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a b s t r a c t 

The tetra-alkylammonium tetrathioantimonate(V) salts, [NR 4 ] 3 [SbS 4 ] (R = Me, Et, n- Pr, n- Bu), have been 

prepared in basic solution from aqueous [NR 4 ]OH, sulfur and Sb 2 S 3 , and characterised by microanaly- 

sis, IR, Raman, 1 H and 121 Sb NMR spectroscopy. The crystal structure of [N( n- Bu) 4 ] 3 [SbS 4 ] ·6H 2 O shows 

the presence of the tetrahedral [SbS 4 ] 
3 − anion (disordered over two sites), and also connected through 

an H-bonding network with the lattice water molecules. The alkylammonium salts are soluble in water 

and, with the exception of [NMe 4 ] 3 [SbS 4 ], are also soluble in weakly polar organic solvents, including 

halocarbons and MeCN. Solubility increases with the R group Me < Et < n- Pr < n- Bu, making the [N( n- 

Bu) 4 ) 3 [SbS 4 ] a convenient reagent to explore coordination chemistry or materials applications for which 

water as the solvent is not suitable. [N( n- Bu) 4 ] 3 [Sb(S 2 O 3 ) 3 ] ·2THF, the first thiosulfate complex of a p-block 

element, was produced by slow decomposition of [N( n- Bu) 4 ] 3 [SbS 4 ] in THF solution in the presence of the 

[NH( n -Bu) 3 ]Cl (as a source of H 

+ ), confirming the instability of the [SbS 4 ] 
3 − anion in acidic media, and 

the crystal structure of [N( n- Bu) 4 ] 3 [Sb(S 2 O 3 ) 3 ] ·2THF shows a trigonal antiprismatic coordination geometry 

with a S 3 O 3 donor set at the antimony(III) centre in the anion. 

© 2023 The Author(s). Published by Elsevier B.V. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

The complex anions of the heavier p -block elements of 

roups 15 and 16 have attracted interest as ligands for transition 

etals and synthons for semi-conductor materials [ 1 , 2 ]. One 

f the best known is the tetrathioantimonate ion, [SbS 4 ] 
3 −, 

hich is usually met as the sodium salt, Na 3 [SbS 4 ] �9H 2 O 

Schlippe’s salt) [ 3 , 4 ]. The heavier alkali metal salts are also

nown, and all contain the tetrahedral [SbS 4 ] 
3 −, viz K 3 [SbS 4 ] [5] ,

 3 [SbS 4 ] �4 ·5H 2 O [6] , Rb 3 [SbS 4 ] [7] and Cs 3 [SbS 4 ] [8] . Examples of

oordination complexes include, [{Mn(bipy) 2 } 2 ( μ-SbS 4 )][ClO 4 ] [9] , 

Co 3 (SbS 4 ) 2 ([14]aneN 4 ) 3 ] ·2CH 3 CN ·2H 2 O ([14]aneN 4 = 1,4,8,11- 

etraazacyclotetradecane) [10] , and [Zn 3 (SbS 4 )([14]aneN 4 ) 3 ] 

SbS 4 ) ·2CH 3 CN ·2H 2 O [11] , made from the transition metal cation

nd Na 3 [SbS 4 ] in water or aqueous MeCN. Antimony sulfides, 

ncluding Schlippe’s salt and Sb 2 S 3 , the latter an important V-VI 

emi-conductor material, have also attracted much recent atten- 

ion for application in electronics, for example in Na-ion batteries 
∗ Corresponding author. 

E-mail address: G.Reid@soton.ac.uk (G. Reid) . 
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nd solar cells, not least because they contain elements that are 

oth earth-abundant and have relatively low toxicities [ 2 , 12 , 13 ].

e have recently demonstrated anodic electrodeposition of amor- 

hous Sb 2 S 3 from Na 3 [SbS 4 ] �9H 2 O in an aqueous sodium citrate 

lectrolyte [14] . These Sb 2 S 3 films can be crystallised by annealing 

n a sulfur-rich atmosphere and were shown to display interesting 

olid-state RRAM (resistive random-access memory) characteristics 

14] . 

