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Abstract 

The stannous alkoxides [Sn(OR)2] [R = i-Pr, t-Bu, C(Et)Me2, CHPh2, CPh3] have been synthesised 

by reaction of Sn(NR'2)2 with two equivalents of HOR [R' = Me, R = i-Pr; R' = SiMe3,R = t-Bu, 

C(Et)Me2, CHPh2, CPh3]. Single crystal X-ray diffraction analysis of the bis(diphenylmethoxide) (4) 

and bis(triphenylmethoxide) (5) species have shown them to comprise three-coordinate Sn(II) 

centres through dimerisation in the solid state with the alkoxide units adopting transoid and cisoid 

configurations across the {Sn2O2} cores respectively. Thermogravimetric analysis indicates clean 

decomposition and some evidence of volatility at temperatures >200°C for all three aliphatic 

alkoxides, whereas both the diphenyl- and triphenylmethoxide compounds provide higher 

decomposition temperatures and, for the triphenylmethoxide derivative, a residual mass consistent 

with the formation of a carbon-containing residue. The previously reported iso-propoxide (1) and 

tert-butoxide (2) derivatives have been utilised in toluene solution to deposit SnO thin films by 

aerosol-assisted chemical vapour deposition (AACVD) on glass at temperatures between 300 and 

450°C. While SnO is deposited under hot wall conditions as the only identifiable phase by p-XRD 

and Raman spectroscopy for both precursors, morphological analysis by SEM reveals inferior 

substrate coverage in comparison to previously reported ureide-based precursor systems.   

 

Introduction 

Tin(II) alkoxides [Sn(OR)2] have been known for several decades and are one of the key entry points 

to more elaborate derivatives of tin in its lower common oxidation state.
1
As such, this family of 
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compounds has been the subject of numerous synthetic and structural studies, while in more recent 

years their utility in the field of materials chemistry has come to the fore. In the solid state, when R is 

of low steric demands (e.g R = Me, Et
2
) the compounds display only limited solubility and, while 

they remain structurally uncharacterised, are unquestionably polymeric in nature. Although still 

polymeric, stannous alkoxides with larger R groups (e.g R = CH2CMe3, i-Pr)
3
 display greater 

solubility, while more bulky organic substituents still lead to dimers (R = t-Bu
 4,5

, C(2-C4H3S)3 
6
) or 

monomers (R = C(t-Bu)3
7
, various 2,6-substituted phenyl ligands

8-12
). Monomeric species can also be 

generated by the addition of suitable donor ligands e.g. [Sn{OCH(CF3)2}2.Me2NH].
13 

From the perspective of materials chemistry, Sn(OR)2 species provide intriguing precursors for 

tin oxide as, in principle, they could generate either SnO (by oxidation-state control) or SnO2 (by 

precursor stoichiometry control). Indeed, previous deposition studies with tin(II) alkoxides have 

generated a variety of products depending on the constitution of the alkoxide ligand and the reaction 

conditions. Caulton and co-workers found that deposition using [Sn(Oi-Pr)2] (1) in low pressure 

CVD (LPCVD) experiments with no carrier gas resulted in the formation of tin metal at 295°C.
14

 The 

volatile products from the deposition process were found to contain only acetone and HO
i
Pr 

suggesting that no cleavage of the C-O bond required for SnO2 formation had occurred. Boyle et al. 

explored the use of [Sn(OCH2CMe3)2]∞ as a LPCVD precursor for tin oxide.
15

 Deposition was 

carried out on silicon wafers with the precursor vaporised at 130°C and with substrate temperatures 

between 315°C and 500°C to yield a mixed phase material of SnO, Sn2O3, SnO2 and Sn
0
. Although 

the relative ratios of the oxides were not determined, the authors did note that the tin metal content 

increased with temperature. A similar film composition was also obtained using the cage compounds 

[Sn5(O)2(OCH2CMe3)6] and [Sn6(O)4(OCH2CMe3)4], obtained by hydrolysis of 

[Sn(OCH2CMe3)2].
15,16

 The deposition of mixed-phase films is consistent with the known thermal 

disproportionation of [Sn(Ot-Bu)2] (2) to Sn
0
 and [Sn(Ot-Bu)4], generating core-shell SnO2@Sn

17,18
 

and of SnO itself to Sn
0
 + SnO2 at temperatures >300C.

