(30A) 1.571(16) 

C(29)-H(29A) 0.9900 

C(29)-H(29B) 0.9900 

C(30A)-C(32A) 1.55(2) 

C(30A)-C(31A) 1.56(2) 

C(30A)-H(30A) 1.0000 

C(31A)-H(31A) 0.9800 

C(31A)-H(31B) 0.9800 

C(31A)-H(31C) 0.9800 

C(32A)-H(32A) 0.9800 

C(32A)-H(32B) 0.9800 

C(32A)-H(32C) 0.9800 

C(30B)-C(31B) 1.44(5) 

C(30B)-C(32B) 1.56(5) 

C(30B)-H(30B) 1.0000 

C(31B)-H(31D) 0.9800 

C(31B)-H(31E) 0.9800 

C(31B)-H(31F) 0.9800 

C(32B)-H(32D) 0.9800 

C(32B)-H(32E) 0.9800 

C(32B)-H(32F) 0.9800 

C(33)-C(34A) 1.47(2) 

C(33)-C(34B) 1.576(19) 

C(33)-H(33A) 0.9900 

C(33)-H(33B) 0.9900 

C(34A)-C(35A) 1.50(3) 

C(34A)-C(36A) 1.56(3) 

C(34A)-H(34A) 1.0000 

C(35A)-H(35A) 0.9800 

C(35A)-H(35B) 0.9800 

C(35A)-H(35C) 0.9800 

C(36A)-H(36A) 0.9800 

C(36A)-H(36B) 0.9800 

C(36A)-H(36C) 0.9800 

C(34B)-C(35B) 1.45(3) 

C(34B)-C(36B) 1.58(3) 

C(34B)-H(34B) 1.0000 

C(35B)-H(35D) 0.9800 

C(35B)-H(35E) 0.9800 

C(35B)-H(35F) 0.9800 

C(36B)-H(36D) 0.9800 

C(36B)-H(36E) 0.9800 

C(36B)-H(36F) 0.9800 

C(38)-C(39) 1.526(11) 

C(38)-H(38A) 0.9900 

C(38)-H(38B) 0.9900 

C(39)-C(40) 1.520(13) 

C(39)-C(41) 1.538(13) 

C(39)-H(39) 1.0000 

C(40)-H(40A) 0.9800 

C(40)-H(40B) 0.9800 

C(40)-H(40C) 0.9800 

C(41)-H(41A) 0.9800 

C(41)-H(41B) 0.9800 

C(41)-H(41C) 0.9800
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Table A.33, Cont’d. Bond lengths (Å) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

C(42)-C(43) 1.526(13) 

C(42)-H(42A) 0.9900 

C(42)-H(42B) 0.9900 

C(43)-C(44) 1.509(13) 

C(43)-C(45) 1.525(14) 

C(43)-H(43) 1.0000 

C(44)-H(44A) 0.9800 

C(44)-H(44B) 0.9800 

C(44)-H(44C) 0.9800 

C(45)-H(45A) 0.9800 

C(45)-H(45B) 0.9800 

C(45)-H(45C) 0.9800 

C(47)-C(48) 1.528(11) 

C(47)-H(47A) 0.9900 

C(47)-H(47B) 0.9900 

C(48)-C(49) 1.506(15) 

C(48)-C(50) 1.525(13) 

C(48)-H(48) 1.0000 

C(49)-H(49A) 0.9800 

C(49)-H(49B) 0.9800 

C(49)-H(49C) 0.9800 

C(50)-H(50A) 0.9800 

C(50)-H(50B) 0.9800 

C(50)-H(50C) 0.9800 

C(51)-C(52) 1.512(13) 

C(51)-H(51A) 0.9900 

C(51)-H(51B) 0.9900 

C(52)-C(53) 1.471(15) 

C(52)-C(54) 1.547(15) 

C(52)-H(52A) 1.0000 

C(53)-H(53A) 0.9800 

C(53)-H(53B) 0.9800 

C(53)-H(53C) 0.9800 

C(54)-H(54A) 0.9800 

C(54)-H(54B) 0.9800 

C(54)-H(54C) 0.9800 

C(56)-C(57) 1.544(13) 

C(56)-H(56A) 0.9900 

C(56)-H(56B) 0.9900 

C(57)-C(58) 1.503(18) 

C(57)-C(59) 1.556(15) 

C(57)-H(57) 1.0000 

C(58)-H(58A) 0.9800 

C(58)-H(58B) 0.9800 

C(58)-H(58C) 0.9800 

C(59)-H(59A) 0.9800 

C(59)-H(59B) 0.9800 

C(59)-H(59C) 0.9800 

C(60)-C(61B) 1.53(3) 

C(60)-C(61A) 1.569(15) 

C(60)-H(60A) 0.9900 

C(60)-H(60B) 0.9900 

C(61A)-C(63A) 1.44(2) 

C(61A)-C(62A) 1.58(2) 

C(61A)-H(61A) 1.0000 

C(62A)-H(62A) 0.9800 

C(62A)-H(62B) 0.9800 

C(62A)-H(62C) 0.9800 

C(63A)-H(63A) 0.9800 

C(63A)-H(63B) 0.9800 

C(63A)-H(63C) 0.9800 

C(61B)-C(63B) 1.55(5) 

C(61B)-C(62B) 1.59(5) 

C(61B)-H(61B) 1.0000 

C(62B)-H(62D) 0.9800 

C(62B)-H(62E) 0.9800 

C(62B)-H(62F) 0.9800 

C(63B)-H(63D) 0.9800 

C(63B)-H(63E) 0.9800 

C(63B)-H(63F) 0.9800 

C(65)-C(66) 1.526(12) 

C(65)-H(65A) 0.9900 

C(65)-H(65B) 0.9900 

C(66)-C(67) 1.479(16) 

C(66)-C(68) 1.522(15) 

C(66)-H(66) 1.0000 

C(67)-H(67A) 0.9800 

C(67)-H(67B) 0.9800 

C(67)-H(67C) 0.9800 

C(68)-H(68A) 0.9800 

C(68)-H(68B) 0.9800 

C(68)-H(68C) 0.9800 

C(69)-C(70) 1.521(10) 

C(69)-H(69A) 0.9900
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Table A.33, Cont’d. Bond lengths (Å) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

C(69)-H(69B) 0.9900 

C(70)-C(72) 1.496(15) 

C(70)-C(71) 1.503(12) 

C(70)-H(70) 1.0000 

C(71)-H(71A) 0.9800 

C(71)-H(71B) 0.9800

C(71)-H(71C) 0.9800 

C(72)-H(72A) 0.9800 

C(72)-H(72B) 0.9800 

C(72)-H(72C) 0.9800 

C(74)-C(75B) 1.47(2) 

C(74)-C(75A) 1.63(2) 

C(74)-H(74A) 0.9900 

C(74)-H(74B) 0.9900 

C(75A)-C(77A) 1.44(3) 

C(75A)-C(76A) 1.52(3) 

C(75A)-H(75A) 1.0000 

C(76A)-H(76A) 0.9800 

C(76A)-H(76B) 0.9800 

C(76A)-H(76C) 0.9800 

C(77A)-H(77A) 0.9800 

C(77A)-H(77B) 0.9800 

C(77A)-H(77C) 0.9800 

C(75B)-C(77B) 1.51(3) 

C(75B)-C(76B) 1.52(3) 

C(75B)-H(75B) 1.0000 

C(76B)-H(76D) 0.9800 

C(76B)-H(76E) 0.9800 

C(76B)-H(76F) 0.9800 

C(77B)-H(77D) 0.9800 

C(77B)-H(77E) 0.9800 

C(77B)-H(77F) 0.9800 

C(78)-C(79) 1.537(15) 

C(78)-H(78A) 0.9900 

C(78)-H(78B) 0.9900 

C(79)-C(81) 1.487(18) 

C(79)-C(80) 1.509(16) 

C(79)-H(79) 1.0000 

C(80)-H(80A) 0.9800 

C(80)-H(80B) 0.9800 

C(80)-H(80C) 0.9800 

C(81)-H(81A) 0.9800 

C(81)-H(81B) 0.9800 

C(81)-H(81C) 0.9800 

C(82)-C(83) 0.68(3) 

C(82)-C(84) 1.21(4) 

C(82)-C(85) 1.51(7) 

C(83)-C(84) 1.42(4) 

C(83)-C(85) 1.89(7) 

C(84)-C(85) 0.59(7) 

C(84)-C(86) 1.66(4) 

C(85)-C(86) 1.13(6) 

C(86)-C(87) 1.53(4) 

C(87)-C(88) 1.08(4) 

C(87)-C(90) 1.32(5) 

C(87)-C(89) 1.86(4) 

C(88)-C(89) 0.96(4) 

C(88)-C(90) 1.70(5) 

C(90)-C(91) 1.64(5) 

C(92)-C(93) 1.40(5) 

C(92)-Cl(1) 1.49(4) 

C(92)-H(92A) 0.9900 

C(92)-H(92B) 0.9900 

C(93)-Cl(2) 1.71(4) 

C(93)-H(93A) 0.9900 

C(93)-H(93B) 0.9900 
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Table A.34. Bond angles (deg.) for [Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). 

Symmetry transformations used to generate equivalent atoms:  

________________________________________________________________________ 

Se(7)-Mo(1)-S(2) 81.38(5) 

Se(7)-Mo(1)-S(1) 151.31(5) 

S(2)-Mo(1)-S(1) 69.94(6) 

Se(7)-Mo(1)-Se(5) 113.15(4) 

S(2)-Mo(1)-Se(5) 135.52(5) 

S(1)-Mo(1)-Se(5) 88.94(5) 

Se(7)-Mo(1)-Se(1) 112.82(4) 

S(2)-Mo(1)-Se(1) 132.97(5) 

S(1)-Mo(1)-Se(1) 87.32(5) 

Se(5)-Mo(1)-Se(1) 81.90(3) 

Se(7)-Mo(1)-Se(2) 84.34(4) 

S(2)-Mo(1)-Se(2) 85.91(5) 

S(1)-Mo(1)-Se(2) 92.61(5) 

Se(5)-Mo(1)-Se(2) 135.28(3) 

Se(1)-Mo(1)-Se(2) 53.58(3) 

Se(7)-Mo(1)-Se(6) 85.53(3) 

S(2)-Mo(1)-Se(6) 88.55(5) 

S(1)-Mo(1)-Se(6) 94.31(5) 

Se(5)-Mo(1)-Se(6) 53.39(3) 

Se(1)-Mo(1)-Se(6) 135.16(3) 

Se(2)-Mo(1)-Se(6) 169.09(4) 

Se(7)-Mo(1)-Mo(3) 56.17(3) 

S(2)-Mo(1)-Mo(3) 125.42(5) 

S(1)-Mo(1)-Mo(3) 144.78(5) 

Se(5)-Mo(1)-Mo(3) 57.46(2) 

Se(1)-Mo(1)-Mo(3) 97.04(3) 

Se(2)-Mo(1)-Mo(3) 118.06(3) 

Se(6)-Mo(1)-Mo(3) 58.49(2) 

Se(7)-Mo(1)-Mo(2) 56.28(3) 

S(2)-Mo(1)-Mo(2) 124.25(5) 

S(1)-Mo(1)-Mo(2) 142.53(5) 

Se(5)-Mo(1)-Mo(2) 96.54(3) 

Se(1)-Mo(1)-Mo(2) 57.14(2) 

Se(2)-Mo(1)-Mo(2) 58.10(3) 

Se(6)-Mo(1)-Mo(2) 118.60(3) 

Mo(3)-Mo(1)-Mo(2) 60.31(2) 

Se(7)-Mo(2)-S(4) 85.24(6) 

Se(7)-Mo(2)-S(3) 154.85(6) 

S(4)-Mo(2)-S(3) 69.63(7) 

Se(7)-Mo(2)-Se(3) 112.36(4) 

S(4)-Mo(2)-Se(3) 132.24(6) 

S(3)-Mo(2)-Se(3) 86.58(6) 

Se(7)-Mo(2)-Se(1) 112.83(4) 

S(4)-Mo(2)-Se(1) 131.53(6) 

S(3)-Mo(2)-Se(1) 84.59(6) 

Se(3)-Mo(2)-Se(1) 83.74(3) 

Se(7)-Mo(2)-Se(2) 84.05(4) 

S(4)-Mo(2)-Se(2) 86.70(6) 

S(3)-Mo(2)-Se(2) 93.17(6) 

Se(3)-Mo(2)-Se(2) 137.01(4) 

Se(1)-Mo(2)-Se(2) 53.54(3) 

Se(7)-Mo(2)-Se(4) 82.75(4) 

S(4)-Mo(2)-Se(4) 87.63(6) 

S(3)-Mo(2)-Se(4) 96.82(6) 

Se(3)-Mo(2)-Se(4) 53.75(3) 

Se(1)-Mo(2)-Se(4) 137.13(4) 

Se(2)-Mo(2)-Se(4) 166.02(4) 

Se(7)-Mo(2)-Mo(1) 56.09(3) 

S(4)-Mo(2)-Mo(1) 127.26(6) 

S(3)-Mo(2)-Mo(1) 140.69(6) 

Se(3)-Mo(2)-Mo(1) 97.55(3) 

Se(1)-Mo(2)-Mo(1) 57.33(2) 

Se(2)-Mo(2)-Mo(1) 57.78(3) 

Se(4)-Mo(2)-Mo(1) 117.15(3) 

Se(7)-Mo(2)-Mo(3) 55.89(3) 

S(4)-Mo(2)-Mo(3) 128.48(6) 

S(3)-Mo(2)-Mo(3) 143.25(6) 

Se(3)-Mo(2)-Mo(3) 57.29(3) 

Se(1)-Mo(2)-Mo(3) 96.75(3) 

Se(2)-Mo(2)-Mo(3) 117.15(3) 

Se(4)-Mo(2)-Mo(3) 57.95(3) 

Mo(1)-Mo(2)-Mo(3) 59.72(2) 

Se(7)-Mo(3)-S(6) 82.31(5) 

Se(7)-Mo(3)-S(5) 151.93(6) 

S(6)-Mo(3)-S(5) 69.92(6) 

Se(7)-Mo(3)-Se(3) 112.25(4) 

S(6)-Mo(3)-Se(3) 135.25(6) 

S(5)-Mo(3)-Se(3) 86.14(6) 

Se(7)-Mo(3)-Se(5) 113.11(4) 

S(6)-Mo(3)-Se(5) 131.72(6) 

S(5)-Mo(3)-Se(5) 89.28(6) 

Se(3)-Mo(3)-Se(5) 82.98(3) 

Se(7)-Mo(3)-Se(4) 82.96(4) 

S(6)-Mo(3)-Se(4) 89.11(6) 

S(5)-Mo(3)-Se(4) 92.40(6) 

Se(3)-Mo(3)-Se(4) 53.66(3)
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Table A.34, Cont’d. Bond angles (deg.) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________

Se(5)-Mo(3)-Se(4) 136.32(4) 

Se(7)-Mo(3)-Se(6) 85.31(3) 

S(6)-Mo(3)-Se(6) 85.19(6) 

S(5)-Mo(3)-Se(6) 96.01(6) 

Se(3)-Mo(3)-Se(6) 135.99(4) 

Se(5)-Mo(3)-Se(6) 53.20(3) 

Se(4)-Mo(3)-Se(6) 167.55(4) 

Se(7)-Mo(3)-Mo(1) 56.27(3) 

S(6)-Mo(3)-Mo(1) 123.87(5) 

S(5)-Mo(3)-Mo(1) 145.36(6) 

Se(3)-Mo(3)-Mo(1) 97.45(3) 

Se(5)-Mo(3)-Mo(1) 57.32(2) 

Se(4)-Mo(3)-Mo(1) 117.49(3) 

Se(6)-Mo(3)-Mo(1) 58.03(2) 

Se(7)-Mo(3)-Mo(2) 56.17(3) 

S(6)-Mo(3)-Mo(2) 127.47(6) 

S(5)-Mo(3)-Mo(2) 141.34(6) 

Se(3)-Mo(3)-Mo(2) 56.89(3) 

Se(5)-Mo(3)-Mo(2) 96.22(3) 

Se(4)-Mo(3)-Mo(2) 58.03(3) 

Se(6)-Mo(3)-Mo(2) 117.80(3) 

Mo(1)-Mo(3)-Mo(2) 59.97(2) 

Se(14)-Mo(4)-S(8) 84.00(4) 

Se(14)-Mo(4)-S(7) 153.59(5) 

S(8)-Mo(4)-S(7) 69.59(5) 

Se(14)-Mo(4)-Se(8) 111.92(3) 

S(8)-Mo(4)-Se(8) 133.67(5) 

S(7)-Mo(4)-Se(8) 87.57(5) 

Se(14)-Mo(4)-Se(12) 112.22(3) 

S(8)-Mo(4)-Se(12) 132.28(5) 

S(7)-Mo(4)-Se(12) 86.79(5) 

Se(8)-Mo(4)-Se(12) 83.29(3) 

Se(14)-Mo(4)-Se(13) 83.96(3) 

S(8)-Mo(4)-Se(13) 86.43(5) 

S(7)-Mo(4)-Se(13) 94.04(5) 

Se(8)-Mo(4)-Se(13) 136.50(3) 

Se(12)-Mo(4)-Se(13) 53.50(3) 

Se(14)-Mo(4)-Se(9) 83.25(3) 

S(8)-Mo(4)-Se(9) 88.17(5) 

S(7)-Mo(4)-Se(9) 95.58(5) 

Se(8)-Mo(4)-Se(9) 53.46(2) 

Se(12)-Mo(4)-Se(9) 136.41(3) 

Se(13)-Mo(4)-Se(9) 166.57(3) 

Se(14)-Mo(4)-Mo(6) 55.82(3) 

S(8)-Mo(4)-Mo(6) 126.12(4) 

S(7)-Mo(4)-Mo(6) 142.43(5) 

Se(8)-Mo(4)-Mo(6) 96.75(2) 

Se(12)-Mo(4)-Mo(6) 56.97(2) 

Se(13)-Mo(4)-Mo(6) 57.89(2) 

Se(9)-Mo(4)-Mo(6) 116.92(3) 

Se(14)-Mo(4)-Mo(5) 55.79(3) 

S(8)-Mo(4)-Mo(5) 127.52(4) 

S(7)-Mo(4)-Mo(5) 143.38(5) 

Se(8)-Mo(4)-Mo(5) 56.83(2) 

Se(12)-Mo(4)-Mo(5) 96.28(2) 

Se(13)-Mo(4)-Mo(5) 117.06(3) 

Se(9)-Mo(4)-Mo(5) 57.85(2) 

Mo(6)-Mo(4)-Mo(5) 59.505(18) 

Se(14)-Mo(5)-S(10) 83.44(5) 

Se(14)-Mo(5)-S(9) 153.17(5) 

S(10)-Mo(5)-S(9) 69.73(5) 

Se(14)-Mo(5)-Se(8) 112.16(3) 

S(10)-Mo(5)-Se(8) 132.99(5) 

S(9)-Mo(5)-Se(8) 87.77(4) 

Se(14)-Mo(5)-Se(10) 112.91(3) 

S(10)-Mo(5)-Se(10) 132.68(5) 

S(9)-Mo(5)-Se(10) 86.15(5) 

Se(8)-Mo(5)-Se(10) 83.47(3) 

Se(14)-Mo(5)-Se(9) 83.34(3) 

S(10)-Mo(5)-Se(9) 87.19(5) 

S(9)-Mo(5)-Se(9) 95.64(5) 

Se(8)-Mo(5)-Se(9) 53.51(2) 

Se(10)-Mo(5)-Se(9) 136.71(3) 

Se(14)-Mo(5)-Se(11) 84.47(3) 

S(10)-Mo(5)-Se(11) 87.09(5) 

S(9)-Mo(5)-Se(11) 93.26(5) 

Se(8)-Mo(5)-Se(11) 136.47(3) 

Se(10)-Mo(5)-Se(11) 53.27(2) 

Se(9)-Mo(5)-Se(11) 167.05(3) 

Se(14)-Mo(5)-Mo(6) 56.07(3) 

S(10)-Mo(5)-Mo(6) 126.09(4) 

S(9)-Mo(5)-Mo(6) 142.09(5) 

Se(8)-Mo(5)-Mo(6) 97.22(2) 

Se(10)-Mo(5)-Mo(6) 57.43(2)
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Table A.34, Cont’d. Bond angles (deg.) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

Se(9)-Mo(5)-Mo(6) 117.50(3) Se(11)-Mo(5)-Mo(6) 57.91(2)

Se(14)-Mo(5)-Mo(4) 55.91(2) 

S(10)-Mo(5)-Mo(4) 126.60(5) 

S(9)-Mo(5)-Mo(4) 143.66(5) 

Se(8)-Mo(5)-Mo(4) 56.95(2) 

Se(10)-Mo(5)-Mo(4) 97.06(2) 

Se(9)-Mo(5)-Mo(4) 57.89(2) 

Se(11)-Mo(5)-Mo(4) 117.65(3) 

Mo(6)-Mo(5)-Mo(4) 60.049(18) 

Se(14)-Mo(6)-S(12) 81.48(5) 

Se(14)-Mo(6)-S(11) 151.26(5) 

S(12)-Mo(6)-S(11) 69.98(6) 

Se(14)-Mo(6)-Se(12) 112.85(3) 

S(12)-Mo(6)-Se(12) 132.10(5) 

S(11)-Mo(6)-Se(12) 89.62(5) 

Se(14)-Mo(6)-Se(10) 112.85(3) 

S(12)-Mo(6)-Se(10) 135.50(5) 

S(11)-Mo(6)-Se(10) 86.59(4) 

Se(12)-Mo(6)-Se(10) 82.81(3) 

Se(14)-Mo(6)-Se(11) 84.84(3) 

S(12)-Mo(6)-Se(11) 88.76(5) 

S(11)-Mo(6)-Se(11) 91.11(5) 

Se(12)-Mo(6)-Se(11) 136.00(3) 

Se(10)-Mo(6)-Se(11) 53.35(2) 

Se(14)-Mo(6)-Se(13) 84.17(3) 

S(12)-Mo(6)-Se(13) 85.08(5) 

S(11)-Mo(6)-Se(13) 96.33(5) 

Se(12)-Mo(6)-Se(13) 53.63(3) 

Se(10)-Mo(6)-Se(13) 136.22(3) 

Se(11)-Mo(6)-Se(13) 168.08(3) 

Se(14)-Mo(6)-Mo(5) 56.23(3) 

S(12)-Mo(6)-Mo(5) 125.97(4) 

S(11)-Mo(6)-Mo(5) 141.62(5) 

Se(12)-Mo(6)-Mo(5) 97.18(2) 

Se(10)-Mo(6)-Mo(5) 57.20(2) 

Se(11)-Mo(6)-Mo(5) 58.36(2) 

Se(13)-Mo(6)-Mo(5) 118.06(3) 

Se(14)-Mo(6)-Mo(4) 56.11(3) 

S(12)-Mo(6)-Mo(4) 123.65(5) 

S(11)-Mo(6)-Mo(4) 145.65(5) 

Se(12)-Mo(6)-Mo(4) 57.33(2) 

Se(10)-Mo(6)-Mo(4) 97.18(2) 

Se(11)-Mo(6)-Mo(4) 118.50(3) 

Se(13)-Mo(6)-Mo(4) 57.96(2) 

Mo(5)-Mo(6)-Mo(4) 60.446(18) 

Se(21)-Mo(7)-S(14) 83.49(5) 

Se(21)-Mo(7)-S(13) 152.69(5) 

S(14)-Mo(7)-S(13) 69.28(6) 

Se(21)-Mo(7)-Se(17) 112.74(3) 

S(14)-Mo(7)-Se(17) 131.79(5) 

S(13)-Mo(7)-Se(17) 88.05(5) 

Se(21)-Mo(7)-Se(15) 112.70(4) 

S(14)-Mo(7)-Se(15) 133.72(5) 

S(13)-Mo(7)-Se(15) 86.17(5) 

Se(17)-Mo(7)-Se(15) 83.36(3) 

Se(21)-Mo(7)-Se(16) 83.76(3) 

S(14)-Mo(7)-Se(16) 87.98(5) 

S(13)-Mo(7)-Se(16) 93.02(5) 

Se(17)-Mo(7)-Se(16) 136.81(3) 

Se(15)-Mo(7)-Se(16) 53.71(3) 

Se(21)-Mo(7)-Se(18) 83.85(3) 

S(14)-Mo(7)-Se(18) 85.96(5) 

S(13)-Mo(7)-Se(18) 95.83(5) 

Se(17)-Mo(7)-Se(18) 53.60(3) 

Se(15)-Mo(7)-Se(18) 136.70(3) 

Se(16)-Mo(7)-Se(18) 166.74(3) 

Se(21)-Mo(7)-Mo(8) 56.33(3) 

S(14)-Mo(7)-Mo(8) 127.57(5) 

S(13)-Mo(7)-Mo(8) 141.83(5) 

Se(17)-Mo(7)-Mo(8) 96.76(3) 

Se(15)-Mo(7)-Mo(8) 57.10(2) 

Se(16)-Mo(7)-Mo(8) 58.28(2) 

Se(18)-Mo(7)-Mo(8) 117.44(3) 

Se(21)-Mo(7)-Mo(9) 56.23(3) 

S(14)-Mo(7)-Mo(9) 125.90(5) 

S(13)-Mo(7)-Mo(9) 144.11(5) 

Se(17)-Mo(7)-Mo(9) 57.15(2) 

Se(15)-Mo(7)-Mo(9) 97.13(3) 

Se(16)-Mo(7)-Mo(9) 117.72(3) 

Se(18)-Mo(7)-Mo(9) 57.92(3) 

Mo(8)-Mo(7)-Mo(9) 59.874(19) 

Se(21)-Mo(8)-S(16) 83.76(5) 

Se(21)-Mo(8)-S(15) 153.44(5)
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Table A.34, Cont’d. Bond angles (deg.) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

S(16)-Mo(8)-S(15) 69.76(6) Se(21)-Mo(8)-Se(15) 112.40(3)

S(16)-Mo(8)-Se(15) 132.26(5) S(15)-Mo(8)-Se(15) 88.05(5)

Se(21)-Mo(8)-Se(19) 112.58(3) 

S(16)-Mo(8)-Se(19) 133.12(5) 

S(15)-Mo(8)-Se(19) 85.47(5) 

Se(15)-Mo(8)-Se(19) 83.54(3) 

Se(21)-Mo(8)-Se(20) 84.26(3) 

S(16)-Mo(8)-Se(20) 87.25(5) 

S(15)-Mo(8)-Se(20) 92.16(5) 

Se(15)-Mo(8)-Se(20) 136.89(3) 

Se(19)-Mo(8)-Se(20) 53.57(2) 

Se(21)-Mo(8)-Se(16) 83.12(3) 

S(16)-Mo(8)-Se(16) 86.93(5) 

S(15)-Mo(8)-Se(16) 97.13(5) 

Se(15)-Mo(8)-Se(16) 53.47(3) 

Se(19)-Mo(8)-Se(16) 136.64(3) 

Se(20)-Mo(8)-Se(16) 166.61(3) 

Se(21)-Mo(8)-Mo(9) 56.21(3) 

S(16)-Mo(8)-Mo(9) 126.82(4) 

S(15)-Mo(8)-Mo(9) 140.86(5) 

Se(15)-Mo(8)-Mo(9) 97.29(3) 

Se(19)-Mo(8)-Mo(9) 56.96(2) 

Se(20)-Mo(8)-Mo(9) 58.11(2) 

Se(16)-Mo(8)-Mo(9) 117.17(3) 

Se(21)-Mo(8)-Mo(7) 55.99(3) 

S(16)-Mo(8)-Mo(7) 126.57(5) 

S(15)-Mo(8)-Mo(7) 144.34(5) 

Se(15)-Mo(8)-Mo(7) 57.13(2) 

Se(19)-Mo(8)-Mo(7) 96.82(3) 

Se(20)-Mo(8)-Mo(7) 117.81(3) 

Se(16)-Mo(8)-Mo(7) 57.53(2) 

Mo(9)-Mo(8)-Mo(7) 60.07(2) 

Se(21)-Mo(9)-S(18) 83.39(5) 

Se(21)-Mo(9)-S(17) 153.24(5) 

S(18)-Mo(9)-S(17) 69.90(6) 

Se(21)-Mo(9)-Se(19) 113.05(3) 

S(18)-Mo(9)-Se(19) 132.65(6) 

S(17)-Mo(9)-Se(19) 87.40(5) 

Se(21)-Mo(9)-Se(17) 112.40(3) 

S(18)-Mo(9)-Se(17) 133.39(6) 

S(17)-Mo(9)-Se(17) 86.13(5) 

Se(19)-Mo(9)-Se(17) 82.93(3) 

Se(21)-Mo(9)-Se(18) 83.61(3) 

S(18)-Mo(9)-Se(18) 87.64(6) 

S(17)-Mo(9)-Se(18) 93.41(5) 

Se(19)-Mo(9)-Se(18) 136.18(3) 

Se(17)-Mo(9)-Se(18) 53.50(3) 

Se(21)-Mo(9)-Se(20) 84.30(3) 

S(18)-Mo(9)-Se(20) 86.77(5) 

S(17)-Mo(9)-Se(20) 95.48(5) 

Se(19)-Mo(9)-Se(20) 53.66(3) 

Se(17)-Mo(9)-Se(20) 136.32(3) 

Se(18)-Mo(9)-Se(20) 167.19(3) 

Se(21)-Mo(9)-Mo(8) 56.34(3) 

S(18)-Mo(9)-Mo(8) 126.30(5) 

S(17)-Mo(9)-Mo(8) 143.65(5) 

Se(19)-Mo(9)-Mo(8) 57.31(2) 

Se(17)-Mo(9)-Mo(8) 96.81(3) 

Se(18)-Mo(9)-Mo(8) 117.44(3) 

Se(20)-Mo(9)-Mo(8) 58.05(2) 

Se(21)-Mo(9)-Mo(7) 56.02(3) 

S(18)-Mo(9)-Mo(7) 126.68(5) 

S(17)-Mo(9)-Mo(7) 141.72(5) 

Se(19)-Mo(9)-Mo(7) 97.05(3) 

Se(17)-Mo(9)-Mo(7) 57.03(2) 

Se(18)-Mo(9)-Mo(7) 57.74(2) 

Se(20)-Mo(9)-Mo(7) 117.74(3) 

Mo(8)-Mo(9)-Mo(7) 60.06(2) 

Se(2)-Se(1)-Mo(2) 64.49(3) 

Se(2)-Se(1)-Mo(1) 64.15(3) 

Mo(2)-Se(1)-Mo(1) 65.53(3) 

Se(1)-Se(2)-Mo(1) 62.27(3) 

Se(1)-Se(2)-Mo(2) 61.97(3) 

Mo(1)-Se(2)-Mo(2) 64.12(3) 

Se(4)-Se(3)-Mo(2) 64.68(3) 

Se(4)-Se(3)-Mo(3) 64.42(3) 

Mo(2)-Se(3)-Mo(3) 65.82(3) 

Se(3)-Se(4)-Mo(3) 61.93(3) 

Se(3)-Se(4)-Mo(2) 61.57(3) 

Mo(3)-Se(4)-Mo(2) 64.02(3) 

Se(6)-Se(5)-Mo(1) 64.59(3) 

Se(6)-Se(5)-Mo(3) 64.88(3)
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Table A.34, Cont’d. Bond angles (deg.) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

Mo(1)-Se(5)-Mo(3) 65.22(2) Se(5)-Se(6)-Mo(1) 62.03(3)

Se(5)-Se(6)-Mo(3) 61.93(3) 

Mo(1)-Se(6)-Mo(3) 63.48(2) 

Mo(3)-Se(7)-Mo(1) 67.57(3) 

Mo(3)-Se(7)-Mo(2) 67.94(4)

Mo(1)-Se(7)-Mo(2) 67.64(4) 

Se(9)-Se(8)-Mo(5) 64.79(3) 

Se(9)-Se(8)-Mo(4) 64.76(3) 

Mo(5)-Se(8)-Mo(4) 66.21(2) 

Se(8)-Se(9)-Mo(5) 61.70(3) 

Se(8)-Se(9)-Mo(4) 61.78(3) 

Mo(5)-Se(9)-Mo(4) 64.26(2) 

Se(11)-Se(10)-Mo(5) 64.88(3) 

Se(11)-Se(10)-Mo(6) 64.41(3) 

Mo(5)-Se(10)-Mo(6) 65.38(2) 

Se(10)-Se(11)-Mo(6) 62.24(3) 

Se(10)-Se(11)-Mo(5) 61.85(3) 

Mo(6)-Se(11)-Mo(5) 63.73(2) 

Se(13)-Se(12)-Mo(6) 64.47(3) 

Se(13)-Se(12)-Mo(4) 64.36(3) 

Mo(6)-Se(12)-Mo(4) 65.69(2) 

Se(12)-Se(13)-Mo(6) 61.89(3) 

Se(12)-Se(13)-Mo(4) 62.14(3) 

Mo(6)-Se(13)-Mo(4) 64.16(2) 

Mo(6)-Se(14)-Mo(5) 67.70(3) 

Mo(6)-Se(14)-Mo(4) 68.07(3) 

Mo(5)-Se(14)-Mo(4) 68.30(3) 

Se(16)-Se(15)-Mo(8) 64.74(3) 

Se(16)-Se(15)-Mo(7) 64.13(3) 

Mo(8)-Se(15)-Mo(7) 65.78(2) 

Se(15)-Se(16)-Mo(7) 62.16(3) 

Se(15)-Se(16)-Mo(8) 61.79(3) 

Mo(7)-Se(16)-Mo(8) 64.19(2) 

Se(18)-Se(17)-Mo(7) 64.32(3) 

Se(18)-Se(17)-Mo(9) 64.41(3) 

Mo(7)-Se(17)-Mo(9) 65.81(2) 

Se(17)-Se(18)-Mo(7) 62.08(3) 

Se(17)-Se(18)-Mo(9) 62.09(3) 

Mo(7)-Se(18)-Mo(9) 64.34(3) 

Se(20)-Se(19)-Mo(9) 64.78(3) 

Se(20)-Se(19)-Mo(8) 64.56(3) 

Mo(9)-Se(19)-Mo(8) 65.73(2) 

Se(19)-Se(20)-Mo(8) 61.87(3) 

Se(19)-Se(20)-Mo(9) 61.57(3) 

Mo(8)-Se(20)-Mo(9) 63.84(2) 

Mo(7)-Se(21)-Mo(9) 67.75(3) 

Mo(7)-Se(21)-Mo(8) 67.68(3) 

Mo(9)-Se(21)-Mo(8) 67.45(3) 

C(1)-S(1)-Mo(1) 87.7(2) 

C(1)-S(2)-Mo(1) 88.9(2) 

C(10)-S(3)-Mo(2) 88.7(3) 

C(10)-S(4)-Mo(2) 89.0(3) 

C(19)-S(5)-Mo(3) 88.4(2) 

C(19)-S(6)-Mo(3) 89.2(3) 

C(28)-S(7)-Mo(4) 88.4(2) 

C(28)-S(8)-Mo(4) 89.9(2) 

C(37)-S(9)-Mo(5) 87.9(2) 

C(37)-S(10)-Mo(5) 89.1(2) 

C(46)-S(11)-Mo(6) 87.5(2) 

C(46)-S(12)-Mo(6) 89.0(2) 

C(55)-S(13)-Mo(7) 88.7(2) 

C(55)-S(14)-Mo(7) 90.0(3) 

C(64)-S(15)-Mo(8) 88.0(2) 

C(64)-S(16)-Mo(8) 89.1(2) 

C(73)-S(17)-Mo(9) 87.8(2) 

C(73)-S(18)-Mo(9) 88.7(2) 

C(1)-N(1)-C(6) 121.2(6) 

C(1)-N(1)-C(2) 120.6(6) 

C(6)-N(1)-C(2) 117.7(5) 

C(10)-N(2)-C(11) 121.4(7) 

C(10)-N(2)-C(15) 118.8(7) 

C(11)-N(2)-C(15) 116.8(6) 

C(19)-N(3)-C(20) 123.5(7) 

C(19)-N(3)-C(24) 119.9(7) 

C(20)-N(3)-C(24) 116.6(6) 

C(28)-N(4)-C(33) 121.9(6) 

C(28)-N(4)-C(29) 120.6(6) 

C(33)-N(4)-C(29) 117.5(6) 

C(37)-N(5)-C(42) 120.5(6) 

C(37)-N(5)-C(38) 121.3(6) 

C(42)-N(5)-C(38) 118.0(6) 

C(46)-N(6)-C(51) 119.9(6) 

C(46)-N(6)-C(47) 120.6(6)
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Table A.34, Cont’d. Bond angles (deg.) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

C(51)-N(6)-C(47) 119.4(6) C(55)-N(7)-C(60) 121.2(6)

C(55)-N(7)-C(56) 121.8(6) 

C(60)-N(7)-C(56) 117.0(6) 

C(64)-N(8)-C(69) 122.1(6) 

C(64)-N(8)-C(65) 120.2(6) 

C(69)-N(8)-C(65) 117.7(6) 

C(73)-N(9)-C(74) 121.4(6)

C(73)-N(9)-C(78) 120.0(6) 

C(74)-N(9)-C(78) 118.6(6) 

N(1)-C(1)-S(2) 124.2(5) 

N(1)-C(1)-S(1) 123.5(5) 

S(2)-C(1)-S(1) 112.3(4) 

N(1)-C(2)-C(3) 115.1(6) 

N(1)-C(2)-H(2A) 108.5 

C(3)-C(2)-H(2A) 108.5 

N(1)-C(2)-H(2B) 108.5 

C(3)-C(2)-H(2B) 108.5 

H(2A)-C(2)-H(2B) 107.5 

C(2)-C(3)-C(5) 112.7(6) 

C(2)-C(3)-C(4) 108.2(6) 

C(5)-C(3)-C(4) 110.5(7) 

C(2)-C(3)-H(3) 108.4 

C(5)-C(3)-H(3) 108.4 

C(4)-C(3)-H(3) 108.4 

C(3)-C(4)-H(4A) 109.5 

C(3)-C(4)-H(4B) 109.5 

H(4A)-C(4)-H(4B) 109.5 

C(3)-C(4)-H(4C) 109.5 

H(4A)-C(4)-H(4C) 109.5 

H(4B)-C(4)-H(4C) 109.5 

C(3)-C(5)-H(5A) 109.5 

C(3)-C(5)-H(5B) 109.5 

H(5A)-C(5)-H(5B) 109.5 

C(3)-C(5)-H(5C) 109.5 

H(5A)-C(5)-H(5C) 109.5 

H(5B)-C(5)-H(5C) 109.5 

N(1)-C(6)-C(7) 114.5(6) 

N(1)-C(6)-H(6A) 108.6 

C(7)-C(6)-H(6A) 108.6 

N(1)-C(6)-H(6B) 108.6 

C(7)-C(6)-H(6B) 108.6 

H(6A)-C(6)-H(6B) 107.6 

C(8)-C(7)-C(9) 111.2(7) 

C(8)-C(7)-C(6) 113.5(6) 

C(9)-C(7)-C(6) 106.6(7) 

C(8)-C(7)-H(7) 108.4 

C(9)-C(7)-H(7) 108.4 

C(6)-C(7)-H(7) 108.4 

C(7)-C(8)-H(8A) 109.5 

C(7)-C(8)-H(8B) 109.5 

H(8A)-C(8)-H(8B) 109.5 

C(7)-C(8)-H(8C) 109.5 

H(8A)-C(8)-H(8C) 109.5 

H(8B)-C(8)-H(8C) 109.5 

C(7)-C(9)-H(9A) 109.5 

C(7)-C(9)-H(9B) 109.5 

H(9A)-C(9)-H(9B) 109.5 

C(7)-C(9)-H(9C) 109.5 

H(9A)-C(9)-H(9C) 109.5 

H(9B)-C(9)-H(9C) 109.5 

N(2)-C(10)-S(3) 123.7(7) 

N(2)-C(10)-S(4) 123.6(7) 

S(3)-C(10)-S(4) 112.7(5) 

N(2)-C(11)-C(12) 115.5(8) 

N(2)-C(11)-H(11A) 108.4 

C(12)-C(11)-H(11A) 108.4 

N(2)-C(11)-H(11B) 108.4 

C(12)-C(11)-H(11B) 108.4 

H(11A)-C(11)-H(11B) 107.5 

C(11)-C(12)-C(13) 112.4(8) 

C(11)-C(12)-C(14) 107.9(9) 

C(13)-C(12)-C(14) 109.6(10) 

C(11)-C(12)-H(12) 109.0 

C(13)-C(12)-H(12) 109.0 

C(14)-C(12)-H(12) 109.0 

C(12)-C(13)-H(13A) 109.5 

C(12)-C(13)-H(13B) 109.5 

H(13A)-C(13)-H(13B) 109.5 

C(12)-C(13)-H(13C) 109.5 

H(13A)-C(13)-H(13C) 109.5 

H(13B)-C(13)-H(13C) 109.5 

C(12)-C(14)-H(14A) 109.5 

C(12)-C(14)-H(14B) 109.5
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Table A.34, Cont’d. Bond angles (deg.) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