Most of the reported synthetic approaches to form metal com- 

lexes incorporating [SbS 4 ] 
3 − as a ligand have, of necessity, used 

ater or highly polar organic solvents, such as 1,2-diaminoethane, 

ince the sodium tetrathioantimonate(V) salt is very poorly soluble 

n most organic media. However, many transition metal complexes 

re decomposed by water and hence there is interest in exploring 

he preparation and properties of other salts of [SbS 4 ] 
3 − that can 

e used in organic media. 

Here we report the synthesis and properties of several new 

etra-alkylammonium tetrathioantimonate salts, which are soluble 

n low polarity solvents, such as halocarbons and nitriles. Crys- 

al structures of [N( n- Bu) 4 ] 3 [SbS 4 ] �6H 2 O and a by-product, [N( n-

u) 4 ] 3 [Sb(S 2 O 3 ) 3 ] ·2THF are also described. 
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. Experimental 

.1. Reagents and methods 

Tetralkylammonium hydroxides, sulfur and Sb 2 S 3 were obtained 

rom Sigma-Aldrich and used as received. CH 2 Cl 2 and MeCN were 

ried by distillation from CaH 2 and THF from Na-benzophenone 

etyl and were stored over activated molecular sieves. NMR sol- 

ents were also stored over 4 Å sieves. 

IR spectra were recorded as Nujol mulls between CsI plates us- 

ng a Perkin Elmer Spectrum 100 spectrometer over the range of 

0 0 0–20 0 cm 

−1 . Raman spectra on both solids and solutions were

btained using a Renishaw InVia confocal Raman microscope cou- 

led with a 785 nm laser diode, with a rated power of 500 mW. 

MR spectra were recorded using a Bruker AVII 400 spectrometer. 
 H NMR spectra were referenced to residual solvent resonances, 

nd 

121 Sb NMR spectra to [N( n -Bu) 4 ][SbCl 6 ]. Microanalytical mea- 

urements were performed by London Metropolitan University. 

.2. X-Ray crystallography 

Single crystals were grown as described in the Discus- 

ion section. Data collections used a Rigaku AFC12 goniometer 

quipped with an enhanced sensitivity (HG) Saturn724 + detec- 

or mounted at the window of an FR- E + SuperBright molybde- 

um ( λ = 0.71073 Å) rotating anode generator with HF Vari- 

ax optics (100 μm focus) with the crystal held at 100 K, or a 

igaku UG2 goniometer equipped with a Rigaku hybrid pixel ar- 

ay detector (Hypix 60 0 0 HE detector) mounted at the window 

f an FR- E + SuperBright molybdenum ( λ = 0.71073 Å). Struc- 

ure refinements were performed with either SHELX(S/L)97 or 

HELX(S/L)2013 through Olex225 [15] and were mostly straight- 

orward, with H atoms bonded to C atoms placed in calculated 

ositions using default C 

–H distances and refined using a riding 

odel. CCDC reference numbers for the crystallographic informa- 

ion files in cif format are: 2221883 ([N( n -Bu) 4 ] 3 [Sb(S 2 O 3 ) 3 ] ·2THF)

nd 2221884 ([N( n -Bu) 4 ] 3 [SbS 4 ] ·6H 2 O) 

.3. Synthesis of [NMe 4 ] 3 [SbS 4 ] 

A round bottom flask was charged with [NMe 4 ]OH 

4.83 g, 53.0 mmol), Sb 2 S 3 (1.0 g, 3.00 mmol) and sulfur 

0.56 g,18.0 mmol). To this, 100 mL of distilled water was 

dded and the mixture was refluxed for 2 h. The resulting solution 

as filtered and the solvent was removed in vacuo to afford a 

ellow solid, which was washed with water (1 × 20 mL), i -PrOH 

3 × 20 mL) and diethyl ether (3 × 20 mL), before the solid was 

ried in vacuo . Yield 2.51 g (90%). Required for C 12 H 36 N 3 S 4 Sb

472.40): C, 30.2; H, 7.7; N, 8.9. Found: C, 30.1; H, 7.8; N, 8.7%.