19-21
 The key feature to emerge from this 

collective research (and our recent work cited below) is the importance of deposition temperature 

and precursor identity in determining the final materials composition.
21,22 
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Our interest in this general area stems for the growing importance of SnO as a p-type transparent 

conducting oxide (TCO), which complements the widely-exploited n-type SnO2.
1,23

 SnO is a wide 

bandgap semiconductor (2.7 - 3.4 eV) which has attracted interest as an anode material in 

rechargeable lithium-ion batteries,
24

 but perhaps has greater promise as a component of all-tin oxide 

p-n heterojunctions.
25,26

 Although CVD precursors for phase pure homogeneous SnO remain rare, we 

have recently reported the viability of species such as [Sn(OSiMe3)2] (aerosol-assisted CVD; 

AACVD), [Sn6(O)4(OSiMe3)4] (liquid-injection CVD, LICVD)
27

 and the bis-ureide 

[Sn{N(Bu
t
)C(O)NMe2}2] (AACVD)

28
 in this regard. We now report on the structural and materials 

chemistry of Sn(OR)2 [R = i-Pr (1), t-Bu (2), C(Et)Me2 (3), CHPh2 (4), CPh3 (5)] which 

complements and extends previous work in this area. 

 

Results and Discussion 

[Sn(OR)2] [R = i-Pr (1), t-Bu (2), C(Et)Me2 (3), CHPh2 (4), CPh3 (5)] were synthesised by reaction 

of Sn(NR'2)2 with two equivalents of HOR [R' = Me, R = i-Pr; R' = SiMe3, R = t-Bu, C(Et)Me2, 

CHPh2, CPh3] (Eq. 1). The preparation of 1 and 2 has previously been achieved by protonolysis of 

[Sn{N(SiMe3)2}2] with i-PrOH and t-BuOH respectively.
3-5

 Compounds 1, 2, 4 and 5 were isolated 

as colourless crystalline solids from toluene or hexane solutions, whereas compound 3 was isolated 

as an analytically pure pale yellow oil after removal of volatiles from the reaction. 
 

 

The solid-state structure of compound 4 was deduced from a single crystal X-ray diffraction analysis 

(Table 1), the results of which are shown in Figure 1. Compound 4 adopts a centrosymmetric dimeric 

structure reminiscent of that previously deduced for [Sn(Ot-Bu)2]2 (2) with terminal and 
2
-bridging 

tert-butoxide ligands.
7
 Like 5, the {Sn2O2} heterocycle is effectively planar with the organic residues 

oriented with a relative transoid disposition such that the steric interactions between the 

stereochemically active Sn(II) lone pairs are minimised.  
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Figure 1: ORTEP representation of compound 4. Thermal ellipsoids set at 25% probability. 

Hydrogen atoms, except those attached to C(1) and C(2) are removed for clarity. Selected bond 

lengths (Å) and angles (°): Sn(1)-O(1) 2.015(3), Sn(1)-O(2) 2.163(3), Sn(1)-O(2') 2.128(3), O(1)-

C(1) 1.427(6), O(2)-C(2) 1.441(5), O(1)-Sn(1)-O(2) 84.95(14), O(1)-Sn(1)-O(2') 86.85(13), Sn(1)-

O(2)-Sn(1') 107.95(12). Symmetry transformations used to generate equivalent atoms: ' -x+1,-y+2,-

z+1.  

 

Although the triphenylmethoxide derivative (5) is a similarly dimeric species (Figure 2), like the 

previously reported tris(2-thienyl)methoxide derivative,
6
 the terminal alkoxide ligands of 5 adopt a 

cisoid orientation. Although this contrasting feature may simply reflect the differing relative steric 

demands of the alkoxide ligands, we tentatively suggest that the adoption of the transoid orientation 

in 5 may also be a consequence of the higher potential for stabilising dispersion interactions between 

the aromatic hydrocarbon substituents across the {Sn2O2} ring.
29
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Figure 2: ORTEP representation of compound 5. Thermal ellipsoids set at 40 % probability. 

Hydrogen atoms and THF molecules which co-crystallise have been removed for clarity. Selected 

bond lengths (Å) and angles (°): Sn(1)-O(1) 2.049(2), Sn(1)-O(2) 2.2324(19), Sn(1)-O(4) 

2.1854(19), Sn(2)-O(2) 2.1890(19), Sn(2)-O(3) 2.045(2), Sn(2)-O(4) 2.2135(19), O(1)-C(1) 

1.422(3), O(2)-C(2) 1.464(3), O(3)-C(3) 1.426(3), O(4)-C(4) 1.447(3), O(1)-Sn(1)-O(2) 90.02(8), 

O(1)-Sn(1)-O(4) 88.62(8), O(2)-Sn(1)-O(4) 73.76(7), O(2)-Sn(2)-O(3) 90.27(8), O(2)-Sn(2)-O(4) 

74.07(7), O(3)-Sn(2)-O(4) 91.02(8), Sn(1)-O(4)-Sn(2) 106.43(8), Sn(1)-O(2)-Sn(2) 105.65(8).  