H(14A)-C(14)-H(14B) 109.5 C(12)-C(14)-H(14C) 109.5

H(14A)-C(14)-H(14C) 109.5 

H(14B)-C(14)-H(14C) 109.5 

N(2)-C(15)-C(16) 116.2(7) 

N(2)-C(15)-H(15A) 108.2 

C(16)-C(15)-H(15A) 108.2 

N(2)-C(15)-H(15B) 108.2 

C(16)-C(15)-H(15B) 108.2 

H(15A)-C(15)-H(15B) 107.4

C(18)-C(16)-C(17) 110.9(9) 

C(18)-C(16)-C(15) 112.8(8) 

C(17)-C(16)-C(15) 108.2(9) 

C(18)-C(16)-H(16) 108.3 

C(17)-C(16)-H(16) 108.3 

C(15)-C(16)-H(16) 108.3 

C(16)-C(17)-H(17A) 109.5 

C(16)-C(17)-H(17B) 109.5 

H(17A)-C(17)-H(17B) 109.5 

C(16)-C(17)-H(17C) 109.5 

H(17A)-C(17)-H(17C) 109.5 

H(17B)-C(17)-H(17C) 109.5 

C(16)-C(18)-H(18A) 109.5 

C(16)-C(18)-H(18B) 109.5 

H(18A)-C(18)-H(18B) 109.5 

C(16)-C(18)-H(18C) 109.5 

H(18A)-C(18)-H(18C) 109.5 

H(18B)-C(18)-H(18C) 109.5 

N(3)-C(19)-S(5) 123.8(6) 

N(3)-C(19)-S(6) 123.7(6) 

S(5)-C(19)-S(6) 112.4(4) 

N(3)-C(20)-C(21) 111.9(7) 

N(3)-C(20)-H(20A) 109.2 

C(21)-C(20)-H(20A) 109.2 

N(3)-C(20)-H(20B) 109.2 

C(21)-C(20)-H(20B) 109.2 

H(20A)-C(20)-H(20B) 107.9 

C(22)-C(21)-C(20) 110.7(8) 

C(22)-C(21)-C(23) 111.2(9) 

C(20)-C(21)-C(23) 111.3(8) 

C(22)-C(21)-H(21) 107.8 

C(20)-C(21)-H(21) 107.8 

C(23)-C(21)-H(21) 107.8 

C(21)-C(22)-H(22A) 109.5 

C(21)-C(22)-H(22B) 109.5 

H(22A)-C(22)-H(22B) 109.5 

C(21)-C(22)-H(22C) 109.5 

H(22A)-C(22)-H(22C) 109.5 

H(22B)-C(22)-H(22C) 109.5 

C(21)-C(23)-H(23A) 109.5 

C(21)-C(23)-H(23B) 109.5 

H(23A)-C(23)-H(23B) 109.5 

C(21)-C(23)-H(23C) 109.5 

H(23A)-C(23)-H(23C) 109.5 

H(23B)-C(23)-H(23C) 109.5 

N(3)-C(24)-C(25) 111.3(6) 

N(3)-C(24)-H(24A) 109.4 

C(25)-C(24)-H(24A) 109.4 

N(3)-C(24)-H(24B) 109.4 

C(25)-C(24)-H(24B) 109.4 

H(24A)-C(24)-H(24B) 108.0 

C(26)-C(25)-C(27) 111.8(8) 

C(26)-C(25)-C(24) 113.6(8) 

C(27)-C(25)-C(24) 108.7(7) 

C(26)-C(25)-H(25) 107.5 

C(27)-C(25)-H(25) 107.5 

C(24)-C(25)-H(25) 107.5 

C(25)-C(26)-H(26A) 109.5 

C(25)-C(26)-H(26B) 109.5 

H(26A)-C(26)-H(26B) 109.5 

C(25)-C(26)-H(26C) 109.5 

H(26A)-C(26)-H(26C) 109.5 

H(26B)-C(26)-H(26C) 109.5 

C(25)-C(27)-H(27A) 109.5 

C(25)-C(27)-H(27B) 109.5 

H(27A)-C(27)-H(27B) 109.5 

C(25)-C(27)-H(27C) 109.5 

H(27A)-C(27)-H(27C) 109.5 

H(27B)-C(27)-H(27C) 109.5 

N(4)-C(28)-S(8) 124.0(5) 

N(4)-C(28)-S(7) 123.9(5) 

S(8)-C(28)-S(7) 112.1(3) 

C(30B)-C(29)-N(4) 120.6(14) 

N(4)-C(29)-C(30A) 111.7(8)
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Table A.34, Cont’d. Bond angles (deg.) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

N(4)-C(29)-H(29A) 109.3 C(30A)-C(29)-H(29A) 109.3

N(4)-C(29)-H(29B) 109.3 

C(30A)-C(29)-H(29B) 109.3 

H(29A)-C(29)-H(29B) 108.0 

C(32A)-C(30A)-C(31A) 110.8(12) 

C(32A)-C(30A)-C(29) 108.1(11) 

C(31A)-C(30A)-C(29) 114.5(11) 

C(32A)-C(30A)-H(30A) 107.7 

C(31A)-C(30A)-H(30A) 107.7 

C(29)-C(30A)-H(30A) 107.7 

C(30A)-C(31A)-H(31A) 109.5C(30A)-

C(31A)-H(31B) 109.5 

H(31A)-C(31A)-H(31B) 109.5 

C(30A)-C(31A)-H(31C) 109.5 

H(31A)-C(31A)-H(31C) 109.5 

H(31B)-C(31A)-H(31C) 109.5 

C(30A)-C(32A)-H(32A) 109.5 

C(30A)-C(32A)-H(32B) 109.5 

H(32A)-C(32A)-H(32B) 109.5 

C(30A)-C(32A)-H(32C) 109.5 

H(32A)-C(32A)-H(32C) 109.5 

H(32B)-C(32A)-H(32C) 109.5 

C(29)-C(30B)-C(31B) 109(3) 

C(29)-C(30B)-C(32B) 111(2) 

C(31B)-C(30B)-C(32B) 109(3) 

C(29)-C(30B)-H(30B) 109.4 

C(31B)-C(30B)-H(30B) 109.4 

C(32B)-C(30B)-H(30B) 109.4 

C(30B)-C(31B)-H(31D) 109.5 

C(30B)-C(31B)-H(31E) 109.5 

H(31D)-C(31B)-H(31E) 109.5 

C(30B)-C(31B)-H(31F) 109.5 

H(31D)-C(31B)-H(31F) 109.5 

H(31E)-C(31B)-H(31F) 109.5 

C(30B)-C(32B)-H(32D) 109.5 

C(30B)-C(32B)-H(32E) 109.5 

H(32D)-C(32B)-H(32E) 109.5 

C(30B)-C(32B)-H(32F) 109.5 

H(32D)-C(32B)-H(32F) 109.5 

H(32E)-C(32B)-H(32F) 109.5 

N(4)-C(33)-C(34A) 114.7(10) 

N(4)-C(33)-C(34B) 112.7(8) 

N(4)-C(33)-H(33A) 108.6 

C(34A)-C(33)-H(33A) 108.6 

N(4)-C(33)-H(33B) 108.6 

C(34A)-C(33)-H(33B) 108.6 

H(33A)-C(33)-H(33B) 107.6 

C(33)-C(34A)-C(35A) 109.9(17) 

C(33)-C(34A)-C(36A) 109.4(16) 

C(35A)-C(34A)-C(36A) 110.3(19) 

C(33)-C(34A)-H(34A) 109.1 

C(35A)-C(34A)-H(34A) 109.1 

C(36A)-C(34A)-H(34A) 109.1 

C(34A)-C(35A)-H(35A) 109.5 

C(34A)-C(35A)-H(35B) 109.5 

H(35A)-C(35A)-H(35B) 109.5 

C(34A)-C(35A)-H(35C) 109.5 

H(35A)-C(35A)-H(35C) 109.5 

H(35B)-C(35A)-H(35C) 109.5 

C(34A)-C(36A)-H(36A) 109.5 

C(34A)-C(36A)-H(36B) 109.5 

H(36A)-C(36A)-H(36B) 109.5 

C(34A)-C(36A)-H(36C) 109.5 

H(36A)-C(36A)-H(36C) 109.5 

H(36B)-C(36A)-H(36C) 109.5 

C(35B)-C(34B)-C(33) 115.0(14) 

C(35B)-C(34B)-C(36B) 109.6(15) 

C(33)-C(34B)-C(36B) 108.8(13) 

C(35B)-C(34B)-H(34B) 107.7 

C(33)-C(34B)-H(34B) 107.7 

C(36B)-C(34B)-H(34B) 107.7 

C(34B)-C(35B)-H(35D) 109.5 

C(34B)-C(35B)-H(35E) 109.5 

H(35D)-C(35B)-H(35E) 109.5 

C(34B)-C(35B)-H(35F) 109.5 

H(35D)-C(35B)-H(35F) 109.5 

H(35E)-C(35B)-H(35F) 109.5 

C(34B)-C(36B)-H(36D) 109.5 

C(34B)-C(36B)-H(36E) 109.5 

H(36D)-C(36B)-H(36E) 109.5 

C(34B)-C(36B)-H(36F) 109.5 

H(36D)-C(36B)-H(36F) 109.5 

H(36E)-C(36B)-H(36F) 109.5
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Table A.34, Cont’d. Bond angles (deg.) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

N(5)-C(37)-S(9) 123.4(5) N(5)-C(37)-S(10) 123.5(5)

S(9)-C(37)-S(10) 113.2(4) 

N(5)-C(38)-C(39) 114.2(6) 

N(5)-C(38)-H(38A) 108.7 

C(39)-C(38)-H(38A) 108.7 

N(5)-C(38)-H(38B) 108.7 

C(39)-C(38)-H(38B) 108.7 

H(38A)-C(38)-H(38B) 107.6 

C(40)-C(39)-C(38) 112.7(8) 

C(40)-C(39)-C(41) 109.9(8) 

C(38)-C(39)-C(41) 107.9(7) 

C(40)-C(39)-H(39) 108.8 

C(38)-C(39)-H(39) 108.8

C(41)-C(39)-H(39) 108.8 

C(39)-C(40)-H(40A) 109.5 

C(39)-C(40)-H(40B) 109.5 

H(40A)-C(40)-H(40B) 109.5 

C(39)-C(40)-H(40C) 109.5 

H(40A)-C(40)-H(40C) 109.5 

H(40B)-C(40)-H(40C) 109.5 

C(39)-C(41)-H(41A) 109.5 

C(39)-C(41)-H(41B) 109.5 

H(41A)-C(41)-H(41B) 109.5 

C(39)-C(41)-H(41C) 109.5 

H(41A)-C(41)-H(41C) 109.5 

H(41B)-C(41)-H(41C) 109.5 

N(5)-C(42)-C(43) 114.2(7) 

N(5)-C(42)-H(42A) 108.7 

C(43)-C(42)-H(42A) 108.7 

N(5)-C(42)-H(42B) 108.7 

C(43)-C(42)-H(42B) 108.7 

H(42A)-C(42)-H(42B) 107.6 

C(44)-C(43)-C(45) 111.9(8) 

C(44)-C(43)-C(42) 109.3(9) 

C(45)-C(43)-C(42) 112.0(7) 

C(44)-C(43)-H(43) 107.8 

C(45)-C(43)-H(43) 107.8 

C(42)-C(43)-H(43) 107.8 

C(43)-C(44)-H(44A) 109.5 

C(43)-C(44)-H(44B) 109.5 

H(44A)-C(44)-H(44B) 109.5 

C(43)-C(44)-H(44C) 109.5 

H(44A)-C(44)-H(44C) 109.5 

H(44B)-C(44)-H(44C) 109.5 

C(43)-C(45)-H(45A) 109.5 

C(43)-C(45)-H(45B) 109.5 

H(45A)-C(45)-H(45B) 109.5 

C(43)-C(45)-H(45C) 109.5 

H(45A)-C(45)-H(45C) 109.5 

H(45B)-C(45)-H(45C) 109.5 

N(6)-C(46)-S(11) 123.9(6) 

N(6)-C(46)-S(12) 122.8(6) 

S(11)-C(46)-S(12) 113.3(4) 

N(6)-C(47)-C(48) 112.1(7) 

N(6)-C(47)-H(47A) 109.2 

C(48)-C(47)-H(47A) 109.2 

N(6)-C(47)-H(47B) 109.2 

C(48)-C(47)-H(47B) 109.2 

H(47A)-C(47)-H(47B) 107.9 

C(49)-C(48)-C(50) 111.8(9) 

C(49)-C(48)-C(47) 112.0(7) 

C(50)-C(48)-C(47) 109.2(8) 

C(49)-C(48)-H(48) 107.9 

C(50)-C(48)-H(48) 107.9 

C(47)-C(48)-H(48) 107.9 

C(48)-C(49)-H(49A) 109.5 

C(48)-C(49)-H(49B) 109.5 

H(49A)-C(49)-H(49B) 109.5 

C(48)-C(49)-H(49C) 109.5 

H(49A)-C(49)-H(49C) 109.5 

H(49B)-C(49)-H(49C) 109.5 

C(48)-C(50)-H(50A) 109.5 

C(48)-C(50)-H(50B) 109.5 

H(50A)-C(50)-H(50B) 109.5 

C(48)-C(50)-H(50C) 109.5 

H(50A)-C(50)-H(50C) 109.5 

H(50B)-C(50)-H(50C) 109.5 

N(6)-C(51)-C(52) 113.2(7) 

N(6)-C(51)-H(51A) 108.9 

C(52)-C(51)-H(51A) 108.9 

N(6)-C(51)-H(51B) 108.9 

C(52)-C(51)-H(51B) 108.9 

H(51A)-C(51)-H(51B) 107.7
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Table A.34, Cont’d. Bond angles (deg.) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

C(53)-C(52)-C(51) 112.0(9) C(53)-C(52)-C(54) 112.4(10)

C(51)-C(52)-C(54) 108.2(9) 

C(53)-C(52)-H(52A) 108.0 

C(51)-C(52)-H(52A) 108.0 

C(54)-C(52)-H(52A) 108.0 

C(52)-C(53)-H(53A) 109.5 

C(52)-C(53)-H(53B) 109.5 

H(53A)-C(53)-H(53B) 109.5 

C(52)-C(53)-H(53C) 109.5 

H(53A)-C(53)-H(53C) 109.5 

H(53B)-C(53)-H(53C) 109.5 

C(52)-C(54)-H(54A) 109.5 

C(52)-C(54)-H(54B) 109.5 

H(54A)-C(54)-H(54B) 109.5 

C(52)-C(54)-H(54C) 109.5

H(54A)-C(54)-H(54C) 109.5 

H(54B)-C(54)-H(54C) 109.5 

N(7)-C(55)-S(14) 123.9(5) 

N(7)-C(55)-S(13) 124.1(5) 

S(14)-C(55)-S(13) 112.0(4) 

N(7)-C(56)-C(57) 111.6(7) 

N(7)-C(56)-H(56A) 109.3 

C(57)-C(56)-H(56A) 109.3 

N(7)-C(56)-H(56B) 109.3 

C(57)-C(56)-H(56B) 109.3 

H(56A)-C(56)-H(56B) 108.0 

C(58)-C(57)-C(56) 112.5(8) 

C(58)-C(57)-C(59) 113.2(11) 

C(56)-C(57)-C(59) 106.1(9) 

C(58)-C(57)-H(57) 108.3 

C(56)-C(57)-H(57) 108.3 

C(59)-C(57)-H(57) 108.3 

C(57)-C(58)-H(58A) 109.5 

C(57)-C(58)-H(58B) 109.5 

H(58A)-C(58)-H(58B) 109.5 

C(57)-C(58)-H(58C) 109.5 

H(58A)-C(58)-H(58C) 109.5 

H(58B)-C(58)-H(58C) 109.5 

C(57)-C(59)-H(59A) 109.5 

C(57)-C(59)-H(59B) 109.5 

H(59A)-C(59)-H(59B) 109.5 

C(57)-C(59)-H(59C) 109.5 

H(59A)-C(59)-H(59C) 109.5 

H(59B)-C(59)-H(59C) 109.5 

N(7)-C(60)-C(61B) 110.7(12) 

N(7)-C(60)-C(61A) 114.0(8) 

N(7)-C(60)-H(60A) 108.8 

C(61A)-C(60)-H(60A) 108.8 

N(7)-C(60)-H(60B) 108.8 

C(61A)-C(60)-H(60B) 108.8 

H(60A)-C(60)-H(60B) 107.7 

C(63A)-C(61A)-C(60) 114.4(13) 

C(63A)-C(61A)-C(62A) 112.7(14) 

C(60)-C(61A)-C(62A) 107.3(11) 

C(63A)-C(61A)-H(61A) 107.4 

C(60)-C(61A)-H(61A) 107.4 

C(62A)-C(61A)-H(61A) 107.4 

C(61A)-C(62A)-H(62A) 109.5 

C(61A)-C(62A)-H(62B) 109.5 

H(62A)-C(62A)-H(62B) 109.5 

C(61A)-C(62A)-H(62C) 109.5 

H(62A)-C(62A)-H(62C) 109.5 

H(62B)-C(62A)-H(62C) 109.5 

C(61A)-C(63A)-H(63A) 109.5 

C(61A)-C(63A)-H(63B) 109.5 

H(63A)-C(63A)-H(63B) 109.5 

C(61A)-C(63A)-H(63C) 109.5 

H(63A)-C(63A)-H(63C) 109.5 

H(63B)-C(63A)-H(63C) 109.5 

C(60)-C(61B)-C(63B) 114(2) 

C(60)-C(61B)-C(62B) 104(2) 

C(63B)-C(61B)-C(62B) 110(3) 

C(60)-C(61B)-H(61B) 109.7 

C(63B)-C(61B)-H(61B) 109.7 

C(62B)-C(61B)-H(61B) 109.7 

C(61B)-C(62B)-H(62D) 109.5 

C(61B)-C(62B)-H(62E) 109.5 

H(62D)-C(62B)-H(62E) 109.5 

C(61B)-C(62B)-H(62F) 109.5 

H(62D)-C(62B)-H(62F) 109.5 

H(62E)-C(62B)-H(62F) 109.5 

C(61B)-C(63B)-H(63D) 109.5 

C(61B)-C(63B)-H(63E) 109.5
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Table A.34, Cont’d. Bond angles (deg.) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

H(63D)-C(63B)-H(63E) 109.5 C(61B)-C(63B)-H(63F) 109.5

H(63D)-C(63B)-H(63F) 109.5 

H(63E)-C(63B)-H(63F) 109.5 

N(8)-C(64)-S(15) 123.6(5) 

N(8)-C(64)-S(16) 123.7(5) 

S(15)-C(64)-S(16) 112.8(4) 

N(8)-C(65)-C(66) 113.9(7) 

N(8)-C(65)-H(65A) 108.8 

C(66)-C(65)-H(65A) 108.8 

N(8)-C(65)-H(65B) 108.8 

C(66)-C(65)-H(65B) 108.8 

H(65A)-C(65)-H(65B) 107.7 

C(67)-C(66)-C(68) 111.6(10) 

C(67)-C(66)-C(65) 115.3(9) 

C(68)-C(66)-C(65) 106.7(9) 

C(67)-C(66)-H(66) 107.6 

C(68)-C(66)-H(66) 107.6 

C(65)-C(66)-H(66) 107.6 

C(66)-C(67)-H(67A) 109.5 

C(66)-C(67)-H(67B) 109.5 

H(67A)-C(67)-H(67B) 109.5 

C(66)-C(67)-H(67C) 109.5 

H(67A)-C(67)-H(67C) 109.5 

H(67B)-C(67)-H(67C) 109.5 

C(66)-C(68)-H(68A) 109.5 

C(66)-C(68)-H(68B) 109.5 

H(68A)-C(68)-H(68B) 109.5 

C(66)-C(68)-H(68C) 109.5 

H(68A)-C(68)-H(68C) 109.5 

H(68B)-C(68)-H(68C) 109.5 

N(8)-C(69)-C(70) 113.3(6) 

N(8)-C(69)-H(69A) 108.9 

C(70)-C(69)-H(69A) 108.9 

N(8)-C(69)-H(69B) 108.9 

C(70)-C(69)-H(69B) 108.9 

H(69A)-C(69)-H(69B) 107.7 

C(72)-C(70)-C(71) 110.4(9) 

C(72)-C(70)-C(69) 111.4(8) 

C(71)-C(70)-C(69) 109.1(7) 

C(72)-C(70)-H(70) 108.6 

C(71)-C(70)-H(70) 108.6 

C(69)-C(70)-H(70) 108.6 

C(70)-C(71)-H(71A) 109.5 

C(70)-C(71)-H(71B) 109.5 

H(71A)-C(71)-H(71B) 109.5 

C(70)-C(71)-H(71C) 109.5 

H(71A)-C(71)-H(71C) 109.5 

H(71B)-C(71)-H(71C) 109.5 

C(70)-C(72)-H(72A) 109.5 

C(70)-C(72)-H(72B) 109.5 

H(72A)-C(72)-H(72B) 109.5 

C(70)-C(72)-H(72C) 109.5 

H(72A)-C(72)-H(72C) 109.5 

H(72B)-C(72)-H(72C) 109.5 

N(9)-C(73)-S(17) 123.9(6) 

N(9)-C(73)-S(18) 122.6(6) 

S(17)-C(73)-S(18) 113.6(4) 

N(9)-C(74)-C(75B) 119.8(11) 

N(9)-C(74)-C(75A) 106.9(10) 

N(9)-C(74)-H(74A) 110.3 

C(75A)-C(74)-H(74A) 110.3 

N(9)-C(74)-H(74B) 110.3 

C(75A)-C(74)-H(74B) 110.3 

H(74A)-C(74)-H(74B) 108.6 

C(77A)-C(75A)-C(76A) 114.1(19) 

C(77A)-C(75A)-C(74) 116.1(17) 

C(76A)-C(75A)-C(74) 102.2(16) 

C(77A)-C(75A)-H(75A) 108.0 

C(76A)-C(75A)-H(75A) 108.0 

C(74)-C(75A)-H(75A) 108.0 

C(75A)-C(76A)-H(76A) 109.5 

C(75A)-C(76A)-H(76B) 109.5 

H(76A)-C(76A)-H(76B) 109.5 

C(75A)-C(76A)-H(76C) 109.5 

H(76A)-C(76A)-H(76C) 109.5 

H(76B)-C(76A)-H(76C) 109.5 

C(75A)-C(77A)-H(77A) 109.5 

C(75A)-C(77A)-H(77B) 109.5 

H(77A)-C(77A)-H(77B) 109.5 

C(75A)-C(77A)-H(77C) 109.5 

H(77A)-C(77A)-H(77C) 109.5 

H(77B)-C(77A)-H(77C) 109.5 

C(74)-C(75B)-C(77B) 112.1(15)
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Table A.34, Cont’d. Bond angles (deg.) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

C(74)-C(75B)-C(76B) 112.5(16) C(77B)-C(75B)-C(76B) 109.6(17)

C(74)-C(75B)-H(75B) 107.5 

C(77B)-C(75B)-H(75B) 107.5 

C(76B)-C(75B)-H(75B) 107.5 

C(75B)-C(76B)-H(76D) 109.5 

C(75B)-C(76B)-H(76E) 109.5 

H(76D)-C(76B)-H(76E) 109.5 

C(75B)-C(76B)-H(76F) 109.5 

H(76D)-C(76B)-H(76F) 109.5 

H(76E)-C(76B)-H(76F) 109.5 

C(75B)-C(77B)-H(77D) 109.5 

C(75B)-C(77B)-H(77E) 109.5 

H(77D)-C(77B)-H(77E) 109.5 

C(75B)-C(77B)-H(77F) 109.5 

H(77D)-C(77B)-H(77F) 109.5 

H(77E)-C(77B)-H(77F) 109.5 

N(9)-C(78)-C(79) 113.1(8) 

N(9)-C(78)-H(78A) 109.0 

C(79)-C(78)-H(78A) 109.0 

N(9)-C(78)-H(78B) 109.0 

C(79)-C(78)-H(78B) 109.0 

H(78A)-C(78)-H(78B) 107.8 

C(81)-C(79)-C(80) 111.4(10) 

C(81)-C(79)-C(78) 113.8(9) 

C(80)-C(79)-C(78) 109.1(13) 

C(81)-C(79)-H(79) 107.4 

C(80)-C(79)-H(79) 107.4 

C(78)-C(79)-H(79) 107.4 

C(79)-C(80)-H(80A) 109.5 

C(79)-C(80)-H(80B) 109.5 

H(80A)-C(80)-H(80B) 109.5 

C(79)-C(80)-H(80C) 109.5 

H(80A)-C(80)-H(80C) 109.5 

H(80B)-C(80)-H(80C) 109.5 

C(79)-C(81)-H(81A) 109.5 

C(79)-C(81)-H(81B) 109.5 

H(81A)-C(81)-H(81B) 109.5 

C(79)-C(81)-H(81C) 109.5 

H(81A)-C(81)-H(81C) 109.5 

H(81B)-C(81)-H(81C) 109.5 

C(83)-C(82)-C(84) 93(5) 

C(83)-C(82)-C(85) 114(5) 

C(84)-C(82)-C(85) 21(3) 

C(82)-C(83)-C(84) 58(4) 

C(82)-C(83)-C(85) 47(4) 

C(84)-C(83)-C(85) 12(3) 

C(85)-C(84)-C(82) 110(9) 

C(85)-C(84)-C(83) 137(9) 

C(82)-C(84)-C(83) 28.7(18) 

C(85)-C(84)-C(86) 20(8) 

C(82)-C(84)-C(86) 94(3) 

C(83)-C(84)-C(86) 119(2) 

C(84)-C(85)-C(86) 150(10) 

C(84)-C(85)-C(82) 49(7) 

C(86)-C(85)-C(82) 106(5) 

C(84)-C(85)-C(83) 31(7) 

C(86)-C(85)-C(83) 121(5) 

C(82)-C(85)-C(83) 19.3(16) 

C(85)-C(86)-C(87) 108(4) 

C(85)-C(86)-C(84) 10(4) 

C(87)-C(86)-C(84) 117(2) 

C(88)-C(87)-C(90) 90(3) 

C(88)-C(87)-C(86) 137(4) 

C(90)-C(87)-C(86) 115(3) 

C(88)-C(87)-C(89) 23(2) 

C(90)-C(87)-C(89) 101(3) 

C(86)-C(87)-C(89) 115(2) 

C(89)-C(88)-C(87) 132(5) 

C(89)-C(88)-C(90) 136(4) 

C(87)-C(88)-C(90) 51(3) 

C(88)-C(89)-C(87) 26(3) 

C(87)-C(90)-C(91) 122(3) 

C(87)-C(90)-C(88) 39(2) 

C(91)-C(90)-C(88) 161(3) 

C(93)-C(92)-Cl(1) 123(3) 

C(93)-C(92)-H(92A) 106.6 

Cl(1)-C(92)-H(92A) 106.6 

C(93)-C(92)-H(92B) 106.6 

Cl(1)-C(92)-H(92B) 106.6 

H(92A)-C(92)-H(92B) 106.6 

C(92)-C(93)-Cl(2) 124(3) 

C(92)-C(93)-H(93A) 106.4 

Cl(2)-C(93)-H(93A) 106.4
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Table A.34, Cont’d. Bond angles (deg.) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). Symmetry transformations used to 

generate equivalent atoms:  

________________________________________________________________________ 

H(93A)-C(93)-H(93B) 106.4 

C(92)-C(93)-H(93B) 106.4 

Cl(2)-C(93)-H(93B) 106.4 
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Table A.35. Anisotropic displacement parameters (Å2 x 103) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). The anisotropic displacement factor 

exponent takes the form: -2π2[h2a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

I(1) 48(1) 37(1) 51(1) -6(1) -2(1) -14(1) 

I(2) 36(1) 50(1) 23(1) 1(1) -9(1) -16(1) 

I(3) 25(1) 25(1) 38(1) -8(1) 1(1) 3(1) 

Mo(1) 17(1) 20(1) 21(1) -1(1) -1(1) 2(1) 

Mo(2) 27(1) 27(1) 21(1) -2(1) -1(1) 1(1) 

Mo(3) 19(1) 24(1) 26(1) -1(1) -4(1) 3(1) 

Mo(4) 14(1) 15(1) 17(1) 1(1) 0(1) -4(1) 

Mo(5) 13(1) 12(1) 20(1) 1(1) -2(1) -1(1) 

Mo(6) 15(1) 12(1) 18(1) 1(1) 1(1) 0(1) 

Mo(7) 15(1) 21(1) 22(1) -5(1) 1(1) 0(1) 

Mo(8) 17(1) 20(1) 20(1) -6(1) 0(1) 1(1) 

Mo(9) 15(1) 22(1) 22(1) -7(1) -1(1) 0(1) 

Se(1) 31(1) 24(1) 31(1) -4(1) 0(1) 3(1) 

Se(2) 32(1) 40(1) 39(1) -4(1) 5(1) 6(1) 

Se(3) 31(1) 36(1) 32(1) -5(1) -9(1) 0(1) 

Se(4) 48(1) 45(1) 35(1) 3(1) -10(1) 3(1) 

Se(5) 21(1) 28(1) 32(1) -2(1) 1(1) 0(1) 

Se(6) 25(1) 29(1) 29(1) -6(1) 1(1) 2(1) 

Se(7) 48(1) 53(1) 47(1) 0(1) -1(1) 6(1) 

Se(8) 15(1) 26(1) 26(1) 3(1) -2(1) -2(1) 

Se(9) 24(1) 28(1) 27(1) -3(1) 2(1) 4(1) 

Se(10) 21(1) 22(1) 21(1) 3(1) 0(1) -2(1) 

Se(11) 18(1) 24(1) 32(1) 6(1) 2(1) -4(1) 

Se(12) 26(1) 19(1) 24(1) -2(1) 0(1) -8(1) 

Se(13) 36(1) 19(1) 33(1) 3(1) 2(1) -2(1) 

Se(14) 36(1) 33(1) 43(1) 1(1) 2(1) 0(1) 

Se(15) 18(1) 25(1) 28(1) -5(1) -1(1) 1(1) 

Se(16) 25(1) 30(1) 34(1) -8(1) -4(1) -3(1) 

Se(17) 23(1) 28(1) 26(1) -10(1) 2(1) 0(1) 

Se(18) 34(1) 41(1) 27(1) -6(1) -2(1) 1(1) 

Se(19) 23(1) 23(1) 28(1) -6(1) 2(1) 0(1) 

Se(20) 23(1) 27(1) 34(1) -7(1) 6(1) -1(1) 

Se(21) 36(1) 47(1) 42(1) -7(1) 1(1) -2(1) 

S(1) 22(1) 24(1) 29(1) 5(1) -5(1) -3(1) 

S(2) 22(1) 21(1) 27(1) 2(1) -5(1) -1(1) 

S(3) 45(1) 40(1) 26(1) -8(1) 4(1) -6(1) 

S(4) 46(1) 36(1) 25(1) -4(1) 6(1) -5(1) 

S(5) 22(1) 27(1) 56(1) 0(1) -6(1) 5(1) 

S(6) 25(1) 25(1) 46(1) 1(1) -5(1) 3(1) 
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Table A.35, Cont’d. Anisotropic displacement parameters (Å2 x 103) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). The anisotropic displacement factor 

exponent takes the form: -2π2[h2a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

S(7) 20(1) 37(1) 22(1) 5(1) -2(1) -12(1) 

S(8) 20(1) 26(1) 19(1) 2(1) 0(1) -7(1) 

S(9) 25(1) 15(1) 32(1) 4(1) -10(1) 0(1) 

S(10) 28(1) 13(1) 34(1) 0(1) -13(1) -2(1) 

S(11) 27(1) 24(1) 23(1) -3(1) 2(1) 7(1) 

S(12) 20(1) 22(1) 28(1) -2(1) -1(1) 6(1) 

S(13) 21(1) 22(1) 36(1) 0(1) 9(1) 3(1) 

S(14) 24(1) 23(1) 37(1) -2(1) 7(1) 5(1) 

S(15) 30(1) 24(1) 23(1) -5(1) 0(1) 7(1) 

S(16) 26(1) 24(1) 22(1) -7(1) -3(1) 6(1) 

S(17) 20(1) 27(1) 36(1) -12(1) -6(1) 1(1) 

S(18) 20(1) 26(1) 42(1) -10(1) -6(1) 2(1) 

N(1) 20(2) 21(3) 21(3) 0(2) -2(2) 1(2) 

N(2) 48(4) 40(4) 17(3) -1(3) 2(3) 1(3) 

N(3) 30(3) 28(3) 36(3) -3(3) -4(3) 9(3) 

N(4) 21(3) 30(3) 25(3) 6(2) 2(2) -5(2) 

N(5) 29(3) 14(2) 34(3) 2(2) -7(2) -1(2) 

N(6) 26(3) 21(3) 29(3) 6(2) 5(2) 6(2) 

N(7) 21(3) 21(3) 35(3) 2(2) 5(2) 1(2) 

N(8) 23(3) 28(3) 21(3) -7(2) 0(2) 2(2) 

N(9) 19(3) 33(3) 29(3) -6(2) -3(2) 3(2) 

C(1) 16(3) 26(3) 20(3) 0(2) 2(2) 5(2) 

C(2) 21(3) 29(3) 23(3) -6(3) -4(2) -1(3) 

C(3) 19(3) 27(3) 38(4) -1(3) 4(3) 2(3) 

C(4) 22(3) 41(5) 62(6) -7(4) -2(3) -5(3) 

C(5) 34(4) 41(4) 36(4) -2(3) 9(3) 2(3) 

C(6) 28(3) 28(3) 19(3) 3(2) -1(2) 3(3) 

C(7) 25(3) 28(3) 38(4) 4(3) 2(3) 0(3) 

C(8) 53(5) 29(4) 44(5) -7(3) 6(4) 7(4) 

C(9) 36(4) 37(4) 51(5) 19(4) -2(4) 5(3) 

C(10) 51(5) 38(4) 20(3) -5(3) -4(3) 0(4) 

C(11) 60(5) 40(4) 19(3) -1(3) 2(3) -1(4) 

C(12) 59(6) 47(5) 28(4) -7(4) 7(4) -1(4) 

C(13) 65(7) 58(7) 51(6) -6(5) -2(5) 2(5) 

C(14) 76(8) 74(8) 42(6) 7(5) 17(5) -15(6) 

C(15) 52(5) 49(5) 22(3) -2(3) -4(3) 0(4) 

C(16) 50(5) 46(5) 31(4) -7(4) 6(4) 1(4) 

C(17) 76(8) 52(7) 80(9) -16(6) 1(7) -14(6) 

C(18) 57(6) 52(6) 39(5) -4(4) 8(4) 5(5) 
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Table A.35, Cont’d. Anisotropic displacement parameters (Å2 x 103) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). The anisotropic displacement factor 

exponent takes the form: -2π2[h2a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

C(19) 24(3) 25(3) 37(4) 4(3) -2(3) 9(3) 

C(20) 39(4) 24(3) 40(4) 1(3) -2(3) 5(3) 

C(21) 44(5) 32(4) 46(5) -4(4) 0(4) -6(3) 

C(22) 75(8) 47(6) 62(7) -16(5) 11(6) 2(5) 

C(23) 60(6) 55(6) 33(4) -6(4) -9(4) -10(5) 

C(24) 21(3) 35(4) 36(4) -3(3) -1(3) 10(3) 

C(25) 29(4) 48(5) 37(4) -6(4) 1(3) 9(3) 

C(26) 50(5) 64(6) 31(4) -8(4) 0(4) -2(5) 

C(27) 28(4) 52(5) 37(4) -5(4) -2(3) 6(4) 

C(28) 21(3) 26(3) 18(3) 4(2) 4(2) -6(2) 

C(29) 23(3) 42(4) 38(4) 11(3) 5(3) -13(3) 

C(33) 37(4) 40(4) 18(3) 1(3) -2(3) -5(3) 

C(37) 25(3) 14(3) 32(3) 0(2) -3(3) 2(2) 

C(38) 31(3) 15(3) 38(4) 5(3) 1(3) 3(3) 

C(39) 45(4) 20(3) 42(4) 3(3) 7(4) 5(3) 

C(40) 45(5) 31(4) 72(7) 3(4) 28(5) 0(4) 

C(41) 85(8) 51(6) 41(5) 20(4) 12(5) 19(6) 

C(42) 44(4) 17(3) 37(4) 0(3) -12(3) -8(3) 

C(43) 64(6) 21(3) 38(4) -3(3) -7(4) -7(4) 

C(44) 92(9) 44(6) 51(6) -12(5) -30(6) 8(6) 

C(45) 60(6) 29(4) 47(5) 0(4) 9(4) -8(4) 

C(46) 21(3) 20(3) 32(3) 1(3) 3(3) 2(2) 

C(47) 32(4) 30(4) 30(4) 1(3) 9(3) 9(3) 

C(48) 46(5) 33(4) 36(4) 9(3) 9(3) 14(3) 

C(49) 53(6) 70(7) 54(6) 22(5) 15(5) -14(5) 

C(50) 74(7) 57(6) 35(5) 9(4) 10(5) 20(5) 

C(51) 20(3) 27(3) 46(4) 3(3) 2(3) 5(3) 

C(53) 80(8) 42(6) 68(7) 8(5) -17(6) -5(5) 

C(54) 82(9) 78(9) 65(8) 20(7) -32(7) -8(7) 

C(55) 19(3) 26(3) 33(4) -2(3) 3(3) 2(2) 

C(56) 23(3) 27(3) 43(4) 1(3) 7(3) 2(3) 

C(57) 57(6) 50(5) 47(5) 12(4) 24(5) 17(5) 

C(58) 76(8) 84(9) 42(6) -15(6) -3(5) 16(7) 

C(59) 81(9) 93(10) 75(9) 23(8) 52(8) 32(8) 

C(60) 34(4) 23(3) 38(4) 2(3) 7(3) 1(3) 

C(64) 19(3) 24(3) 22(3) -9(2) -1(2) 1(2) 

C(65) 28(3) 32(4) 23(3) -2(3) -2(3) 4(3) 

C(66) 52(5) 41(5) 48(5) 6(4) 1(4) -4(4) 

C(67) 38(5) 82(9) 92(10) 33(8) 3(6) -6(5) 
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Table A.35, Cont’d. Anisotropic displacement parameters (Å2 x 103) for 

[Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). The anisotropic displacement factor 

exponent takes the form: -2π2[h2a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

C(68) 78(9) 45(6) 109(11) 38(7) 0(8) -3(6) 

C(69) 26(3) 36(4) 25(3) -12(3) 0(3) 6(3) 

C(70) 34(4) 40(4) 39(4) -21(4) -10(3) 5(3) 

C(71) 63(6) 54(6) 49(6) -33(5) -12(5) 13(5) 

C(72) 61(7) 50(6) 74(8) -17(5) 10(6) -21(5) 

C(73) 20(3) 31(3) 27(3) -5(3) -3(2) -2(3) 

C(74) 22(3) 38(4) 35(4) -13(3) -5(3) -8(3) 

C(78) 23(3) 38(4) 53(5) -1(4) -14(3) 7(3) 

C(79) 30(4) 62(6) 75(7) -28(6) 1(4) 11(4) 

C(80) 59(8) 57(8) 240(30) -37(12) 25(12) 24(7) 

C(81) 54(6) 76(8) 66(7) -11(6) 17(6) 3(6) 
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Table A.36. Hydrogen coordinates (x 104) and isotropic displacement parameters (Å2 x 

103) for [Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(2A) 192 7894 3031 29 

H(2B) 5 8514 2721 29 

H(3) -530 9393 3069 34 

H(4A) -847 8092 2767 62 

H(4B) -1074 8008 3125 62 

H(4C) -640 7299 3024 62 

H(5A) -260 8000 3568 56 

H(5B) -683 8794 3600 56 

H(5C) -133 9148 3583 56 

H(6A) 328 10012 2601 30 

H(6B) 772 10442 2809 30 

H(7) -228 10782 2956 37 

H(8A) 290 10794 3440 63 

H(8B) -6 11791 3381 63 

H(8C) 553 11736 3290 63 

H(9A) -94 12375 2761 62 

H(9B) 77 11616 2486 62 

H(9C) 468 12153 2716 62 

H(11A) 834 8396 5772 47 

H(11B) 708 7897 5427 47 

H(12) 93 9280 5746 54 

H(13A) -46 9294 5173 87 

H(13B) -499 8815 5352 87 

H(13C) -116 8124 5174 87 

H(14A) -69 7203 5683 96 

H(14B) -361 7947 5910 96 

H(14C) 184 7663 6003 96 

H(15A) 1403 10247 5594 49 

H(15B) 947 10063 5820 49 

H(16) 866 11231 5236 51 

H(17A) 1013 12638 5555 104 

H(17B) 1467 11914 5589 104 

H(17C) 1084 11979 5878 104 

H(18A) 116 10789 5432 74 

H(18B) 191 11940 5500 74 

H(18C) 257 11163 5793 74 

H(20A) 2884 4395 4013 41 

H(20B) 3411 4076 4139 41 

H(21) 3680 4547 3581 49 

H(22A) 3691 2924 3753 92 
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Table A.36, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for [Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(22B) 3518 2973 3376 92 