R (Nujol/cm 

−1 ): ν = 385 s (Sb-S). Raman (cm 

−1 ): ν = 382, 365 

Sb-S). 1 H NMR (D 2 O, 298 K): δ = 3.16 (s, Me). 121 Sb NMR (D 2 O,

98 K): δ = 1033. 

.4. Synthesis of [NEt 4 ] 3 [SbS 4 ] 

A round bottom flask was charged with Sb 2 S 3 (1.00 g, 

.00 mmol) and sulfur (0.560 g,18.0 mmol). To this 10 mL of water 

as added, followed by 12.4 g of [NEt 4 ]OH in a 35% w/w solution

n water. This mixture was stirred under reflux for 16 h, before the 

olution was filtered to remove particulates and the solvent was 

emoved in vacuo to afford a yellow solid. This was dissolved in 

:1 H 2 O:THF and filtered and the solvent was then removed in 

acuo. The resultant solid was washed with hexane (3 × 10 mL) 

nd dried in vacuo . Yield 2.84 g (75%). Required for C 24 H 60 N 3 S 4 Sb

640.70): C, 45.0; H, 9.4; N, 6.6. Found: C, 44.6; H, 8.8; N, 6.4. IR
2 
Nujol/cm 

−1 ): ν = 386 s (Sb-S). Raman (cm 

−1 ): ν = 384, 357 (Sb- 

). 1 H NMR (D 2 O, 298 K): δ = 1.11 (tt, 3 J HH = 7.30, J NH = 2.00 Hz,

3H], Me) 3.10 (d, 3 J HH = 7.30, [2H], CH 2 ). 
121 Sb NMR (D 2 O, 298 K):

= 1035. 

.5. Synthesis of [N( n -Pr) 4 ] 3 [SbS 4 ] 

A round bottom flask was charged with Sb 2 S 3 (1.00 g, 

.00 mmol) and sulfur (0.560 g, 18.0 mmol). To this, 10 mL of wa- 

er was added and then 29 mL of a 1 M solution of [N( n- Pr) 4 ]OH

as added. The mixture was then refluxed for 8 h, before partic- 

lates were removed by filtration and the filtrate taken to dryness 

n vacuo . The oily solid was then stirred with CH 2 Cl 2 (50 mL) un-

er anhydrous conditions, the solvent was then removed in vacuo 

o yield an orange solid which was dried. Yield: 1.49 g (31%). Re- 

uired for C 36 H 84 N 3 S 4 Sb (809.01): C, 53.4; H, 10.5; N, 5.2. Found:

, 53.1; H, 10.2; N, 5.2. IR (Nujol/cm 

−1 ): ν = 382. Raman (cm 

−1 ):

82 (Sb-S). 1 H NMR (D 2 O, 298 K): δ = 0.79 (t, 3 J HH = 7.30 Hz,

12H], Me), 1.52 (m, [8H], CH 2 ), 3.00 (m, [8H], CH 2 ). 
121 Sb NMR

D 2 O, 298 K): δ = 1035. 

.6. Synthesis of [N( n -Bu) 4 ] 3 [SbS 4 ] 

A round bottom flask was charged with Sb 2 S 3 (0.500 g, 

.47 mmol) and sulfur (0.283 g, 8.84 mmol). To this, 10 mL of dis- 

illed water was added, followed by [N( n- Bu) 4 ]OH (10.5 g) as a 40%

/w solution, causing the solution to turn red. The mixture was 

efluxed for 2 h, leading to clear dark yellow solution, which was 

ltered to remove unreacted starting material. The filtrate was con- 

entrated to dryness and THF (100 mL) was added, resulting in an 

range/yellow solution and a white precipitate. The precipitate was 

emoved by filtration and the filtrate was concentrated to ca . 5 mL 

nd stored at −18 °C for three days. This led to the growth of light

ellow crystals, which were collected by filtration and washed with 

exane (3 × 10 mL), dried in vacuo and stored at −18 °C. Yield: 

.62 g (56%) Required for C 48 H 108 N 3 S 4 Sb (977.31): C, 59.0; H, 11.1;

, 4.3. Found: C, 58.8; H, 11.0; N, 4.2. IR (Nujol/cm 

−1 ): ν = 385 m

Sb-S). Raman (cm 

−1 ): ν = 379, 365 (Sb-S). 1 H NMR (D 2 O, 298 K):

= 1.00 (t, 3 J HH = 7.3 Hz, [12H], Me), 1.40 (m, [8H], CH 2 ), 1.65 (m,

8H], CH 2 ), 3.20, (m, [8H], CH 2 ). 
121 Sb NMR (D 2 O, 298 K): δ = 1035.