 

Compounds 1 and 2 provided solution NMR data consistent with those reported previously.
3-5

 

Although a  polymeric chain structure with doubly bridging isopropoxide ligands in the solid state, 

NMR diffusion measurements have shown that compound 1 exists predominantly as a dimer in 

toluene solution.
3b

 The 
119

Sn{
1
H}

 
chemical shift of compound 3 ( 99.0 ppm) in d8-toluene is 

comparable to that reported for [Sn(Ot-Bu)2]2
 
(2) ( 93.6 ppm),

7
 which has previously been 

assigned as maintaining a dimeric structure in solution. Although 4 and 5 were obtained as 

analytically pure crystalline solids and yielded 
1
H and 

13
C{

1
H} NMR data which were consistent 

with the presence of single alkoxide ligand environments, the 
119

Sn
 
NMR spectra of both compounds 

in d8-THF comprised two resonances (4,  181.1, 262.5 ppm: 5, 243.7, 328.2 ppm). While the 
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intensity of the higher frequency signal of 4 was insignificant in comparison to its higher field 

partner, the resonances observed for compound 5 were of a comparable intensity. 
119

Sn diffusion 

NMR (DOSY) experiments performed on the solution of compound 5 indicated that the molecules 

giving rise to both environments were diffusing at comparable rates and hence defined similar 

molecular radii. These data and the similarity of the 
119

Sn chemical shifts to that reported for 

compound 1 ( = 200.4 ppm) lead us to suggest that both compounds also display a similar dimeric 

constitution in THF solution.
3b

 The 
119

Sn{
1
H} spectrum of compound 5 did not change on heating to 

323 K, however, only the higher field resonance could be observed on lowering the temperature to 

183 K. Although 
119

Sn magnetisation transfer and EXSY experiments implied that the two 

environments were not undergoing chemical exchange, we suggest that these observations are an 

artefact of slow solution exchange between two isomeric forms of 5, which cannot be discriminated 

as a result of the very rapid relaxation of the 
119

Sn nucleus (T1 = ca. 1  10
-3

 s). On this basis, we 

postulate that both compounds 4 and 5 adopt similar 
2
-alkoxo bridged dimeric structures in 

solution, both of which can exist as a pair of conformational isomers differentiated by a slow 

interchange between the transoid or cisoid disposition of the bridging substituents with respect to the 

{Sn2O2} plane. The potential for such isomerism is confirmed by the contrasting solid-state structures 

of the two compounds.  

Thermogravimetric analysis (TGA) of compound 5 was indicative of negligible volatility 

and provided a residual mass (ca. 30.2%) significantly in excess of that expected for SnO (21.1%) or 

SnO2 (23.6%). Although compound 4 provided a mass loss indicative of significant volatility (ca. 

18.3%), the temperature required to effect a stable residue (>450 C) was significantly in excess of 

that displayed by all three of the aliphatic alkoxide derivatives (1 - 3, Figure 3). The latter 

compounds exhibited similar thermal profiles and lost mass as a function of temperature at a similar 

rate. Compounds 1 and 3 displayed secondary mass loss events at around 20%, in both cases below 

the residual mass expected for tin metal. The ultimate residual masses for all three compounds are 

also similar, with 1 and 2 having nearly identical residues of 2.0 and 1.5% respectively. Although the 
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residual mass for compound 3 was slightly higher at 5.0%, these data indicate that all three 

compounds exhibit some volatility at elevated temperatures. 

 

Figure 3: Comparison of TGA curves for compounds 1 - 3. 

 

Thin film deposition was carried out on silica-coated glass substrates (Pilkington-NSG) using the 

most readily handled stannous alkoxide derivatives, compounds 1 and 2, under AACVD conditions 

using 0.03M solutions in toluene. The resultant films deposited using 1 at 250°C were adherent 

(Scotch tape test) and light brown in colour, while an increase of the deposition temperature to 

300°C resulted in a stronger brown colouration at the expense of increased haze and a powdery 

composition. An increase of the deposition temperature to 350°C worsened the haze and increased 

the powdery nature of the film surface while further films prepared at 400°C were also hazy and 

powdery with some visibly metallic patches. The films were consequently deemed too inconsistent 

for meaningful optical or electrical analysis.  Attempted deposition using a similar toluene solution 

of 2 showed no evidence of film growth at 300°C and only limited evidence of deposition at 350°C. 