H(22C) 3132 2802 3659 92 

H(23A) 2671 4310 3429 74 

H(23B) 3080 4419 3159 74 

H(23C) 2962 5322 3397 74 

H(24A) 3955 6367 4047 37 

H(24B) 4062 5212 4080 37 

H(25) 3723 6476 4591 46 

H(26A) 3843 4409 4656 72 

H(26B) 3338 4977 4664 72 

H(26C) 3728 5139 4952 72 

H(27A) 4463 6231 4847 59 

H(27B) 4570 6518 4475 59 

H(27C) 4608 5395 4591 59 

H(29A) 365 3836 3442 41 

H(29B) 434 3959 3055 41 

H(30A) 75 5576 3077 48 

H(31A) 237 6021 3638 77 

H(31B) -323 6165 3549 77 

H(31C) -149 5225 3756 77 

H(32A) -416 4181 2951 79 

H(32B) -553 4084 3330 79 

H(32C) -727 5024 3123 79 

H(30B) 41 4574 3660 48 

H(31D) -329 5958 3453 77 

H(31E) 245 6055 3434 77 

H(31F) -66 5801 3110 77 

H(32D) -734 4372 3396 79 

H(32E) -480 4216 3049 79 

H(32F) -414 3411 3333 79 

H(33A) 865 5079 3812 38 

H(33B) 1398 5155 3671 38 

H(34A) 903 3358 3774 47 

H(35A) 1653 2629 3663 79 

H(35B) 1468 3249 3352 79 

H(35C) 1879 3689 3590 79 

H(36A) 1451 3164 4234 79 

H(36B) 1672 4232 4166 79 

H(36C) 1127 4126 4284 79 

H(34B) 1757 4035 3583 47 
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Table A.36, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for [Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

(35D) 1538 2434 3661 79 

H(35E) 1001 2767 3748 79 

H(35F) 1201 2934 3386 79 

H(36D) 1751 4521 4155 79 

H(36E) 1355 3694 4226 79 

H(36F) 1887 3381 4121 79 

H(38A) 1882 12191 2072 34 

H(38B) 1630 11232 1919 34 

H(39) 2260 11025 1549 43 

H(40A) 2700 12787 1795 73 

H(40B) 2913 12075 1520 73 

H(40C) 2894 11716 1893 73 

H(41A) 1904 13015 1540 88 

H(41B) 1613 12091 1394 88 

H(41C) 2101 12445 1225 88 

H(42A) 2523 12092 2427 39 

H(42B) 2749 11064 2542 39 

H(43) 2114 10772 2893 49 

H(44A) 2773 11819 3067 94 

H(44B) 2298 11911 3283 94 

H(44C) 2417 12736 3016 94 

H(45A) 1679 12560 2666 68 

H(45B) 1476 11901 2959 68 

H(45C) 1474 11480 2592 68 

H(47A) 3505 3604 1467 37 

H(47B) 4033 3240 1578 37 

H(48) 3833 5174 1328 46 

H(49A) 4514 5240 1656 88 

H(49B) 4683 5323 1283 88 

H(49C) 4743 4305 1477 88 

H(50A) 4266 3584 979 83 

H(50B) 4168 4659 832 83 

H(50C) 3724 3957 918 83 

H(51A) 4181 4689 2258 37 

H(51B) 4408 3821 2046 37 

H(52A) 3624 3511 2479 55 

H(53A) 3815 1858 2438 96 

H(53B) 3680 2306 2085 96 

H(53C) 4233 2112 2185 96 

H(54A) 4318 4055 2780 113 
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Table A.36, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for [Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(54B) 4197 2937 2873 113 

H(54C) 4629 3178 2629 113 

H(56A) 6025 7380 5429 37 

H(56B) 6227 8484 5417 37 

H(57) 5863 8712 4887 61 

H(58A) 5592 6692 4912 101 

H(58B) 5519 7396 4600 101 

H(58C) 5221 7594 4927 101 

H(59A) 6678 8177 4935 124 

H(59B) 6441 7712 4610 124 

H(59C) 6510 7050 4932 124 

H(60A) 5075 9595 5538 38 

H(60B) 5355 9577 5198 38 

H(61A) 6082 10074 5461 46 

H(62A) 5531 11320 5267 88 

H(62B) 5304 11399 5625 88 

H(62C) 5850 11733 5567 88 

H(63A) 6126 10519 5998 93 

H(63B) 5588 10129 6052 93 

H(63C) 6008 9371 5961 93 

H(61B) 5360 9860 5931 46 

H(62D) 5487 11612 5812 88 

H(62E) 5570 11348 5435 88 

H(62F) 5050 11190 5593 88 

H(63D) 6168 10430 6007 93 

H(63E) 6188 9338 5860 93 

H(63F) 6276 10264 5626 93 

H(65A) 4364 6053 8147 33 

H(65B) 4594 5462 7848 33 

H(66) 3858 4580 7776 56 

H(67A) 3560 5443 8369 106 

H(67B) 3292 4550 8186 106 

H(67C) 3308 5613 8018 106 

H(68A) 4316 4379 8405 116 

H(68B) 4514 3921 8071 116 

H(68C) 4021 3523 8221 116 

H(69A) 3609 7100 7993 35 

H(69B) 3697 7690 7659 35 

H(70) 4381 7641 8194 45 

H(71A) 4131 9257 8304 83 
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Table A.36, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for [Mo3Se7(S2CNiBu2)3]I·
1/6(ClCH2CH2Cl)·1/3(C5H10). 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(71B) 3687 8514 8336 83 

H(71C) 3733 9189 8016 83 

H(72A) 4754 7943 7696 92 

H(72B) 4771 8918 7916 92 

H(72C) 4389 8828 7619 92 

H(74A) 1857 3826 5465 38 

H(74B) 2368 3419 5599 38 

H(75A) 2782 4025 5120 39 

H(76A) 2393 2489 5107 81 

H(76B) 1923 2979 4942 81 

H(76C) 2417 2932 4744 81 

H(77A) 2374 5448 5010 77 

H(77B) 2408 4786 4686 77 

H(77C) 1914 4833 4884 77 

H(75B) 2772 3743 5178 39 

H(76D) 2418 2587 4816 81 

H(76E) 2391 2209 5187 81 

H(76F) 1921 2658 5009 81 

H(77D) 2418 4304 4687 77 

H(77E) 1923 4504 4872 77 

H(77F) 2394 5131 4965 77 

H(78A) 1700 5514 5439 46 

H(78B) 2072 6305 5586 46 

H(79) 1879 5799 6128 67 

H(80A) 1044 6423 5771 178 

H(80B) 1478 7142 5873 178 

H(80C) 1159 6638 6151 178 

H(81A) 1231 4803 6233 97 

H(81B) 1613 4202 6021 97 

H(81C) 1135 4631 5849 97 

H(92A) 584 6332 4447 121 

H(92B) 258 6181 4760 121 

H(93A) 958 5971 4932 134 

H(93B) 1122 5390 4615 134 

 

 

 

 

 

 



279 
 

 
 

 
 

Table A.37. Crystal Data and Structure Refinement for 

[Mo3Se7(S2POiPr2)3][S2POiPr2]·¼Et2O. 

 

Identification code JPD1296_0m_a 

Empirical formula C25H56Mo3O8.25P4S8Se7 

Formula weight 1709.59 

Temperature 150(2) K 

Wavelength 0.71073 Å 

Crystal system Triclinic 

Space group P-1 

Unit cell dimensions a = 13.7582(4) Å α = 72.260(2)° 

 b = 14.3562(4) Å β = 72.906(2)° 

 c = 16.1940(5) Å γ = 68.909(2)° 

Volume 2780.59(15) Å3 

Z 2 

Density (calculated) 2.042 g/cm3 

Absorption coefficient 5.701 mm-1 

F(000) 1648 
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Table A.37, Cont’d. Crystal Data and Structure Refinement for 

[Mo3Se7(S2POiPr2)3][S2POiPr2]·¼Et2O. 

 

Crystal size 0.326 x 0.173 x 0.139 mm3 

θ range for data collection 1.887 to 26.517° 

Index ranges -17 ≤ h ≤ 17, -17 ≤ k ≤ 18, -20 ≤ l ≤ 20 

Reflections collected 105773 

Independent reflections 11505 [R(int) = 0.0801] 

Completeness to θ = 25.242° 99.9 % 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7465 and 0.6798 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 11505 / 0 / 514 

Goodness-of-fit on F2 1.028 

Final R indices [I>2σ(I)] R1 = 0.0656, wR2 = 0.1572 

R indices (all data) R1 = 0.1038, wR2 = 0.1916 

Extinction coefficient n/a 

Largest diff. peak and hole 2.095 and -2.175 e·Å-3  
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Table A.38. Atomic coordinates (x 104) and equivalent isotropic displacement parameters 

(Å2 x 103) for [Mo3Se7(S2P
iBu2)3][S2P

iBu2]·¼Et2O. U(eq) is defined as one third of the 

trace of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

Mo(1) 3120(1) 2507(1) 7940(1) 21(1) 

Mo(2) 2762(1) 4609(1) 7352(1) 22(1) 

Mo(3) 4836(1) 3291(1) 7174(1) 23(1) 

Se(1) 2037(1) 3586(1) 6768(1) 27(1) 

Se(2) 1217(1) 3819(1) 8198(1) 32(1) 

Se(3) 4056(1) 4571(1) 5895(1) 37(1) 

Se(4) 4436(1) 5292(1) 6785(1) 33(1) 

Se(5) 4484(1) 2041(1) 6561(1) 27(1) 

Se(6) 5061(1) 1354(1) 7899(1) 34(1) 

Se(7) 3631(1) 3553(1) 8616(1) 38(1) 

S(1) 2496(2) 1036(2) 7904(2) 30(1) 

S(2) 2698(2) 1638(2) 9560(2) 32(1) 

S(3) 1528(2) 6151(2) 6481(2) 32(1) 

S(4) 2010(2) 5869(2) 8349(2) 31(1) 

S(5) 6582(2) 3040(2) 5995(2) 34(1) 

S(6) 6212(2) 3139(2) 7988(2) 36(1) 

S(7) 3693(3) 746(2) 5623(2) 48(1) 

S(8) 3567(2) 3249(2) 5033(2) 28(1) 

P(1) 2191(2) 679(2) 9224(2) 30(1) 

P(2) 1116(2) 6850(2) 7475(2) 31(1) 

P(3) 7362(2) 2783(2) 6939(2) 33(1) 

P(4) 3066(2) 2113(2) 4975(2) 35(1) 

O(1) 2695(6) -487(6) 9628(5) 37(2) 

O(2) 996(6) 711(6) 9686(5) 38(2) 

O(3) -120(6) 7200(6) 7886(5) 38(2) 

O(4) 1248(6) 7951(5) 7184(5) 37(2) 

O(5) 8216(6) 3361(6) 6691(5) 38(2) 

O(6) 8162(7) 1672(6) 7113(6) 46(2) 

O(7) 3238(7) 2193(7) 3929(5) 44(2) 

O(8) 1813(7) 2514(6) 5207(6) 45(2) 

C(1) 3765(11) -1085(11) 9319(8) 52(3) 

C(2) 3718(14) -2154(11) 9480(10) 66(4) 

C(3) 4523(15) -1048(12) 9792(15) 90(6) 

C(4) 133(9) 1682(9) 9624(9) 46(3) 

C(5) -539(11) 1666(12) 10537(10) 60(4) 

C(6) -473(13) 1702(14) 8980(10) 73(5) 

C(7) -744(10) 6477(9) 8252(8) 42(3) 

C(8) -1834(10) 7074(11) 8033(10) 56(4) 

C(9) -818(11) 6122(12) 9223(9) 62(4) 
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Table A.38, Cont’d. Atomic coordinates (x 104) and equivalent isotropic displacement 

parameters (Å2 x 103) for [Mo3Se7(S2P
iBu2)3][S2P

iBu2]·¼Et2O. U(eq) is defined as one 

third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

C(10) 2266(11) 8133(9) 6743(8) 46(3) 

C(11) 2216(16) 8659(12) 5790(9) 71(5) 

C(12) 2460(12) 8748(11) 7255(9) 54(3) 

C(13) 7963(11) 4485(9) 6421(9) 48(3) 

C(14) 8021(19) 4851(15) 7171(14) 97(7) 

C(15) 8764(13) 4721(11) 5601(11) 71(5) 

C(16) 7909(11) 720(9) 7274(11) 57(4) 

C(17A) 7880(20) 190(20) 8163(18) 66(6) 

C(18A) 8750(20) 130(20) 6583(18) 63(6) 

C(17B) 8560(40) 60(40) 8100(30) 66(6) 

C(18B) 8180(40) 240(30) 6600(30) 63(6) 

C(19) 4301(11) 1806(10) 3436(8) 48(3) 

C(20) 4289(14) 933(12) 3091(10) 70(5) 

C(21) 4570(13) 2689(13) 2717(10) 67(4) 

C(22) 1205(11) 1789(11) 5373(10) 53(3) 

C(23) 456(14) 2195(16) 4744(12) 83(5) 

C(24) 671(11) 1609(16) 6332(10) 76(5) 

O(9) -5000 5000 10000 170(20) 

C(25B) -4280(70) 4720(70) 10570(60) 101(19) 

C(25A) -3930(80) 5010(70) 9560(60) 101(19) 

C(26) -3000(30) 4720(30) 9570(30) 80(10) 
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Table A.39. Bond lengths (Å) for [Mo3Se7(S2P
iBu2)3][S2P

iBu2]·¼Et2O. Symmetry 

transformations used to generate equivalent atoms: #1 ‒x ‒ 1, ‒y + 1, ‒z + 2. 

________________________________________________________________________ 

Mo(1)-Se(7) 2.4831(14) 

Mo(1)-S(2) 2.532(2) 

Mo(1)-Se(1) 2.5357(13) 

Mo(1)-Se(5) 2.5498(12) 

Mo(1)-S(1) 2.571(3) 

Mo(1)-Se(6) 2.5798(14) 

Mo(1)-Se(2) 2.6197(13) 

Mo(1)-Mo(2) 2.7775(11) 

Mo(1)-Mo(3) 2.7782(11) 

Mo(2)-Se(7) 2.4817(14) 

Mo(2)-Se(3) 2.5059(13) 

Mo(2)-S(4) 2.529(3) 

Mo(2)-Se(1) 2.5499(13) 

Mo(2)-S(3) 2.564(3) 

Mo(2)-Se(2) 2.5998(13) 

Mo(2)-Se(4) 2.6338(13) 

Mo(2)-Mo(3) 2.7865(12) 

Mo(3)-Se(7) 2.4799(14) 

Mo(3)-S(6) 2.522(3) 

Mo(3)-Se(3) 2.5278(14) 

Mo(3)-Se(5) 2.5378(13) 

Mo(3)-S(5) 2.579(3) 

Mo(3)-Se(6) 2.6105(13) 

Mo(3)-Se(4) 2.6290(13) 

Se(1)-Se(2) 2.3263(14) 

Se(3)-Se(4) 2.2719(17) 

Se(5)-Se(6) 2.3335(15) 

S(1)-P(1) 1.993(4) 

S(2)-P(1) 2.011(4) 

S(3)-P(2) 1.989(4) 

S(4)-P(2) 2.014(4) 

S(5)-P(3) 1.990(4) 

S(6)-P(3) 2.004(4) 

S(7)-P(4) 1.938(4) 

S(8)-P(4) 2.020(4) 

P(1)-O(1) 1.574(8) 

P(1)-O(2) 1.583(8) 

P(2)-O(4) 1.567(8) 

P(2)-O(3) 1.585(8) 

P(3)-O(5) 1.565(8) 

P(3)-O(6) 1.574(8) 

P(4)-O(8) 1.575(9) 

P(4)-O(7) 1.613(8) 

O(1)-C(1) 1.440(15) 

O(2)-C(4) 1.468(15) 

O(3)-C(7) 1.461(14) 

O(4)-C(10) 1.449(14) 

O(5)-C(13) 1.475(13) 

O(6)-C(16) 1.460(15) 

O(7)-C(19) 1.444(15) 

O(8)-C(22) 1.477(15) 

C(1)-C(3) 1.49(2) 

C(1)-C(2) 1.50(2) 

C(1)-H(1) 1.0000 

C(2)-H(2A) 0.9800 

C(2)-H(2B) 0.9800 

C(2)-H(2C) 0.9800 

C(3)-H(3A) 0.9800 

C(3)-H(3B) 0.9800 

C(3)-H(3C) 0.9800 

C(4)-C(5) 1.494(18) 

C(4)-C(6) 1.50(2) 

C(4)-H(4) 1.0000 

C(5)-H(5A) 0.9800 

C(5)-H(5B) 0.9800 

C(5)-H(5C) 0.9800 

C(6)-H(6A) 0.9800 

C(6)-H(6B) 0.9800 

C(6)-H(6C) 0.9800 

C(7)-C(9) 1.482(18) 

C(7)-C(8) 1.521(18) 

C(7)-H(7) 1.0000 

C(8)-H(8A) 0.9800 

C(8)-H(8B) 0.9800 

C(8)-H(8C) 0.9800 

C(9)-H(9A) 0.9800 

C(9)-H(9B) 0.9800 

C(9)-H(9C) 0.9800 

C(10)-C(11) 1.507(19) 

C(10)-C(12) 1.513(19) 

C(10)-H(10) 1.0000 

C(11)-H(11A) 0.9800 

C(11)-H(11B) 0.9800 

C(11)-H(11C) 0.9800 

C(12)-H(12A) 0.9800 

C(12)-H(12B) 0.9800
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Table A.39, Cont’d. Bond lengths (Å) for [Mo3Se7(S2P
iBu2)3][S2P

iBu2]·¼Et2O. 

Symmetry transformations used to generate equivalent atoms: #1 ‒x ‒ 1, ‒y + 1, ‒z + 2. 

________________________________________________________________________ 

C(12)-H(12C) 0.9800 

C(13)-C(15) 1.492(18) 

C(13)-C(14) 1.49(2) 

C(13)-H(13) 1.0000 

C(14)-H(14A) 0.9800 

C(14)-H(14B) 0.9800 

C(14)-H(14C) 0.9800 

C(15)-H(15A) 0.9800 

C(15)-H(15B) 0.9800 

C(15)-H(15C) 0.9800 

C(16)-C(18B) 1.36(4) 

C(16)-C(17A) 1.40(3) 

C(16)-C(18A) 1.55(3) 

C(16)-C(17B) 1.68(5) 

C(16)-H(16) 1.0000 

C(17A)-H(17A) 0.9800 

C(17A)-H(17B) 0.9800 

C(17A)-H(17C) 0.9800 

C(18A)-H(18A) 0.9800 

C(18A)-H(18B) 0.9800 

C(18A)-H(18C) 0.9800 

C(17B)-H(17D) 0.9800 

C(17B)-H(17E) 0.9800 

C(17B)-H(17F) 0.9800 

C(18B)-H(18D) 0.9800 

C(18B)-H(18E) 0.9800 

C(18B)-H(18F) 0.9800 

C(19)-C(21) 1.51(2) 

C(19)-C(20) 1.53(2) 

C(19)-H(19) 1.0000 

C(20)-H(20A) 0.9800 

C(20)-H(20B) 0.9800 

C(20)-H(20C) 0.9800 

C(21)-H(21A) 0.9800 

C(21)-H(21B) 0.9800 

C(21)-H(21C) 0.9800 

C(22)-C(24) 1.50(2) 

C(22)-C(23) 1.50(2) 

C(22)-H(22) 1.0000 

C(23)-H(23A) 0.9800 

C(23)-H(23B) 0.9800 

C(23)-H(23C) 0.9800 

C(24)-H(24A) 0.9800 

C(24)-H(24B) 0.9800 

C(24)-H(24C) 0.9800 

O(9)-C(25B)#1  1.41(9) 

O(9)-C(25B) 1.41(9) 

O(9)-C(25A)#1  1.44(10) 

O(9)-C(25A) 1.44(10) 

C(25A)-C(26) 1.19(9) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



285 
 

 
 

Table A.40. Bond angles (deg.) for [Mo3Se7(S2P
iBu2)3][S2P

iBu2]·¼Et2O. Symmetry 

transformations used to generate equivalent atoms: #1 ‒x ‒ 1, ‒y + 1, ‒z + 2. 

________________________________________________________________________ 

Se(7)-Mo(1)-S(2) 79.92(7) 

Se(7)-Mo(1)-Se(1) 112.73(5) 

S(2)-Mo(1)-Se(1) 135.35(8) 

Se(7)-Mo(1)-Se(5) 112.17(5) 

S(2)-Mo(1)-Se(5) 136.41(7) 

Se(1)-Mo(1)-Se(5) 80.44(4) 

Se(7)-Mo(1)-S(1) 156.59(7) 

S(2)-Mo(1)-S(1) 76.78(8) 

Se(1)-Mo(1)-S(1) 85.89(7) 

Se(5)-Mo(1)-S(1) 83.92(7) 

Se(7)-Mo(1)-Se(6) 84.57(5) 

S(2)-Mo(1)-Se(6) 87.71(7) 

Se(1)-Mo(1)-Se(6) 134.38(5) 

Se(5)-Mo(1)-Se(6) 54.11(4) 

S(1)-Mo(1)-Se(6) 92.31(7) 

Se(7)-Mo(1)-Se(2) 84.95(4) 

S(2)-Mo(1)-Se(2) 87.35(7) 

Se(1)-Mo(1)-Se(2) 53.62(4) 

Se(5)-Mo(1)-Se(2) 133.80(5) 

S(1)-Mo(1)-Se(2) 96.07(7) 

Se(6)-Mo(1)-Se(2) 169.05(5) 

Se(7)-Mo(1)-Mo(2) 55.96(4) 

S(2)-Mo(1)-Mo(2) 122.99(7) 

Se(1)-Mo(1)-Mo(2) 57.14(3) 

Se(5)-Mo(1)-Mo(2) 95.86(4) 

S(1)-Mo(1)-Mo(2) 142.27(7) 

Se(6)-Mo(1)-Mo(2) 118.08(4) 

Se(2)-Mo(1)-Mo(2) 57.50(3) 

Se(7)-Mo(1)-Mo(3) 55.91(3) 

S(2)-Mo(1)-Mo(3) 123.87(7) 

Se(1)-Mo(1)-Mo(3) 95.83(4) 

Se(5)-Mo(1)-Mo(3) 56.69(3) 

S(1)-Mo(1)-Mo(3) 139.41(7) 

Se(6)-Mo(1)-Mo(3) 58.17(3) 

Se(2)-Mo(1)-Mo(3) 117.50(4) 

Mo(2)-Mo(1)-Mo(3) 60.21(3) 

Se(7)-Mo(2)-Se(3) 111.88(5) 

Se(7)-Mo(2)-S(4) 80.90(7) 

Se(3)-Mo(2)-S(4) 133.17(7) 

Se(7)-Mo(2)-Se(1) 112.29(5) 

Se(3)-Mo(2)-Se(1) 82.03(4) 

S(4)-Mo(2)-Se(1) 136.54(7) 

Se(7)-Mo(2)-S(3) 157.52(7) 

Se(3)-Mo(2)-S(3) 85.46(7) 

S(4)-Mo(2)-S(3) 76.72(9) 

Se(1)-Mo(2)-S(3) 83.32(7) 

Se(7)-Mo(2)-Se(2) 85.40(4) 

Se(3)-Mo(2)-Se(2) 135.60(5) 

S(4)-Mo(2)-Se(2) 88.52(7) 

Se(1)-Mo(2)-Se(2) 53.70(4) 

S(3)-Mo(2)-Se(2) 91.93(7) 

Se(7)-Mo(2)-Se(4) 84.30(4) 

Se(3)-Mo(2)-Se(4) 52.39(4) 

S(4)-Mo(2)-Se(4) 86.67(7) 

Se(1)-Mo(2)-Se(4) 134.14(5) 

S(3)-Mo(2)-Se(4) 96.36(7) 

Se(2)-Mo(2)-Se(4) 169.20(5) 

Se(7)-Mo(2)-Mo(1) 56.01(4) 

Se(3)-Mo(2)-Mo(1) 96.91(4) 

S(4)-Mo(2)-Mo(1) 124.75(7) 

Se(1)-Mo(2)-Mo(1) 56.65(3) 

S(3)-Mo(2)-Mo(1) 138.85(7) 

Se(2)-Mo(2)-Mo(1) 58.20(3) 

Se(4)-Mo(2)-Mo(1) 117.57(4) 

Se(7)-Mo(2)-Mo(3) 55.80(4) 

Se(3)-Mo(2)-Mo(3) 56.76(3) 

S(4)-Mo(2)-Mo(3) 123.86(7) 

Se(1)-Mo(2)-Mo(3) 95.30(4) 

S(3)-Mo(2)-Mo(3) 141.85(7) 

Se(2)-Mo(2)-Mo(3) 117.90(4) 

Se(4)-Mo(2)-Mo(3) 57.95(3) 

Mo(1)-Mo(2)-Mo(3) 59.91(3) 

Se(7)-Mo(3)-S(6) 81.79(7) 

Se(7)-Mo(3)-Se(3) 111.20(5) 

S(6)-Mo(3)-Se(3) 135.13(8) 

Se(7)-Mo(3)-Se(5) 112.69(5) 

S(6)-Mo(3)-Se(5) 133.59(8) 

Se(3)-Mo(3)-Se(5) 82.50(4) 

Se(7)-Mo(3)-S(5) 158.07(8) 

S(6)-Mo(3)-S(5) 76.40(9) 

Se(3)-Mo(3)-S(5) 83.47(7) 

Se(5)-Mo(3)-S(5) 84.59(7) 

Se(7)-Mo(3)-Se(6) 83.99(4) 

S(6)-Mo(3)-Se(6) 86.54(8) 

Se(3)-Mo(3)-Se(6) 135.95(5) 

Se(5)-Mo(3)-Se(6) 53.88(4)
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Table A.40, Cont’d. Bond angles (deg.) for [Mo3Se7(S2P
iBu2)3][S2P

iBu2]·¼Et2O. 

Symmetry transformations used to generate equivalent atoms: #1 ‒x ‒ 1, ‒y + 1, ‒z + 2. 

________________________________________________________________________ 

S(5)-Mo(3)-Se(6) 96.78(7) 

Se(7)-Mo(3)-Se(4) 84.44(4) 

S(6)-Mo(3)-Se(4) 88.86(8) 

Se(3)-Mo(3)-Se(4) 52.24(4) 

Se(5)-Mo(3)-Se(4) 134.57(5) 

S(5)-Mo(3)-Se(4) 92.84(7) 

Se(6)-Mo(3)-Se(4) 168.04(5) 

Se(7)-Mo(3)-Mo(1) 56.01(4) 

S(6)-Mo(3)-Mo(1) 124.14(7) 

Se(3)-Mo(3)-Mo(1) 96.38(4) 

Se(5)-Mo(3)-Mo(1) 57.11(3) 

S(5)-Mo(3)-Mo(1) 141.17(8) 

Se(6)-Mo(3)-Mo(1) 57.11(3) 

Se(4)-Mo(3)-Mo(1) 117.71(4) 

Se(7)-Mo(3)-Mo(2) 55.86(4) 

S(6)-Mo(3)-Mo(2) 125.95(8) 

Se(3)-Mo(3)-Mo(2) 56.01(3) 

Se(5)-Mo(3)-Mo(2) 95.91(4) 

S(5)-Mo(3)-Mo(2) 138.82(7) 

Se(6)-Mo(3)-Mo(2) 116.70(4) 

Se(4)-Mo(3)-Mo(2) 58.12(3) 

Mo(1)-Mo(3)-Mo(2) 59.88(3) 

Se(2)-Se(1)-Mo(1) 65.04(4) 

Se(2)-Se(1)-Mo(2) 64.25(4) 

Mo(1)-Se(1)-Mo(2) 66.21(4) 

Se(1)-Se(2)-Mo(2) 62.05(4) 

Se(1)-Se(2)-Mo(1) 61.34(4) 

Mo(2)-Se(2)-Mo(1) 64.30(3) 

Se(4)-Se(3)-Mo(2) 66.70(4) 

Se(4)-Se(3)-Mo(3) 66.17(5) 

Mo(2)-Se(3)-Mo(3) 67.22(4) 

Se(3)-Se(4)-Mo(3) 61.59(4) 

Se(3)-Se(4)-Mo(2) 60.91(4) 

Mo(3)-Se(4)-Mo(2) 63.94(3) 

Se(6)-Se(5)-Mo(3) 64.65(4) 

Se(6)-Se(5)-Mo(1) 63.60(4) 

Mo(3)-Se(5)-Mo(1) 66.20(3) 

Se(5)-Se(6)-Mo(1) 62.29(4) 

Se(5)-Se(6)-Mo(3) 61.47(4) 

Mo(1)-Se(6)-Mo(3) 64.72(4) 

Mo(3)-Se(7)-Mo(2) 68.33(4) 

Mo(3)-Se(7)-Mo(1) 68.08(4) 

Mo(2)-Se(7)-Mo(1) 68.03(4) 

P(1)-S(1)-Mo(1) 88.82(12) 

P(1)-S(2)-Mo(1) 89.51(12) 

P(2)-S(3)-Mo(2) 89.25(12) 

P(2)-S(4)-Mo(2) 89.69(12) 

P(3)-S(5)-Mo(3) 88.43(12) 

P(3)-S(6)-Mo(3) 89.70(13) 

O(1)-P(1)-O(2) 96.0(4) 

O(1)-P(1)-S(1) 113.5(3) 

O(2)-P(1)-S(1) 115.3(3) 

O(1)-P(1)-S(2) 114.2(3) 

O(2)-P(1)-S(2) 113.5(3) 

S(1)-P(1)-S(2) 104.64(15) 

O(4)-P(2)-O(3) 95.6(4) 

O(4)-P(2)-S(3) 113.8(3) 

O(3)-P(2)-S(3) 115.5(3) 

O(4)-P(2)-S(4) 113.8(3) 

O(3)-P(2)-S(4) 114.2(3) 

S(3)-P(2)-S(4) 104.24(16) 

O(5)-P(3)-O(6) 95.9(4) 

O(5)-P(3)-S(5) 115.4(3) 

O(6)-P(3)-S(5) 113.5(4) 

O(5)-P(3)-S(6) 113.1(4) 

O(6)-P(3)-S(6) 114.9(4) 

S(5)-P(3)-S(6) 104.35(16) 

O(8)-P(4)-O(7) 99.1(5) 

O(8)-P(4)-S(7) 115.3(4) 

O(7)-P(4)-S(7) 113.3(4) 

O(8)-P(4)-S(8) 105.5(3) 

O(7)-P(4)-S(8) 104.5(4) 

S(7)-P(4)-S(8) 117.1(2) 

C(1)-O(1)-P(1) 124.8(7) 

C(4)-O(2)-P(1) 121.1(6) 

C(7)-O(3)-P(2) 122.0(7) 

C(10)-O(4)-P(2) 122.0(7) 

C(13)-O(5)-P(3) 123.3(7) 

C(16)-O(6)-P(3) 125.7(8) 

C(19)-O(7)-P(4) 118.8(8) 

C(22)-O(8)-P(4) 118.6(8) 

O(1)-C(1)-C(3) 111.4(13) 

O(1)-C(1)-C(2) 105.7(11) 

C(3)-C(1)-C(2) 111.5(12) 

O(1)-C(1)-H(1) 109.4 

C(3)-C(1)-H(1) 109.4
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Table A.40, Cont’d. Bond angles (deg.) for [Mo3Se7(S2P
iBu2)3][S2P

iBu2]·¼Et2O. 

Symmetry transformations used to generate equivalent atoms: #1 ‒x ‒ 1, ‒y + 1, ‒z + 2. 

________________________________________________________________________ 

C(2)-C(1)-H(1) 109.4 

C(1)-C(2)-H(2A) 109.5 

C(1)-C(2)-H(2B) 109.5 

H(2A)-C(2)-H(2B) 109.5 

C(1)-C(2)-H(2C) 109.5 

H(2A)-C(2)-H(2C) 109.5 

H(2B)-C(2)-H(2C) 109.5 

C(1)-C(3)-H(3A) 109.5 

C(1)-C(3)-H(3B) 109.5 

H(3A)-C(3)-H(3B) 109.5 

C(1)-C(3)-H(3C) 109.5 

H(3A)-C(3)-H(3C) 109.5 

H(3B)-C(3)-H(3C) 109.5 

O(2)-C(4)-C(5) 106.0(10) 

O(2)-C(4)-C(6) 107.1(11) 

C(5)-C(4)-C(6) 111.8(11) 

O(2)-C(4)-H(4) 110.6 

C(5)-C(4)-H(4) 110.6 

C(6)-C(4)-H(4) 110.6 

C(4)-C(5)-H(5A) 109.5 

C(4)-C(5)-H(5B) 109.5 

H(5A)-C(5)-H(5B) 109.5 

C(4)-C(5)-H(5C) 109.5 

H(5A)-C(5)-H(5C) 109.5 

H(5B)-C(5)-H(5C) 109.5 

C(4)-C(6)-H(6A) 109.5 

C(4)-C(6)-H(6B) 109.5 

H(6A)-C(6)-H(6B) 109.5 

C(4)-C(6)-H(6C) 109.5 

H(6A)-C(6)-H(6C) 109.5 

H(6B)-C(6)-H(6C) 109.5 

O(3)-C(7)-C(9) 110.0(11) 

O(3)-C(7)-C(8) 105.0(10) 

C(9)-C(7)-C(8) 111.2(11) 

O(3)-C(7)-H(7) 110.2 

C(9)-C(7)-H(7) 110.2 

C(8)-C(7)-H(7) 110.2 

C(7)-C(8)-H(8A) 109.5 

C(7)-C(8)-H(8B) 109.5 

H(8A)-C(8)-H(8B) 109.5 

C(7)-C(8)-H(8C) 109.5 

H(8A)-C(8)-H(8C) 109.5 

H(8B)-C(8)-H(8C) 109.5 

C(7)-C(9)-H(9A) 109.5 

C(7)-C(9)-H(9B) 109.5 

H(9A)-C(9)-H(9B) 109.5 

C(7)-C(9)-H(9C) 109.5 

H(9A)-C(9)-H(9C) 109.5 

H(9B)-C(9)-H(9C) 109.5 

O(4)-C(10)-C(11) 107.8(12) 

O(4)-C(10)-C(12) 107.0(11) 

C(11)-C(10)-C(12) 114.4(10) 

O(4)-C(10)-H(10) 109.2 

C(11)-C(10)-H(10) 109.2 

C(12)-C(10)-H(10) 109.2 

C(10)-C(11)-H(11A) 109.5 

C(10)-C(11)-H(11B) 109.5 

H(11A)-C(11)-H(11B) 109.5 

C(10)-C(11)-H(11C) 109.5 

H(11A)-C(11)-H(11C) 109.5 

H(11B)-C(11)-H(11C) 109.5 

C(10)-C(12)-H(12A) 109.5 

C(10)-C(12)-H(12B) 109.5 

H(12A)-C(12)-H(12B) 109.5 

C(10)-C(12)-H(12C) 109.5 

H(12A)-C(12)-H(12C) 109.5 

H(12B)-C(12)-H(12C) 109.5 

O(5)-C(13)-C(15) 106.8(11) 

O(5)-C(13)-C(14) 107.5(12) 

C(15)-C(13)-C(14) 112.5(14) 

O(5)-C(13)-H(13) 109.9 

C(15)-C(13)-H(13) 109.9 

C(14)-C(13)-H(13) 109.9 

C(13)-C(14)-H(14A) 109.5 

C(13)-C(14)-H(14B) 109.5 

H(14A)-C(14)-H(14B) 109.5 

C(13)-C(14)-H(14C) 109.5 

H(14A)-C(14)-H(14C) 109.5 

H(14B)-C(14)-H(14C) 109.5 

C(13)-C(15)-H(15A) 109.5 

C(13)-C(15)-H(15B) 109.5 

H(15A)-C(15)-H(15B) 109.5 

C(13)-C(15)-H(15C) 109.5 

H(15A)-C(15)-H(15C) 109.5 

H(15B)-C(15)-H(15C) 109.5 

C(18B)-C(16)-O(6) 119(2)
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Table A.40, Cont’d. Bond angles (deg.) for [Mo3Se7(S2P
iBu2)3][S2P

iBu2]·¼Et2O. 

Symmetry transformations used to generate equivalent atoms: #1 ‒x ‒ 1, ‒y + 1, ‒z + 2. 