. Results and discussion 

Initially, the alkali-metal tetrathioantimonate(V) salts M 3 [SbS 4 ] 

 M = Na, K, Rb, Cs) [4–8] were prepared by literature routes from 

b 2 S 3 , S and MOH in aqueous solution. For convenience, details are 

iven in the Supplementary Information along with the key spectro- 

copic data ( Table 2 ). In order to test whether these salts could be

sed for the synthesis of coordination complexes in organic me- 

ia or for non-aqueous electrodeposition of Sb 2 S 3 , their solubilities 

ere tested. While they were all found to be easily soluble in H 2 O,

hey were very poorly soluble in common organic solvents such as 

H 2 Cl 2 and MeCN and were decomposed by alcoholic solvents. To 

vercome this problem, salts with different counter cations were 

ynthesised. [NR 4 ] 
+ cations are usually good candidates for sol- 

bilising inorganic anions in solvents such as CH 2 Cl 2 [16] . Tetra- 

lkylammonium salts of [SbS 4 ] 
3 − have not been reported in the 

iterature, and therefore synthetic routes were explored. Cation 

etathesis is commonly used to synthesise alkylammonium salts 

f thiometallates ( e.g. [MoS 4 ] 
2 − or [WS 4 ] 

2 −) [17] , but in the thioan-

imonate systems, attempts at metathesis led to decomposition of 

he anion. However, it was found that replacing the alkali metal 

ydroxides in the original synthesis with alkylammonium hydrox- 

des, allowed the direct formation of pure [NR 4 ] 3 [SbS 4 ] ( R = Me,

t, n- Pr, n- Bu) salts in good yield ( Scheme 1 ). They are anhydrous

s prepared after drying in high vacuo, but readily take up water 
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Table 1 

Crystallographic parameters a . 

Compound [N( n- Bu) 4 ] 3 [SbS 4 ] ·6H 2 O [N( n- Bu) 4 ] 3 [Sb(S 2 O 3 ) 3 ] ·2THF 

Formula SbS 4 O 6 N 3 H 120 C 48 SbS 6 O 11 N 3 H 136 C 56 

M. Wt. 1085.53 1329.68 

Crystal System cubic monoclinic 

Space Group (No) Pa-3 (205) P2 1 (4) 

a/ Å 23.4660(10) 13.09156(12) 

b/ Å 23.4660(10) 16.35499(17) 

c/ Å 23.4660(10) 16.72949(6) 

α/ ° 90 90 

β/ ° 90 94.5028(9) 

γ / ° 90 90 

U/ Å 3 12,922.95(17) 3567.93(6) 

Z 8 2 

μ(Mo-K α)/ mm 

−1 0.596 0.613 

F(000) 4736 1432 

Total No Reflns 253,282 114,347 

R int 0.058 0.035 

Unique Reflns 7617 24,509 

No of parameters 

Restraints 

223 

1 

674 

67 

GOF 1.155 1.050 

R 1 , wR 2 [ I > 2 σ (I)] b 0.065, 0.157 0.048, 0.123 

R 1 , wR 2 (all data) 0.095, 0.182 0.053, 0.127 

a common items: T = 100 K; wavelength (Mo-K α ) = 0.71073 Å; θ (max) = 27.5 ◦;. 
b R 1 = 
||F o | − |F c ||/ 
|F o |; wR 2 = [ 
w(F o 

2 − F c 
2 ) 2 / 
wF o 

4 ] 1/2 . 

Table 2 

Comparative spectroscopic data. 

Compound 

IR ν(Sb-S) / 

cm 

−1 

Raman ν(Sb-S) / 

cm 

−1 

δ( 121 Sb) in D 2 O / 

ppm 

Na 3 [SbS 4 ].9H 2 O 390 378, 363 1033 

K 3 [SbS 4 ] 382 382, 370 1034 

Rb 3 [SbS 4 ] 385 387, 370 1033 

Cs 3 [SbS 4 ] 392 395, 383, 368 1033 

[NMe 4 ] 3 [SbS 4 ] 385 382, 365 1033 

[NEt 4 ] 3 [SbS 4 ] 386 384, 357 1035 

[N(n-Pr) 4 ] 3 [SbS 4 ] 382 382 1035 

[N(n-Bu) 4 ] 3 [SbS 4 ] 385 379, 365 1035 

Scheme 1. Method for the preparation of the tetraalkylammonium tetrathioanti- 

monate salts. 
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Fig. 1. 121 Sb NMR spectrum of [N( n- Bu) 4 ] 3 [SbS 4 ] in D 2 O at 298 K. 