Films grown at 400°C and 450°C, however, were visually much thicker and had a dark brown hue, 

with some sections looking metallic. The yellow-brown colour of these films were similar to that 
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observed for the films deposited using the tin(II) ureide, [Sn{(t-BuN)C(O)(NMe2)}2],
28

 and would 

suggest that the films grown were predominately tin monoxide.  

The EDS spectra of all these films contained signals corresponding to tin and oxygen as expected 

alongside additional peaks for silicon, magnesium and potassium, all components in glass. No carbon 

or nitrogen contamination could be detected in the deposited films within the detection limits of the 

instrument (<1%). 

The powder X-ray diffraction (p-XRD) patterns of films grown using 1 at three different 

substrate temperatures are shown in Figure 4. The material grown shows crystalline phases at 300-

400°C which correspond to SnO as the sole crystalline material present. These films show a greater 

degree of orientation than those deposited using 2 (vide infra) with the main diffraction lines 

corresponding to the (111), (200) and (112) planes. The substrate temperature does not seem to have 

a significant influence on the relative intensity of the diffraction peaks although the deposition 

carried out at 400°C provided the most intense diffraction maxima. 

 

 

Figure 4: p-XRD patterns for samples grown on glass at varying deposition temperatures using 

precursor 1. 

 

The Raman spectrum for a sample grown on glass using 1 at 400°C is shown in Figure 5 and 

contains two vibrations (109, 209 cm
-1

) corresponding to the B1g and A1g modes observed in SnO.
30

 

This endorses the single-phase SnO deposition evident in the p-XRD analysis. Although the 
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deposition at 250°C provided no Raman active vibrations, the yellow colouration suggested some 

film growth which could be too thin to be detectable by vibrational spectroscopy. Thin films 

deposited at 300°C and 350°C, however, provided Raman spectra comparable to that shown in 

Figure 5 with limited change in intensity of the observed vibrations.  

 

Figure 5: Raman spectrum of SnO sample grown at 400°C on glass using compound 1. 

 

p-XRD analysis of films grown at different substrate temperatures using compound 2 are shown in 

Figure 6. The materials grown comprise crystalline phases at substrate temperatures in excess of 

400°C, with the diffraction maxima assigned to tetragonal SnO (P4/mmm). Notably, the p-XRD 

patterns show no evidence of crystalline SnO2 or tin metal present in the films and have a random 

orientation. While the deposition carried out at 350°C provided no diffraction maxima, the Raman 

spectrum of the film deposited at this temperature displayed diagnostic B1g and A1g modes (109, 219 

cm
-1

)
 
corresponding to SnO growth. A similar analysis of the substrate after attempted deposition at 

300°C, however, displayed no Raman active modes, consistent with the observation of no visual film 

growth at this temperature. 
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Figure 6: p-XRD patterns for samples grown on glass at varying deposition temperatures using 

compound 2. 

Figure 7a/b illustrates scanning electron micrographs of the surfaces of a typical SnO film deposited 

using 1 at 350°C. The low magnification image shows an apparently uniform film covered with a 

secondary material that has a different morphology (Figure 7a) while the high magnification (Figure 

7b) reveals that the islands of material comprise of smaller spherical particles which are 

approximately 20-30 nm in diameter. These observations are most likely indicative of a mixture of 

both surface-mediated film growth and gas phase particulate nucleation and diffusion to the substrate 

surface. Notably, the crystallite size for films grown using 1 at 350°C derived from the XRD traces 

(101 reflection) using the Scherrer equation
31

 ranged from 22 nm to 31 nm. The surface of the film 

deposited at 400°C using 2 was found to be discontinuous (Figure 7c). The material deposited has a 

unique morphology comprising 1-3 μm long cuboids (Figure 7d), each of which were observed to be 

made up of 100 nm spherical particles, giving the overall appearance of nano-"rice krispy cakes". 

Although these results indicate that both compounds 1 and 2 provide viable levels of Sn(II) oxidation 

state control for the formation of SnO, in neither case was the coverage and conformality of the 

resultant films comparable to those resulting from our earlier use of the bis-ureide derivative, [Sn{(t-
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Bu)C(O)(NMe2)2}2].
28

 In this latter case the films were found to consist of uniform tightly packed 

platelets, more typical of SnO films deposited by physical and evaporative techniques.
32

 

 

Figure 7: SEM micrographs of SnO grown at 350°C on glass using compound 1 at (a) 3,300  and 

(b) 40,000  magnification; SEM micrographs of SnO grown at 400°C on glass using compound 2 at 

(c) 11,000  and (d) 35.000  magnification.  