________________________________________________________________________ 

C(17A)-C(16)-O(6) 110.7(17) 

C(17A)-C(16)-C(18A) 115.3(18) 

O(6)-C(16)-C(18A) 105.1(14) 

C(18B)-C(16)-C(17B) 114(3) 

O(6)-C(16)-C(17B) 97.3(19) 

C(17A)-C(16)-H(16) 108.5 

O(6)-C(16)-H(16) 108.5 

C(18A)-C(16)-H(16) 108.5 

C(16)-C(17A)-H(17A) 109.5 

C(16)-C(17A)-H(17B) 109.5 

H(17A)-C(17A)-H(17B) 109.5 

C(16)-C(17A)-H(17C) 109.5 

H(17A)-C(17A)-H(17C) 109.5 

H(17B)-C(17A)-H(17C) 109.5 

C(16)-C(18A)-H(18A) 109.5 

C(16)-C(18A)-H(18B) 109.5 

H(18A)-C(18A)-H(18B) 109.5 

C(16)-C(18A)-H(18C) 109.5 

H(18A)-C(18A)-H(18C) 109.5 

H(18B)-C(18A)-H(18C) 109.5 

C(16)-C(17B)-H(17D) 109.5 

C(16)-C(17B)-H(17E) 109.5 

H(17D)-C(17B)-H(17E) 109.5 

C(16)-C(17B)-H(17F) 109.5 

H(17D)-C(17B)-H(17F) 109.5 

H(17E)-C(17B)-H(17F) 109.5 

C(16)-C(18B)-H(18D) 109.5 

C(16)-C(18B)-H(18E) 109.5 

H(18D)-C(18B)-H(18E) 109.5 

C(16)-C(18B)-H(18F) 109.5 

H(18D)-C(18B)-H(18F) 109.5 

H(18E)-C(18B)-H(18F) 109.5 

O(7)-C(19)-C(21) 107.6(11) 

O(7)-C(19)-C(20) 106.5(12) 

C(21)-C(19)-C(20) 114.2(12) 

O(7)-C(19)-H(19) 109.5 

C(21)-C(19)-H(19) 109.5 

C(20)-C(19)-H(19) 109.5 

C(19)-C(20)-H(20A) 109.5 

C(19)-C(20)-H(20B) 109.5 

H(20A)-C(20)-H(20B) 109.5 

C(19)-C(20)-H(20C) 109.5 

H(20A)-C(20)-H(20C) 109.5 

H(20B)-C(20)-H(20C) 109.5 

C(19)-C(21)-H(21A) 109.5 

C(19)-C(21)-H(21B) 109.5 

H(21A)-C(21)-H(21B) 109.5 

C(19)-C(21)-H(21C) 109.5 

H(21A)-C(21)-H(21C) 109.5 

H(21B)-C(21)-H(21C) 109.5 

O(8)-C(22)-C(24) 108.4(12) 

O(8)-C(22)-C(23) 109.2(12) 

C(24)-C(22)-C(23) 114.4(13) 

O(8)-C(22)-H(22) 108.2 

C(24)-C(22)-H(22) 108.2 

C(23)-C(22)-H(22) 108.2 

C(22)-C(23)-H(23A) 109.5 

C(22)-C(23)-H(23B) 109.5 

H(23A)-C(23)-H(23B) 109.5 

C(22)-C(23)-H(23C) 109.5 

H(23A)-C(23)-H(23C) 109.5 

H(23B)-C(23)-H(23C) 109.5 

C(22)-C(24)-H(24A) 109.5 

C(22)-C(24)-H(24B) 109.5 

H(24A)-C(24)-H(24B) 109.5 

C(22)-C(24)-H(24C) 109.5 

H(24A)-C(24)-H(24C) 109.5 

H(24B)-C(24)-H(24C) 109.5 

C(25B)#1-O(9)-C(25B) 180.00(2) 

C(25B)#1-O(9)-C(25A)#1 65(5) 

C(25B)-O(9)-C(25A)#1 115(5) 

C(25A)#1-O(9)-C(25A) 179.998(11) 

C(26)-C(25A)-O(9) 150(8) 
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Table A.41. Anisotropic displacement parameters (Å2 x 103) for 

[Mo3Se7(S2P
iBu2)3][S2P

iBu2]·¼Et2O. The anisotropic displacement factor exponent takes 

the form: -2π2[h2a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

Mo(1) 23(1) 20(1) 17(1) 0(1) 0(1) -9(1) 

Mo(2) 24(1) 20(1) 18(1) -2(1) 0(1) -9(1) 

Mo(3) 23(1) 23(1) 18(1) 0(1) 1(1) -9(1) 

Se(1) 32(1) 24(1) 24(1) -2(1) -4(1) -10(1) 

Se(2) 30(1) 30(1) 30(1) -4(1) 1(1) -11(1) 

Se(3) 38(1) 35(1) 30(1) -1(1) 0(1) -12(1) 

Se(4) 33(1) 30(1) 34(1) -3(1) -1(1) -15(1) 

Se(5) 30(1) 25(1) 21(1) -3(1) 1(1) -9(1) 

Se(6) 36(1) 31(1) 29(1) 1(1) -4(1) -10(1) 

Se(7) 40(1) 38(1) 32(1) -4(1) -2(1) -16(1) 

S(1) 41(2) 27(1) 24(1) -3(1) -2(1) -18(1) 

S(2) 43(2) 33(1) 19(1) -1(1) 1(1) -20(1) 

S(3) 38(1) 26(1) 28(1) -3(1) -11(1) -4(1) 

S(4) 35(1) 29(1) 27(1) -8(1) -4(1) -7(1) 

S(5) 27(1) 36(1) 25(1) 0(1) 4(1) -8(1) 

S(6) 32(1) 48(2) 28(1) 0(1) -7(1) -19(1) 

S(7) 59(2) 32(2) 48(2) -2(1) -15(2) -10(1) 

S(8) 36(1) 20(1) 27(1) 2(1) -6(1) -12(1) 

P(1) 34(1) 29(1) 24(1) 0(1) 2(1) -17(1) 

P(2) 34(1) 24(1) 30(1) -6(1) -2(1) -6(1) 

P(3) 26(1) 28(1) 37(2) 3(1) -4(1) -9(1) 

P(4) 39(2) 31(1) 30(1) -4(1) -4(1) -9(1) 

O(1) 47(5) 30(4) 26(4) 3(3) -1(3) -15(3) 

O(2) 42(4) 35(4) 35(4) 0(3) 3(3) -25(4) 

O(3) 38(4) 40(4) 34(4) -9(3) -6(3) -11(4) 

O(4) 35(4) 27(4) 38(4) 1(3) -3(3) -7(3) 

O(5) 22(4) 31(4) 51(5) 0(3) 0(3) -10(3) 

O(6) 40(5) 35(4) 59(5) 2(4) -14(4) -13(4) 

O(7) 44(5) 51(5) 33(4) -12(4) -6(4) -8(4) 

O(8) 41(5) 36(4) 50(5) -7(4) -1(4) -10(4) 

C(1) 49(8) 55(8) 35(7) 8(6) -9(6) -9(6) 

C(2) 82(11) 54(9) 53(9) -16(7) -24(8) 3(8) 

C(3) 82(12) 39(8) 137(18) 24(10) -48(12) -19(8) 

C(4) 35(6) 39(6) 53(7) 0(6) 7(5) -21(5) 

C(5) 47(8) 67(9) 63(9) -31(8) 3(7) -12(7) 

C(6) 55(9) 82(11) 51(9) 3(8) -3(7) -5(8) 

C(7) 39(6) 36(6) 47(7) -6(5) 0(5) -16(5) 

C(8) 38(7) 64(9) 64(9) -10(7) -6(6) -20(6) 

C(9) 47(8) 64(9) 52(8) 12(7) -7(6) -13(7) 
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Table A.41, Cont’d. Anisotropic displacement parameters (Å2 x 103) for 

[Mo3Se7(S2P
iBu2)3][S2P

iBu2]·¼Et2O. The anisotropic displacement factor exponent takes 

the form: -2π2[h2a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

C(10) 52(7) 31(6) 45(7) 8(5) -4(6) -19(6) 

C(11) 120(15) 60(9) 44(8) -14(7) 4(8) -54(10) 

C(12) 64(9) 60(8) 49(8) 0(6) -15(7) -37(7) 

C(13) 47(7) 28(6) 60(8) 1(5) -2(6) -17(5) 

C(14) 130(18) 69(12) 96(15) -27(11) -4(13) -41(12) 

C(15) 77(11) 45(8) 66(10) 12(7) 11(8) -29(8) 

C(16) 45(7) 30(6) 80(10) 5(6) -10(7) -8(6) 

C(19) 49(7) 57(8) 35(6) -21(6) -5(5) -3(6) 

C(20) 78(11) 60(9) 49(8) -23(7) -7(8) 10(8) 

C(21) 60(9) 86(12) 50(8) -26(8) 1(7) -17(8) 

C(22) 52(8) 50(8) 64(9) -8(7) -12(7) -27(6) 

C(23) 67(11) 120(16) 77(12) -21(11) -31(9) -34(11) 

C(24) 31(7) 128(16) 59(9) -3(10) -12(7) -26(9) 
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Table A.42. Hydrogen coordinates (x 104) and isotropic displacement parameters (Å2 x 

103) for [Mo3Se7(S2P
iBu2)3][S2P

iBu2]·¼Et2O. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(1) 3991 -817 8668 63 

H(2A) 3525 -2427 10119 99 

H(2B) 4416 -2587 9237 99 

H(2C) 3182 -2146 9189 99 

H(3A) 4494 -334 9712 135 

H(3B) 5246 -1438 9552 135 

H(3C) 4326 -1346 10425 135 

H(4) 428 2276 9416 55 

H(5A) -809 1072 10735 89 

H(5B) -1139 2295 10532 89 

H(5C) -109 1621 10943 89 

H(6A) -4 1696 8394 110 

H(6B) -1081 2324 8946 110 

H(6C) -729 1099 9182 110 

H(7) -410 5879 7963 50 

H(8A) -2136 7679 8291 84 

H(8B) -2306 6638 8277 84 

H(8C) -1763 7291 7388 84 

H(9A) -100 5816 9348 93 

H(9B) -1206 5611 9459 93 

H(9C) -1198 6706 9504 93 

H(10) 2838 7461 6764 55 

H(11A) 2164 8187 5488 106 

H(11B) 2861 8868 5495 106 

H(11C) 1590 9266 5767 106 

H(12A) 1900 9406 7239 82 

H(12B) 3154 8870 6986 82 

H(12C) 2453 8368 7871 82 

H(13) 7230 4793 6294 57 

H(14A) 7353 4897 7614 146 

H(14B) 8133 5528 6947 146 

H(14C) 8615 4369 7444 146 

H(15A) 9479 4294 5690 107 

H(15B) 8724 5445 5471 107 

H(15C) 8615 4579 5104 107 

H(16) 7190 891 7144 69 

H(17A) 7529 685 8547 100 

H(17B) 8608 -168 8253 100 

H(17C) 7482 -300 8311 100 

H(18A) 9438 -154 6768 94 
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Table A.42, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for [Mo3Se7(S2P
iBu2)3][S2P

iBu2]·¼Et2O. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(18B) 8827 607 6003 94 

H(18C) 8523 -420 6544 94 

H(17D) 8608 -666 8223 100 

H(17E) 8165 323 8638 100 

H(17F) 9272 136 7936 100 

H(18D) 7882 721 6094 94 

H(18E) 7892 -344 6795 94 

H(18F) 8956 -3 6421 94 

H(19) 4816 1534 3841 58 

H(20A) 4040 424 3589 105 

H(20B) 5010 610 2789 105 

H(20C) 3810 1205 2674 105 

H(21A) 4127 2898 2278 101 

H(21B) 5323 2475 2427 101 

H(21C) 4435 3267 2979 101 

H(22) 1719 1124 5249 64 

H(23A) -78 2830 4876 124 

H(23B) 100 1687 4814 124 

H(23C) 858 2334 4134 124 

H(24A) 1209 1351 6697 114 

H(24B) 289 1106 6459 114 

H(24C) 166 2255 6467 114 
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Table A.43. Crystal Data and Structure Refinement for [(iPrO)2P(S)S‒SP(S)(OiPr)2]. 

 

Identification code JPD1268_xprep_a 

Empirical formula C12H28O4P2S4 

Formula weight 426.52 

Temperature 150(2) K 

Wavelength 0.71073 Å 

Crystal system Triclinic 

Space group P-1 

Unit cell dimensions a = 8.1001(8) Å α = 97.731(4)° 

 b = 8.3522(8) Å β = 111.085(3)° 

 c = 8.4745(8) Å γ = 94.678(4)° 

Volume 524.82(9) Å3 

Z 1 

Density (calculated) 1.350 g/cm3 

Absorption coefficient 0.616 mm-1 

F(000) 226 

Crystal size 0.563 x 0.273 x 0.248 mm3 

θ range for data collection 2.985 to 42.412° 

Index ranges -15 ≤ h ≤ 15, -15 ≤ k ≤ 15, -16 ≤ l ≤ 16 

Reflections collected 40335 

Independent reflections 7197 [R(int) = 0.0362] 

Completeness to θ = 25.242° 88.3 % 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7483 and 0.6825 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 7197 / 0 / 104 

Goodness-of-fit on F2 1.063 

Final R indices [I>2σ(I)] R1 = 0.0253, wR2 = 0.0673 

R indices (all data) R1 = 0.0318, wR2 = 0.0710 

Extinction coefficient n/a 

Largest diff. peak and hole 0.395 and -0.216 e·Å-3 
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Table A.44. Atomic coordinates (x 104) and equivalent isotropic displacement parameters 

(Å2 x 103) for [(iPrO)2P(S)S‒SP(S)(OiPr)2]. U(eq) is defined as one third of the trace of the 

orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

S(1) 5586(1) 4324(1) 5975(1) 22(1) 

S(2) 4167(1) 1792(1) 7831(1) 24(1) 

P(1) 3297(1) 3108(1) 6093(1) 15(1) 

O(1) 2062(1) 2255(1) 4222(1) 20(1) 

O(2) 2072(1) 4406(1) 6317(1) 20(1) 

C(1) 2329(1) 1246(1) 1568(1) 32(1) 

C(2) 2557(1) 857(1) 3316(1) 23(1) 

C(3) 1367(1) -655(1) 3255(1) 36(1) 

C(4) 2524(1) 7266(1) 7448(1) 27(1) 

C(5) 2605(1) 5591(1) 7931(1) 20(1) 

C(6) 1334(1) 5169(1) 8795(1) 36(1) 
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Table A.45. Bond lengths (Å) and angles (deg.) for [(iPrO)2P(S)S‒SP(S)(OiPr)2]. 

Symmetry transformations used to generate equivalent atoms: #1 ‒x + 1, ‒y + 1, ‒z + 1. 

________________________________________________________________________ 

S(1)-P(1)  2.0822(3) 

S(1)-S(1)#1  2.1106(3) 

S(2)-P(1)  1.9205(2) 

P(1)-O(2)  1.5660(4) 

P(1)-O(1)  1.5689(4) 

O(1)-C(2)  1.4734(7) 

O(2)-C(5)  1.4756(6) 

C(1)-C(2)  1.5081(9) 

C(1)-H(1A)  0.9800 

C(1)-H(1B)  0.9800 

C(1)-H(1C)  0.9800 

C(2)-C(3)  1.5089(10) 

C(2)-H(2)  1.0000 

C(3)-H(3A)  0.9800 

C(3)-H(3B)  0.9800 

C(3)-H(3C)  0.9800 

C(4)-C(5)  1.5095(8) 

C(4)-H(4A)  0.9800 

C(4)-H(4B)  0.9800 

C(4)-H(4C)  0.9800 

C(5)-C(6)  1.5079(9) 

C(5)-H(5)  1.0000 

C(6)-H(6A)  0.9800 

C(6)-H(6B)  0.9800 

C(6)-H(6C)  0.9800 

 

P(1)-S(1)-S(1)#1 100.063(11) 

O(2)-P(1)-O(1) 96.97(2) 

O(2)-P(1)-S(2) 119.302(18) 

O(1)-P(1)-S(2) 119.164(19) 

O(2)-P(1-S(1) 108.086(19) 

O(1)-P(1)-S(1) 107.835(19) 

S(2)-P(1)-S(1) 104.816(10) 

C(2)-O(1)-P(1) 121.43(3) 

C(5)-O(2)-P(1) 120.73(3) 

C(2)-C(1)-H(1A) 109.5 

C(2)-C(1)-H(1B) 109.5 

H(1A)-C(1)-H(1B) 109.5 

C(2)-C(1)-H(1C) 109.5 

H(1A)-C(1)-H(1C) 109.5 

H(1B)-C(1)-H(1C) 109.5 

O(1)-C(2)-C(1) 106.17(5) 

O(1)-C(2)-C(3) 107.80(5) 

C(1)-C(2)-C(3) 113.75(6) 

O(1)-C(2)-H(2) 109.7 

C(1)-C(2)-H(2) 109.7 

C(3)-C(2)-H(2) 109.7 

C(2)-C(3)-H(3A) 109.5 

C(2)-C(3)-H(3B) 109.5 

H(3A)-C(3)-H(3B) 109.5 

C(2)-C(3)-H(3C) 109.5 

H(3A)-C(3)-H(3C) 109.5 

H(3B)-C(3)-H(3C) 109.5 

C(5)-C(4)-H(4A) 109.5 

C(5)-C(4)-H(4B) 109.5 

H(4A)-C(4)-H(4B) 109.5 

C(5)-C(4)-H(4C) 109.5 

H(4A)-C(4)-H(4C) 109.5 

H(4B)-C(4)-H(4C) 109.5 

O(2)-C(5)-C(6) 107.33(5) 

O(2)-C(5)-C(4) 106.86(4) 

C(6)-C(5)-C(4) 113.33(5) 

O(2)-C(5)-H(5) 109.7 

C(6)-C(5)-H(5) 109.7 

C(4)-C(5)-H(5) 109.7 

C(5)-C(6)-H(6A) 109.5 

C(5)-C(6)-H(6B) 109.5 

H(6A)-C(6)-H(6B) 109.5 

C(5)-C(6)-H(6C) 109.5 

H(6A)-C(6)-H(6C) 109.5 

H(6B)-C(6)-H(6C) 109.5 
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Table A.46. Anisotropic displacement parameters (Å2 x 103) for (3,5-Cl2-

H3C6)C(O)C(O)(C6H3-3,5-Cl2). The anisotropic displacement factor exponent takes the 

form: -2π2[h2a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

S(1) 14(1) 28(1) 24(1) 12(1) 6(1) 3(1) 

S(2) 28(1) 23(1) 22(1) 10(1) 8(1) 4(1) 

P(1) 15(1) 16(1) 15(1) 3(1) 5(1) 2(1) 

O(1) 19(1) 21(1) 18(1) -1(1) 3(1) 5(1) 

O(2) 18(1) 22(1) 19(1) 0(1) 6(1) 5(1) 

C(1) 39(1) 34(1) 21(1) 0(1) 12(1) 6(1) 

C(2) 24(1) 22(1) 20(1) -1(1) 5(1) 7(1) 

C(3) 48(1) 21(1) 35(1) 3(1) 12(1) 1(1) 

C(4) 30(1) 21(1) 30(1) 4(1) 11(1) 5(1) 

C(5) 22(1) 20(1) 18(1) 1(1) 8(1) 4(1) 

C(6) 46(1) 35(1) 35(1) 3(1) 28(1) 1(1) 

 

 

Table A.47. Hydrogen coordinates (x 104) and isotropic displacement parameters (Å2 x 

103) for (3,5-Cl2-H3C6)C(O)C(O)(C6H3-3,5-Cl2). 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(1A) 2631 343 904 48 

H(1B) 3121 2249 1702 48 

H(1C) 1085 1399 964 48 

H(2) 3835 743 3954 28 

H(3A) 1682 -1609 2674 55 

H(3B) 116 -542 2625 55 

H(3C) 1529 -798 4429 55 

H(4A) 2867 8093 8488 40 

H(4B) 1304 7339 6681 40 

H(4C) 3347 7454 6860 40 

H(5) 3854 5504 8693 24 

H(6A) 1670 5918 9890 54 

H(6B) 1391 4046 9006 54 

H(6C) 114 5268 8050 54 
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Table A.48. Crystal Data and Structure Refinement for [Mo3S4Se3(S2P
iBu2)3]I·½C5H12. 

 

Identification code JPD1097_0m_a 

Empirical formula C26.50H60IMo3P3S10Se3 

Formula weight 1443.85 

Temperature 150(2) K 

Wavelength 0.71073 Å 

Crystal system Monoclinic 

Space group C2/c 

Unit cell dimensions a = 32.047(3) Å α = 90° 

 b = 17.7330(14) Å β = 106.950(2)° 

 c = 20.1100(15) Å γ = 90° 

Volume 10931.9(15) Å3 

Z 8 

Density (calculated) 1.755 g/cm3 

Absorption coefficient 3.729 mm-1 

F(000) 5640 
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Table A.48, Cont’d. Crystal Data and Structure Refinement for 

[Mo3S4Se3(S2P
iBu2)3]I·½C5H12. 

 

Crystal size 0.217 x 0.206 x 0.060 mm3 

θ range for data collection 2.117 to 27.249° 

Index ranges -41 ≤ h ≤ 41, -22 ≤ k ≤ 22, -25 ≤ l ≤ 25 

Reflections collected 144302 

Independent reflections 12155 [R(int) = 0.0336] 

Completeness to θ = 25.242° 99.9 % 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 12155 / 101 / 465 

Goodness-of-fit on F2 1.072 

Final R indices [I>2σ(I)] R1 = 0.0638, wR2 = 0.1794 

R indices (all data) R1 = 0.0877, wR2 = 0.2066 

Extinction coefficient n/a 

Largest diff. peak and hole 1.791 and -2.021 e·Å-3 
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Table A.49. Atomic coordinates (x 104) and equivalent isotropic displacement parameters 

(Å2 x 103) for [Mo3S4Se3(S2P
iBu2)3]I·½C5H12. U(eq) is defined as one third of the trace of 

the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

I(1) 1843(1) 8631(1) 3652(1) 66(1) 

Se(3) 2344(1) 8383(1) 1332(1) 55(1) 

S(3) 2163(1) 8506(1) 2285(1) 36(1) 

Mo(1A) 1710(2) 7678(2) 1474(3) 28(1) 

Mo(2A) 951(1) 8444(1) 1333(1) 32(1) 

Mo(3A) 1689(1) 9200(2) 1298(2) 27(1) 

Se(1A) 973(1) 6994(1) 1391(1) 59(1) 

Se(2A) 951(1) 9889(1) 1128(1) 50(1) 

S(1A) 1304(3) 7644(4) 2314(4) 34(1) 

S(2A) 1297(3) 9446(4) 2142(5) 32(1) 

S(4A) 1303(2) 8312(3) 452(3) 32(1) 

S(5A) 2159(4) 6594(10) 2280(10) 38(2) 

S(6A) 1877(7) 6712(14) 678(14) 43(2) 

P(1A) 2157(3) 6027(9) 1405(8) 40(2) 

C(1A) 2697(5) 5827(9) 1352(8) 39(3) 

C(2A) 2992(6) 6514(11) 1395(9) 47(4) 

C(3A) 2905(6) 6890(11) 677(9) 51(5) 

C(4A) 3474(8) 6267(16) 1661(14) 76(8) 

C(5A) 1945(7) 5070(11) 1484(11) 58(5) 

C(6A) 1485(9) 5023(16) 1566(14) 83(7) 

C(7A) 1442(12) 4400(20) 1993(17) 115(11) 

C(8A) 1145(12) 5020(20) 853(16) 116(12) 

S(7A) 344(1) 8517(2) 1899(2) 45(1) 

S(8A) 284(1) 8334(3) 305(2) 51(1) 

P(2A) -89(1) 8532(3) 940(2) 53(1) 

C(9A) -345(10) 9459(15) 660(15) 89(8) 

C(10A) -301(6) 10035(10) 1228(9) 56(4) 

C(11A) -427(8) 10784(12) 838(12) 80(6) 

C(12A) -525(11) 9980(20) 1744(17) 115(11) 

C(13A) -515(6) 7863(11) 867(11) 67(5) 

C(14A) -389(7) 7042(12) 1047(13) 74(5) 

C(15A) -741(9) 6609(16) 1234(16) 105(9) 

C(16A) -251(9) 6599(15) 501(14) 95(7) 

S(9A) 2108(3) 10376(6) 1808(5) 44(1) 

S(10A) 1765(2) 9852(3) 226(3) 38(1) 

P(3A) 2075(2) 10719(4) 836(3) 42(1) 

C(17A) 1553(6) 11395(9) 550(9) 49(4) 

C(18A) 1695(9) 12074(12) 1042(13) 79(6) 

C(19A) 1845(8) 12744(13) 633(13) 83(6) 
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Table A.49, Cont’d. Atomic coordinates (x 104) and equivalent isotropic displacement 

parameters (Å2 x 103) for [Mo3S4Se3(S2P
iBu2)3]I·½C5H12. U(eq) is defined as one third of 

the trace of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

C(20A) 1726(16) 12180(20) 1674(16) 163(16) 

C(21A) 2612(7) 10963(12) 784(12) 66(5) 

C(22A) 2962(7) 10389(13) 1078(13) 71(6) 

C(23A) 2979(11) 9795(17) 533(17) 99(11) 

C(24A) 3383(9) 10718(19) 1368(18) 112(11) 

Mo(1B) 1708(2) 7498(2) 1559(3) 28(1) 

Mo(2B) 925(1) 8170(1) 1504(1) 32(1) 

Mo(3B) 1596(1) 9030(1) 1337(2) 27(1) 

Se(1B) 1042(1) 6731(1) 1618(1) 59(1) 

Se(2B) 822(1) 9588(1) 1190(1) 50(1) 

S(1B) 1366(3) 7463(4) 2482(3) 34(1) 

S(2B) 1229(3) 9242(3) 2206(5) 32(1) 

S(4B) 1226(2) 8079(2) 557(3) 32(1) 

S(5B) 2275(4) 6685(9) 2305(9) 38(2) 

S(6B) 1785(6) 6596(13) 625(13) 43(2) 

P(1B) 2291(2) 6060(9) 1478(8) 40(2) 

C(1B) 2836(5) 5984(8) 1394(7) 34(3) 

C(2B) 3112(5) 6689(9) 1454(8) 42(4) 

C(3B) 3015(5) 7089(9) 755(7) 36(3) 

C(4B) 3575(7) 6461(13) 1714(12) 64(5) 

C(5B) 2109(6) 5118(9) 1530(9) 47(4) 

C(6B) 1662(7) 4978(12) 1612(10) 63(5) 

C(7B) 1642(9) 4306(15) 2096(13) 90(7) 

C(8B) 1308(10) 4875(18) 912(13) 97(9) 

S(7B) 392(1) 8128(2) 2218(2) 45(1) 

S(8B) 202(1) 7898(2) 600(2) 51(1) 

P(2B) -99(1) 7922(3) 1354(2) 53(1) 

C(9B) -522(5) 8627(8) 1225(8) 50(3) 

C(10B) -384(5) 9444(8) 1245(8) 47(3) 

C(11B) -387(8) 9752(15) 537(11) 76(6) 

C(12B) -686(7) 9873(11) 1530(10) 60(4) 

C(13B) -382(7) 7052(11) 1445(12) 72(5) 

C(14B) -106(8) 6330(13) 1619(13) 88(6) 

C(15B) -295(10) 5807(18) 2071(15) 124(10) 

C(16B) -84(13) 5910(20) 985(17) 152(14) 

S(9B) 1968(3) 10264(5) 1797(5) 44(1) 

S(10B) 1622(2) 9680(3) 236(3) 38(1) 

P(3B) 1905(2) 10587(3) 804(3) 42(1) 

C(17B) 1728(8) 11526(11) 544(12) 75(6) 
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Table A.49, Cont’d. Atomic coordinates (x 104) and equivalent isotropic displacement 

parameters (Å2 x 103) for [Mo3S4Se3(S2P
iBu2)3]I·½C5H12. U(eq) is defined as one third of 

the trace of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

C(18B) 1816(14) 12230(18) 990(20) 161(17) 

C(19B) 1501(14) 12800(20) 300(20) 169(16) 

C(20B) 1391(11) 12242(18) 1397(16) 119(10) 

C(21B) 2422(5) 10896(9) 710(9) 48(3) 

C(22B) 2812(6) 10361(10) 978(10) 55(4) 

C(23B) 2837(8) 9712(12) 493(12) 65(5) 

C(24B) 3229(8) 10853(15) 1144(16) 96(8) 

C(25A) -873(18) 3550(30) 1120(30) 98(15) 

C(26A) -480(20) 3550(50) 830(50) 170(40) 

C(27A) -150(20) 2950(30) 1240(40) 120(20) 

C(28A) 297(17) 2570(30) 1530(60) 190(40) 

C(29A) 220(20) 1720(30) 1620(30) 113(18) 

C(25B) -1025(16) 3530(30) 1530(30) 90(13) 

C(26B) -780(17) 3960(30) 1090(30) 88(13) 

C(27B) -600(20) 3480(40) 590(40) 130(30) 

C(28B) -120(20) 3730(40) 950(60) 220(50) 

C(29B) 160(20) 3020(50) 1190(40) 160(30) 
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Table A.50. Bond lengths (Å) for [Mo3S4Se3(S2P
iBu2)3]I·½C5H12. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

Se(3)-S(3) 2.1689(17) 

Se(3)-Mo(1A) 2.472(5) 

Se(3)-Mo(3A) 2.535(4) 

Se(3)-Mo(3B) 2.660(3) 

Se(3)-Mo(1B) 2.713(5) 

S(3)-Mo(1A) 2.354(6) 

S(3)-Mo(3B) 2.405(4) 

S(3)-Mo(3A) 2.451(4) 

S(3)-Mo(1B) 2.492(5) 

Mo(1A)-S(4A) 2.371(7) 

Mo(1A)-S(1A) 2.415(10) 

Mo(1A)-S(6A) 2.51(3) 

Mo(1A)-Se(1A) 2.617(6) 

Mo(1A)-S(5A) 2.652(19) 

Mo(1A)-Mo(3A) 2.720(4) 

Mo(1A)-Mo(2A) 2.726(6) 

Mo(2A)-S(4A) 2.372(5) 

Mo(2A)-S(1A) 2.425(5) 

Mo(2A)-S(2A) 2.446(8) 

Mo(2A)-S(8A) 2.512(4) 

Mo(2A)-S(7A) 2.529(4) 

Mo(2A)-Se(1A) 2.575(3) 

Mo(2A)-Se(2A) 2.595(2) 

Mo(2A)-Mo(3A) 2.736(2) 

Mo(3A)-S(4A) 2.382(6) 

Mo(3A)-S(2A) 2.428(9) 

Mo(3A)-S(10A) 2.520(6) 

Mo(3A)-S(9A) 2.531(8) 

Mo(3A)-Se(2A) 2.594(4) 

Se(1A)-S(1A) 2.180(9) 

Se(2A)-S(2A) 2.163(10) 

S(5A)-P(1A) 2.02(2) 

S(6A)-P(1A) 1.91(3) 

P(1A)-C(1A) 1.802(19) 

P(1A)-C(5A) 1.85(2) 

C(1A)-C(2A) 1.53(2) 

C(1A)-H(1A1) 0.9900 

C(1A)-H(1A2) 0.9900 

C(2A)-C(3A) 1.54(2) 

C(2A)-C(4A) 1.54(3) 

C(2A)-H(2A) 1.0000 

C(3A)-H(3A1) 0.9800 

C(3A)-H(3A2) 0.9800 

C(3A)-H(3A3) 0.9800 

C(4A)-H(4A1) 0.9800 

C(4A)-H(4A2) 0.9800 

C(4A)-H(4A3) 0.9800 

C(5A)-C(6A) 1.53(3) 

C(5A)-H(5A1) 0.9900 

C(5A)-H(5A2) 0.9900 

C(6A)-C(7A) 1.43(3) 

C(6A)-C(8A) 1.53(3) 

C(6A)-H(6A) 1.0000 

C(7A)-H(7A1) 0.9800 

C(7A)-H(7A2) 0.9800 

C(7A)-H(7A3) 0.9800 

C(8A)-H(8A1) 0.9800 

C(8A)-H(8A2) 0.9800 

C(8A)-H(8A3) 0.9800 

S(7A)-P(2A) 2.020(6) 

S(8A)-P(2A) 2.021(6) 

P(2A)-C(13A) 1.781(19) 

P(2A)-C(9A) 1.85(3) 

C(9A)-C(10A) 1.51(3) 

C(9A)-H(9A1) 0.9900 

C(9A)-H(9A2) 0.9900 

C(10A)-C(12A) 1.43(3) 

C(10A)-C(11A) 1.53(2) 

C(10A)-H(10A) 1.0000 

C(11A)-H(11A) 0.9800 

C(11A)-H(11B) 0.9800 

C(11A)-H(11C) 0.9800 

C(12A)-H(12A) 0.9800 

C(12A)-H(12B) 0.9800 

C(12A)-H(12C) 0.9800 

C(13A)-C(14A) 1.52(3) 

C(13A)-H(13A) 0.9900 

C(13A)-H(13B) 0.9900 

C(14A)-C(15A) 1.50(3) 

C(14A)-C(16A) 1.52(3) 

C(14A)-H(14A) 1.0000 

C(15A)-H(15A) 0.9800 

C(15A)-H(15B) 0.9800 

C(15A)-H(15C) 0.9800 

C(16A)-H(16A) 0.9800 

C(16A)-H(16B) 0.9800
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Table A.50, Cont’d. Bond lengths (Å) for [Mo3S4Se3(S2P
iBu2)3]I·½C5H12. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

C(16A)-H(16C) 0.9800 

S(9A)-P(3A) 2.021(12) 

S(10A)-P(3A) 2.037(9) 

P(3A)-C(21A) 1.81(2) 

P(3A)-C(17A) 2.002(18) 

C(17A)-C(18A) 1.54(2) 

C(17A)-H(17A) 0.9900 

C(17A)-H(17B) 0.9900 

C(18A)-C(20A) 1.26(3) 

C(18A)-C(19A) 1.60(3) 

C(18A)-H(18A) 1.0000 

C(19A)-H(19A) 0.9800 

C(19A)-H(19B) 0.9800 

C(19A)-H(19C) 0.9800 

C(20A)-H(20A) 0.9800 

C(20A)-H(20B) 0.9800 

C(20A)-H(20C) 0.9800 

C(21A)-C(22A) 1.50(3) 

C(21A)-H(21A) 0.9900 

C(21A)-H(21B) 0.9900 

C(22A)-C(24A) 1.43(3) 

C(22A)-C(23A) 1.53(3) 

C(22A)-H(22A) 1.0000 

C(23A)-H(23A) 0.9800 

C(23A)-H(23B) 0.9800 

C(23A)-H(23C) 0.9800 

C(24A)-H(24A) 0.9800 

C(24A)-H(24B) 0.9800 

C(24A)-H(24C) 0.9800 

Mo(1B)-S(4B) 2.386(7) 

Mo(1B)-S(1B) 2.417(9) 

Mo(1B)-S(5B) 2.457(18) 

Mo(1B)-S(6B) 2.53(2) 

Mo(1B)-Se(1B) 2.564(6) 

Mo(1B)-Mo(2B) 2.753(6) 

Mo(1B)-Mo(3B) 2.760(4) 

Mo(2B)-S(4B) 2.377(5) 

Mo(2B)-S(2B) 2.399(7) 

Mo(2B)-S(1B) 2.413(4) 

Mo(2B)-S(7B) 2.530(4) 

Mo(2B)-S(8B) 2.539(4) 

Mo(2B)-Se(1B) 2.579(3) 

Mo(2B)-Se(2B) 2.591(2) 

Mo(2B)-Mo(3B) 2.737(2) 

Mo(3B)-S(4B) 2.372(6) 

Mo(3B)-S(2B) 2.404(8) 

Mo(3B)-S(10B) 2.518(6) 

Mo(3B)-S(9B) 2.535(8) 

Mo(3B)-Se(2B) 2.606(4) 

Se(1B)-S(1B) 2.176(9) 

Se(2B)-S(2B) 2.167(9) 

S(5B)-P(1B) 2.01(2) 

S(6B)-P(1B) 2.20(3) 

P(1B)-C(5B) 1.78(2) 

P(1B)-C(1B) 1.809(17) 

C(1B)-C(2B) 1.52(2) 

C(1B)-H(1B1) 0.9900 

C(1B)-H(1B2) 0.9900 

C(2B)-C(4B) 1.48(2) 

C(2B)-C(3B) 1.524(19) 

C(2B)-H(2B) 1.0000 

C(3B)-H(3B1) 0.9800 

C(3B)-H(3B2) 0.9800 

C(3B)-H(3B3) 0.9800 

C(4B)-H(4B1) 0.9800 

C(4B)-H(4B2) 0.9800 

C(4B)-H(4B3) 0.9800 

C(5B)-C(6B) 1.51(2) 

C(5B)-H(5B1) 0.9900 

C(5B)-H(5B2) 0.9900 

C(6B)-C(8B) 1.54(3) 

C(6B)-C(7B) 1.55(3) 

C(6B)-H(6B) 1.0000 

C(7B)-H(7B1) 0.9800 

C(7B)-H(7B2) 0.9800 

C(7B)-H(7B3) 0.9800 

C(8B)-H(8B1) 0.9800 

C(8B)-H(8B2) 0.9800 

C(8B)-H(8B3) 0.9800 

S(7B)-P(2B) 2.009(6) 

S(8B)-P(2B) 2.023(6) 

P(2B)-C(9B) 1.807(15) 

P(2B)-C(13B) 1.824(19) 

C(9B)-C(10B) 1.512(19) 

C(9B)-H(9B1) 0.9900 

C(9B)-H(9B2) 0.9900
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Table A.50, Cont’d. Bond lengths (Å) for [Mo3S4Se3(S2P
iBu2)3]I·½C5H12. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

C(10B)-C(12B) 1.47(2) 

C(10B)-C(11B) 1.52(2) 

C(10B)-H(10B) 1.0000 

C(11B)-H(11D) 0.9800 

C(11B)-H(11E) 0.9800 

C(11B)-H(11F) 0.9800 

C(12B)-H(12D) 0.9800 

C(12B)-H(12E) 0.9800 

C(12B)-H(12F) 0.9800 

C(13B)-C(14B) 1.54(3) 

C(13B)-H(13C) 0.9900 

C(13B)-H(13D) 0.9900 

C(14B)-C(16B) 1.50(3) 

C(14B)-C(15B) 1.54(3) 

C(14B)-H(14B) 1.0000 

C(15B)-H(15D) 0.9800 

C(15B)-H(15E) 0.9800 

C(15B)-H(15F) 0.9800 

C(16B)-H(16D) 0.9800 

C(16B)-H(16E) 0.9800 

C(16B)-H(16F) 0.9800 

S(9B)-P(3B) 2.031(11) 

S(10B)-P(3B) 2.027(8) 

P(3B)-C(17B) 1.79(2) 

P(3B)-C(21B) 1.805(16) 

C(17B)-C(18B) 1.51(3) 

C(17B)-H(17C) 0.9900 

C(17B)-H(17D) 0.9900 

C(18B)-C(19B) 1.77(4) 

C(18B)-C(20B) 1.79(4) 

C(18B)-H(18B) 1.0000 

C(19B)-H(19D) 0.9800 

C(19B)-H(19E) 0.9800 

C(19B)-H(19F) 0.9800 

C(20B)-H(20D) 0.9800 

C(20B)-H(20E) 0.9800 

C(20B)-H(20F) 0.9800 

C(21B)-C(22B) 1.54(2) 

C(21B)-H(21C) 0.9900 

C(21B)-H(21D) 0.9900 

C(22B)-C(23B) 1.52(2) 

C(22B)-C(24B) 1.55(3) 

C(22B)-H(22B) 1.0000 

C(23B)-H(23D) 0.9800 

C(23B)-H(23E) 0.9800 

C(23B)-H(23F) 0.9800 

C(24B)-H(24D) 0.9800 

C(24B)-H(24E) 0.9800 

C(24B)-H(24F) 0.9800 

C(25A)-C(26A) 1.547(10) 

C(25A)-H(25A) 0.9800 

C(25A)-H(25B) 0.9800 

C(25A)-H(25C) 0.9800 

C(26A)-C(27A) 1.550(10) 

C(26A)-H(26A) 0.9900 

C(26A)-H(26B) 0.9900 

C(27A)-C(28A) 1.551(10) 

C(27A)-H(27A) 0.9900 

C(27A)-H(27B) 0.9900 

C(28A)-C(29A) 1.546(10) 

C(28A)-H(28A) 0.9900 

C(28A)-H(28B) 0.9900 

C(29A)-H(29A) 0.9800 

C(29A)-H(29B) 0.9800 

C(29A)-H(29C) 0.9800 

C(25B)-C(26B) 1.550(10) 

C(25B)-H(25D) 0.9800 

C(25B)-H(25E) 0.9800 

C(25B)-H(25F) 0.9800 

C(26B)-C(27B) 1.548(10) 

C(26B)-H(26C) 0.9900 

C(26B)-H(26D) 0.9900 

C(27B)-C(28B) 1.548(10) 

C(27B)-H(27C) 0.9900 

C(27B)-H(27D) 0.9900 

C(28B)-C(29B) 1.551(10) 

C(28B)-H(28C) 0.9900 

C(28B)-H(28D) 0.9900 

C(29B)-H(29D) 0.9800 

C(29B)-H(29E) 0.9800 

C(29B)-H(29F) 0.9800 
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Table A.51. Bond angles (deg.) for [Mo3S4Se3(S2P
iBu2)3]I·½C5H12. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

S(3)-Se(3)-Mo(1A) 60.55(14) 

S(3)-Se(3)-Mo(3A) 62.23(9) 

Mo(1A)-Se(3)-Mo(3A) 65.79(11) 

S(3)-Se(3)-Mo(3B) 58.67(8) 

S(3)-Se(3)-Mo(1B) 60.17(12) 

Mo(3B)-Se(3)-Mo(1B) 61.80(10) 

Se(3)-S(3)-Mo(1A) 66.11(14) 

Se(3)-S(3)-Mo(3B) 70.92(8) 

Se(3)-S(3)-Mo(3A) 66.23(9) 

Mo(1A)-S(3)-Mo(3A) 68.92(11) 

Se(3)-S(3)-Mo(1B) 70.80(12) 

Mo(3B)-S(3)-Mo(1B) 68.58(11) 

S(3)-Mo(1A)-S(4A) 112.16(18) 

S(3)-Mo(1A)-S(1A) 83.1(3) 

S(4A)-Mo(1A)-S(1A) 110.2(3) 

S(3)-Mo(1A)-Se(3) 53.34(12) 

S(4A)-Mo(1A)-Se(3) 85.60(16) 

S(1A)-Mo(1A)-Se(3) 136.2(3) 

S(3)-Mo(1A)-S(6A) 131.7(5) 

S(4A)-Mo(1A)-S(6A) 86.3(7) 

S(1A)-Mo(1A)-S(6A) 133.5(6) 

Se(3)-Mo(1A)-S(6A) 86.3(5) 

S(3)-Mo(1A)-Se(1A) 134.1(2) 

S(4A)-Mo(1A)-Se(1A) 84.7(2) 

S(1A)-Mo(1A)-Se(1A) 51.2(3) 

Se(3)-Mo(1A)-Se(1A) 169.8(2) 

S(6A)-Mo(1A)-Se(1A) 89.9(4) 

S(3)-Mo(1A)-S(5A) 85.0(4) 

S(4A)-Mo(1A)-S(5A) 159.4(5) 

S(1A)-Mo(1A)-S(5A) 82.0(4) 

Se(3)-Mo(1A)-S(5A) 96.8(3) 

S(6A)-Mo(1A)-S(5A) 73.5(8) 

Se(1A)-Mo(1A)-S(5A) 91.2(2) 

S(3)-Mo(1A)-Mo(3A) 57.22(12) 

S(4A)-Mo(1A)-Mo(3A) 55.28(15) 

S(1A)-Mo(1A)-Mo(3A) 96.8(2) 

Se(3)-Mo(1A)-Mo(3A) 58.22(10) 

S(6A)-Mo(1A)-Mo(3A) 126.6(7) 

Se(1A)-Mo(1A)-Mo(3A) 117.7(2) 

S(5A)-Mo(1A)-Mo(3A) 141.9(4) 

S(3)-Mo(1A)-Mo(2A) 96.48(17) 

S(4A)-Mo(1A)-Mo(2A) 54.94(17) 

S(1A)-Mo(1A)-Mo(2A) 55.91(18) 

Se(3)-Mo(1A)-Mo(2A) 118.32(12) 

S(6A)-Mo(1A)-Mo(2A) 128.6(6) 

Se(1A)-Mo(1A)-Mo(2A) 57.59(14) 

S(5A)-Mo(1A)-Mo(2A) 137.2(3) 

Mo(3A)-Mo(1A)-Mo(2A) 60.33(11) 

S(4A)-Mo(2A)-S(1A) 109.9(3) 

S(4A)-Mo(2A)-S(2A) 110.3(2) 

S(1A)-Mo(2A)-S(2A) 82.6(3) 

S(4A)-Mo(2A)-S(8A) 81.56(18) 

S(1A)-Mo(2A)-S(8A) 135.0(2) 

S(2A)-Mo(2A)-S(8A) 135.7(3) 

S(4A)-Mo(2A)-S(7A) 159.51(18) 

S(1A)-Mo(2A)-S(7A) 84.3(2) 

S(2A)-Mo(2A)-S(7A) 85.5(2) 

S(8A)-Mo(2A)-S(7A) 77.98(14) 

S(4A)-Mo(2A)-Se(1A) 85.58(14) 

S(1A)-Mo(2A)-Se(1A) 51.6(2) 

S(2A)-Mo(2A)-Se(1A) 134.0(2) 

S(8A)-Mo(2A)-Se(1A) 87.99(13) 

S(7A)-Mo(2A)-Se(1A) 92.59(13) 