Fig. 2. View of the structure of the [SbS 4 ] 
3 − anion disordered over two sites with 

the sulfur atoms associated with Sb1 in yellow (66% occupancy) and those associ- 

ated with Sb2 in blue (33% occupancy). Selected bond lengths ( ̊A) and angles ( °) are: 

Sb1–S1 = 2.3251(9), Sb1–S2 = 2.3619(17), Sb2–S3 = 2.327(2), Sb2–S4 = 2.366(4), 

S1–Sb1–S1 = 110.91(2), S1–Sb1–S2 = 107.99(3), S3–Sb1–S3 = 111.03(6), S3–Sb1–

S4 = 107.87(6). Symmetry operations: ( ½+ z , ½-x, 1-y), ( ½-y, 1-z, ½+ x ). 
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evidence by their IR spectra), which can also be removed by fur- 

her drying. The tetraalkylammonium salts are all soluble in water. 

The tetraalkylammonium salts all have a peak characteristic of 

he [SbS 4 ] 
3 − anion in their IR spectra at 380–386 cm 

−1 , which 

an be assigned to the T 2 Sb-S stretching mode. The Raman spec- 

ra typically show two bands assigned as the T 2 and A 1 modes 

18] ( Table 2 ). 

The salts were also studied by 121 Sb NMR spectroscopy. 121 Sb 

as a natural abundance of 57.3% with � = 23.93 MHz, and a re- 

eptivity of 520 relative to 13 C. It has a nuclear spin of 5/2 and a

ignificant quadrupole moment ( −0.53 × 10 −28 m 

2 ), which means 

hat resonances will only be observable in high symmetry envi- 

onments. In lower symmetry environments, the non-zero electric 

eld gradients present result in very fast relaxation and loss of the 

esonance [ 19 , 20 ]. The cubic (T d ) symmetry of the [SbS 4 ] 
3 − anion

resent in aqueous solutions of the alkali metal and tetraalkylam- 

onium salts produces a broad resonance at δ ∼ 1034 in each case 

 Fig. 1 ). 

Curiously, the [NR 4 ] 3 [SbS 4 ] ( R = Et, n- Pr, n- Bu) failed to exhibit
21 Sb NMR spectra from solutions in CD 2 Cl 2 although their solubil- 

ties are high. The probable explanation of this anomaly is that in 

eakly polar media some cation-anion association (ion-pairing) is 

resent, and this causes a sufficient electric field gradient at the 
3 
ntimony nucleus to cause fast relaxation and loss of the reso- 

ance. 

Crystals of [N n- Bu 4 ] 3 [SbS 4 ] were grown from a saturated THF 

olution of the compound stored at −18 °C. The compound crys- 

allised as the hexahydrate, [N( n- Bu) 4 ] 3 [SbS 4 ] ·6H 2 O due to incor-

oration of adventitious water. The anions in the structure are dis- 

rdered over two independent positions with both tetrahedra in- 

erpenetrating ( Fig. 2 ). The sites are occupied in a 1:2 ratio. Each 

f the [SbS 4 ] 
3 − anions is surrounded by six H 2 O molecules forming 

 hydrogen bonded network around the unit ( Fig. 3 ), forming an 

8-membered ring, including three sulfurs from the anion; three 

ater molecules also interact with the remaining sulfur. It seems 

hat (adventitious) water is needed to grow crystals suitable for X- 

ay diffraction, but the powder initially formed was confirmed to 

e anhydrous (evidenced by IR spectroscopy and elemental anal- 

sis) and this can be reformed by drying these crystals in vacuo . 

he antimony-sulfur bond lengths, d(Sb-S), are similar to those re- 

orted before for this anion ( ∼ 2.33 Å) and the S-Sb-S angles are 

lso similar to those reported ( ∼ 109.23 °) [ 2 , 5 , 8 ]. 
Each of these [SbS 4 ] 