 

Conclusions 

Aerosol-assisted CVD using the tin(II) alkoxide compounds 1 and 2 resulted in the exclusive growth 

of SnO thin films on glass substrates. The deposition temperature was found to be affected by the 

identity of the precursor, with 1 showing growth at temperatures above 300°C while growth from 2 

required temperatures exceeding 350°C. The morphology of the deposited films was found to vary 

depending on the precursor. While deposition carried out using 2 resulted in the formation of micron-

sized cuboid particles comprised of smaller (ca. 100 nm) spherical units, thin films deposited using 1 
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comprised smaller (<30 nm) particles but were found to be discontinuous and inferior to the films 

produced by our previously described bis-ureide precursor system.
28

  

  

Experimental 

All reactions were carried out under an argon atmosphere using standard Schlenk line and glovebox 

techniques in an MBraun Labmaster glovebox at O2, H2O < 2.5 ppm.  NMR experiments using air-

sensitive compounds were conducted in J. Youngs tap NMR tubes prepared and sealed in a glovebox 

under argon. NMR spectra were recorded either on a Bruker AV-400 spectrometer at 100.6 MHz 

(
13

C) and 149.2 MHz (
119

Sn), a Bruker AV-300 at 75.5 MHz (
13

C), spectrometer or a Bruker AV-250 

spectrometer at 62.9 MHz (
13

C). The 
1
H

 
and 

13
C NMR

 
spectra were referenced relative to residual 

solvent resonances while the 
119

Sn NMR spectra were referenced relative to an external standard 

(Me4Sn). Unless otherwise stated data quoted were recorded at 298 K. Elemental analysis was 

performed by Mr. Stephen Boyer at SACS, London Metropolitan University. Solvents for air- and 

moisture-sensitive reactions were provided by an Innovative Technology Solvent Purification 

System, or dried/degassed manually according to established laboratory procedures. [Sn(NMe2)2]2, 

[Sn{N(SiMe3)2}2]2, [Sn(OPr-i)2] (1) and [Sn(OBu-t)2]2 (2) were prepared by literature methods.
33-35, 

3,4,5 

TGA analysis of the complexes was performed at SAFC Hitech, Bromborough, UK, using a 

Shimadzu TGA-51 Thermogravimetric Analyser. Data points were collected every second at a ramp 

rate of 20 °C min
−1

 in a flowing (50 ml min−1) N2 stream. FE-SEM analysis of the films was 

undertaken on a JEOL 6301F. EDX analysis was performed using a JEOL 6480 LV SEM 

microscope. Powder XRD of the films was performed on a Bruker D8 Advance powder 

diffractometer, using a Cu anode X-ray source (Kα wavelength = 1.5406 Å) at the University of 

Bath.  

 

Synthesis 

Compound 3: A solution of [Sn{N(SiMe3)2}2]2 (3.1 g, 3.5 mmol)  in THF (20 mL) was added to 2-

methyl-2-butanol (1.2 g, 14 mmol) and left to stir for 20min. The solvent was removed in vacuo to 
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provide compound 3 as pale yellow oil in effective stoichiometric yield. Analysis, found [calc. for 

C11H24SnO2] C 42.90 (43.03)%, H 7.56 (7.88)%. 
1
H NMR (300 MHz, d8-tol); δ 0.99-1.04 (t, 3H, 

CH2CH3, 
3
J  = 7.5Hz), 1.36 (s, 6H, C(CH3)2, 1.57-1.68 (quartet, 2H, CH2CH3, 

3
J = 7.5 Hz). 

13
C{

1
H} 

NMR (75.5 MHz, d8-tol); δ 28.6, 31.8, 33.8, 73.2. 
119

Sn{
1
H} NMR (111.8 MHz, d8-tol); δ 99.0. 