S(4A)-Mo(2A)-Se(2A) 87.55(13) 

S(1A)-Mo(2A)-Se(2A) 133.2(2) 

S(2A)-Mo(2A)-Se(2A) 50.7(2) 

S(8A)-Mo(2A)-Se(2A) 89.18(12) 

S(7A)-Mo(2A)-Se(2A) 93.21(12) 

Se(1A)-Mo(2A)-Se(2A) 172.88(10) 

S(4A)-Mo(2A)-Mo(1A) 54.92(17) 

S(1A)-Mo(2A)-Mo(1A) 55.5(2) 

S(2A)-Mo(2A)-Mo(1A) 94.3(3) 

S(8A)-Mo(2A)-Mo(1A) 124.48(17) 

S(7A)-Mo(2A)-Mo(1A) 139.39(14) 

Se(1A)-Mo(2A)-Mo(1A) 59.08(11) 

Se(2A)-Mo(2A)-Mo(1A) 117.86(11) 

S(4A)-Mo(2A)-Mo(3A) 55.04(15) 

S(1A)-Mo(2A)-Mo(3A) 96.1(2) 

S(2A)-Mo(2A)-Mo(3A) 55.5(2) 

S(8A)-Mo(2A)-Mo(3A) 123.46(13) 

S(7A)-Mo(2A)-Mo(3A) 140.43(13) 

Se(1A)-Mo(2A)-Mo(3A) 118.59(11) 

Se(2A)-Mo(2A)-Mo(3A) 58.15(9) 

Mo(1A)-Mo(2A)-Mo(3A) 59.73(12) 

S(4A)-Mo(3A)-S(2A) 110.6(2) 

S(4A)-Mo(3A)-S(3) 108.46(17)
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Table A.51, Cont’d. Bond angles (deg.) for [Mo3S4Se3(S2P
iBu2)3]I·½C5H12. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

S(2A)-Mo(3A)-S(3) 81.3(2) 

S(4A)-Mo(3A)-S(10A) 81.49(19) 

S(2A)-Mo(3A)-S(10A) 135.6(3) 

S(3)-Mo(3A)-S(10A) 137.05(19) 

S(4A)-Mo(3A)-S(9A) 159.7(3) 

S(2A)-Mo(3A)-S(9A) 83.7(3) 

S(3)-Mo(3A)-S(9A) 87.4(3) 

S(10A)-Mo(3A)-S(9A) 78.3(3) 

S(4A)-Mo(3A)-Se(3) 83.98(18) 

S(2A)-Mo(3A)-Se(3) 132.6(3) 

S(3)-Mo(3A)-Se(3) 51.54(8) 

S(10A)-Mo(3A)-Se(3) 89.99(18) 

S(9A)-Mo(3A)-Se(3) 97.0(3) 

S(4A)-Mo(3A)-Se(2A) 87.36(18) 

S(2A)-Mo(3A)-Se(2A) 50.9(2) 

S(3)-Mo(3A)-Se(2A) 131.97(13) 

S(10A)-Mo(3A)-Se(2A) 89.05(19) 

S(9A)-Mo(3A)-Se(2A) 91.2(3) 

Se(3)-Mo(3A)-Se(2A) 171.33(14) 

S(4A)-Mo(3A)-Mo(1A) 54.91(17) 

S(2A)-Mo(3A)-Mo(1A) 94.90(19) 

S(3)-Mo(3A)-Mo(1A) 53.86(14) 

S(10A)-Mo(3A)-Mo(1A) 124.2(2) 

S(9A)-Mo(3A)-Mo(1A) 140.8(3) 

Se(3)-Mo(3A)-Mo(1A) 55.99(15) 

Se(2A)-Mo(3A)-Mo(1A) 118.10(15) 

S(4A)-Mo(3A)-Mo(2A) 54.69(13) 

S(2A)-Mo(3A)-Mo(2A) 56.16(18) 

S(3)-Mo(3A)-Mo(2A) 93.96(8) 

S(10A)-Mo(3A)-Mo(2A) 123.13(18) 

S(9A)-Mo(3A)-Mo(2A) 138.9(3) 

Se(3)-Mo(3A)-Mo(2A) 115.71(10) 

Se(2A)-Mo(3A)-Mo(2A) 58.19(8) 

Mo(1A)-Mo(3A)-Mo(2A) 59.94(14) 

S(1A)-Se(1A)-Mo(2A) 60.66(14) 

S(1A)-Se(1A)-Mo(1A) 59.6(3) 

Mo(2A)-Se(1A)-Mo(1A) 63.34(12) 

S(2A)-Se(2A)-Mo(3A) 60.6(3) 

S(2A)-Se(2A)-Mo(2A) 61.07(19) 

Mo(3A)-Se(2A)-Mo(2A) 63.66(7) 

Se(1A)-S(1A)-Mo(1A) 69.2(3) 

Se(1A)-S(1A)-Mo(2A) 67.75(19) 

Mo(1A)-S(1A)-Mo(2A) 68.6(2) 

Se(2A)-S(2A)-Mo(3A) 68.5(3) 

Se(2A)-S(2A)-Mo(2A) 68.2(3) 

Mo(3A)-S(2A)-Mo(2A) 68.3(3) 

Mo(2A)-S(4A)-Mo(1A) 70.1(2) 

Mo(2A)-S(4A)-Mo(3A) 70.28(17) 

Mo(1A)-S(4A)-Mo(3A) 69.8(2) 

P(1A)-S(5A)-Mo(1A) 88.0(8) 

P(1A)-S(6A)-Mo(1A) 94.9(12) 

C(1A)-P(1A)-C(5A) 102.0(11) 

C(1A)-P(1A)-S(6A) 108.9(12) 

C(5A)-P(1A)-S(6A) 123.0(10) 

C(1A)-P(1A)-S(5A) 112.9(8) 

C(5A)-P(1A)-S(5A) 106.8(11) 

S(6A)-P(1A)-S(5A) 103.4(12) 

C(2A)-C(1A)-P(1A) 115.4(12) 

C(2A)-C(1A)-H(1A1) 108.4 

P(1A)-C(1A)-H(1A1) 108.4 

C(2A)-C(1A)-H(1A2) 108.4 

P(1A)-C(1A)-H(1A2) 108.4 

H(1A1)-C(1A)-H(1A2) 107.5 

C(1A)-C(2A)-C(3A) 110.5(15) 

C(1A)-C(2A)-C(4A) 109.5(16) 

C(3A)-C(2A)-C(4A) 109.7(16) 

C(1A)-C(2A)-H(2A) 109.0 

C(3A)-C(2A)-H(2A) 109.0 

C(4A)-C(2A)-H(2A) 109.0 

C(2A)-C(3A)-H(3A1) 109.5 

C(2A)-C(3A)-H(3A2) 109.5 

H(3A1)-C(3A)-H(3A2) 109.5 

C(2A)-C(3A)-H(3A3) 109.5 

H(3A1)-C(3A)-H(3A3) 109.5 

H(3A2)-C(3A)-H(3A3) 109.5 

C(2A)-C(4A)-H(4A1) 109.5 

C(2A)-C(4A)-H(4A2) 109.5 

H(4A1)-C(4A)-H(4A2) 109.5 

C(2A)-C(4A)-H(4A3) 109.5 

H(4A1)-C(4A)-H(4A3) 109.5 

H(4A2)-C(4A)-H(4A3) 109.5 

C(6A)-C(5A)-P(1A) 116.6(16) 

C(6A)-C(5A)-H(5A1) 108.2 

P(1A)-C(5A)-H(5A1) 108.2 

C(6A)-C(5A)-H(5A2) 108.2 

P(1A)-C(5A)-H(5A2) 108.2
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H(5A1)-C(5A)-H(5A2) 107.3 

C(7A)-C(6A)-C(8A) 113(3) 

C(7A)-C(6A)-C(5A) 112(2) 

C(8A)-C(6A)-C(5A) 110(2) 

C(7A)-C(6A)-H(6A) 107.2 

C(8A)-C(6A)-H(6A) 107.2 

C(5A)-C(6A)-H(6A) 107.2 

C(6A)-C(7A)-H(7A1) 109.5 

C(6A)-C(7A)-H(7A2) 109.5 

H(7A1)-C(7A)-H(7A2) 109.5 

C(6A)-C(7A)-H(7A3) 109.5 

H(7A1)-C(7A)-H(7A3) 109.5 

H(7A2)-C(7A)-H(7A3) 109.5 

C(6A)-C(8A)-H(8A1) 109.5 

C(6A)-C(8A)-H(8A2) 109.5 

H(8A1)-C(8A)-H(8A2) 109.5 

C(6A)-C(8A)-H(8A3) 109.5 

H(8A1)-C(8A)-H(8A3) 109.5 

H(8A2)-C(8A)-H(8A3) 109.5 

P(2A)-S(7A)-Mo(2A) 88.65(19) 

P(2A)-S(8A)-Mo(2A) 89.13(19) 

C(13A)-P(2A)-C(9A) 107.9(12) 

C(13A)-P(2A)-S(7A) 111.5(7) 

C(9A)-P(2A)-S(7A) 115.0(9) 

C(13A)-P(2A)-S(8A) 114.3(7) 

C(9A)-P(2A)-S(8A) 104.7(9) 

S(7A)-P(2A)-S(8A) 103.4(2) 

C(10A)-C(9A)-P(2A) 115.8(18) 

C(10A)-C(9A)-H(9A1) 108.3 

P(2A)-C(9A)-H(9A1) 108.3 

C(10A)-C(9A)-H(9A2) 108.3 

P(2A)-C(9A)-H(9A2) 108.3 

H(9A1)-C(9A)-H(9A2) 107.4 

C(12A)-C(10A)-C(9A) 123(2) 

C(12A)-C(10A)-C(11A) 108.5(19) 

C(9A)-C(10A)-C(11A) 104.3(17) 

C(12A)-C(10A)-H(10A) 106.6 

C(9A)-C(10A)-H(10A) 106.6 

C(11A)-C(10A)-H(10A) 106.6 

C(10A)-C(11A)-H(11A) 109.5 

C(10A)-C(11A)-H(11B) 109.5 

H(11A)-C(11A)-H(11B) 109.5 

C(10A)-C(11A)-H(11C) 109.5 

H(11A)-C(11A)-H(11C) 109.5 

H(11B)-C(11A)-H(11C) 109.5 

C(10A)-C(12A)-H(12A) 109.5 

C(10A)-C(12A)-H(12B) 109.5 

H(12A)-C(12A)-H(12B) 109.5 

C(10A)-C(12A)-H(12C) 109.5 

H(12A)-C(12A)-H(12C) 109.5 

H(12B)-C(12A)-H(12C) 109.5 

C(14A)-C(13A)-P(2A) 118.3(15) 

C(14A)-C(13A)-H(13A) 107.7 

P(2A)-C(13A)-H(13A) 107.7 

C(14A)-C(13A)-H(13B) 107.7 

P(2A)-C(13A)-H(13B) 107.7 

H(13A)-C(13A)-H(13B) 107.1 

C(15A)-C(14A)-C(13A) 112.5(19) 

C(15A)-C(14A)-C(16A) 108.4(19) 

C(13A)-C(14A)-C(16A) 116(2) 

C(15A)-C(14A)-H(14A) 106.5 

C(13A)-C(14A)-H(14A) 106.5 

C(16A)-C(14A)-H(14A) 106.5 

C(14A)-C(15A)-H(15A) 109.5 

C(14A)-C(15A)-H(15B) 109.5 

H(15A)-C(15A)-H(15B) 109.5 

C(14A)-C(15A)-H(15C) 109.5 

H(15A)-C(15A)-H(15C) 109.5 

H(15B)-C(15A)-H(15C) 109.5 

C(14A)-C(16A)-H(16A) 109.5 

C(14A)-C(16A)-H(16B) 109.5 

H(16A)-C(16A)-H(16B) 109.5 

C(14A)-C(16A)-H(16C) 109.5 

H(16A)-C(16A)-H(16C) 109.5 

H(16B)-C(16A)-H(16C) 109.5 

P(3A)-S(9A)-Mo(3A) 89.1(4) 

P(3A)-S(10A)-Mo(3A) 89.0(3) 

C(21A)-P(3A)-C(17A) 124.8(9) 

C(21A)-P(3A)-S(9A) 110.2(8) 

C(17A)-P(3A)-S(9A) 105.2(7) 

C(21A)-P(3A)-S(10A) 116.8(8) 

C(17A)-P(3A)-S(10A) 93.4(6) 

S(9A)-P(3A)-S(10A) 103.5(4) 

C(18A)-C(17A)-P(3A) 102.6(13) 

C(18A)-C(17A)-H(17A) 111.3 

P(3A)-C(17A)-H(17A) 111.3
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C(18A)-C(17A)-H(17B) 111.3 

P(3A)-C(17A)-H(17B) 111.3 

H(17A)-C(17A)-H(17B) 109.2 

C(20A)-C(18A)-C(17A) 134(3) 

C(20A)-C(18A)-C(19A) 117(3) 

C(17A)-C(18A)-C(19A) 109.2(17) 

C(20A)-C(18A)-H(18A) 90.7 

C(17A)-C(18A)-H(18A) 90.7 

C(19A)-C(18A)-H(18A) 90.7 

C(18A)-C(19A)-H(19A) 109.5 

C(18A)-C(19A)-H(19B) 109.5 

H(19A)-C(19A)-H(19B) 109.5 

C(18A)-C(19A)-H(19C) 109.5 

H(19A)-C(19A)-H(19C) 109.5 

H(19B)-C(19A)-H(19C) 109.5 

C(18A)-C(20A)-H(20A) 109.5 

C(18A)-C(20A)-H(20B) 109.5 

H(20A)-C(20A)-H(20B) 109.5 

C(18A)-C(20A)-H(20C) 109.5 

H(20A)-C(20A)-H(20C) 109.5 

H(20B)-C(20A)-H(20C) 109.5 

C(22A)-C(21A)-P(3A) 115.5(16) 

C(22A)-C(21A)-H(21A) 108.4 

P(3A)-C(21A)-H(21A) 108.4 

C(22A)-C(21A)-H(21B) 108.4 

P(3A)-C(21A)-H(21B) 108.4 

H(21A)-C(21A)-H(21B) 107.5 

C(24A)-C(22A)-C(21A) 113(2) 

C(24A)-C(22A)-C(23A) 110(2) 

C(21A)-C(22A)-C(23A) 111(2) 

C(24A)-C(22A)-H(22A) 107.3 

C(21A)-C(22A)-H(22A) 107.3 

C(23A)-C(22A)-H(22A) 107.3 

C(22A)-C(23A)-H(23A) 109.5 

C(22A)-C(23A)-H(23B) 109.5 

H(23A)-C(23A)-H(23B) 109.5 

C(22A)-C(23A)-H(23C) 109.5 

H(23A)-C(23A)-H(23C) 109.5 

H(23B)-C(23A)-H(23C) 109.5 

C(22A)-C(24A)-H(24A) 109.5 

C(22A)-C(24A)-H(24B) 109.5 

H(24A)-C(24A)-H(24B) 109.5 

C(22A)-C(24A)-H(24C) 109.5 

H(24A)-C(24A)-H(24C) 109.5 

H(24B)-C(24A)-H(24C) 109.5 

S(4B)-Mo(1B)-S(1B) 109.4(3) 

S(4B)-Mo(1B)-S(5B) 161.9(5) 

S(1B)-Mo(1B)-S(5B) 86.3(4) 

S(4B)-Mo(1B)-S(3) 108.04(15) 

S(1B)-Mo(1B)-S(3) 83.5(3) 

S(5B)-Mo(1B)-S(3) 82.0(4) 

S(4B)-Mo(1B)-S(6B) 79.9(6) 

S(1B)-Mo(1B)-S(6B) 135.8(6) 

S(5B)-Mo(1B)-S(6B) 82.5(7) 

S(3)-Mo(1B)-S(6B) 136.2(5) 

S(4B)-Mo(1B)-Se(1B) 85.6(2) 

S(1B)-Mo(1B)-Se(1B) 51.7(2) 

S(5B)-Mo(1B)-Se(1B) 97.9(2) 

S(3)-Mo(1B)-Se(1B) 134.9(2) 

S(6B)-Mo(1B)-Se(1B) 87.8(4) 

S(4B)-Mo(1B)-Se(3) 86.70(14) 

S(1B)-Mo(1B)-Se(3) 132.5(3) 

S(5B)-Mo(1B)-Se(3) 89.1(3) 

S(3)-Mo(1B)-Se(3) 49.03(10) 

S(6B)-Mo(1B)-Se(3) 90.1(5) 

Se(1B)-Mo(1B)-Se(3) 172.3(2) 

S(4B)-Mo(1B)-Mo(2B) 54.54(16) 

S(1B)-Mo(1B)-Mo(2B) 55.18(17) 

S(5B)-Mo(1B)-Mo(2B) 141.4(4) 

S(3)-Mo(1B)-Mo(2B) 94.82(15) 

S(6B)-Mo(1B)-Mo(2B) 121.8(5) 

Se(1B)-Mo(1B)-Mo(2B) 57.89(13) 

Se(3)-Mo(1B)-Mo(2B) 117.65(11) 

S(4B)-Mo(1B)-Mo(3B) 54.32(14) 

S(1B)-Mo(1B)-Mo(3B) 94.7(2) 

S(5B)-Mo(1B)-Mo(3B) 135.6(4) 

S(3)-Mo(1B)-Mo(3B) 54.21(10) 

S(6B)-Mo(1B)-Mo(3B) 122.5(6) 

Se(1B)-Mo(1B)-Mo(3B) 117.3(2) 

Se(3)-Mo(1B)-Mo(3B) 58.17(8) 

Mo(2B)-Mo(1B)-Mo(3B) 59.53(10) 

S(4B)-Mo(2B)-S(2B) 109.6(2) 

S(4B)-Mo(2B)-S(1B) 109.8(2) 

S(2B)-Mo(2B)-S(1B) 83.7(3) 

S(4B)-Mo(2B)-S(7B) 161.86(17) 

S(2B)-Mo(2B)-S(7B) 85.1(2)
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S(1B)-Mo(2B)-S(7B) 81.6(2) 

S(4B)-Mo(2B)-S(8B) 84.94(17) 

S(2B)-Mo(2B)-S(8B) 134.5(3) 

S(1B)-Mo(2B)-S(8B) 133.0(2) 

S(7B)-Mo(2B)-S(8B) 77.06(13) 

S(4B)-Mo(2B)-Se(1B) 85.48(13) 

S(2B)-Mo(2B)-Se(1B) 135.1(2) 

S(1B)-Mo(2B)-Se(1B) 51.6(2) 

S(7B)-Mo(2B)-Se(1B) 91.44(12) 

S(8B)-Mo(2B)-Se(1B) 87.41(12) 

S(4B)-Mo(2B)-Se(2B) 85.59(12) 

S(2B)-Mo(2B)-Se(2B) 51.3(2) 

S(1B)-Mo(2B)-Se(2B) 134.9(2) 

S(7B)-Mo(2B)-Se(2B) 96.22(11) 

S(8B)-Mo(2B)-Se(2B) 89.15(12) 

Se(1B)-Mo(2B)-Se(2B) 170.69(9) 

S(4B)-Mo(2B)-Mo(3B) 54.73(13) 

S(2B)-Mo(2B)-Mo(3B) 55.34(18) 

S(1B)-Mo(2B)-Mo(3B) 95.4(2) 

S(7B)-Mo(2B)-Mo(3B) 140.36(12) 

S(8B)-Mo(2B)-Mo(3B) 127.11(13) 

Se(1B)-Mo(2B)-Mo(3B) 117.58(11) 

Se(2B)-Mo(2B)-Mo(3B) 58.49(8) 

S(4B)-Mo(2B)-Mo(1B) 54.84(16) 

S(2B)-Mo(2B)-Mo(1B) 96.3(2) 

S(1B)-Mo(2B)-Mo(1B) 55.3(2) 

S(7B)-Mo(2B)-Mo(1B) 136.26(12) 

S(8B)-Mo(2B)-Mo(1B) 125.29(15) 

Se(1B)-Mo(2B)-Mo(1B) 57.38(10) 

Se(2B)-Mo(2B)-Mo(1B) 118.63(9) 

Mo(3B)-Mo(2B)-Mo(1B) 60.35(10) 

S(4B)-Mo(3B)-S(3) 111.47(17) 

S(4B)-Mo(3B)-S(2B) 109.6(2) 

S(3)-Mo(3B)-S(2B) 84.3(2) 

S(4B)-Mo(3B)-S(10B) 83.29(18) 

S(3)-Mo(3B)-S(10B) 131.53(17) 

S(2B)-Mo(3B)-S(10B) 135.7(3) 

S(4B)-Mo(3B)-S(9B) 161.2(3) 

S(3)-Mo(3B)-S(9B) 83.0(3) 

S(2B)-Mo(3B)-S(9B) 82.9(3) 

S(10B)-Mo(3B)-S(9B) 78.1(2) 

S(4B)-Mo(3B)-Se(2B) 85.36(16) 

S(3)-Mo(3B)-Se(2B) 135.33(13) 

S(2B)-Mo(3B)-Se(2B) 51.1(2) 

S(10B)-Mo(3B)-Se(2B) 90.01(18) 

S(9B)-Mo(3B)-Se(2B) 92.5(3) 

S(4B)-Mo(3B)-Se(3) 88.19(17) 

S(3)-Mo(3B)-Se(3) 50.40(7) 

S(2B)-Mo(3B)-Se(3) 134.6(3) 

S(10B)-Mo(3B)-Se(3) 86.21(16) 

S(9B)-Mo(3B)-Se(3) 92.6(2) 

Se(2B)-Mo(3B)-Se(3) 172.87(14) 

S(4B)-Mo(3B)-Mo(2B) 54.90(11) 

S(3)-Mo(3B)-Mo(2B) 97.28(9) 

S(2B)-Mo(3B)-Mo(2B) 55.18(16) 

S(10B)-Mo(3B)-Mo(2B) 126.26(17) 

S(9B)-Mo(3B)-Mo(2B) 137.7(2) 

Se(2B)-Mo(3B)-Mo(2B) 57.96(7) 

Se(3)-Mo(3B)-Mo(2B) 120.09(10) 

S(4B)-Mo(3B)-Mo(1B) 54.79(17) 

S(3)-Mo(3B)-Mo(1B) 57.21(13) 

S(2B)-Mo(3B)-Mo(1B) 96.02(18) 

S(10B)-Mo(3B)-Mo(1B) 123.8(2) 

S(9B)-Mo(3B)-Mo(1B) 140.0(3) 

Se(2B)-Mo(3B)-Mo(1B) 117.88(14) 

Se(3)-Mo(3B)-Mo(1B) 60.03(14) 

Mo(2B)-Mo(3B)-Mo(1B) 60.12(13) 

S(1B)-Se(1B)-Mo(1B) 60.7(2) 

S(1B)-Se(1B)-Mo(2B) 60.29(13) 

Mo(1B)-Se(1B)-Mo(2B) 64.73(11) 

S(2B)-Se(2B)-Mo(2B) 59.76(17) 

S(2B)-Se(2B)-Mo(3B) 59.6(2) 

Mo(2B)-Se(2B)-Mo(3B) 63.55(7) 

Se(1B)-S(1B)-Mo(2B) 68.16(19) 

Se(1B)-S(1B)-Mo(1B) 67.6(3) 

Mo(2B)-S(1B)-Mo(1B) 69.50(19) 

Se(2B)-S(2B)-Mo(2B) 68.9(3) 

Se(2B)-S(2B)-Mo(3B) 69.3(2) 

Mo(2B)-S(2B)-Mo(3B) 69.5(2) 

Mo(3B)-S(4B)-Mo(2B) 70.37(16) 

Mo(3B)-S(4B)-Mo(1B) 70.9(2) 

Mo(2B)-S(4B)-Mo(1B) 70.61(18) 

P(1B)-S(5B)-Mo(1B) 90.6(7) 

P(1B)-S(6B)-Mo(1B) 84.5(8) 

C(5B)-P(1B)-C(1B) 106.0(10) 

C(5B)-P(1B)-S(5B) 112.4(10)
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C(1B)-P(1B)-S(5B) 112.1(7) 

C(5B)-P(1B)-S(6B) 105.8(8) 

C(1B)-P(1B)-S(6B) 118.1(11) 

S(5B)-P(1B)-S(6B) 102.5(10) 

C(2B)-C(1B)-P(1B) 119.2(11) 

C(2B)-C(1B)-H(1B1) 107.5 

P(1B)-C(1B)-H(1B1) 107.5 

C(2B)-C(1B)-H(1B2) 107.5 

P(1B)-C(1B)-H(1B2) 107.5 

H(1B1)-C(1B)-H(1B2) 107.0 

C(4B)-C(2B)-C(1B) 107.7(14) 

C(4B)-C(2B)-C(3B) 111.6(14) 

C(1B)-C(2B)-C(3B) 110.7(13) 

C(4B)-C(2B)-H(2B) 108.9 

C(1B)-C(2B)-H(2B) 108.9 

C(3B)-C(2B)-H(2B) 108.9 

C(2B)-C(3B)-H(3B1) 109.5 

C(2B)-C(3B)-H(3B2) 109.5 

H(3B1)-C(3B)-H(3B2) 109.5 

C(2B)-C(3B)-H(3B3) 109.5 

H(3B1)-C(3B)-H(3B3) 109.5 

H(3B2)-C(3B)-H(3B3) 109.5 

C(2B)-C(4B)-H(4B1) 109.5 

C(2B)-C(4B)-H(4B2) 109.5 

H(4B1)-C(4B)-H(4B2) 109.5 

C(2B)-C(4B)-H(4B3) 109.5 

H(4B1)-C(4B)-H(4B3) 109.5 

H(4B2)-C(4B)-H(4B3) 109.5 

C(6B)-C(5B)-P(1B) 119.7(13) 

C(6B)-C(5B)-H(5B1) 107.4 

P(1B)-C(5B)-H(5B1) 107.4 

C(6B)-C(5B)-H(5B2) 107.4 

P(1B)-C(5B)-H(5B2) 107.4 

H(5B1)-C(5B)-H(5B2) 106.9 

C(5B)-C(6B)-C(8B) 112.8(19) 

C(5B)-C(6B)-C(7B) 114.0(18) 

C(8B)-C(6B)-C(7B) 109.2(19) 

C(5B)-C(6B)-H(6B) 106.8 

C(8B)-C(6B)-H(6B) 106.8 

C(7B)-C(6B)-H(6B) 106.8 

C(6B)-C(7B)-H(7B1) 109.5 

C(6B)-C(7B)-H(7B2) 109.5 

H(7B1)-C(7B)-H(7B2) 109.5 

C(6B)-C(7B)-H(7B3) 109.5 

H(7B1)-C(7B)-H(7B3) 109.5 

H(7B2)-C(7B)-H(7B3) 109.5 

C(6B)-C(8B)-H(8B1) 109.5 

C(6B)-C(8B)-H(8B2) 109.5 

H(8B1)-C(8B)-H(8B2) 109.5 

C(6B)-C(8B)-H(8B3) 109.5 

H(8B1)-C(8B)-H(8B3) 109.5 

H(8B2)-C(8B)-H(8B3) 109.5 

P(2B)-S(7B)-Mo(2B) 90.19(18) 

P(2B)-S(8B)-Mo(2B) 89.65(18) 

C(9B)-P(2B)-C(13B) 103.1(8) 

C(9B)-P(2B)-S(7B) 111.4(6) 

C(13B)-P(2B)-S(7B) 110.7(7) 

C(9B)-P(2B)-S(8B) 114.1(6) 

C(13B)-P(2B)-S(8B) 114.7(7) 

S(7B)-P(2B)-S(8B) 103.1(2) 

C(10B)-C(9B)-P(2B) 117.2(11) 

C(10B)-C(9B)-H(9B1) 108.0 

P(2B)-C(9B)-H(9B1) 108.0 

C(10B)-C(9B)-H(9B2) 108.0 

P(2B)-C(9B)-H(9B2) 108.0 

H(9B1)-C(9B)-H(9B2) 107.2 

C(12B)-C(10B)-C(9B) 106.4(13) 

C(12B)-C(10B)-C(11B) 110.7(15) 

C(9B)-C(10B)-C(11B) 113.4(15) 

C(12B)-C(10B)-H(10B) 108.7 

C(9B)-C(10B)-H(10B) 108.7 

C(11B)-C(10B)-H(10B) 108.7 

C(10B)-C(11B)-H(11D) 109.5 

C(10B)-C(11B)-H(11E) 109.5 

H(11D)-C(11B)-H(11E) 109.5 

C(10B)-C(11B)-H(11F) 109.5 

H(11D)-C(11B)-H(11F) 109.5 

H(11E)-C(11B)-H(11F) 109.5 

C(10B)-C(12B)-H(12D) 109.5 

C(10B)-C(12B)-H(12E) 109.5 

H(12D)-C(12B)-H(12E) 109.5 

C(10B)-C(12B)-H(12F) 109.5 

H(12D)-C(12B)-H(12F) 109.5 

H(12E)-C(12B)-H(12F) 109.5 

C(14B)-C(13B)-P(2B) 117.2(15) 

C(14B)-C(13B)-H(13C) 108.0
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Table A.51, Cont’d. Bond angles (deg.) for [Mo3S4Se3(S2P
iBu2)3]I·½C5H12. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

P(2B)-C(13B)-H(13C) 108.0 

C(14B)-C(13B)-H(13D) 108.0 

P(2B)-C(13B)-H(13D) 108.0 

H(13C)-C(13B)-H(13D) 107.2 

C(16B)-C(14B)-C(13B) 113(2) 

C(16B)-C(14B)-C(15B) 109(2) 

C(13B)-C(14B)-C(15B) 110(2) 

C(16B)-C(14B)-H(14B) 108.4 

C(13B)-C(14B)-H(14B) 108.4 

C(15B)-C(14B)-H(14B) 108.4 

C(14B)-C(15B)-H(15D) 109.5 

C(14B)-C(15B)-H(15E) 109.5 

H(15D)-C(15B)-H(15E) 109.5 

C(14B)-C(15B)-H(15F) 109.5 

H(15D)-C(15B)-H(15F) 109.5 

H(15E)-C(15B)-H(15F) 109.5 

C(14B)-C(16B)-H(16D) 109.5 

C(14B)-C(16B)-H(16E) 109.5 

H(16D)-C(16B)-H(16E) 109.5 

C(14B)-C(16B)-H(16F) 109.5 

H(16D)-C(16B)-H(16F) 109.5 

H(16E)-C(16B)-H(16F) 109.5 

P(3B)-S(9B)-Mo(3B) 89.0(4) 

P(3B)-S(10B)-Mo(3B) 89.6(3) 

C(17B)-P(3B)-C(21B) 84.8(10) 

C(17B)-P(3B)-S(10B) 121.5(8) 

C(21B)-P(3B)-S(10B) 117.1(6) 

C(17B)-P(3B)-S(9B) 118.8(8) 

C(21B)-P(3B)-S(9B) 110.9(6) 

S(10B)-P(3B)-S(9B) 103.3(3) 

C(18B)-C(17B)-P(3B) 128(2) 

C(18B)-C(17B)-H(17C) 105.4 

P(3B)-C(17B)-H(17C) 105.4 

C(18B)-C(17B)-H(17D) 105.4 

P(3B)-C(17B)-H(17D) 105.4 

H(17C)-C(17B)-H(17D) 106.0 

C(17B)-C(18B)-C(19B) 93(2) 

C(17B)-C(18B)-C(20B) 104(3) 

C(19B)-C(18B)-C(20B) 91(2) 

C(17B)-C(18B)-H(18B) 120.8 

C(19B)-C(18B)-H(18B) 120.8 

C(20B)-C(18B)-H(18B) 120.8 

C(18B)-C(19B)-H(19D) 109.5 

C(18B)-C(19B)-H(19E) 109.5 

H(19D)-C(19B)-H(19E) 109.5 

C(18B)-C(19B)-H(19F) 109.5 

H(19D)-C(19B)-H(19F) 109.5 

H(19E)-C(19B)-H(19F) 109.5 

C(18B)-C(20B)-H(20D) 109.5 

C(18B)-C(20B)-H(20E) 109.5 

H(20D)-C(20B)-H(20E) 109.5 

C(18B)-C(20B)-H(20F) 109.5 

H(20D)-C(20B)-H(20F) 109.5 

H(20E)-C(20B)-H(20F) 109.5 

C(22B)-C(21B)-P(3B) 117.0(12) 

C(22B)-C(21B)-H(21C) 108.0 

P(3B)-C(21B)-H(21C) 108.0 

C(22B)-C(21B)-H(21D) 108.0 

P(3B)-C(21B)-H(21D) 108.0 

H(21C)-C(21B)-H(21D) 107.3 

C(23B)-C(22B)-C(21B) 115.6(16) 

C(23B)-C(22B)-C(24B) 111.1(18) 

C(21B)-C(22B)-C(24B) 106.9(16) 

C(23B)-C(22B)-H(22B) 107.7 

C(21B)-C(22B)-H(22B) 107.7 

C(24B)-C(22B)-H(22B) 107.7 

C(22B)-C(23B)-H(23D) 109.5 

C(22B)-C(23B)-H(23E) 109.5 

H(23D)-C(23B)-H(23E) 109.5 

C(22B)-C(23B)-H(23F) 109.5 

H(23D)-C(23B)-H(23F) 109.5 

H(23E)-C(23B)-H(23F) 109.5 

C(22B)-C(24B)-H(24D) 109.5 

C(22B)-C(24B)-H(24E) 109.5 

H(24D)-C(24B)-H(24E) 109.5 

C(22B)-C(24B)-H(24F) 109.5 

H(24D)-C(24B)-H(24F) 109.5 

H(24E)-C(24B)-H(24F) 109.5 

C(26A)-C(25A)-H(25A) 109.5 

C(26A)-C(25A)-H(25B) 109.5 

H(25A)-C(25A)-H(25B) 109.5 

C(26A)-C(25A)-H(25C) 109.5 

H(25A)-C(25A)-H(25C) 109.5 

H(25B)-C(25A)-H(25C) 109.5 

C(25A)-C(26A)-C(27A) 106(5) 

C(25A)-C(26A)-H(26A) 110.5
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Table A.51, Cont’d. Bond angles (deg.) for [Mo3S4Se3(S2P
iBu2)3]I·½C5H12. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

C(27A)-C(26A)-H(26A) 110.5 

C(25A)-C(26A)-H(26B) 110.5 

C(27A)-C(26A)-H(26B) 110.5 

H(26A)-C(26A)-H(26B) 108.7 

C(26A)-C(27A)-C(28A) 155(6) 

C(26A)-C(27A)-H(27A) 97.6 

C(28A)-C(27A)-H(27A) 97.6 

C(26A)-C(27A)-H(27B) 97.6 

C(28A)-C(27A)-H(27B) 97.6 

H(27A)-C(27A)-H(27B) 103.6 

C(29A)-C(28A)-C(27A) 107(3) 

C(29A)-C(28A)-H(28A) 110.2 

C(27A)-C(28A)-H(28A) 110.2 

C(29A)-C(28A)-H(28B) 110.2 

C(27A)-C(28A)-H(28B) 110.2 

H(28A)-C(28A)-H(28B) 108.5 

C(28A)-C(29A)-H(29A) 109.5 

C(28A)-C(29A)-H(29B) 109.5 

H(29A)-C(29A)-H(29B) 109.5 

C(28A)-C(29A)-H(29C) 109.5 

H(29A)-C(29A)-H(29C) 109.5 

H(29B)-C(29A)-H(29C) 109.5 

C(26B)-C(25B)-H(25D) 109.5 

C(26B)-C(25B)-H(25E) 109.5 

H(25D)-C(25B)-H(25E) 109.5 

C(26B)-C(25B)-H(25F) 109.5 

H(25D)-C(25B)-H(25F) 109.5 

H(25E)-C(25B)-H(25F) 109.5 

C(27B)-C(26B)-C(25B) 117(5) 

C(27B)-C(26B)-H(26C) 107.9 

C(25B)-C(26B)-H(26C) 107.9 

C(27B)-C(26B)-H(26D) 107.9 

C(25B)-C(26B)-H(26D) 107.9 

H(26C)-C(26B)-H(26D) 107.2 

C(26B)-C(27B)-C(28B) 93(6) 

C(26B)-C(27B)-H(27C) 113.2 

C(28B)-C(27B)-H(27C) 113.2 

C(26B)-C(27B)-H(27D) 113.2 

C(28B)-C(27B)-H(27D) 113.2 

H(27C)-C(27B)-H(27D) 110.5 

C(27B)-C(28B)-C(29B) 109(3) 

C(27B)-C(28B)-H(28C) 110.0 

C(29B)-C(28B)-H(28C) 110.0 

C(27B)-C(28B)-H(28D) 110.0 

C(29B)-C(28B)-H(28D) 110.0 

H(28C)-C(28B)-H(28D) 108.3 

C(28B)-C(29B)-H(29D) 109.5 

C(28B)-C(29B)-H(29E) 109.5 

H(29D)-C(29B)-H(29E) 109.5 

C(28B)-C(29B)-H(29F) 109.5 

H(29D)-C(29B)-H(29F) 109.5 

H(29E)-C(29B)-H(29F) 109.5 
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Table A.52. Anisotropic displacement parameters (Å2 x 103) for 

[Mo3S4Se3(S2P
iBu2)3]I·½C5H12. The anisotropic displacement factor exponent takes the 

form: -2π2[h2a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

I(1) 89(1) 72(1) 38(1) -8(1) 19(1) -11(1) 

Se(3) 64(1) 61(1) 42(1) 5(1) 19(1) 16(1) 

S(3) 41(1) 42(1) 24(1) -1(1) 8(1) 5(1) 

Mo(1A) 43(1) 16(1) 25(1) 2(1) 11(1) 7(1) 

Mo(2A) 36(1) 31(1) 28(1) 0(1) 10(1) 4(1) 

Mo(3A) 35(1) 24(1) 22(1) -1(1) 10(1) 1(1) 

Se(1A) 71(1) 50(1) 56(1) -4(1) 17(1) -3(1) 

Se(2A) 54(1) 44(1) 53(1) 0(1) 18(1) 8(1) 

S(1A) 44(2) 32(3) 28(3) 3(2) 13(2) 3(2) 

S(2A) 45(3) 23(3) 32(2) -4(2) 16(1) 2(2) 

S(4A) 42(2) 32(2) 23(2) -1(2) 9(1) 3(2) 

S(5A) 47(5) 37(3) 35(1) -3(2) 20(4) -2(3) 

S(6A) 49(7) 41(6) 33(3) -19(3) 5(5) 2(4) 

P(1A) 39(5) 44(2) 33(3) -8(2) 4(4) 13(4) 

S(7A) 38(1) 55(2) 44(2) 2(1) 16(1) 5(1) 

S(8A) 44(1) 62(2) 40(1) 1(1) 2(1) -3(1) 

P(2A) 41(1) 60(2) 54(2) -3(1) 8(1) 4(1) 

S(9A) 69(5) 37(3) 28(1) -4(1) 18(3) -18(3) 

S(10A) 53(3) 38(2) 25(1) 3(1) 15(2) -1(2) 

P(3A) 56(3) 39(2) 34(1) 3(1) 18(2) -7(2) 

Mo(1B) 43(1) 16(1) 25(1) 2(1) 11(1) 7(1) 

Mo(2B) 36(1) 31(1) 28(1) 0(1) 10(1) 4(1) 

Mo(3B) 35(1) 24(1) 22(1) -1(1) 10(1) 1(1) 

Se(1B) 71(1) 50(1) 56(1) -4(1) 17(1) -3(1) 

Se(2B) 54(1) 44(1) 53(1) 0(1) 18(1) 8(1) 

S(1B) 44(2) 32(3) 28(3) 3(2) 13(2) 3(2) 

S(2B) 45(3) 23(3) 32(2) -4(2) 16(1) 2(2) 

S(4B) 42(2) 32(2) 23(2) -1(2) 9(1) 3(2) 

S(5B) 47(5) 37(3) 35(1) -3(2) 20(4) -2(3) 

S(6B) 49(7) 41(6) 33(3) -19(3) 5(5) 2(4) 

P(1B) 39(5) 44(2) 33(3) -8(2) 4(4) 13(4) 

S(7B) 38(1) 55(2) 44(2) 2(1) 16(1) 5(1) 

S(8B) 44(1) 62(2) 40(1) 1(1) 2(1) -3(1) 

P(2B) 41(1) 60(2) 54(2) -3(1) 8(1) 4(1) 

S(9B) 69(5) 37(3) 28(1) -4(1) 18(3) -18(3) 

S(10B) 53(3) 38(2) 25(1) 3(1) 15(2) -1(2) 

P(3B) 56(3) 39(2) 34(1) 3(1) 18(2) -7(2) 
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Table A.53. Hydrogen coordinates (x 104) and isotropic displacement parameters (Å2 x 

103) for [Mo3S4Se3(S2P
iBu2)3]I·½C5H12. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(1A1) 2841 5476 1732 47 