3 − units is encapsulated in an octahedron 

f [N( n- Bu) 4 ] 
+ cations ( Fig. 4a ), these octahedra are connected in

 vertex-sharing fashion with a void at the centre of eight of these 

nits remaining empty ( Fig. 4b ). 
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Fig. 3. View of the hydrogen bonding network involving the [SbS 4 ] 
3 − anion (Sb1) 

in [N(n-Bu) 4 ] 3 [SbS 4 ] ·6H 2 O. 
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Fig. 5. The structure of the anion in [N( n -Bu) 4 ] 3 [Sb(S 2 SO 3 ) 3 ] �2THF showing the 

atom labelling scheme. The ellipsoids are drawn at the 50% probability level 

and H atoms, THF molecules, and cations are omitted for clarity. Selected bond 

lengths ( ̊A) and angles ( °) are: Sb1–S1 = 2.4654(10), Sb1–S3 = 2.4535(10), Sb1–

S5 = 2.4521(10), Sb1 ���O1 = 2.709(3), Sb1 ���O5 = 2.818(3), Sb1 ���O8 = 2.913(4), 

S1–Sb1–S3 = 92.08(4), S3–Sb1–S5 = 90.89(4), S5–Sb1–S1 = 92.35(4). 
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With several new tetraalkylammonium salts in hand, further 

olubility tests were undertaken. [NMe 4 ] 3 [SbS 4 ] has similar solu- 

ility to the alkali metal salts, in that it is not soluble in non-

lcoholic organic solvents. However, the longer chain alkylammo- 

ium salts were found to be soluble in a variety of organic sol- 

ents, including CH 2 Cl 2 and MeCN. Unsurprisingly, the tetrabuty- 

ammonium salt is soluble in the widest range of organic solvents, 

ven including THF, in which none of the other salts had any ap- 

reciable solubility. Hence, this salt is expected to be the best can- 

idate as a synthon for coordination chemistry. 

Given the need for basic conditions during the syntheses, and 

he known instability of the alkali metal salts to acid, we were in- 

erested to establish if a solution of [N( n- Bu) 4 ] 3 [SbS 4 ] and [NH( n-

u) 3 ]Cl in THF (source of H 

+ ) would be stable. A mixture of [N( n-

u) 4 ] 3 [SbS 4 ] and [NH( n- Bu) 3 ]Cl in THF was allowed to stand for ∼
 days at −18 °C, producing a few crystals of an Sb(III) reduction 

roduct, identified as the antimony(III) thiosulfate complex, [N( n- 

u) 4 ] 3 [S b (S 2 O 3 ) 3 ] ·2THF ( Fig. 5 ) from its single crystal X-ray struc-

ure. The (S 2 O 3 ) 
2 − presumably results from a sequence of hydroly- 

is and oxidation reactions. This unexpected homoleptic thiosulfate 

omplex is the first such complex with a p-block Lewis acid. 
ig. 4. (a) The [SbS 4 ] 
3 − anions inside a octahedron of [N( n- Bu) 4 ] 

+ cations (carbon chai

ashed lines show the edges of the octahedron, not an interaction) (b) The unit cell of cry

0.25, 0.25, 0.25) and the 7 other related points. With the central void at (0.5, 0.5, 0.5). 

4 
In the [Sb(S 2 O 3 ) 3 ] 
3 − trianion, the thiosulfate ligands are primar- 

ly bound through the terminal sulfur atoms; the Sb-S bond dis- 

ances are longer than those in [SbS 4 ] 
3 −. There are also three long 

b ���O interactions, the oxygens involved in these interactions are 

n the opposite face to the sulfurs completing a trigonal antipris- 

atic geometry. 

. Conclusions 

A convenient synthesis for a new series of [NR 4 ] 3 [SbS 4 ] 

 R = Me, Et, n- Pr, n- Bu) salts, and their characterisation by 

MR and vibrational spectroscopy and, for R = n- Bu, by a sin- 

le crystal X-ray structure analysis, are described. Aside from the 

Me N] + salt, they are soluble in a range of weakly coordinat- 
4 

n truncated at the first carbon and H atoms and H 2 O omitted for clarity; purple 

stal showing the void space in the unit cell; the SbS 4 trianions are centred around 
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ng, low polarity organic solvents, which may enable the synthesis 

f tetrathioantimonate(V) complexes with a wider range of tran- 

ition metal and organometallic species beyond the small num- 

er of examples that is known at present, and especially where 

he metal species are intolerant of water. Like their alkali metal 

ounterparts, the alkylammonium salts are somewhat reactive in 

cidic media. The unusual antimony(III) thiosulfate reduction prod- 

ct, [N( n- Bu) 4 ] 3 [Sb(S 2 O 3 ) 3 ] ·2THF, has been identified by its X-ray

rystal structure . 
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