Compound 4: A solution of [Sn{N(SiMe3)2}2]2 (1.76 g, 4 mmol) in tolune (20 mL) was added to a 

solution of diphenyl methanol (1.47 g, 8 mmol) in toluene (20 mL) and stirred for 3 hours. The 

solution was filtered through Celite® and the volume reduced to afford colourless crystals of 

compound 2 at -28 
o
C. (0.86g, 44%). Analysis, found [calc. for C26H22O2Sn]: C 64.28 (64.37)%, H 

4.63 (4.57)%. 
1
H NMR (300 MHz, d8-THF); δ 6.09 (s, 2H, CH), δ 7.10-7.26 (br m, 12H, CHAr), δ 

7.31-7.45 (br m, 8H, CHAr). 
13

C NMR (75.5 MHz, d8-THF); δ 78.76 (s, 2C, CH), δ 128.03 (br s, 16C, 

o/m-CHAr), δ 129.33 (s, 4C, p-CHAr), δ 147.52 (br s, 4C, ipso-CAr); 
119

Sn NMR (111.8 MHz, d8-

THF); δ 181.1 (minor), 262.5 (major). 

Compound 5: A solution of [Sn{N(SiMe3)2}2]2 (1.76 g, 4 mmol) in THF (20 mL) was added to a 

solution of triphenyl methanol (2.08 g, 8 mmol) in THF (20mL) and stirred for 3h. The solution was 

filtered through Celite® and the volume reduced to afford colourless crystals of compound 3 at 28
o 

C. (2.18g, 86%). Analysis, found [calc. for C38H30O2Sn]: C 71.75 (71.61)%, H 4.82 (4.74)%. 
1
H 

NMR (300 MHz, d8-THF); δ 7.0-7.4 (m, 30H, C6H5). 
13

C NMR (75.5 MHz, d8-THF); δ 127.6, 128.8, 

148.1 (C6H5). 
119

Sn NMR (111.8 MHz, d8-THF); δ -243.71, -328.19. Slow crystallisation from THF 

yielded crystals suitable for X-ray diffraction studies which contained one molecule of solvent. 

 

Single Crystal X-ray Crystallography 

Data for compound 4 (CCDC 1508117) were collected on a Xcalibur E X-ray Diffraction System 

while data for 5 (CCDC 1487174) were collected on a Nonius Kappa CCD diffractometer at 150(2) 

K using Mo-Kα radiation (λ = 0.71073 Å). Structure solution and refinement was performed using 

SHELX86
36

 and SHELX97
37

 software, respectively. Data were processed using the Nonius 

Software.
38

 Structure solution,
39 

followed by full-matrix least squares refinement was performed 
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using the WINGX-1.80 suite of programs throughout.
40 

Hydrogen atoms were included at calculated 

positions. Details are given in Table 1.  

Table 1: Crystallographic data for compounds 4 and 5. 

 4 5 

Molecular formula C52H44O4Sn2 C84H76O4Sn2 

Formula weight (g mol
-1

) 970.25 1418.83 

Crystal system triclinic monoclinic 

Space group P -1 P 21/c 

a (Å) 9.7376(7) 12.49000(10) 

b (Å) 10.0924(6) 13.0510(2) 

c (Å) 12.1457(9) 40.6560(5) 

 (deg) 77.187(6) 90 

 (deg) 68.707(7) 92.1630(10) 

 (deg) 87.128(6) 90 

V (Å
3
) 1083.84(14) 6622.49(14) 

Z 1 4 

μ (mm
-1

) 1.197 0.811 

 (g cm
-3

) 1.487 1.423 

θ range (
o
) 3.384 to 27.507 2.95 to 27.51 

R1,
a
 wR2 [I > 2σ(I)]

b 
0.0512, 0.1206 0.0403, 0.0743 

R1,
a
 wR2 (all data)

b 
0.0676, 0.1317 0.0626, 0.0808 

Measured/independent reflections/ Rint 8636/ 4970/ 0.0283 88285/ 15167/ 0.0721 

a
 R1=Σ ||F

o
|-|F

c
||/Σ|F

o
|; 

b
 wR

2 ={Σ[w(F
o

2
 - F

c

2
)

2
] /Σ[w(F

o

2
)

2
]}

1/2
 

Materials Chemistry 

Thin films were deposited using a hot wall system comprised of a TSI 3076 Constant Output 

Atomiser using argon at 20 psi to generate the aerosol and act as carrier gas. The aerosol was passed 

through a quartz tube containing the glass substrate, heated by an Elite thermal Systems Ltd tube 

furnace. Details are given in Table 2. 

Table 2: AACVD deposition details. 

Precursor 1 2 

Precursor concentration 0.03M toluene 0.03M toluene 
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Substrate temperature 250-400 °C 300-450 °C 

Carrier gas flow rate 3.0 L/min 3.0 L/min 

Deposition time 30 minutes 30-60 minutes 
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