H(1A2) 2671 5564 907 47 

H(2A) 2931 6886 1729 56 

H(3A1) 3096 7329 714 77 

H(3A2) 2963 6528 347 77 

H(3A3) 2600 7052 513 77 

H(4A1) 3663 6708 1689 114 

H(4A2) 3530 6040 2124 114 

H(4A3) 3535 5897 1340 114 

H(5A1) 1948 4778 1065 69 

H(5A2) 2149 4819 1889 69 

H(6A) 1438 5493 1810 99 

H(7A1) 1667 4430 2442 173 

H(7A2) 1153 4413 2068 173 

H(7A3) 1475 3926 1762 173 

H(8A1) 1190 5457 585 174 

H(8A2) 1174 4556 605 174 

H(8A3) 852 5043 912 174 

H(9A1) -215 9672 310 107 

H(9A2) -659 9378 427 107 

H(10A) 17 10070 1482 67 

H(11A) -275 10830 481 121 

H(11B) -743 10796 618 121 

H(11C) -343 11204 1167 121 

H(12A) -448 10413 2059 172 

H(12B) -840 9976 1519 172 

H(12C) -439 9513 2009 172 

H(13A) -691 8034 1169 81 

H(13B) -707 7878 382 81 

H(14A) -132 7050 1472 89 

H(15A) -645 6087 1345 158 

H(15B) -800 6843 1639 158 

H(15C) -1007 6614 840 158 

H(16A) -20 6875 372 142 

H(16B) -140 6105 689 142 

H(16C) -502 6532 89 142 

H(17A) 1490 11549 57 58 

H(17B) 1292 11146 619 58 

H(18A) 1389 12272 902 94 

H(19A) 1805 12592 150 124 
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Table A.53, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for [Mo3S4Se3(S2P
iBu2)3]I·½C5H12. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(19B) 1668 13193 642 124 

H(19C) 2153 12859 856 124 

H(20A) 1830 12699 1803 245 

H(20B) 1440 12118 1749 245 

H(20C) 1933 11824 1961 245 

H(21A) 2593 11047 289 80 

H(21B) 2700 11445 1032 80 

H(22A) 2884 10122 1462 85 

H(23A) 2688 9575 338 148 

H(23B) 3072 10033 160 148 

H(23C) 3186 9398 751 148 

H(24A) 3597 10319 1551 169 

H(24B) 3466 11000 1007 169 

H(24C) 3374 11061 1746 169 

H(1B1) 2999 5625 1752 41 

H(1B2) 2812 5753 936 41 

H(2B) 3043 7038 1798 50 

H(3B1) 2706 7232 597 53 

H(3B2) 3196 7542 803 53 

H(3B3) 3080 6750 413 53 

H(4B1) 3762 6908 1758 96 

H(4B2) 3629 6220 2170 96 

H(4B3) 3643 6105 1387 96 

H(5B1) 2123 4852 1103 56 

H(5B2) 2324 4872 1926 56 

H(6B) 1582 5440 1833 75 

H(7B1) 1344 4249 2125 134 

H(7B2) 1731 3842 1908 134 

H(7B3) 1841 4401 2561 134 

H(8B1) 1026 4786 995 145 

H(8B2) 1291 5330 630 145 

H(8B3) 1383 4441 666 145 

H(9B1) -739 8532 769 60 

H(9B2) -673 8554 1586 60 

H(10B) -82 9493 1570 56 

H(11D) -184 9460 357 114 

H(11E) -681 9712 215 114 

H(11F) -297 10282 584 114 

H(12D) -609 10409 1553 89 

H(12E) -985 9806 1229 89 
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Table A.53, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for [Mo3S4Se3(S2P
iBu2)3]I·½C5H12. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(13C) -525 7131 1814 86 

H(13D) -615 6966 1005 86 

H(14B) 197 6474 1891 105 

H(15D) -310 6079 2487 187 

H(15E) -588 5644 1805 187 

H(15F) -106 5365 2209 187 

H(16D) 95 5454 1126 228 

H(16E) -379 5761 712 228 

H(16F) 46 6230 703 228 

H(17C) 1838 11637 143 90 

H(17D) 1407 11495 355 90 

H(18B) 2121 12377 1248 193 

H(19D) 1504 13320 458 254 

H(19E) 1625 12776 -94 254 

H(19F) 1200 12611 149 254 

H(20D) 1424 12687 1697 178 

H(20E) 1107 12261 1041 178 

H(20F) 1408 11785 1678 178 

H(21C) 2383 10991 211 58 

H(21D) 2497 11383 956 58 

H(22B) 2793 10137 1424 66 

H(23D) 3095 9405 708 97 

H(23E) 2574 9400 410 97 

H(23F) 2857 9916 51 97 

H(24D) 3205 11265 1456 144 

H(24E) 3484 10542 1370 144 

H(24F) 3263 11063 712 144 

H(25A) -1089 3917 871 147 

H(25B) -1006 3042 1057 147 

H(25C) -776 3671 1615 147 

H(26A) -340 4059 886 205 

H(26B) -570 3427 325 205 

H(27A) -321 2501 1033 146 

H(27B) -223 3011 1690 146 

H(28A) 473 2638 1207 232 

H(28B) 458 2795 1987 232 

H(29A) 496 1462 1807 170 

H(29B) 42 1661 1948 170 

H(29C) 57 1505 1172 170 

H(25D) -1125 3896 1821 135 
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Table A.53, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for [Mo3S4Se3(S2P
iBu2)3]I·½C5H12. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(25E) -1278 3271 1226 135 

H(25F) -829 3167 1830 135 

H(26C) -980 4339 803 106 

H(26D) -533 4235 1405 106 

H(27C) -705 3646 99 157 

H(27D) -641 2933 629 157 

H(28C) -112 4057 1354 263 

H(28D) -8 4028 620 263 

H(29D) 465 3173 1419 236 

H(29E) 51 2735 1518 236 

H(29F) 154 2706 786 236 
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Table A.54. Crystal Data and Structure Refinement for [((iPrO)2PS2)Mo(S)(μ2-

S)2Mo(S)(S2P(OiPr)2)] 
 

Identification code JPD1309_0m_a 

Empirical formula C12H28Mo2O4P2S8 

Formula weight 1493.28 

Temperature 150(2) K 

Wavelength 0.71073 Å 

Crystal system Monoclinic 

Space group P21/c 

Unit cell dimensions a = 12.6795(5) Å α = 90° 

 b = 13.8455(6) Å β = 101.4810(10)° 

 c = 16.1584(6) Å γ = 90° 

Volume 2779.91(19) Å3 

Z 4 

Density (calculated) 1.784 g/cm3 

Absorption coefficient 1.635 mm-1 

F(000) 1496 

Crystal size 0.357 x 0.189 x 0.009 mm3 

θ range for data collection 2.380 to 26.428° 

Index ranges -15 ≤ h ≤ 15, -17 ≤ k ≤ 17, -20 ≤ l ≤ 20 

Reflections collected 88748 

Independent reflections 5684 [R(int) = 0.0497] 

Completeness to θ = 25.242° 99.6 % 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.99 and 0.87 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 5684 / 0 / 261 

Goodness-of-fit on F2 1.018 

Final R indices [I>2σ(I)] R1 = 0.0230, wR2 = 0.0574 

R indices (all data) R1 = 0.0345, wR2 = 0.0642 

Extinction coefficient n/a 

Largest diff. peak and hole 0.439 and -0.343 e·Å-3 
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Table A.55. Atomic coordinates (x 104) and equivalent isotropic displacement parameters 

(Å2 x 103) for [((iPrO)2PS2)Mo(S)(μ2-S)2Mo(S)(S2P(OiPr)2)]. U(eq) is defined as one third 

of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

Mo(1) 6942(1) 2201(1) 7749(1) 19(1) 

Mo(2) 5196(1) 2058(1) 6368(1) 18(1) 

S(1) 8814(1) 2747(1) 7784(1) 31(1) 

S(2) 7270(1) 3272(1) 9014(1) 27(1) 

S(3) 7001(1) 2119(1) 6334(1) 21(1) 

S(4) 5203(1) 2733(1) 7678(1) 23(1) 

S(5) 5086(1) 2424(1) 4847(1) 25(1) 

S(6) 3503(1) 3026(1) 6030(1) 23(1) 

S(7) 7050(1) 776(1) 8210(1) 32(1) 

S(8) 4770(1) 596(1) 6412(1) 29(1) 

P(1) 8820(1) 3352(1) 8915(1) 22(1) 

P(2) 3538(1) 2758(1) 4816(1) 20(1) 

O(1) 9635(1) 2890(1) 9663(1) 26(1) 

O(2) 9293(1) 4397(1) 8985(1) 27(1) 

O(3) 2723(1) 1937(1) 4484(1) 22(1) 

O(4) 3122(1) 3613(1) 4196(1) 26(1) 

C(1) 9784(3) 1810(2) 10822(2) 58(1) 

C(2) 9578(2) 1858(2) 9891(2) 29(1) 

C(3) 10396(4) 1326(3) 9521(3) 86(2) 

C(4) 9657(3) 5565(3) 7977(2) 61(1) 

C(5) 8791(2) 5160(2) 8391(2) 33(1) 

C(6) 8295(2) 5880(2) 8883(2) 41(1) 

C(7) 2789(3) 5283(2) 4418(2) 47(1) 

C(8) 3645(2) 4573(2) 4305(2) 31(1) 

C(9) 4131(2) 4748(2) 3544(2) 42(1) 

C(10) 2510(3) 336(2) 3967(2) 46(1) 

C(11) 2789(2) 1336(2) 3736(2) 27(1) 

C(12) 2039(3) 1738(2) 2981(2) 49(1) 
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Table A.56. Bond lengths (Å) for [((iPrO)2PS2)Mo(S)(μ2-S)2Mo(S)(S2P(OiPr)2)]. 

Symmetry transformations used to generate equivalent atoms: 

________________________________________________________________________ 

Mo(1)-S(7) 2.1044(7) 

Mo(1)-S(3) 2.3044(6) 

Mo(1)-S(4) 2.3059(7) 

Mo(1)-S(1) 2.4804(7) 

Mo(1)-S(2) 2.4921(6) 

Mo(1)-Mo(2) 2.8199(3) 

Mo(2)-S(8) 2.0994(7) 

Mo(2)-S(3) 2.3016(7) 

Mo(2)-S(4) 2.3122(6) 

Mo(2)-S(5) 2.4859(6) 

Mo(2)-S(6) 2.4972(7) 

S(1)-P(1) 2.0088(9) 

S(2)-P(1) 2.0060(9) 

S(5)-P(2) 2.0064(9) 

S(6)-P(2) 2.0048(8) 

P(1)-O(2) 1.5615(18) 

P(1)-O(1) 1.5629(17) 

P(2)-O(3) 1.5580(17) 

P(2)-O(4) 1.5721(17) 

O(1)-C(2) 1.481(3) 

O(2)-C(5) 1.483(3) 

O(3)-C(11) 1.483(3) 

O(4)-C(8) 1.481(3) 

C(1)-C(2) 1.475(4) 

C(1)-H(1A) 0.9800 

C(1)-H(1B) 0.9800 

C(1)-H(1C) 0.9800 

C(2)-C(3) 1.492(4) 

C(2)-H(2) 1.0000 

C(3)-H(3A) 0.9800 

C(3)-H(3B) 0.9800 

C(3)-H(3C) 0.9800 

C(4)-C(5) 1.503(4) 

C(4)-H(4A) 0.9800 

C(4)-H(4B) 0.9800 

C(4)-H(4C) 0.9800 

C(5)-C(6) 1.490(4) 

C(5)-H(5) 1.0000 

C(6)-H(6A) 0.9800 

C(6)-H(6B) 0.9800 

C(6)-H(6C) 0.9800 

C(7)-C(8) 1.502(4) 

C(7)-H(7A) 0.9800 

C(7)-H(7B) 0.9800 

C(7)-H(7C) 0.9800 

C(8)-C(9) 1.501(4) 

C(8)-H(8) 1.0000 

C(9)-H(9A) 0.9800 

C(9)-H(9B) 0.9800 

C(9)-H(9C) 0.9800 

C(10)-C(11) 1.494(4) 

C(10)-H(10A) 0.9800 

C(10)-H(10B) 0.9800 

C(10)-H(10C) 0.9800 

C(11)-C(12) 1.497(4) 

C(11)-H(11) 1.0000 

C(12)-H(12A) 0.9800 

C(12)-H(12B) 0.9800 

C(12)-H(12C) 0.9800 
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Table A.57. Bond angles (deg.) for [((iPrO)2PS2)Mo(S)(μ2-S)2Mo(S)(S2P(OiPr)2)]. 

Symmetry transformations used to generate equivalent atoms: 

________________________________________________________________________ 

S(7)-Mo(1)-S(3) 107.02(2) 

S(7)-Mo(1)-S(4) 108.11(3) 

S(3)-Mo(1)-S(4) 100.72(2) 

S(7)-Mo(1)-S(1) 106.46(3) 

S(3)-Mo(1)-S(1) 79.51(2) 

S(4)-Mo(1)-S(1) 143.61(3) 

S(7)-Mo(1)-S(2) 106.19(3) 

S(3)-Mo(1)-S(2) 144.06(2) 

S(4)-Mo(1)-S(2) 81.53(2) 

S(1)-Mo(1)-S(2) 78.30(2) 

S(7)-Mo(1)-Mo(2) 101.53(2) 

S(3)-Mo(1)-Mo(2) 52.204(16) 

S(4)-Mo(1)-Mo(2) 52.468(15) 

S(1)-Mo(1)-Mo(2) 129.522(18) 

S(2)-Mo(1)-Mo(2) 131.868(17) 

S(8)-Mo(2)-S(3) 107.48(2) 

S(8)-Mo(2)-S(4) 108.22(2) 

S(3)-Mo(2)-S(4) 100.61(2) 

S(8)-Mo(2)-S(5) 105.43(2) 

S(3)-Mo(2)-S(5) 80.18(2) 

S(4)-Mo(2)-S(5) 144.27(2) 

S(8)-Mo(2)-S(6) 108.00(2) 

S(3)-Mo(2)-S(6) 142.21(2) 

S(4)-Mo(2)-S(6) 80.21(2) 

S(5)-Mo(2)-S(6) 78.30(2) 

S(8)-Mo(2)-Mo(1) 102.001(19) 

S(3)-Mo(2)-Mo(1) 52.295(15) 

S(4)-Mo(2)-Mo(1) 52.264(16) 

S(5)-Mo(2)-Mo(1) 130.429(17) 

S(6)-Mo(2)-Mo(1) 129.846(16) 

P(1)-S(1)-Mo(1) 88.77(3) 

P(1)-S(2)-Mo(1) 88.51(3) 

Mo(2)-S(3)-Mo(1) 75.50(2) 

Mo(1)-S(4)-Mo(2) 75.27(2) 

P(2)-S(5)-Mo(2) 86.21(3) 

P(2)-S(6)-Mo(2) 85.94(3) 

O(2)-P(1)-O(1) 97.89(9) 

O(2)-P(1)-S(2) 114.45(7) 

O(1)-P(1)-S(2) 115.00(8) 

O(2)-P(1)-S(1) 112.66(7) 

O(1)-P(1)-S(1) 114.55(8) 

S(2)-P(1)-S(1) 102.87(4) 

O(3)-P(2)-O(4) 102.33(9) 

O(3)-P(2)-S(6) 109.27(7) 

O(4)-P(2)-S(6) 114.46(7) 

O(3)-P(2)-S(5) 114.75(7) 

O(4)-P(2)-S(5) 113.06(7) 

S(6)-P(2)-S(5) 103.32(3) 

C(2)-O(1)-P(1) 122.02(15) 

C(5)-O(2)-P(1) 120.18(15) 

C(11)-O(3)-P(2) 123.34(15) 

C(8)-O(4)-P(2) 120.99(14) 

C(2)-C(1)-H(1A) 109.5 

C(2)-C(1)-H(1B) 109.5 

H(1A)-C(1)-H(1B) 109.5 

C(2)-C(1)-H(1C) 109.5 

H(1A)-C(1)-H(1C) 109.5 

H(1B)-C(1)-H(1C) 109.5 

C(1)-C(2)-O(1) 106.9(2) 

C(1)-C(2)-C(3) 113.0(3) 

O(1)-C(2)-C(3) 107.7(2) 

C(1)-C(2)-H(2) 109.7 

O(1)-C(2)-H(2) 109.7 

C(3)-C(2)-H(2) 109.7 

C(2)-C(3)-H(3A) 109.5 

C(2)-C(3)-H(3B) 109.5 

H(3A)-C(3)-H(3B) 109.5 

C(2)-C(3)-H(3C) 109.5 

H(3A)-C(3)-H(3C) 109.5 

H(3B)-C(3)-H(3C) 109.5 

C(5)-C(4)-H(4A) 109.5 

C(5)-C(4)-H(4B) 109.5 

H(4A)-C(4)-H(4B) 109.5 

C(5)-C(4)-H(4C) 109.5 

H(4A)-C(4)-H(4C) 109.5 

H(4B)-C(4)-H(4C) 109.5 

O(2)-C(5)-C(6) 107.6(2) 

O(2)-C(5)-C(4) 107.3(2) 

C(6)-C(5)-C(4) 114.2(3) 

O(2)-C(5)-H(5) 109.2 

C(6)-C(5)-H(5) 109.2 

C(4)-C(5)-H(5) 109.2 

C(5)-C(6)-H(6A) 109.5 

C(5)-C(6)-H(6B) 109.5 

H(6A)-C(6)-H(6B) 109.5 

C(5)-C(6)-H(6C) 109.5
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Table A.57, Cont’d. Bond angles (deg.) for [((iPrO)2PS2)Mo(S)(μ2-

S)2Mo(S)(S2P(OiPr)2)]. Symmetry transformations used to generate equivalent atoms: 

________________________________________________________________________ 

H(6A)-C(6)-H(6C) 109.5 

H(6B)-C(6)-H(6C) 109.5 

C(8)-C(7)-H(7A) 109.5 

C(8)-C(7)-H(7B) 109.5 

H(7A)-C(7)-H(7B) 109.5 

C(8)-C(7)-H(7C) 109.5 

H(7A)-C(7)-H(7C) 109.5 

H(7B)-C(7)-H(7C) 109.5 

O(4)-C(8)-C(7) 106.5(2) 

O(4)-C(8)-C(9) 107.2(2) 

C(7)-C(8)-C(9) 114.7(2) 

O(4)-C(8)-H(8) 109.4 

C(7)-C(8)-H(8) 109.4 

C(9)-C(8)-H(8) 109.4 

C(8)-C(9)-H(9A) 109.5 

C(8)-C(9)-H(9B) 109.5 

H(9A)-C(9)-H(9B) 109.5 

C(8)-C(9)-H(9C) 109.5 

H(9A)-C(9)-H(9C) 109.5 

H(9B)-C(9)-H(9C) 109.5 

C(11)-C(10)-H(10A) 109.5 

C(11)-C(10)-H(10B) 109.5 

H(10A)-C(10)-H(10B) 109.5 

C(11)-C(10)-H(10C) 109.5 

H(10A)-C(10)-H(10C) 109.5 

H(10B)-C(10)-H(10C) 109.5 

O(3)-C(11)-C(10) 105.2(2) 

O(3)-C(11)-C(12) 109.0(2) 

C(10)-C(11)-C(12) 113.8(2) 

O(3)-C(11)-H(11) 109.5 

C(10)-C(11)-H(11) 109.5 

C(12)-C(11)-H(11) 109.5 

C(11)-C(12)-H(12A) 109.5 

C(11)-C(12)-H(12B) 109.5 

H(12A)-C(12)-H(12B) 109.5 

C(11)-C(12)-H(12C) 109.5 

H(12A)-C(12)-H(12C) 109.5 

H(12B)-C(12)-H(12C) 109.5 
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Table A.58. Anisotropic displacement parameters (Å2 x 103) for [((iPrO)2PS2)Mo(S)(μ2-

S)2Mo(S)(S2P(OiPr)2)]. The anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

Mo(1) 19(1) 21(1) 16(1) -1(1) 1(1) -1(1) 

Mo(2) 19(1) 19(1) 16(1) 0(1) 1(1) -2(1) 

S(1) 22(1) 48(1) 25(1) -12(1) 7(1) -7(1) 

S(2) 21(1) 37(1) 23(1) -10(1) 4(1) -4(1) 

S(3) 21(1) 25(1) 17(1) -2(1) 2(1) 1(1) 

S(4) 21(1) 31(1) 18(1) -3(1) 3(1) -1(1) 

S(5) 20(1) 38(1) 18(1) 4(1) 2(1) 1(1) 

S(6) 24(1) 25(1) 21(1) -2(1) 3(1) 1(1) 

S(7) 40(1) 27(1) 27(1) 5(1) 1(1) 1(1) 

S(8) 32(1) 22(1) 31(1) 0(1) 2(1) -6(1) 

P(1) 19(1) 27(1) 20(1) -3(1) 1(1) -3(1) 

P(2) 20(1) 19(1) 19(1) 1(1) 0(1) -1(1) 

O(1) 24(1) 24(1) 27(1) 1(1) -2(1) -4(1) 

O(2) 23(1) 25(1) 28(1) 2(1) -2(1) -4(1) 

O(3) 24(1) 20(1) 24(1) -4(1) 6(1) -3(1) 

O(4) 27(1) 21(1) 25(1) 3(1) -4(1) -4(1) 

C(1) 97(3) 40(2) 33(2) 8(1) 6(2) 9(2) 

C(2) 30(2) 24(1) 31(1) 4(1) 4(1) -6(1) 

C(3) 133(4) 42(2) 110(3) 27(2) 85(3) 38(2) 

C(4) 70(2) 51(2) 71(2) 28(2) 39(2) 19(2) 

C(5) 34(2) 30(1) 32(1) 4(1) -2(1) 4(1) 

C(6) 37(2) 37(2) 51(2) -4(1) 10(1) 6(1) 

C(7) 68(2) 26(2) 51(2) -2(1) 23(2) -5(2) 

C(8) 36(2) 22(1) 30(1) 5(1) -4(1) -10(1) 

C(9) 44(2) 34(2) 50(2) 10(1) 14(2) -5(1) 

C(10) 72(2) 25(2) 40(2) -9(1) 8(2) -2(2) 

C(11) 27(1) 30(1) 23(1) -10(1) 5(1) -1(1) 

C(12) 68(2) 43(2) 28(2) -3(1) -6(2) 6(2) 
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Table A.59. Hydrogen coordinates (x 104) and isotropic displacement parameters (Å2 x 

103) for [((iPrO)2PS2)Mo(S)(μ2-S)2Mo(S)(S2P(OiPr)2)]. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(1A) 9758 1135 11000 87 

H(1B) 9234 2183 11031 87 

H(1C) 10497 2080 11052 87 

H(2) 8844 1600 9654 34 

H(3A) 10379 640 9665 130 

H(3B) 11113 1589 9748 130 

H(3C) 10234 1400 8905 130 

H(4A) 9350 6066 7572 91 

H(4B) 9959 5048 7682 91 

H(4C) 10228 5847 8409 91 

H(5) 8216 4864 7950 40 

H(6A) 7961 6397 8506 62 

H(6B) 8852 6154 9329 62 

H(6C) 7747 5562 9137 62 

H(7A) 3102 5931 4499 70 

H(7B) 2496 5102 4913 70 

H(7C) 2212 5277 3915 70 

H(8) 4227 4569 4823 37 

H(9A) 4479 5383 3591 64 

H(9B) 3565 4729 3034 64 

H(9C) 4667 4247 3510 64 

H(10A) 2539 -102 3496 69 

H(10B) 1783 333 4088 69 

H(10C) 3026 123 4468 69 

H(11) 3542 1346 3636 32 

H(12A) 2059 1330 2488 73 

H(12B) 2263 2395 2871 73 

H(12C) 1306 1752 3088 73 

 

 

 

 

 

 

 

 

 

 

 

 



325 
 

 
 

Structure Determination Summary 

 
 

Table A.60. Crystal Data and Structure Refinement for [(iBu2NCSe2)MoO(μ-

Se)2MoO(Se2CNiBu2)]. 

 

Identification code JPD1293_0m 

Empirical formula C18H36Mo2N2O2Se6 

Formula weight 978.13 

Temperature 273(2) K 

Wavelength 0.71073 Å 

Crystal system Monoclinic 

Space group Cc 

Unit cell dimensions a = 11.3342(6) Å α = 90° 

 b = 17.9266(10) Å β = 95.7698(19)° 

 c = 14.5595(8) Å γ = 90° 

Volume 2943.3(3) Å3 

Z 4 

Density (calculated) 2.207 g/cm3 

Absorption coefficient 8.289 mm-1 

F(000) 1848 

Crystal size 0.286 x 0.221 x 0.090 mm3 

θ range for data collection 2.272 to 30.553° 

Index ranges -16 ≤ h ≤ 16, -25 ≤ k ≤ 25, -20 ≤ l ≤ 20 

Reflections collected 29564 

Independent reflections 8643 [R(int) = 0.0370] 

Completeness to θ = 25.242° 99.7 % 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.52 and 0.33 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 8643 / 2 / 280 

Goodness-of-fit on F2 1.054 

Final R indices [I>2σ(I)] R1 = 0.0356, wR2 = 0.0818 

R indices (all data) R1 = 0.0435, wR2 = 0.0876 

Absolute structure parameter 0.049(10) 

Extinction coefficient n/a 

Largest diff. peak and hole 1.568 and -1.037 e·Å-3 
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Table A.61. Atomic coordinates (x 104) and equivalent isotropic displacement parameters 

(Å2 x 103) for [(iBu2NCSe2)MoO(μ-Se)2MoO(Se2CNiBu2)]. U(eq) is defined as one third 

of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

Mo(1) -7584(1) -1864(1) -368(1) 23(1) 

Mo(2) -7545(1) -3317(1) -1243(1) 25(1) 

Se(1) -6786(1) -1420(1) 1261(1) 33(1) 

Se(2) -9240(1) -1096(1) 263(1) 29(1) 

Se(3) -6770(1) -4587(1) -620(1) 28(1) 

Se(4) -9170(1) -4283(1) -1722(1) 36(1) 

Se(5) -6155(1) -2862(1) 38(1) 26(1) 

Se(6) -9289(1) -2513(1) -1182(1) 32(1) 

O(1) -7016(5) -1283(3) -1110(4) 36(1) 

O(2) -6931(6) -3164(4) -2225(4) 42(1) 

N(1) -8472(5) -502(4) 2033(4) 27(1) 

N(2) -8351(5) -5752(4) -1297(4) 27(1) 

C(1) -8209(6) -891(4) 1340(5) 23(1) 

C(2) -7660(7) -419(4) 2887(5) 28(2) 

C(3) -8114(8) -764(6) 3726(6) 41(2) 

C(4) -7172(9) -688(6) 4550(6) 48(2) 

C(5) -8467(10) -1585(7) 3546(8) 58(3) 

C(6) -9659(6) -147(4) 2048(6) 30(2) 

C(7) -9600(6) 671(4) 2301(5) 26(1) 

C(8) -10885(7) 964(5) 2267(6) 35(2) 

C(9) -8885(7) 1124(5) 1683(6) 36(2) 

C(10) -8137(6) -5041(5) -1240(5) 30(2) 

C(11) -7578(7) -6310(5) -793(5) 32(2) 

C(12) -8129(9) -6657(6) 20(6) 49(3) 

C(13) -8496(12) -6063(9) 691(7) 71(4) 

C(14) -7229(11) -7191(7) 502(7) 60(3) 

C(15) -9431(7) -6053(5) -1840(6) 33(2) 

C(16) -9201(7) -6289(6) -2805(6) 40(2) 

C(17) -10262(13) -6828(9) -3178(10) 76(4) 

C(18) -8963(12) -5745(8) -3482(9) 70(3) 
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Table A.62. Bond lengths (Å) for [(iBu2NCSe2)MoO(μ-Se)2MoO(Se2CNiBu2)]. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

Mo(1)-O(1) 1.674(6) 

Mo(1)-Se(5) 2.4461(9) 

Mo(1)-Se(6) 2.4570(10) 

Mo(1)-Se(2) 2.5708(9) 

Mo(1)-Se(1) 2.5770(10) 

Mo(1)-Mo(2) 2.9017(9) 

Mo(2)-O(2) 1.675(6) 

Mo(2)-Se(6) 2.4545(10) 

Mo(2)-Se(5) 2.4565(9) 

Mo(2)-Se(3) 2.5724(10) 

Mo(2)-Se(4) 2.5734(10) 

Se(1)-C(1) 1.885(7) 

Se(2)-C(1) 1.895(7) 

Se(3)-C(10) 1.897(7) 

Se(4)-C(10) 1.883(8) 

N(1)-C(1) 1.285(9) 

N(1)-C(2) 1.478(9) 

N(1)-C(6) 1.491(9) 

N(2)-C(10) 1.297(11) 

N(2)-C(11) 1.477(11) 

N(2)-C(15) 1.490(9) 

C(2)-C(3) 1.506(11) 

C(2)-H(2A) 0.9700 

C(2)-H(2B) 0.9700 

C(3)-C(4) 1.530(13) 

C(3)-C(5) 1.540(16) 

C(3)-H(3) 0.9800 

C(4)-H(4A) 0.9600 

C(4)-H(4B) 0.9600 

C(4)-H(4C) 0.9600 

C(5)-H(5A) 0.9600 

C(5)-H(5B) 0.9600 

C(5)-H(5C) 0.9600 

C(6)-C(7) 1.512(11) 

C(6)-H(6A) 0.9700 

C(6)-H(6B) 0.9700 

C(7)-C(9) 1.508(11) 

C(7)-C(8) 1.543(10) 

C(7)-H(7) 0.9800 

C(8)-H(8A) 0.9600 

C(8)-H(8B) 0.9600 

C(8)-H(8C) 0.9600 

C(9)-H(9A) 0.9600 

C(9)-H(9B) 0.9600 

C(9)-H(9C) 0.9600 

C(11)-C(12) 1.526(11) 

C(11)-H(11A) 0.9700 

C(11)-H(11B) 0.9700 

C(12)-C(14) 1.518(16) 

C(12)-C(13) 1.530(17) 

C(12)-H(12) 0.9800 

C(13)-H(13A) 0.9600 

C(13)-H(13B) 0.9600 

C(13)-H(13C) 0.9600 

C(14)-H(14A) 0.9600 

C(14)-H(14B) 0.9600 

C(14)-H(14C) 0.9600 

C(15)-C(16) 1.516(12) 

C(15)-H(15A) 0.9700 

C(15)-H(15B) 0.9700 

C(16)-C(18) 1.431(17) 

C(16)-C(17) 1.594(15) 

C(16)-H(16) 0.9800 

C(17)-H(17A) 0.9600 

C(17)-H(17B) 0.9600 

C(17)-H(17C) 0.9600 

C(18)-H(18A) 0.9600 

C(18)-H(18B) 0.9600 

C(18)-H(18C) 0.9600 
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Table A.63. Bond angles (deg.) for [(iBu2NCSe2)MoO(μ-Se)2MoO(Se2CNiBu2)]. 

Symmetry transformations used to generate equivalent atoms:  

________________________________________________________________________ 

O(1)-Mo(1)-Se(5) 108.8(2) 

O(1)-Mo(1)-Se(6) 108.6(2) 

Se(5)-Mo(1)-Se(6) 103.85(3) 

O(1)-Mo(1)-Se(2) 103.9(2) 

Se(5)-Mo(1)-Se(2) 142.64(4) 

Se(6)-Mo(1)-Se(2) 81.89(3) 

O(1)-Mo(1)-Se(1) 106.3(2) 

Se(5)-Mo(1)-Se(1) 80.81(3) 

Se(6)-Mo(1)-Se(1) 140.89(4) 

Se(2)-Mo(1)-Se(1) 72.98(3) 

O(1)-Mo(1)-Mo(2) 104.5(2) 

Se(5)-Mo(1)-Mo(2) 53.87(2) 

Se(6)-Mo(1)-Mo(2) 53.75(3) 

Se(2)-Mo(1)-Mo(2) 132.95(3) 

Se(1)-Mo(1)-Mo(2) 131.38(3) 

O(2)-Mo(2)-Se(6) 109.9(2) 

O(2)-Mo(2)-Se(5) 107.7(2) 

Se(6)-Mo(2)-Se(5) 103.61(3) 

O(2)-Mo(2)-Se(3) 106.8(2) 

Se(6)-Mo(2)-Se(3) 138.94(4) 

Se(5)-Mo(2)-Se(3) 81.71(3) 

O(2)-Mo(2)-Se(4) 103.1(2) 

Se(6)-Mo(2)-Se(4) 81.23(3) 

Se(5)-Mo(2)-Se(4) 144.72(4) 

Se(3)-Mo(2)-Se(4) 73.11(3) 

O(2)-Mo(2)-Mo(1) 104.7(2) 

Se(6)-Mo(2)-Mo(1) 53.83(3) 

Se(5)-Mo(2)-Mo(1) 53.55(2) 

Se(3)-Mo(2)-Mo(1) 131.26(3) 

Se(4)-Mo(2)-Mo(1) 132.95(3) 

C(1)-Se(1)-Mo(1) 89.3(2) 

C(1)-Se(2)-Mo(1) 89.3(2) 

C(10)-Se(3)-Mo(2) 88.8(3) 

C(10)-Se(4)-Mo(2) 89.1(2) 

Mo(1)-Se(5)-Mo(2) 72.58(3) 

Mo(2)-Se(6)-Mo(1) 72.43(3) 

C(1)-N(1)-C(2) 122.8(6) 

C(1)-N(1)-C(6) 121.6(6) 

C(2)-N(1)-C(6) 115.5(6) 

C(10)-N(2)-C(11) 122.4(6) 

C(10)-N(2)-C(15) 121.8(7) 

C(11)-N(2)-C(15) 115.7(6) 

N(1)-C(1)-Se(1) 126.1(5) 

N(1)-C(1)-Se(2) 125.6(5) 

Se(1)-C(1)-Se(2) 108.2(3) 

N(1)-C(2)-C(3) 114.0(7) 

N(1)-C(2)-H(2A) 108.7 

C(3)-C(2)-H(2A) 108.7 

N(1)-C(2)-H(2B) 108.7 

C(3)-C(2)-H(2B) 108.7 

H(2A)-C(2)-H(2B) 107.6 

C(2)-C(3)-C(4) 109.3(7) 

C(2)-C(3)-C(5) 111.0(8) 

C(4)-C(3)-C(5) 111.6(8) 

C(2)-C(3)-H(3) 108.3 

C(4)-C(3)-H(3) 108.3 

C(5)-C(3)-H(3) 108.3 

C(3)-C(4)-H(4A) 109.5 

C(3)-C(4)-H(4B) 109.5 

H(4A)-C(4)-H(4B) 109.5 

C(3)-C(4)-H(4C) 109.5 

H(4A)-C(4)-H(4C) 109.5 

H(4B)-C(4)-H(4C) 109.5 

C(3)-C(5)-H(5A) 109.5 

C(3)-C(5)-H(5B) 109.5 

H(5A)-C(5)-H(5B) 109.5 

C(3)-C(5)-H(5C) 109.5 

H(5A)-C(5)-H(5C) 109.5 

H(5B)-C(5)-H(5C) 109.5 

N(1)-C(6)-C(7) 113.6(6) 

N(1)-C(6)-H(6A) 108.8 

C(7)-C(6)-H(6A) 108.8 

N(1)-C(6)-H(6B) 108.8 

C(7)-C(6)-H(6B) 108.8 

H(6A)-C(6)-H(6B) 107.7 

C(9)-C(7)-C(6) 113.0(6) 

C(9)-C(7)-C(8) 111.1(6) 

C(6)-C(7)-C(8) 107.7(6) 

C(9)-C(7)-H(7) 108.3 

C(6)-C(7)-H(7) 108.3 

C(8)-C(7)-H(7) 108.3 

C(7)-C(8)-H(8A) 109.5 

C(7)-C(8)-H(8B) 109.5 

H(8A)-C(8)-H(8B) 109.5 

C(7)-C(8)-H(8C) 109.5 

H(8A)-C(8)-H(8C) 109.5
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Table A.63, Cont’d. Bond angles (deg.) for [(iBu2NCSe2)MoO(μ-Se)2MoO(Se2CNiBu2)]. 

Symmetry transformations used to generate equivalent atoms:  

________________________________________________________________________

H(8B)-C(8)-H(8C) 109.5 

C(7)-C(9)-H(9A) 109.5 

C(7)-C(9)-H(9B) 109.5 

H(9A)-C(9)-H(9B) 109.5 

C(7)-C(9)-H(9C) 109.5 

H(9A)-C(9)-H(9C) 109.5 

H(9B)-C(9)-H(9C) 109.5 

N(2)-C(10)-Se(4) 125.4(5) 

N(2)-C(10)-Se(3) 126.2(6) 

Se(4)-C(10)-Se(3) 108.3(4) 

N(2)-C(11)-C(12) 113.1(7) 

N(2)-C(11)-H(11A) 109.0 

C(12)-C(11)-H(11A) 109.0 

N(2)-C(11)-H(11B) 109.0 

C(12)-C(11)-H(11B) 109.0 

H(11A)-C(11)-H(11B) 107.8 

C(14)-C(12)-C(11) 107.9(8) 

C(14)-C(12)-C(13) 111.0(9) 

C(11)-C(12)-C(13) 111.8(9) 

C(14)-C(12)-H(12) 108.7 

C(11)-C(12)-H(12) 108.7 

C(13)-C(12)-H(12) 108.7 

C(12)-C(13)-H(13A) 109.5 

C(12)-C(13)-H(13B) 109.5 

H(13A)-C(13)-H(13B) 109.5 

C(12)-C(13)-H(13C) 109.5 

H(13A)-C(13)-H(13C) 109.5 

H(13B)-C(13)-H(13C) 109.5 

C(12)-C(14)-H(14A) 109.5 

C(12)-C(14)-H(14B) 109.5 

H(14A)-C(14)-H(14B) 109.5 

C(12)-C(14)-H(14C) 109.5 

H(14A)-C(14)-H(14C) 109.5 

H(14B)-C(14)-H(14C) 109.5 

N(2)-C(15)-C(16) 112.6(6) 

N(2)-C(15)-H(15A) 109.1 

C(16)-C(15)-H(15A) 109.1 

N(2)-C(15)-H(15B) 109.1 

C(16)-C(15)-H(15B) 109.1 

H(15A)-C(15)-H(15B) 107.8 

C(18)-C(16)-C(15) 120.6(10) 

C(18)-C(16)-C(17) 111.5(9) 

C(15)-C(16)-C(17) 106.9(8) 

C(18)-C(16)-H(16) 105.6 

C(15)-C(16)-H(16) 105.6 

C(17)-C(16)-H(16) 105.6 

C(16)-C(17)-H(17A) 109.5 

C(16)-C(17)-H(17B) 109.5 

H(17A)-C(17)-H(17B) 109.5 

C(16)-C(17)-H(17C) 109.5 

H(17A)-C(17)-H(17C) 109.5 

H(17B)-C(17)-H(17C) 109.5 

C(16)-C(18)-H(18A) 109.5 

C(16)-C(18)-H(18B) 109.5 

H(18A)-C(18)-H(18B) 109.5 

C(16)-C(18)-H(18C) 109.5 

H(18A)-C(18)-H(18C) 109.5 

H(18B)-C(18)-H(18C) 109.5 
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Table A.64. Anisotropic displacement parameters (Å2 x 103) for [(iBu2NCSe2)MoO(μ-

Se)2MoO(Se2CNiBu2)]. The anisotropic displacement factor exponent takes the form: -

2π2[h2 a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

Mo(1) 19(1) 31(1) 21(1) 2(1) 2(1) 3(1) 

Mo(2) 20(1) 38(1) 18(1) -3(1) 4(1) 2(1) 

Se(1) 20(1) 49(1) 28(1) -8(1) -3(1) 12(1) 

Se(2) 18(1) 41(1) 29(1) -5(1) -2(1) 7(1) 

Se(3) 21(1) 33(1) 29(1) -6(1) -3(1) -3(1) 

Se(4) 20(1) 46(1) 40(1) -11(1) -4(1) 2(1) 

Se(5) 18(1) 32(1) 29(1) -1(1) -1(1) 2(1) 

Se(6) 22(1) 43(1) 29(1) -3(1) -5(1) 6(1) 

O(1) 32(3) 42(3) 35(3) 10(2) 7(2) 4(2) 

O(2) 44(4) 60(4) 24(3) -1(3) 14(3) -3(3) 

N(1) 18(3) 36(3) 28(3) -2(2) 3(2) 3(2) 

N(2) 20(3) 42(3) 20(3) -2(2) 1(2) -10(3) 

C(1) 15(3) 30(3) 24(3) 2(3) 3(2) 0(2) 

C(2) 25(4) 37(4) 24(3) -3(3) 4(3) 4(3) 

C(3) 28(4) 57(6) 40(5) 8(4) 13(3) 7(4) 

C(4) 46(5) 73(7) 29(4) 9(4) 15(4) 10(5) 

C(5) 44(6) 68(7) 61(7) 31(6) 1(5) -9(5) 

C(6) 18(3) 36(4) 35(4) -4(3) 7(3) 2(3) 

C(7) 19(3) 38(4) 23(3) 2(3) 4(3) 3(3) 

C(8) 27(4) 44(4) 35(4) 5(3) 11(3) 9(3) 

C(9) 28(4) 44(5) 38(4) 10(4) 10(3) 4(3) 

C(10) 19(3) 43(4) 28(4) -12(3) 5(3) -4(3) 

C(11) 29(4) 42(4) 24(4) 5(3) -1(3) -18(3) 

C(12) 43(5) 80(7) 25(4) 12(4) 2(4) -36(5) 

C(13) 67(8) 118(11) 32(5) 2(6) 22(5) -5(7) 

C(14) 65(7) 73(7) 38(5) 22(5) -9(5) -37(6) 

C(15) 22(3) 45(4) 31(4) -3(3) 1(3) -14(3) 

C(16) 23(4) 71(6) 26(4) -6(4) -3(3) -12(4) 

C(17) 67(8) 89(10) 68(9) -12(7) -11(7) -23(7) 

C(18) 70(8) 72(8) 64(8) -5(6) -3(6) 3(6) 
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Table A.65. Hydrogen coordinates (x 104) and isotropic displacement parameters (Å2 x 

103) for [(iBu2NCSe2)MoO(μ-Se)2MoO(Se2CNiBu2)]. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(2A) -7522 108 3003 34 

H(2B) -6905 -646 2792 34 

H(3) -8821 -488 3866 49 

H(4A) -6451 -923 4407 72 

H(4B) -7447 -925 5080 72 

H(4C) -7026 -169 4679 72 

H(5A) -9093 -1610 3051 87 

H(5B) -8736 -1796 4094 87 

H(5C) -7793 -1860 3380 87 

H(6A) -10096 -410 2488 36 

H(6B) -10096 -200 1443 36 

H(7) -9231 716 2937 32 

H(8A) -11293 864 1670 52 

H(8B) -10873 1492 2379 52 

H(8C) -11286 717 2732 52 

H(9A) -8076 957 1754 54 

H(9B) -8917 1641 1850 54 

H(9C) -9206 1062 1052 54 

H(11A) -6834 -6074 -568 39 

H(11B) -7403 -6703 -1217 39 

H(12) -8834 -6940 -217 59 

H(13A) -8782 -6301 1216 107 

H(13B) -9113 -5758 386 107 

H(13C) -7824 -5757 891 107 

H(14A) -6991 -7547 63 90 

H(14B) -7579 -7448 985 90 

H(14C) -6548 -6916 760 90 

H(15A) -10046 -5674 -1881 39 

H(15B) -9720 -6478 -1517 39 

H(16) -8494 -6606 -2726 48 

H(17A) -10947 -6535 -3382 114 

H(17B) -10447 -7156 -2692 114 

H(17C) -10030 -7117 -3685 114 

H(18A) -9670 -5463 -3659 104 

H(18B) -8711 -5991 -4014 104 

H(18C) -8349 -5415 -3226 104 
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Table A.66. Crystal Data and Structure Refinement for [Mo3Se7(Se2CNiBu2)3]I. 

 

Identification code jpd1375_0m_a_sq 

Empirical formula C27H54IMo3N3Se13 

Formula weight 1861.93 

Temperature 150(2) K 

Wavelength 0.71073 Å 

Crystal system monoclinic 

Space group P21/c 

Unit cell dimensions a = 28.1698(14) Å α = 90° 

 b = 13.6823(7) Å β = 90.8760(10)° 

 c = 41.079(2) Å γ = 90° 

Volume 15831.3(14) Å3 

Z 12 

Density (calculated) 2.344 g/cm3 

Absorption coefficient 10.276 mm-1 

F(000) 10296 

Crystal size 0.364 x 0.145 x 0.022 mm3 

θ range for data collection 1.788 to 26.444° 

Index ranges -35 ≤ h ≤ 35, -17 ≤ k ≤ 17, -51 ≤ l ≤ 51 

Reflections collected 285209 

Independent reflections 32504 [R(int) = 0.1040] 

Completeness to θ = 25.242° 99.9 % 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.78 and 0.63 
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Table A.66, Cont’d. Crystal Data and Structure Refinement for [Mo3Se7(Se2CNiBu2)3]I. 

 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 32504 / 0 / 1290 

Goodness-of-fit on F2 1.019 

Final R indices [I>2σ(I)] R1 = 0.0519, wR2 = 0.0935 

R indices (all data) R1 = 0.1003, wR2 = 0.1116 

Extinction coefficient n/a 

Largest diff. peak and hole 1.344 and -1.641 e·Å-3 
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Table A.67. Atomic coordinates (x 104) and equivalent isotropic displacement parameters 

(Å2 x 103) for [Mo3Se7(Se2CNiBu2)3]I. U(eq) is defined as one third of the trace of the 

orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

I(1) 7344(1) 3757(1) 5887(1) 45(1) 

I(2) 8868(1) 8955(1) 8519(1) 37(1) 

I(3) 5114(1) 3217(1) 8775(1) 33(1) 

Mo(1) 7715(1) 7100(1) 5921(1) 23(1) 

Mo(2) 8373(1) 6140(1) 5538(1) 26(1) 

Mo(3) 8470(1) 6134(1) 6210(1) 21(1) 

Mo(4) 7937(1) 7274(1) 7761(1) 17(1) 

Mo(5) 8286(1) 8941(1) 7459(1) 17(1) 

Mo(6) 7506(1) 9058(1) 7862(1) 18(1) 

Mo(7) 5458(1) 6497(1) 8939(1) 23(1) 

Mo(8) 5781(1) 5998(1) 8325(1) 23(1) 

Mo(9) 6321(1) 5542(1) 8874(1) 23(1) 

Se(1) 7490(1) 5775(1) 5509(1) 31(1) 

Se(2) 7716(1) 7272(1) 5288(1) 35(1) 

Se(3) 8406(1) 4573(1) 5872(1) 29(1) 

Se(4) 9120(1) 5422(1) 5835(1) 31(1) 

Se(5) 7608(1) 5713(1) 6329(1) 26(1) 

Se(6) 7881(1) 7174(1) 6549(1) 26(1) 

Se(7) 8560(1) 7637(1) 5869(1) 24(1) 

Se(8) 6795(1) 7434(1) 5950(1) 32(1) 

Se(9) 7590(1) 8979(1) 5966(1) 30(1) 

Se(10) 8450(1) 4929(1) 5043(1) 38(1) 

Se(11) 8959(1) 6906(1) 5122(1) 35(1) 

Se(12) 8721(1) 5005(1) 6700(1) 29(1) 

Se(13) 9166(1) 6977(1) 6521(1) 26(1) 

Se(14) 8789(1) 7854(1) 7829(1) 22(1) 

Se(15) 8600(1) 7191(1) 7322(1) 24(1) 

Se(16) 8265(1) 10033(1) 7963(1) 24(1) 

Se(17) 7794(1) 10545(1) 7523(1) 25(1) 

Se(18) 7842(1) 8011(1) 8325(1) 22(1) 

Se(19) 7146(1) 7435(1) 8083(1) 23(1) 

Se(20) 7495(1) 8193(1) 7326(1) 18(1) 

Se(21) 8201(1) 5677(1) 8076(1) 26(1) 

Se(22) 7551(1) 5779(1) 7467(1) 27(1) 

Se(23) 9084(1) 9861(1) 7311(1) 29(1) 

Se(24) 8273(1) 9316(1) 6835(1) 23(1) 

Se(25) 7091(1) 10076(1) 8323(1) 28(1) 

Se(26) 6670(1) 9566(1) 7648(1) 26(1) 

Se(27) 4984(1) 5441(1) 8540(1) 26(1) 
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Table A.67, Cont’d. Atomic coordinates (x 104) and equivalent isotropic displacement 

parameters (Å2 x 103) for [Mo3Se7(Se2CNiBu2)3]I. U(eq) is defined as one third of the trace 

of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

Se(28) 5032(1) 7093(1) 8409(1) 29(1) 

Se(29) 6038(1) 4261(1) 8467(1) 26(1) 

Se(30) 6637(1) 5283(1) 8284(1) 29(1) 

Se(31) 5642(1) 4868(1) 9211(1) 27(1) 

Se(32) 6036(1) 6214(1) 9430(1) 30(1) 

Se(33) 6170(1) 7258(1) 8683(1) 24(1) 

Se(34) 4671(1) 6524(1) 9281(1) 31(1) 

Se(35) 5342(1) 8249(1) 9179(1) 31(1) 

Se(36) 5522(1) 5240(1) 7755(1) 32(1) 

Se(37) 6021(1) 7212(1) 7868(1) 29(1) 

Se(38) 6837(1) 4136(1) 9148(1) 30(1) 

Se(39) 7157(1) 6251(1) 9018(1) 32(1) 

N(1) 6609(3) 9465(5) 5942(2) 24(2) 

N(2) 9099(3) 5639(6) 4580(2) 31(2) 

N(3) 9587(3) 5676(6) 6980(2) 25(2) 

N(4) 7832(3) 3999(6) 7765(2) 26(2) 

N(5) 9111(3) 10283(6) 6637(2) 27(2) 

N(6) 6211(3) 10823(6) 8090(2) 26(2) 

N(7) 4481(3) 8417(6) 9529(2) 28(2) 

N(8) 5898(3) 6373(6) 7243(2) 28(2) 

N(9) 7727(3) 4876(6) 9360(2) 26(2) 

C(1) 6932(3) 8767(7) 5955(2) 26(2) 

C(2) 6123(3) 9232(7) 5835(2) 26(2) 

C(3) 6072(4) 9122(8) 5465(2) 37(3) 

C(4) 6299(5) 9920(10) 5278(3) 58(4) 

C(5) 5566(4) 8940(9) 5365(3) 41(3) 

C(6) 6721(4) 10500(7) 6007(2) 28(2) 

C(7) 6599(4) 10804(7) 6354(3) 34(3) 

C(8) 6964(4) 10426(8) 6601(3) 42(3) 

C(9) 6542(4) 11904(8) 6378(3) 54(3) 

C(10) 8877(4) 5795(8) 4863(3) 37(3) 

C(11) 8980(4) 4745(8) 4384(3) 40(3) 

C(12) 9202(4) 3783(8) 4514(3) 40(3) 

C(13) 9731(4) 3698(8) 4438(3) 43(3) 

C(14) 8927(5) 2946(9) 4356(3) 64(4) 

C(15) 9346(4) 6442(8) 4412(3) 40(3) 

C(16) 9870(4) 6296(8) 4371(3) 39(3) 

C(17) 10135(4) 6247(9) 4694(3) 46(3) 

C(18) 10055(5) 7148(10) 4166(3) 65(4) 
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Table A.67, Cont’d. Atomic coordinates (x 104) and equivalent isotropic displacement 

parameters (Å2 x 103) for [Mo3Se7(Se2CNiBu2)3]I. U(eq) is defined as one third of the trace 

of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

C(19) 9229(3) 5843(7) 6774(2) 21(2) 

C(20) 9595(3) 4786(7) 7186(2) 27(2) 

C(21) 9918(4) 3971(7) 7069(3) 33(3) 

C(22) 9805(4) 3618(8) 6730(3) 42(3) 

C(23) 9886(4) 3127(8) 7309(3) 44(3) 

C(24) 9959(3) 6408(7) 7041(2) 26(2) 

C(25) 10427(3) 6262(8) 6871(3) 33(3) 

C(26) 10382(4) 6301(8) 6503(2) 35(3) 

C(27) 10789(4) 7032(8) 6998(3) 49(3) 

C(28) 7852(3) 4970(6) 7770(2) 27(2) 

C(29) 8066(4) 3395(7) 8014(2) 28(2) 

C(30) 7783(4) 3290(7) 8329(3) 41(3) 

C(31) 8070(5) 2619(9) 8563(3) 59(4) 

C(32) 7289(4) 2899(8) 8273(3) 50(3) 

C(33) 7583(3) 3484(7) 7493(2) 28(2) 

C(34) 7876(4) 3433(7) 7184(3) 40(3) 

C(35) 8372(4) 3005(7) 7243(3) 38(3) 

C(36) 7602(5) 2885(9) 6924(3) 58(4) 

C(37) 8872(3) 9884(6) 6881(2) 22(2) 

C(38) 9581(3) 10724(8) 6695(3) 38(3) 

C(39) 9983(4) 9966(13) 6691(4) 73(5) 

C(40) 10438(4) 10545(15) 6794(4) 105(7) 

C(41) 10036(5) 9396(12) 6404(5) 111(7) 

C(42) 8908(4) 10315(8) 6301(2) 37(3) 

C(43A) 8546(7) 11195(13) 6244(4) 35(4) 

C(44A) 8721(6) 12142(13) 6356(4) 44(4) 

C(45A) 8409(7) 11201(17) 5887(5) 52(5) 

C(43B) 8818(12) 11290(20) 6172(7) 35(4) 

C(44B) 8380(11) 11680(20) 6385(8) 44(4) 

C(45B) 8673(13) 11200(30) 5819(9) 52(5) 

C(46) 6585(3) 10268(6) 8035(2) 24(2) 

C(47) 6147(4) 11244(7) 8417(2) 31(2) 

C(48) 5934(4) 10513(8) 8653(3) 38(3) 

C(49) 5955(4) 10924(9) 8998(3) 52(3) 

C(50) 5438(4) 10225(9) 8552(3) 53(4) 

C(51) 5859(3) 11044(7) 7837(3) 30(2) 

C(52A) 5883(7) 12129(15) 7711(5) 33(4) 

C(53A) 5557(8) 12222(17) 7407(5) 48(5) 

C(54A) 6396(8) 12348(18) 7595(6) 57(5) 
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Table A.67, Cont’d. Atomic coordinates (x 104) and equivalent isotropic displacement 

parameters (Å2 x 103) for [Mo3Se7(Se2CNiBu2)3]I. U(eq) is defined as one third of the trace 

of the orthogonalized Uij tensor. 

________________________________________________________________________ 

Atom x y z U(eq) 

________________________________________________________________________ 

C(52B) 6033(9) 11731(18) 7596(6) 33(4) 

C(53B) 5724(10) 11710(20) 7294(7) 48(5) 

C(54B) 6127(11) 12720(20) 7729(7) 57(5) 

C(55) 4771(4) 7838(7) 9362(2) 32(2) 

C(56) 4041(3) 8047(8) 9672(3) 35(3) 

C(57) 4069(4) 8000(9) 10047(3) 51(3) 

C(58) 4449(5) 7340(11) 10166(3) 74(4) 

C(59) 3578(5) 7671(12) 10161(4) 91(5) 

C(60) 4595(4) 9470(7) 9580(3) 38(3) 

C(61A) 4449(7) 10094(13) 9292(5) 44(4) 

C(62A) 4580(9) 11150(18) 9372(6) 79(7) 

C(63A) 3930(8) 10075(17) 9211(6) 63(6) 

C(61B) 4206(13) 10220(20) 9469(9) 44(4) 

C(62B) 4409(17) 11220(30) 9573(13) 79(7) 

C(63B) 4133(16) 10050(30) 9106(11) 63(6) 

C(64) 5827(3) 6281(7) 7560(3) 31(2) 

C(65) 5715(3) 5640(8) 7009(2) 33(2) 

C(66A) 6045(7) 4819(15) 6971(6) 32(4) 

C(67A) 5792(8) 4057(18) 6776(6) 47(5) 

C(68A) 6510(8) 4786(19) 6935(7) 53(5) 

C(66B) 6094(7) 5098(17) 6781(6) 32(4) 

C(67B) 5822(9) 4329(19) 6581(7) 47(5) 

C(68B) 6522(9) 5120(20) 6773(8) 53(5) 

C(69) 6149(3) 7209(7) 7099(3) 32(3) 

C(70) 5817(4) 7907(8) 6922(3) 39(3) 

C(71) 6109(4) 8699(9) 6761(3) 53(3) 

C(72) 5439(4) 8332(10) 7139(3) 59(4) 

C(73) 7317(3) 5051(7) 9206(2) 24(2) 

C(74) 7817(3) 3942(7) 9522(2) 31(2) 

C(75) 7609(4) 3881(10) 9864(3) 52(3) 

C(76) 7746(5) 2876(11) 10004(3) 78(5) 

C(77) 7745(5) 4709(12) 10083(3) 77(5) 

C(78) 8101(3) 5631(8) 9369(3) 34(3) 

C(79) 8392(4) 5667(9) 9059(3) 46(3) 

C(80) 8727(5) 6530(10) 9084(4) 82(5) 

C(81) 8660(4) 4728(10) 8994(3) 65(4) 
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Table A.68. Bond lengths (Å) for [Mo3Se7(Se2CNiBu2)3]I. Symmetry transformations used 

to generate equivalent atoms:  

________________________________________________________________________ 

Mo(1)-Se(7) 2.5041(12) 

Mo(1)-Se(5) 2.5533(13) 

Mo(1)-Se(1) 2.5541(13) 

Mo(1)-Se(9) 2.6020(13) 

Mo(1)-Se(2) 2.6108(14) 

Mo(1)-Se(6) 2.6185(13) 

Mo(1)-Se(8) 2.6367(12) 

Mo(1)-Mo(3) 2.7574(11) 

Mo(1)-Mo(2) 2.7786(11) 

Mo(2)-Se(7) 2.5091(13) 

Mo(2)-Se(1) 2.5391(13) 

Mo(2)-Se(3) 2.5465(13) 

Mo(2)-Se(4) 2.6088(13) 

Mo(2)-Se(11) 2.6121(13) 

Mo(2)-Se(2) 2.6126(14) 

Mo(2)-Se(10) 2.6353(13) 

Mo(2)-Mo(3) 2.7687(12) 

Mo(3)-Se(7) 2.5034(12) 

Mo(3)-Se(3) 2.5517(13) 

Mo(3)-Se(5) 2.5518(12) 

Mo(3)-Se(13) 2.5957(13) 

Mo(3)-Se(4) 2.6004(12) 

Mo(3)-Se(6) 2.6072(12) 

Mo(3)-Se(12) 2.6258(13) 

Mo(4)-Se(20) 2.5028(12) 

Mo(4)-Se(14) 2.5385(11) 

Mo(4)-Se(18) 2.5441(12) 

Mo(4)-Se(22) 2.6048(12) 

Mo(4)-Se(15) 2.6174(12) 

Mo(4)-Se(19) 2.6180(12) 

Mo(4)-Se(21) 2.6413(12) 

Mo(4)-Mo(6) 2.7606(10) 

Mo(4)-Mo(5) 2.7821(11) 

Mo(5)-Se(20) 2.5058(11) 

Mo(5)-Se(14) 2.5418(12) 

Mo(5)-Se(16) 2.5549(12) 

Mo(5)-Se(17) 2.6115(12) 

Mo(5)-Se(24) 2.6139(12) 

Mo(5)-Se(15) 2.6166(12) 

Mo(5)-Se(23) 2.6544(12) 

Mo(5)-Mo(6) 2.7756(11) 

Mo(6)-Se(20) 2.5011(12) 

Mo(6)-Se(16) 2.5476(12) 

Mo(6)-Se(18) 2.5499(12) 

Mo(6)-Se(26) 2.5958(12) 

Mo(6)-Se(17) 2.6015(12) 

Mo(6)-Se(19) 2.6091(12) 

Mo(6)-Se(25) 2.6377(12) 

Mo(7)-Se(33) 2.5046(12) 

Mo(7)-Se(31) 2.5429(12) 

Mo(7)-Se(27) 2.5482(13) 

Mo(7)-Se(28) 2.5999(13) 

Mo(7)-Se(32) 2.6024(13) 

Mo(7)-Se(35) 2.6153(13) 

Mo(7)-Se(34) 2.6442(13) 

Mo(7)-Mo(9) 2.7757(11) 

Mo(7)-Mo(8) 2.7779(12) 

Mo(8)-Se(33) 2.5068(13) 

Mo(8)-Se(27) 2.5435(12) 

Mo(8)-Se(29) 2.5490(12) 

Mo(8)-Se(37) 2.6030(12) 

Mo(8)-Se(30) 2.6100(12) 

Mo(8)-Se(28) 2.6148(13) 

Mo(8)-Se(36) 2.6546(14) 

Mo(8)-Mo(9) 2.7697(12) 

Mo(9)-Se(33) 2.5088(12) 

Mo(9)-Se(29) 2.5412(13) 

Mo(9)-Se(31) 2.5522(12) 

Mo(9)-Se(32) 2.6033(14) 

Mo(9)-Se(39) 2.6050(13) 

Mo(9)-Se(30) 2.6167(13) 

Mo(9)-Se(38) 2.6524(13) 

Se(1)-Se(2) 2.3327(15) 

Se(3)-Se(4) 2.3315(14) 

Se(5)-Se(6) 2.3211(14) 

Se(8)-C(1) 1.864(9) 

Se(9)-C(1) 1.875(10) 

Se(10)-C(10) 1.851(11) 

Se(11)-C(10) 1.868(11) 

Se(12)-C(19) 1.854(9) 

Se(13)-C(19) 1.875(9) 

Se(14)-Se(15) 2.3265(14) 

Se(16)-Se(17) 2.3320(14) 

Se(18)-Se(19) 2.3225(13) 

Se(21)-C(28) 1.856(10) 

Se(22)-C(28) 1.859(9)
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Table A.68, Cont’d. Bond lengths (Å) for [Mo3Se7(Se2CNiBu2)3]I. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

Se(23)-C(37) 1.856(9) 

Se(24)-C(37) 1.864(9) 

Se(25)-C(46) 1.857(10) 

Se(26)-C(46) 1.875(9) 

Se(27)-Se(28) 2.3272(14) 

Se(29)-Se(30) 2.3265(13) 

Se(31)-Se(32) 2.3235(15) 

Se(34)-C(55) 1.848(10) 

Se(35)-C(55) 1.872(10) 

Se(36)-C(64) 1.850(10) 

Se(37)-C(64) 1.872(11) 

Se(38)-C(73) 1.855(9) 

Se(39)-C(73) 1.867(10) 

N(1)-C(1) 1.321(11) 

N(1)-C(2) 1.467(11) 

N(1)-C(6) 1.474(11) 

N(2)-C(10) 1.345(12) 

N(2)-C(15) 1.476(13) 

N(2)-C(11) 1.501(12) 

N(3)-C(19) 1.326(11) 

N(3)-C(24) 1.468(11) 

N(3)-C(20) 1.484(11) 

N(4)-C(28) 1.330(11) 

N(4)-C(29) 1.465(11) 

N(4)-C(33) 1.487(12) 

N(5)-C(37) 1.333(11) 

N(5)-C(38) 1.471(11) 

N(5)-C(42) 1.488(12) 

N(6)-C(46) 1.321(11) 

N(6)-C(51) 1.456(12) 

N(6)-C(47) 1.476(12) 

N(7)-C(55) 1.335(12) 

N(7)-C(56) 1.471(12) 

N(7)-C(60) 1.491(12) 

N(8)-C(64) 1.328(12) 

N(8)-C(69) 1.473(12) 

N(8)-C(65) 1.478(12) 

N(9)-C(73) 1.329(11) 

N(9)-C(74) 1.463(12) 

N(9)-C(78) 1.476(12) 

C(2)-C(3) 1.528(13) 

C(3)-C(4) 1.485(15) 

C(3)-C(5) 1.499(13) 

C(6)-C(7) 1.530(13) 

C(7)-C(9) 1.517(14) 

C(7)-C(8) 1.524(14) 

C(11)-C(12) 1.549(15) 

C(12)-C(14) 1.522(15) 

C(12)-C(13) 1.530(14) 

C(15)-C(16) 1.502(15) 

C(16)-C(17) 1.516(14) 

C(16)-C(18) 1.534(15) 

C(20)-C(21) 1.522(13) 

C(21)-C(22) 1.503(14) 

C(21)-C(23) 1.523(14) 

C(24)-C(25) 1.512(13) 

C(25)-C(26) 1.517(14) 

C(25)-C(27) 1.550(14) 

C(29)-C(30) 1.534(14) 

C(30)-C(32) 1.507(15) 

C(30)-C(31) 1.548(15) 

C(33)-C(34) 1.528(14) 

C(34)-C(36) 1.508(15) 

C(34)-C(35) 1.530(14) 

C(38)-C(39) 1.536(17) 

C(39)-C(41) 1.43(2) 

C(39)-C(40) 1.559(18) 

C(42)-C(43B) 1.46(3) 

C(42)-C(43A) 1.59(2) 

C(43A)-C(44A) 1.46(2) 

C(43A)-C(45A) 1.51(3) 

C(43B)-C(45B) 1.51(4) 

C(43B)-C(44B) 1.61(4) 

C(47)-C(48) 1.524(13) 

C(48)-C(50) 1.504(15) 

C(48)-C(49) 1.524(15) 

C(51)-C(52B) 1.46(3) 

C(51)-C(52A) 1.57(2) 

C(52A)-C(53A) 1.54(3) 

C(52A)-C(54A) 1.56(3) 

C(52B)-C(54B) 1.49(4) 

C(52B)-C(53B) 1.51(3) 

C(56)-C(57) 1.545(15) 

C(57)-C(58) 1.478(17) 

C(57)-C(59) 1.536(17) 

C(60)-C(61A) 1.51(2)
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Table A.68, Cont’d. Bond lengths (Å) for [Mo3Se7(Se2CNiBu2)3]I. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

C(60)-C(61B) 1.56(3) 

C(61A)-C(63A) 1.50(3) 

C(61A)-C(62A) 1.53(3) 

C(61B)-C(63B) 1.52(6) 

C(61B)-C(62B) 1.55(5) 

C(65)-C(66A) 1.47(2) 

C(65)-C(66B) 1.61(2) 

C(66A)-C(68A) 1.32(3) 

C(66A)-C(67A) 1.49(3) 

C(66B)-C(68B) 1.21(3) 

C(66B)-C(67B) 1.53(3) 

C(69)-C(70) 1.514(13) 

C(70)-C(72) 1.515(15) 

C(70)-C(71) 1.519(14) 

C(74)-C(75) 1.530(15) 

C(75)-C(77) 1.494(18) 

C(75)-C(76) 1.537(17) 

C(78)-C(79) 1.525(15) 

C(79)-C(80) 1.513(16) 

C(79)-C(81) 1.516(16) 
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Table A.69. Bond angles (deg.) for [Mo3Se7(Se2CNiBu2)3]I. Symmetry transformations 

used to generate equivalent atoms:  

________________________________________________________________________ 

Se(7)-Mo(1)-Se(5) 113.36(4) 

Se(7)-Mo(1)-Se(1) 112.25(4) 

Se(5)-Mo(1)-Se(1) 82.93(4) 

Se(7)-Mo(1)-Se(9) 81.16(4) 

Se(5)-Mo(1)-Se(9) 132.09(5) 

Se(1)-Mo(1)-Se(9) 135.71(5) 

Se(7)-Mo(1)-Se(2) 82.73(4) 

Se(5)-Mo(1)-Se(2) 136.29(5) 

Se(1)-Mo(1)-Se(2) 53.69(4) 

Se(9)-Mo(1)-Se(2) 89.06(4) 

Se(7)-Mo(1)-Se(6) 85.25(4) 

Se(5)-Mo(1)-Se(6) 53.31(3) 

Se(1)-Mo(1)-Se(6) 136.04(5) 

Se(9)-Mo(1)-Se(6) 85.07(4) 

Se(2)-Mo(1)-Se(6) 167.31(5) 

Se(7)-Mo(1)-Se(8) 152.84(5) 

Se(5)-Mo(1)-Se(8) 88.44(4) 

Se(1)-Mo(1)-Se(8) 85.32(4) 

Se(9)-Mo(1)-Se(8) 72.00(4) 

Se(2)-Mo(1)-Se(8) 92.56(4) 

Se(6)-Mo(1)-Se(8) 96.29(4) 

Se(7)-Mo(1)-Mo(3) 56.57(3) 

Se(5)-Mo(1)-Mo(3) 57.28(3) 

Se(1)-Mo(1)-Mo(3) 97.32(4) 

Se(9)-Mo(1)-Mo(3) 123.21(4) 

Se(2)-Mo(1)-Mo(3) 117.37(4) 

Se(6)-Mo(1)-Mo(3) 57.95(3) 

Se(8)-Mo(1)-Mo(3) 144.71(5) 

Se(7)-Mo(1)-Mo(2) 56.42(3) 

Se(5)-Mo(1)-Mo(2) 96.15(4) 

Se(1)-Mo(1)-Mo(2) 56.68(3) 

Se(9)-Mo(1)-Mo(2) 126.82(4) 

Se(2)-Mo(1)-Mo(2) 57.89(3) 

Se(6)-Mo(1)-Mo(2) 117.76(4) 

Se(8)-Mo(1)-Mo(2) 140.55(4) 

Mo(3)-Mo(1)-Mo(2) 60.01(3) 

Se(7)-Mo(2)-Se(1) 112.60(4) 

Se(7)-Mo(2)-Se(3) 112.96(5) 

Se(1)-Mo(2)-Se(3) 83.52(4) 

Se(7)-Mo(2)-Se(4) 83.85(4) 

Se(1)-Mo(2)-Se(4) 137.00(5) 

Se(3)-Mo(2)-Se(4) 53.76(4) 

Se(7)-Mo(2)-Se(11) 84.09(4) 

Se(1)-Mo(2)-Se(11) 132.55(5) 

Se(3)-Mo(2)-Se(11) 132.21(5) 

Se(4)-Mo(2)-Se(11) 86.75(4) 

Se(7)-Mo(2)-Se(2) 82.60(4) 

Se(1)-Mo(2)-Se(2) 53.82(4) 

Se(3)-Mo(2)-Se(2) 136.93(5) 

Se(4)-Mo(2)-Se(2) 165.75(5) 

Se(11)-Mo(2)-Se(2) 87.49(4) 

Se(7)-Mo(2)-Se(10) 155.80(5) 

Se(1)-Mo(2)-Se(10) 86.06(4) 

Se(3)-Mo(2)-Se(10) 83.33(4) 

Se(4)-Mo(2)-Se(10) 92.81(4) 

Se(11)-Mo(2)-Se(10) 71.77(4) 

Se(2)-Mo(2)-Se(10) 97.75(5) 

Se(7)-Mo(2)-Mo(3) 56.37(3) 

Se(1)-Mo(2)-Mo(3) 97.39(4) 

Se(3)-Mo(2)-Mo(3) 57.20(3) 

Se(4)-Mo(2)-Mo(3) 57.75(3) 

Se(11)-Mo(2)-Mo(3) 126.81(4) 

Se(2)-Mo(2)-Mo(3) 116.91(4) 

Se(10)-Mo(2)-Mo(3) 139.42(5) 

Se(7)-Mo(2)-Mo(1) 56.25(3) 

Se(1)-Mo(2)-Mo(1) 57.20(3) 

Se(3)-Mo(2)-Mo(1) 96.43(4) 

Se(4)-Mo(2)-Mo(1) 117.01(4) 

Se(11)-Mo(2)-Mo(1) 127.88(4) 

Se(2)-Mo(2)-Mo(1) 57.83(3) 

Se(10)-Mo(2)-Mo(1) 142.86(5) 

Mo(3)-Mo(2)-Mo(1) 59.61(3) 

Se(7)-Mo(3)-Se(3) 112.97(4) 

Se(7)-Mo(3)-Se(5) 113.44(4) 

Se(3)-Mo(3)-Se(5) 81.69(4) 

Se(7)-Mo(3)-Se(13) 80.10(4) 

Se(3)-Mo(3)-Se(13) 133.39(4) 

Se(5)-Mo(3)-Se(13) 136.08(5) 

Se(7)-Mo(3)-Se(4) 84.14(4) 

Se(3)-Mo(3)-Se(4) 53.80(4) 

Se(5)-Mo(3)-Se(4) 135.28(5) 

Se(13)-Mo(3)-Se(4) 85.68(4) 

Se(7)-Mo(3)-Se(6) 85.51(4) 

Se(3)-Mo(3)-Se(6) 135.01(4) 

Se(5)-Mo(3)-Se(6) 53.46(3) 

Se(13)-Mo(3)-Se(6) 88.63(4)
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Table A.69, Cont’d. Bond angles (deg.) for [Mo3Se7(Se2CNiBu2)3]I. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

Se(4)-Mo(3)-Se(6) 168.90(5) 

Se(7)-Mo(3)-Se(12) 152.10(5) 

Se(3)-Mo(3)-Se(12) 86.59(4) 

Se(5)-Mo(3)-Se(12) 88.07(4) 

Se(13)-Mo(3)-Se(12) 72.01(4) 

Se(4)-Mo(3)-Se(12) 92.85(4) 

Se(6)-Mo(3)-Se(12) 94.44(4) 

Se(7)-Mo(3)-Mo(1) 56.60(3) 

Se(3)-Mo(3)-Mo(1) 96.84(4) 

Se(5)-Mo(3)-Mo(1) 57.33(3) 

Se(13)-Mo(3)-Mo(1) 124.82(4) 

Se(4)-Mo(3)-Mo(1) 118.05(4) 

Se(6)-Mo(3)-Mo(1) 58.35(3) 

Se(12)-Mo(3)-Mo(1) 144.00(4) 

Se(7)-Mo(3)-Mo(2) 56.57(3) 

Se(3)-Mo(3)-Mo(2) 57.02(3) 

Se(5)-Mo(3)-Mo(2) 96.43(4) 

Se(13)-Mo(3)-Mo(2) 123.51(4) 

Se(4)-Mo(3)-Mo(2) 58.04(3) 

Se(6)-Mo(3)-Mo(2) 118.51(4) 

Se(12)-Mo(3)-Mo(2) 141.93(4) 

Mo(1)-Mo(3)-Mo(2) 60.37(3) 

Se(20)-Mo(4)-Se(14) 112.41(4) 

Se(20)-Mo(4)-Se(18) 113.13(4) 

Se(14)-Mo(4)-Se(18) 83.61(4) 

Se(20)-Mo(4)-Se(22) 82.17(4) 

Se(14)-Mo(4)-Se(22) 133.12(4) 

Se(18)-Mo(4)-Se(22) 133.17(4) 

Se(20)-Mo(4)-Se(15) 83.23(4) 

Se(14)-Mo(4)-Se(15) 53.62(3) 

Se(18)-Mo(4)-Se(15) 136.96(4) 

Se(22)-Mo(4)-Se(15) 86.76(4) 

Se(20)-Mo(4)-Se(19) 84.24(4) 

Se(14)-Mo(4)-Se(19) 136.78(4) 

Se(18)-Mo(4)-Se(19) 53.45(3) 

Se(22)-Mo(4)-Se(19) 86.99(4) 

Se(15)-Mo(4)-Se(19) 166.65(4) 

Se(20)-Mo(4)-Se(21) 154.06(4) 

Se(14)-Mo(4)-Se(21) 86.92(4) 

Se(18)-Mo(4)-Se(21) 85.10(4) 

Se(22)-Mo(4)-Se(21) 71.91(4) 

Se(15)-Mo(4)-Se(21) 95.96(4) 

Se(19)-Mo(4)-Se(21) 93.29(4) 

Se(20)-Mo(4)-Mo(6) 56.49(3) 

Se(14)-Mo(4)-Mo(6) 97.15(4) 

Se(18)-Mo(4)-Mo(6) 57.29(3) 

Se(22)-Mo(4)-Mo(6) 125.64(4) 

Se(15)-Mo(4)-Mo(6) 117.52(4) 

Se(19)-Mo(4)-Mo(6) 57.97(3) 

Se(21)-Mo(4)-Mo(6) 141.16(4) 

Se(20)-Mo(4)-Mo(5) 56.31(3) 

Se(14)-Mo(4)-Mo(5) 56.85(3) 

Se(18)-Mo(4)-Mo(5) 97.09(4) 

Se(22)-Mo(4)-Mo(5) 125.82(4) 

Se(15)-Mo(4)-Mo(5) 57.88(3) 

Se(19)-Mo(4)-Mo(5) 117.72(4) 

Se(21)-Mo(4)-Mo(5) 142.95(4) 

Mo(6)-Mo(4)-Mo(5) 60.10(3) 

Se(20)-Mo(5)-Se(14) 112.20(4) 

Se(20)-Mo(5)-Se(16) 112.60(4) 

Se(14)-Mo(5)-Se(16) 82.96(4) 

Se(20)-Mo(5)-Se(17) 83.91(4) 

Se(14)-Mo(5)-Se(17) 136.31(4) 

Se(16)-Mo(5)-Se(17) 53.65(3) 

Se(20)-Mo(5)-Se(24) 82.33(4) 

Se(14)-Mo(5)-Se(24) 134.45(4) 

Se(16)-Mo(5)-Se(24) 132.83(4) 

Se(17)-Mo(5)-Se(24) 86.26(4) 

Se(20)-Mo(5)-Se(15) 83.18(4) 

Se(14)-Mo(5)-Se(15) 53.59(3) 

Se(16)-Mo(5)-Se(15) 136.22(4) 

Se(17)-Mo(5)-Se(15) 166.51(4) 

Se(24)-Mo(5)-Se(15) 88.17(4) 

Se(20)-Mo(5)-Se(23) 153.80(5) 

Se(14)-Mo(5)-Se(23) 86.99(4) 

Se(16)-Mo(5)-Se(23) 86.47(4) 

Se(17)-Mo(5)-Se(23) 94.42(4) 

Se(24)-Mo(5)-Se(23) 71.46(3) 

Se(15)-Mo(5)-Se(23) 95.44(4) 

Se(20)-Mo(5)-Mo(6) 56.25(3) 

Se(14)-Mo(5)-Mo(6) 96.69(4) 

Se(16)-Mo(5)-Mo(6) 56.92(3) 

Se(17)-Mo(5)-Mo(6) 57.65(3) 

Se(24)-Mo(5)-Mo(6) 125.04(4) 

Se(15)-Mo(5)-Mo(6) 117.02(4) 

Se(23)-Mo(5)-Mo(6) 142.15(4)
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Se(20)-Mo(5)-Mo(4) 56.21(3) 

Se(14)-Mo(5)-Mo(4) 56.74(3) 

Se(16)-Mo(5)-Mo(4) 96.04(4) 

Se(17)-Mo(5)-Mo(4) 116.90(4) 

Se(24)-Mo(5)-Mo(4) 126.75(4) 

Se(15)-Mo(5)-Mo(4) 57.90(3) 

Se(23)-Mo(5)-Mo(4) 142.79(4) 

Mo(6)-Mo(5)-Mo(4) 59.57(3) 

Se(20)-Mo(6)-Se(16) 113.01(4) 

Se(20)-Mo(6)-Se(18) 112.99(4) 

Se(16)-Mo(6)-Se(18) 82.62(4) 

Se(20)-Mo(6)-Se(26) 80.17(4) 

Se(16)-Mo(6)-Se(26) 132.03(4) 

Se(18)-Mo(6)-Se(26) 136.63(4) 

Se(20)-Mo(6)-Se(17) 84.21(4) 

Se(16)-Mo(6)-Se(17) 53.85(3) 

Se(18)-Mo(6)-Se(17) 136.25(4) 

Se(26)-Mo(6)-Se(17) 84.17(4) 

Se(20)-Mo(6)-Se(19) 84.46(4) 

Se(16)-Mo(6)-Se(19) 135.91(4) 

Se(18)-Mo(6)-Se(19) 53.49(3) 

Se(26)-Mo(6)-Se(19) 89.42(4) 

Se(17)-Mo(6)-Se(19) 167.79(5) 

Se(20)-Mo(6)-Se(25) 151.92(4) 

Se(16)-Mo(6)-Se(25) 89.21(4) 

Se(18)-Mo(6)-Se(25) 85.71(4) 

Se(26)-Mo(6)-Se(25) 72.04(4) 

Se(17)-Mo(6)-Se(25) 96.64(4) 

Se(19)-Mo(6)-Se(25) 91.22(4) 

Se(20)-Mo(6)-Mo(4) 56.55(3) 

Se(16)-Mo(6)-Mo(4) 96.74(4) 

Se(18)-Mo(6)-Mo(4) 57.08(3) 

Se(26)-Mo(6)-Mo(4) 125.79(4) 

Se(17)-Mo(6)-Mo(4) 118.01(4) 

Se(19)-Mo(6)-Mo(4) 58.28(3) 

Se(25)-Mo(6)-Mo(4) 140.88(4) 

Se(20)-Mo(6)-Mo(5) 56.42(3) 

Se(16)-Mo(6)-Mo(5) 57.17(3) 

Se(18)-Mo(6)-Mo(5) 97.12(4) 

Se(26)-Mo(6)-Mo(5) 122.42(4) 

Se(17)-Mo(6)-Mo(5) 58.01(3) 

Se(19)-Mo(6)-Mo(5) 118.26(4) 

Se(25)-Mo(6)-Mo(5) 145.28(4) 

Mo(4)-Mo(6)-Mo(5) 60.33(3) 

Se(33)-Mo(7)-Se(31) 112.95(4) 

Se(33)-Mo(7)-Se(27) 112.44(4) 

Se(31)-Mo(7)-Se(27) 83.54(4) 

Se(33)-Mo(7)-Se(28) 83.17(4) 

Se(31)-Mo(7)-Se(28) 136.99(5) 

Se(27)-Mo(7)-Se(28) 53.74(4) 

Se(33)-Mo(7)-Se(32) 83.81(4) 

Se(31)-Mo(7)-Se(32) 53.67(4) 

Se(27)-Mo(7)-Se(32) 136.91(5) 

Se(28)-Mo(7)-Se(32) 166.19(5) 

Se(33)-Mo(7)-Se(35) 83.27(4) 

Se(31)-Mo(7)-Se(35) 131.49(5) 

Se(27)-Mo(7)-Se(35) 134.05(5) 

Se(28)-Mo(7)-Se(35) 88.29(4) 

Se(32)-Mo(7)-Se(35) 85.60(4) 

Se(33)-Mo(7)-Se(34) 154.21(5) 

Se(31)-Mo(7)-Se(34) 86.86(4) 

Se(27)-Mo(7)-Se(34) 85.05(4) 

Se(28)-Mo(7)-Se(34) 93.45(4) 

Se(32)-Mo(7)-Se(34) 96.26(4) 

Se(35)-Mo(7)-Se(34) 71.06(4) 

Se(33)-Mo(7)-Mo(9) 56.45(3) 

Se(31)-Mo(7)-Mo(9) 57.15(3) 

Se(27)-Mo(7)-Mo(9) 97.06(4) 

Se(28)-Mo(7)-Mo(9) 117.42(4) 

Se(32)-Mo(7)-Mo(9) 57.79(3) 

Se(35)-Mo(7)-Mo(9) 125.62(4) 

Se(34)-Mo(7)-Mo(9) 143.20(4) 

Se(33)-Mo(7)-Mo(8) 56.37(3) 

Se(31)-Mo(7)-Mo(8) 96.71(4) 

Se(27)-Mo(7)-Mo(8) 56.86(3) 

Se(28)-Mo(7)-Mo(8) 58.07(3) 

Se(32)-Mo(7)-Mo(8) 117.25(4) 

Se(35)-Mo(7)-Mo(8) 127.78(4) 

Se(34)-Mo(7)-Mo(8) 140.80(4) 

Mo(9)-Mo(7)-Mo(8) 59.83(3) 

Se(33)-Mo(8)-Se(27) 112.53(4) 

Se(33)-Mo(8)-Se(29) 112.79(4) 

Se(27)-Mo(8)-Se(29) 83.68(4) 

Se(33)-Mo(8)-Se(37) 82.41(4) 

Se(27)-Mo(8)-Se(37) 132.97(5) 

Se(29)-Mo(8)-Se(37) 133.18(5)
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Se(33)-Mo(8)-Se(30) 84.25(4) 

Se(27)-Mo(8)-Se(30) 137.06(5) 

Se(29)-Mo(8)-Se(30) 53.59(3) 

Se(37)-Mo(8)-Se(30) 86.70(4) 

Se(33)-Mo(8)-Se(28) 82.83(4) 

Se(27)-Mo(8)-Se(28) 53.61(3) 

Se(29)-Mo(8)-Se(28) 136.90(4) 

Se(37)-Mo(8)-Se(28) 87.05(4) 

Se(30)-Mo(8)-Se(28) 166.28(5) 

Se(33)-Mo(8)-Se(36) 153.92(5) 

Se(27)-Mo(8)-Se(36) 87.51(4) 

Se(29)-Mo(8)-Se(36) 84.87(4) 

Se(37)-Mo(8)-Se(36) 71.58(4) 

Se(30)-Mo(8)-Se(36) 92.19(4) 

Se(28)-Mo(8)-Se(36) 97.39(4) 

Se(33)-Mo(8)-Mo(9) 56.52(3) 

Se(27)-Mo(8)-Mo(9) 97.32(4) 

Se(29)-Mo(8)-Mo(9) 56.90(3) 

Se(37)-Mo(8)-Mo(9) 125.78(4) 

Se(30)-Mo(8)-Mo(9) 58.12(3) 

Se(28)-Mo(8)-Mo(9) 117.12(4) 

Se(36)-Mo(8)-Mo(9) 140.35(4) 

Se(33)-Mo(8)-Mo(7) 56.30(3) 

Se(27)-Mo(8)-Mo(7) 57.02(3) 

Se(29)-Mo(8)-Mo(7) 96.72(4) 

Se(37)-Mo(8)-Mo(7) 126.12(4) 

Se(30)-Mo(8)-Mo(7) 117.80(4) 

Se(28)-Mo(8)-Mo(7) 57.55(3) 

Se(36)-Mo(8)-Mo(7) 143.85(4) 

Mo(9)-Mo(8)-Mo(7) 60.05(3) 

Se(33)-Mo(9)-Se(29) 112.99(4) 

Se(33)-Mo(9)-Se(31) 112.50(4) 

Se(29)-Mo(9)-Se(31) 82.95(4) 

Se(33)-Mo(9)-Se(32) 83.71(4) 

Se(29)-Mo(9)-Se(32) 136.27(4) 

Se(31)-Mo(9)-Se(32) 53.56(4) 

Se(33)-Mo(9)-Se(39) 82.57(4) 

Se(29)-Mo(9)-Se(39) 132.83(5) 

Se(31)-Mo(9)-Se(39) 133.86(5) 

Se(32)-Mo(9)-Se(39) 87.64(4) 

Se(33)-Mo(9)-Se(30) 84.07(4) 

Se(29)-Mo(9)-Se(30) 53.60(4) 

Se(31)-Mo(9)-Se(30) 136.26(5) 

Se(32)-Mo(9)-Se(30) 167.09(5) 

Se(39)-Mo(9)-Se(30) 86.65(4) 

Se(33)-Mo(9)-Se(38) 154.23(5) 

Se(29)-Mo(9)-Se(38) 86.80(4) 

Se(31)-Mo(9)-Se(38) 85.21(4) 

Se(32)-Mo(9)-Se(38) 93.22(4) 

Se(39)-Mo(9)-Se(38) 71.73(4) 

Se(30)-Mo(9)-Se(38) 95.97(4) 

Se(33)-Mo(9)-Mo(8) 56.45(3) 

Se(29)-Mo(9)-Mo(8) 57.17(3) 

Se(31)-Mo(9)-Mo(8) 96.70(4) 

Se(32)-Mo(9)-Mo(8) 117.51(4) 

Se(39)-Mo(9)-Mo(8) 125.72(4) 

Se(30)-Mo(9)-Mo(8) 57.89(3) 

Se(38)-Mo(9)-Mo(8) 143.13(5) 

Se(33)-Mo(9)-Mo(7) 56.31(3) 

Se(29)-Mo(9)-Mo(7) 96.96(4) 

Se(31)-Mo(9)-Mo(7) 56.83(3) 

Se(32)-Mo(9)-Mo(7) 57.76(3) 

Se(39)-Mo(9)-Mo(7) 126.31(4) 

Se(30)-Mo(9)-Mo(7) 117.65(4) 

Se(38)-Mo(9)-Mo(7) 140.77(4) 

Mo(8)-Mo(9)-Mo(7) 60.12(3) 

Se(2)-Se(1)-Mo(2) 64.70(4) 

Se(2)-Se(1)-Mo(1) 64.40(4) 

Mo(2)-Se(1)-Mo(1) 66.12(4) 

Se(1)-Se(2)-Mo(1) 61.91(4) 

Se(1)-Se(2)-Mo(2) 61.48(4) 

Mo(1)-Se(2)-Mo(2) 64.28(4) 

Se(4)-Se(3)-Mo(2) 64.49(4) 

Se(4)-Se(3)-Mo(3) 64.17(4) 

Mo(2)-Se(3)-Mo(3) 65.78(4) 

Se(3)-Se(4)-Mo(3) 62.03(4) 

Se(3)-Se(4)-Mo(2) 61.76(4) 

Mo(3)-Se(4)-Mo(2) 64.21(3) 

Se(6)-Se(5)-Mo(3) 64.49(4) 

Se(6)-Se(5)-Mo(1) 64.78(4) 

Mo(3)-Se(5)-Mo(1) 65.39(3) 

Se(5)-Se(6)-Mo(3) 62.05(4) 

Se(5)-Se(6)-Mo(1) 61.90(4) 

Mo(3)-Se(6)-Mo(1) 63.70(3) 

Mo(3)-Se(7)-Mo(1) 66.83(3) 

Mo(3)-Se(7)-Mo(2) 67.06(4)
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Mo(1)-Se(7)-Mo(2) 67.32(4) 

C(1)-Se(8)-Mo(1) 88.0(3) 

C(1)-Se(9)-Mo(1) 88.9(3) 

C(10)-Se(10)-Mo(2) 88.1(3) 

C(10)-Se(11)-Mo(2) 88.5(3) 

C(19)-Se(12)-Mo(3) 87.7(3) 

C(19)-Se(13)-Mo(3) 88.2(3) 

Se(15)-Se(14)-Mo(4) 64.93(4) 

Se(15)-Se(14)-Mo(5) 64.85(4) 

Mo(4)-Se(14)-Mo(5) 66.41(3) 

Se(14)-Se(15)-Mo(5) 61.56(4) 

Se(14)-Se(15)-Mo(4) 61.46(4) 

Mo(5)-Se(15)-Mo(4) 64.22(3) 

Se(17)-Se(16)-Mo(6) 64.26(4) 

Se(17)-Se(16)-Mo(5) 64.42(4) 

Mo(6)-Se(16)-Mo(5) 65.91(3) 

Se(16)-Se(17)-Mo(6) 61.90(4) 

Se(16)-Se(17)-Mo(5) 61.93(4) 

Mo(6)-Se(17)-Mo(5) 64.34(3) 

Se(19)-Se(18)-Mo(4) 64.90(4) 

Se(19)-Se(18)-Mo(6) 64.56(4) 

Mo(4)-Se(18)-Mo(6) 65.63(3) 

Se(18)-Se(19)-Mo(6) 61.95(4) 

Se(18)-Se(19)-Mo(4) 61.65(4) 

Mo(6)-Se(19)-Mo(4) 63.76(3) 

Mo(6)-Se(20)-Mo(4) 66.97(3) 

Mo(6)-Se(20)-Mo(5) 67.33(3) 

Mo(4)-Se(20)-Mo(5) 67.48(3) 

C(28)-Se(21)-Mo(4) 87.5(3) 

C(28)-Se(22)-Mo(4) 88.5(3) 

C(37)-Se(23)-Mo(5) 87.9(3) 

C(37)-Se(24)-Mo(5) 89.0(3) 

C(46)-Se(25)-Mo(6) 87.9(3) 

C(46)-Se(26)-Mo(6) 88.7(3) 

Se(28)-Se(27)-Mo(8) 64.76(4) 

Se(28)-Se(27)-Mo(7) 64.27(4) 

Mo(8)-Se(27)-Mo(7) 66.13(3) 

Se(27)-Se(28)-Mo(7) 61.99(4) 

Se(27)-Se(28)-Mo(8) 61.63(4) 

Mo(7)-Se(28)-Mo(8) 64.38(3) 

Se(30)-Se(29)-Mo(9) 64.86(4) 

Se(30)-Se(29)-Mo(8) 64.54(4) 

Mo(9)-Se(29)-Mo(8) 65.93(4) 

Se(29)-Se(30)-Mo(8) 61.86(4) 

Se(29)-Se(30)-Mo(9) 61.54(4) 

Mo(8)-Se(30)-Mo(9) 64.00(3) 

Se(32)-Se(31)-Mo(7) 64.47(4) 

Se(32)-Se(31)-Mo(9) 64.34(4) 

Mo(7)-Se(31)-Mo(9) 66.02(3) 

Se(31)-Se(32)-Mo(7) 61.85(4) 

Se(31)-Se(32)-Mo(9) 62.09(4) 

Mo(7)-Se(32)-Mo(9) 64.45(4) 

Mo(7)-Se(33)-Mo(8) 67.33(4) 

Mo(7)-Se(33)-Mo(9) 67.24(3) 

Mo(8)-Se(33)-Mo(9) 67.04(4) 

C(55)-Se(34)-Mo(7) 89.0(3) 

C(55)-Se(35)-Mo(7) 89.4(3) 

C(64)-Se(36)-Mo(8) 87.5(3) 

C(64)-Se(37)-Mo(8) 88.6(3) 

C(73)-Se(38)-Mo(9) 87.6(3) 

C(73)-Se(39)-Mo(9) 88.8(3) 

C(1)-N(1)-C(2) 119.6(8) 

C(1)-N(1)-C(6) 122.8(8) 

C(2)-N(1)-C(6) 117.4(7) 

C(10)-N(2)-C(15) 120.9(9) 

C(10)-N(2)-C(11) 119.3(9) 

C(15)-N(2)-C(11) 117.3(8) 

C(19)-N(3)-C(24) 121.8(8) 

C(19)-N(3)-C(20) 120.7(8) 

C(24)-N(3)-C(20) 117.2(7) 

C(28)-N(4)-C(29) 122.2(8) 

C(28)-N(4)-C(33) 120.3(8) 

C(29)-N(4)-C(33) 117.4(8) 

C(37)-N(5)-C(38) 120.8(8) 

C(37)-N(5)-C(42) 121.4(8) 

C(38)-N(5)-C(42) 117.9(8) 

C(46)-N(6)-C(51) 122.3(8) 

C(46)-N(6)-C(47) 119.1(8) 

C(51)-N(6)-C(47) 118.5(8) 

C(55)-N(7)-C(56) 121.8(8) 

C(55)-N(7)-C(60) 121.0(8) 

C(56)-N(7)-C(60) 117.2(8) 

C(64)-N(8)-C(69) 123.1(9) 

C(64)-N(8)-C(65) 121.3(8) 

C(69)-N(8)-C(65) 115.6(8) 

C(73)-N(9)-C(74) 121.2(8)



346 
 

 
 

Table A.69, Cont’d. Bond angles (deg.) for [Mo3Se7(Se2CNiBu2)3]I. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

C(73)-N(9)-C(78) 120.1(8) 

C(74)-N(9)-C(78) 118.6(8) 

N(1)-C(1)-Se(8) 124.4(7) 

N(1)-C(1)-Se(9) 124.7(7) 

Se(8)-C(1)-Se(9) 110.9(5) 

N(1)-C(2)-C(3) 113.1(8) 

C(4)-C(3)-C(5) 113.2(10) 

C(4)-C(3)-C(2) 114.1(9) 

C(5)-C(3)-C(2) 111.2(9) 

N(1)-C(6)-C(7) 112.3(8) 

C(9)-C(7)-C(8) 111.4(9) 

C(9)-C(7)-C(6) 110.9(9) 

C(8)-C(7)-C(6) 111.7(8) 

N(2)-C(10)-Se(10) 123.9(8) 

N(2)-C(10)-Se(11) 124.5(8) 

Se(10)-C(10)-Se(11) 111.6(5) 

N(2)-C(11)-C(12) 114.9(9) 

C(14)-C(12)-C(13) 110.3(9) 

C(14)-C(12)-C(11) 106.9(9) 

C(13)-C(12)-C(11) 112.6(9) 

N(2)-C(15)-C(16) 115.1(9) 

C(15)-C(16)-C(17) 112.3(9) 

C(15)-C(16)-C(18) 107.7(10) 

C(17)-C(16)-C(18) 110.3(10) 

N(3)-C(19)-Se(12) 125.2(7) 

N(3)-C(19)-Se(13) 124.0(7) 

Se(12)-C(19)-Se(13) 110.8(5) 

N(3)-C(20)-C(21) 115.1(8) 

C(22)-C(21)-C(20) 114.3(8) 

C(22)-C(21)-C(23) 110.2(9) 

C(20)-C(21)-C(23) 108.0(9) 

N(3)-C(24)-C(25) 117.1(8) 

C(26)-C(25)-C(24) 113.3(8) 

C(26)-C(25)-C(27) 110.7(9) 

C(24)-C(25)-C(27) 109.2(9) 

N(4)-C(28)-Se(21) 123.6(7) 

N(4)-C(28)-Se(22) 124.4(8) 

Se(21)-C(28)-Se(22) 112.0(5) 

N(4)-C(29)-C(30) 114.0(8) 

C(32)-C(30)-C(29) 113.3(9) 

C(32)-C(30)-C(31) 110.8(9) 

C(29)-C(30)-C(31) 107.9(9) 

N(4)-C(33)-C(34) 113.0(8) 

C(36)-C(34)-C(35) 112.2(9) 

C(36)-C(34)-C(33) 109.4(9) 

C(35)-C(34)-C(33) 112.9(9) 

N(5)-C(37)-Se(23) 124.3(7) 

N(5)-C(37)-Se(24) 124.1(7) 

Se(23)-C(37)-Se(24) 111.6(4) 

N(5)-C(38)-C(39) 112.6(10) 

C(41)-C(39)-C(38) 117.7(13) 

C(41)-C(39)-C(40) 113.9(12) 

C(38)-C(39)-C(40) 105.0(13) 

C(43B)-C(42)-N(5) 115.3(14) 

N(5)-C(42)-C(43A) 113.2(10) 

C(44A)-C(43A)-C(45A) 112.5(16) 

C(44A)-C(43A)-C(42) 114.3(14) 

C(45A)-C(43A)-C(42) 107.5(15) 

C(42)-C(43B)-C(45B) 109(2) 

C(42)-C(43B)-C(44B) 104(2) 

C(45B)-C(43B)-C(44B) 111(3) 

N(6)-C(46)-Se(25) 125.5(7) 

N(6)-C(46)-Se(26) 123.4(7) 

Se(25)-C(46)-Se(26) 111.1(5) 

N(6)-C(47)-C(48) 112.3(8) 

C(50)-C(48)-C(47) 111.6(9) 

C(50)-C(48)-C(49) 112.1(9) 

C(47)-C(48)-C(49) 109.9(9) 

N(6)-C(51)-C(52B) 112.7(12) 

N(6)-C(51)-C(52A) 113.4(10) 

C(53A)-C(52A)-C(54A) 106.1(17) 

C(53A)-C(52A)-C(51) 108.4(15) 

C(54A)-C(52A)-C(51) 109.1(16) 

C(51)-C(52B)-C(54B) 114(2) 

C(51)-C(52B)-C(53B) 110(2) 

C(54B)-C(52B)-C(53B) 115(2) 

N(7)-C(55)-Se(34) 125.2(7) 

N(7)-C(55)-Se(35) 124.3(7) 

Se(34)-C(55)-Se(35) 110.5(5) 

N(7)-C(56)-C(57) 112.4(9) 

C(58)-C(57)-C(59) 111.8(12) 

C(58)-C(57)-C(56) 112.4(10) 

C(59)-C(57)-C(56) 106.5(11) 

N(7)-C(60)-C(61A) 112.2(10) 

N(7)-C(60)-C(61B) 116.1(15) 

C(63A)-C(61A)-C(60) 114.8(16)
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Table A.69, Cont’d. Bond angles (deg.) for [Mo3Se7(Se2CNiBu2)3]I. Symmetry 

transformations used to generate equivalent atoms:  

________________________________________________________________________ 

C(63A)-C(61A)-C(62A) 107.3(17) 

C(60)-C(61A)-C(62A) 107.6(16) 

C(63B)-C(61B)-C(60) 106(3) 

C(63B)-C(61B)-C(62B) 117(3) 

C(60)-C(61B)-C(62B) 104(3) 

N(8)-C(64)-Se(36) 125.1(8) 

N(8)-C(64)-Se(37) 123.5(7) 

Se(36)-C(64)-Se(37) 111.4(5) 

C(66A)-C(65)-N(8) 111.8(10) 

N(8)-C(65)-C(66B) 117.6(10) 

C(68A)-C(66A)-C(65) 132.0(19) 

C(68A)-C(66A)-C(67A) 112(2) 

C(65)-C(66A)-C(67A) 107.1(16) 

C(68B)-C(66B)-C(67B) 120(2) 

C(68B)-C(66B)-C(65) 132(2) 

C(67B)-C(66B)-C(65) 107.3(16) 

N(8)-C(69)-C(70) 112.6(8) 

C(72)-C(70)-C(71) 111.9(10) 

C(72)-C(70)-C(69) 113.3(9) 

C(71)-C(70)-C(69) 109.0(9) 

N(9)-C(73)-Se(38) 124.4(7) 

N(9)-C(73)-Se(39) 123.9(7) 

Se(38)-C(73)-Se(39) 111.7(4) 

N(9)-C(74)-C(75) 113.6(9) 

C(77)-C(75)-C(74) 114.4(10) 

C(77)-C(75)-C(76) 113.1(11) 

C(74)-C(75)-C(76) 107.1(10) 

N(9)-C(78)-C(79) 113.2(9) 

C(80)-C(79)-C(81) 111.3(10) 

C(80)-C(79)-C(78) 108.1(11) 

C(81)-C(79)-C(78) 113.4(10) 
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Table A.70. Anisotropic displacement parameters (Å2 x 103) for [Mo3Se7(Se2CNiBu2)3]I. 

The anisotropic displacement factor exponent takes the form: -2π2[h2a*2U11 + ...  + 

2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

I(1) 49(1) 34(1) 53(1) -5(1) 4(1) -13(1) 

I(2) 40(1) 45(1) 25(1) 0(1) -5(1) -14(1) 

I(3) 31(1) 24(1) 42(1) 8(1) 3(1) -3(1) 

Mo(1) 23(1) 20(1) 24(1) -1(1) 1(1) 3(1) 

Mo(2) 30(1) 25(1) 23(1) -3(1) 5(1) 1(1) 

Mo(3) 22(1) 19(1) 23(1) -1(1) 3(1) 2(1) 

Mo(4) 19(1) 11(1) 21(1) 0(1) 1(1) -1(1) 

Mo(5) 21(1) 13(1) 18(1) 0(1) 2(1) -3(1) 

Mo(6) 21(1) 12(1) 20(1) -1(1) 4(1) -1(1) 

Mo(7) 22(1) 21(1) 25(1) 6(1) 2(1) -2(1) 

Mo(8) 23(1) 23(1) 23(1) 7(1) 1(1) -2(1) 

Mo(9) 22(1) 22(1) 26(1) 9(1) 1(1) -1(1) 

Se(1) 32(1) 31(1) 30(1) -6(1) -1(1) -1(1) 

Se(2) 41(1) 36(1) 28(1) 3(1) -4(1) 2(1) 

Se(3) 34(1) 21(1) 33(1) -4(1) 5(1) 4(1) 

Se(4) 28(1) 29(1) 37(1) -4(1) 8(1) 6(1) 

Se(5) 25(1) 23(1) 29(1) -1(1) 4(1) 0(1) 

Se(6) 28(1) 24(1) 25(1) -3(1) 4(1) 2(1) 

Se(7) 27(1) 23(1) 24(1) 1(1) 3(1) 0(1) 

Se(8) 24(1) 22(1) 51(1) -3(1) -1(1) 2(1) 

Se(9) 26(1) 22(1) 40(1) 1(1) -1(1) 1(1) 

Se(10) 46(1) 37(1) 30(1) -10(1) 11(1) -7(1) 

Se(11) 46(1) 33(1) 28(1) -5(1) 12(1) -5(1) 

Se(12) 28(1) 25(1) 33(1) 7(1) -2(1) -3(1) 

Se(13) 27(1) 21(1) 31(1) 3(1) -2(1) 0(1) 

Se(14) 20(1) 22(1) 24(1) 3(1) 1(1) -2(1) 

Se(15) 26(1) 22(1) 23(1) -4(1) 5(1) 4(1) 

Se(16) 30(1) 17(1) 24(1) -3(1) 2(1) -7(1) 

Se(17) 34(1) 13(1) 27(1) 2(1) 3(1) -1(1) 

Se(18) 25(1) 20(1) 19(1) 1(1) 3(1) -3(1) 

Se(19) 21(1) 20(1) 28(1) 5(1) 4(1) -4(1) 

Se(20) 20(1) 14(1) 20(1) -1(1) 0(1) -1(1) 

Se(21) 33(1) 15(1) 31(1) 4(1) -6(1) -1(1) 

Se(22) 33(1) 13(1) 34(1) -1(1) -9(1) -2(1) 

Se(23) 25(1) 36(1) 25(1) 5(1) 0(1) -12(1) 

Se(24) 26(1) 24(1) 20(1) 3(1) 1(1) -6(1) 

Se(25) 33(1) 25(1) 26(1) -4(1) 6(1) 6(1) 

Se(26) 26(1) 23(1) 30(1) -5(1) 1(1) 5(1) 

Se(27) 23(1) 25(1) 31(1) 5(1) 0(1) -3(1) 
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Table A.70, Cont’d. Anisotropic displacement parameters (Å2 x 103) for 

[Mo3Se7(Se2CNiBu2)3]I. The anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

Se(28) 27(1) 25(1) 34(1) 9(1) -4(1) 2(1) 

Se(29) 26(1) 23(1) 28(1) 6(1) 2(1) -2(1) 

Se(30) 27(1) 27(1) 33(1) 8(1) 6(1) 0(1) 

Se(31) 27(1) 26(1) 29(1) 12(1) 2(1) -2(1) 

Se(32) 33(1) 34(1) 24(1) 7(1) -1(1) -3(1) 

Se(33) 24(1) 23(1) 26(1) 7(1) 2(1) -3(1) 

Se(34) 29(1) 23(1) 42(1) 2(1) 10(1) -6(1) 

Se(35) 28(1) 23(1) 41(1) 4(1) 7(1) -6(1) 

Se(36) 37(1) 31(1) 27(1) 6(1) 0(1) -10(1) 

Se(37) 33(1) 29(1) 26(1) 10(1) -2(1) -8(1) 

Se(38) 28(1) 26(1) 38(1) 12(1) -4(1) -3(1) 

Se(39) 25(1) 26(1) 44(1) 12(1) -5(1) -4(1) 

N(1) 25(4) 19(4) 29(5) -4(4) -1(4) 3(3) 

N(2) 39(5) 34(5) 19(5) -3(4) 5(4) 0(4) 

N(3) 27(4) 23(4) 26(5) 3(4) -1(4) 1(3) 

N(4) 33(5) 22(4) 22(5) 3(4) 3(4) 0(4) 

N(5) 23(4) 27(5) 32(5) 5(4) 5(4) -8(3) 

N(6) 29(4) 24(4) 26(5) 2(4) 6(4) 7(4) 

N(7) 25(4) 28(5) 31(5) 6(4) 1(4) 0(4) 

N(8) 23(4) 36(5) 25(5) 6(4) -4(4) -2(4) 

N(9) 25(4) 24(4) 28(5) 1(4) -1(4) 3(3) 

C(1) 41(6) 17(5) 19(5) 1(4) -6(4) 0(4) 

C(2) 16(5) 26(5) 36(6) -6(5) -5(4) 5(4) 

C(3) 39(6) 48(7) 25(6) -5(5) -5(5) 5(5) 

C(4) 70(9) 72(10) 30(7) 1(7) -6(6) -6(8) 

C(5) 34(6) 60(8) 30(6) -8(6) -3(5) -5(6) 

C(6) 36(6) 22(5) 27(6) 4(5) -1(5) 8(4) 

C(7) 38(6) 27(6) 38(7) -6(5) 11(5) -2(5) 

C(8) 44(7) 43(7) 40(7) -7(6) -4(6) -9(6) 

C(9) 63(8) 40(7) 59(9) -22(6) 13(7) -2(6) 

C(10) 42(6) 42(7) 26(6) -3(5) 5(5) 2(5) 

C(11) 54(7) 43(7) 23(6) -12(5) 10(5) -2(6) 

C(12) 47(7) 44(7) 27(6) -10(5) -1(5) 1(6) 

C(13) 50(7) 37(7) 42(7) -9(6) 8(6) 0(5) 

C(14) 68(9) 45(8) 78(11) -15(7) -2(8) -9(7) 

C(15) 57(7) 36(7) 28(6) -1(5) 16(5) -2(6) 

C(16) 55(7) 36(6) 26(6) -2(5) 1(5) -4(5) 

C(17) 42(7) 50(8) 46(8) -17(6) -5(6) 6(6) 

C(18) 66(9) 68(10) 60(9) -1(8) 15(7) -18(8) 
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Table A.70, Cont’d. Anisotropic displacement parameters (Å2 x 103) for 

[Mo3Se7(Se2CNiBu2)3]I. The anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

C(19) 21(5) 24(5) 18(5) -8(4) 3(4) 6(4) 

C(20) 29(5) 32(6) 20(5) 3(4) -2(4) 0(4) 

C(21) 29(5) 27(6) 43(7) 12(5) 0(5) -4(4) 

C(22) 51(7) 27(6) 48(8) 1(5) 6(6) 8(5) 

C(23) 39(6) 35(7) 58(8) 9(6) -1(6) -7(5) 

C(24) 20(5) 25(5) 32(6) -3(4) -7(4) 1(4) 

C(25) 23(5) 31(6) 44(7) -1(5) -2(5) 4(4) 

C(26) 38(6) 39(6) 28(6) 3(5) 7(5) 8(5) 

C(27) 35(6) 40(7) 70(9) -2(6) -7(6) -10(5) 

C(28) 36(6) 10(5) 34(6) 8(4) 7(5) 4(4) 

C(29) 43(6) 11(5) 31(6) 9(4) 6(5) 8(4) 

C(30) 77(9) 15(5) 31(7) -1(5) 2(6) -3(5) 

C(31) 87(10) 42(8) 48(8) 3(6) 12(7) 18(7) 

C(32) 58(8) 34(7) 61(9) -1(6) 28(7) -9(6) 

C(34) 54(7) 13(5) 52(8) 0(5) -5(6) -6(5) 

C(35) 54(7) 21(6) 38(7) 5(5) 6(6) -2(5) 

C(36) 73(9) 44(8) 55(9) -15(7) -10(7) 3(7) 

C(37) 31(5) 19(5) 17(5) 4(4) 20(4) -2(4) 

C(38) 26(5) 52(7) 37(7) 15(6) 4(5) -17(5) 

C(39) 25(6) 125(14) 70(11) -19(10) 4(7) -5(8) 

C(40) 25(7) 190(20) 97(13) -10(13) -7(8) -21(10) 

C(41) 51(10) 81(13) 200(20) -24(14) 31(12) 2(9) 

C(42) 39(6) 46(7) 26(6) 7(5) 0(5) -16(5) 

C(46) 32(5) 13(5) 27(6) -5(4) 13(4) -2(4) 

C(47) 40(6) 28(6) 24(6) 6(5) 15(5) 14(5) 

C(48) 41(6) 38(6) 34(7) 10(5) 18(5) 16(5) 

C(49) 66(8) 51(8) 38(7) 5(6) 18(6) 15(7) 

C(50) 50(7) 49(8) 63(9) 32(7) 21(7) 5(6) 

C(51) 22(5) 29(6) 39(7) 5(5) 0(5) 2(4) 

C(55) 35(6) 30(6) 30(6) 0(5) -2(5) -3(5) 

C(56) 29(6) 40(6) 37(7) -1(5) 11(5) -6(5) 

C(57) 56(8) 45(8) 52(8) -14(6) 26(7) -9(6) 

C(58) 92(11) 75(11) 54(10) 25(8) 3(8) -13(9) 

C(59) 83(11) 102(13) 91(13) 1(11) 43(10) -19(10) 

C(60) 34(6) 22(6) 57(8) -13(5) 7(5) -9(5) 

C(64) 24(5) 35(6) 33(6) 16(5) -4(4) 1(4) 

C(65) 35(6) 42(7) 20(6) 5(5) 5(5) -6(5) 

C(69) 25(5) 40(6) 33(6) 17(5) 1(5) -5(5) 

C(70) 38(6) 47(7) 32(7) 12(5) 2(5) 0(5) 
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Table A.70, Cont’d. Anisotropic displacement parameters (Å2 x 103) for 

[Mo3Se7(Se2CNiBu2)3]I. The anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11 + ...  + 2hka*b*U12]. 

________________________________________________________________________ 

Atom U11 U22 U33 U23 U13 U12 

________________________________________________________________________ 

C(71) 73(9) 54(8) 32(7) 17(6) -1(6) -11(7) 

C(72) 59(8) 71(9) 48(8) 25(7) -2(7) 26(7) 

C(73) 10(4) 38(6) 23(5) 2(5) 1(4) 5(4) 

C(74) 21(5) 34(6) 38(6) 14(5) -2(4) 6(4) 

C(75) 48(7) 70(9) 39(8) 23(7) 0(6) -1(7) 

C(76) 95(11) 97(12) 42(9) 40(8) 6(8) 11(10) 

C(77) 100(12) 109(13) 21(7) -10(8) 5(7) 3(10) 

C(78) 25(5) 36(6) 40(7) -2(5) -9(5) -3(5) 

C(79) 34(6) 55(8) 50(8) 9(6) 4(6) -6(6) 

C(80) 56(9) 60(10) 131(15) 25(10) 19(9) -18(7) 

C(81) 54(8) 67(10) 74(10) -5(8) 37(7) -6(7) 
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Table A.71. Hydrogen coordinates (x 104) and isotropic displacement parameters (Å2 x 

103) for [Mo3Se7(Se2CNiBu2)3]I. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(2A) 5907 9756 5908 31 

H(2B) 6023 8615 5939 31 

H(3) 6249 8513 5409 45 

H(4A) 6275 9775 5045 86 

H(4B) 6634 9974 5343 86 

H(4C) 6137 10539 5323 86 

H(5A) 5375 9518 5415 62 

H(5B) 5444 8375 5485 62 

H(5C) 5548 8809 5131 62 

H(6A) 6542 10915 5850 34 

H(6B) 7064 10611 5971 34 

H(7) 6287 10502 6407 41 

H(8A) 7275 10711 6556 64 

H(8B) 6983 9712 6586 64 

H(8C) 6867 10612 6821 64 

H(9A) 6458 12081 6601 81 

H(9B) 6289 12119 6227 81 

H(9C) 6840 12223 6321 81 

H(11A) 9086 4849 4158 48 

H(11B) 8630 4668 4377 48 

H(12) 9161 3751 4755 48 

H(13A) 9859 3100 4537 64 

H(13B) 9900 4267 4527 64 

H(13C) 9772 3673 4202 64 

H(14A) 8936 3014 4118 96 

H(14B) 8597 2963 4427 96 

H(14C) 9072 2322 4420 96 

H(15A) 9296 7053 4536 48 

H(15B) 9197 6529 4195 48 

H(16) 9922 5672 4250 47 

H(17A) 10100 6869 4810 69 

H(17B) 10473 6123 4656 69 

H(17C) 10005 5717 4826 69 

H(18A) 9856 7220 3970 97 

H(18B) 10383 7016 4104 97 

H(18C) 10044 7752 4294 97 

H(20A) 9268 4529 7199 32 

H(20B) 9698 4975 7409 32 

H(21) 10252 4220 7073 40 

H(22A) 9480 3364 6720 63 
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Table A.71, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for [Mo3Se7(Se2CNiBu2)3]I. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(22B) 10028 3099 6671 63 

H(22C) 9835 4163 6576 63 

H(23A) 9556 2908 7323 66 

H(23B) 9998 3345 7524 66 

H(23C) 10085 2585 7235 66 

H(24A) 10024 6430 7278 31 

H(24B) 9832 7055 6976 31 

H(25) 10550 5601 6932 39 

H(26A) 10169 5780 6427 52 

H(26B) 10696 6211 6408 52 

H(26C) 10253 6937 6437 52 

H(27A) 10650 7686 6977 73 

H(27B) 11078 6995 6869 73 

H(27C) 10866 6901 7227 73 

H(29A) 8380 3685 8068 34 

H(29B) 8122 2736 7923 34 

H(30) 7758 3950 8432 49 

H(31A) 7911 2588 8773 88 

H(31B) 8391 2882 8594 88 

H(31C) 8089 1961 8470 88 

H(32A) 7126 3292 8106 76 

H(32B) 7112 2934 8476 76 

H(32C) 7306 2218 8200 76 

H(33A) 7280 3825 7444 34 

H(33B) 7505 2811 7563 34 

H(34) 7919 4118 7104 47 

H(35A) 8344 2322 7312 57 

H(35B) 8537 3381 7413 57 

H(35C) 8553 3037 7041 57 

H(36A) 7605 2185 6974 86 

H(36B) 7749 2994 6712 86 

H(36C) 7273 3120 6916 86 

H(38A) 9583 11060 6908 46 

H(38B) 9639 11220 6525 46 

H(39) 9918 9496 6872 88 

H(40A) 10706 10092 6816 157 

H(40B) 10385 10870 7003 157 

H(40C) 10508 11036 6628 157 

H(41A) 9742 9036 6358 167 

H(41B) 10298 8932 6435 167 
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Table A.71, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for [Mo3Se7(Se2CNiBu2)3]I. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(41C) 10106 9827 6220 167 

H(42A) 8743 9691 6255 44 

H(42B) 9171 10376 6145 44 

H(43A) 8254 11044 6369 43 

H(44A) 9022 12289 6250 66 

H(44B) 8772 12123 6593 66 

H(44C) 8488 12649 6301 66 

H(45A) 8099 11520 5859 79 

H(45B) 8389 10527 5807 79 

H(45C) 8648 11559 5765 79 

H(43B) 9102 11720 6199 43 

H(44D) 8091 11319 6325 66 

H(44E) 8330 12380 6341 66 

H(44F) 8452 11589 6617 66 

H(45D) 8818 10614 5726 79 

H(45E) 8781 11778 5700 79 

H(45F) 8327 11152 5800 79 

H(47A) 5936 11821 8400 37 

H(47B) 6458 11467 8503 37 

H(48) 6135 9910 8650 45 

H(49A) 6282 11114 9052 77 

H(49B) 5849 10425 9152 77 

H(49C) 5748 11497 9011 77 

H(50A) 5243 10814 8526 80 

H(50B) 5302 9804 8719 80 

H(50C) 5447 9872 8345 80 

H(51A) 5538 10919 7923 36 

H(51B) 5906 10596 7651 36 

H(52A) 5786 12598 7885 40 

H(53A) 5571 12892 7323 72 

H(53B) 5229 12067 7466 72 

H(53C) 5663 11766 7239 72 

H(54A) 6479 11891 7421 85 

H(54B) 6620 12273 7778 85 

H(54C) 6411 13019 7512 85 

H(52B) 6349 11473 7529 40 

H(53D) 5674 11030 7226 72 

H(53E) 5880 12070 7119 72 

H(53F) 5417 12013 7340 72 

H(54D) 6141 13195 7550 85 
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Table A.71, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for [Mo3Se7(Se2CNiBu2)3]I. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(54E) 6431 12723 7849 85 

H(54F) 5872 12907 7877 85 

H(56A) 3974 7384 9585 42 

H(56B) 3774 8477 9605 42 

H(57) 4133 8672 10133 61 

H(58A) 4476 7385 10404 111 

H(58B) 4752 7530 10069 111 

H(58C) 4373 6666 10104 111 

H(59A) 3522 6993 10094 137 

H(59B) 3334 8094 10064 137 

H(59C) 3565 7715 10399 137 

H(60A) 4941 9541 9620 46 

H(60B) 4431 9705 9776 46 

H(61A) 4630 9880 9097 53 

H(62A) 4553 11549 9175 118 

H(62B) 4907 11175 9457 118 

H(62C) 4364 11403 9537 118 

H(63A) 3840 9421 9135 94 

H(63B) 3861 10553 9039 94 

H(63C) 3749 10240 9405 94 

H(61B) 3903 10084 9586 53 

H(62D) 4730 11299 9488 118 

H(62E) 4422 11265 9812 118 

H(62F) 4205 11745 9487 118 

H(63D) 4397 9659 9023 94 

H(63E) 4123 10681 8993 94 

H(63F) 3834 9701 9067 94 

H(65A) 5406 5389 7084 39 

H(65B) 5661 5956 6794 39 

H(66A) 6022 4521 7192 38 

H(67A) 6020 3563 6705 71 

H(67B) 5641 4361 6584 71 

H(67C) 5549 3747 6909 71 

H(68A) 6638 5452 6936 80 

H(68B) 6582 4469 6727 80 

H(68C) 6654 4412 7114 80 

H(66B) 6060 5602 6605 38 

H(67D) 6045 3960 6447 71 

H(67E) 5587 4653 6439 71 

H(67F) 5659 3881 6728 71 
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Table A.71, Cont’d. Hydrogen coordinates (x 104) and isotropic displacement parameters 

(Å2 x 103) for [Mo3Se7(Se2CNiBu2)3]I. 

________________________________________________________________________ 

H atom x y z U(eq) 

________________________________________________________________________ 

H(68D) 6645 4456 6748 80 

H(68E) 6646 5404 6977 80 

H(68F) 6622 5523 6589 80 

H(69A) 6387 6963 6945 39 

H(69B) 6321 7568 7274 39 

H(70) 5652 7530 6746 47 

H(71A) 6270 9094 6928 79 

H(71B) 5900 9117 6629 79 

H(71C) 6347 8396 6621 79 

H(72A) 5274 7802 7251 89 

H(72B) 5210 8701 7005 89 

H(72C) 5587 8769 7300 89 

H(74A) 8165 3837 9538 37 

H(74B) 7681 3410 9387 37 

H(75) 7256 3892 9838 63 

H(76A) 8092 2833 10028 117 

H(76B) 7633 2361 9856 117 

H(76C) 7600 2792 10217 117 

H(77A) 8091 4734 10108 115 

H(77B) 7603 4612 10297 115 

H(77C) 7630 5324 9989 115 

H(78A) 8316 5501 9557 40 

H(78B) 7952 6277 9403 40 

H(79) 8169 5786 8872 55 

H(80A) 8545 7125 9128 123 

H(80B) 8896 6604 8879 123 

H(80C) 8956 6420 9262 123 

H(81A) 8789 4748 8774 97 

H(81B) 8443 4171 9012 97 

H(81C) 8920 4657 9153 97 

 
 

 

 

 

 

 


