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The concentration of dimethyl sulfide (DMS) in seven 

different samples of research grade dimethyl sulfoxide 

(DMSO), including one deuterated sample, was measured by 

GC-MS. The average concentration of DMS is 0.48 ±±±± 0.14 

mM (range: 0.44 – 0.55 mM) and ca. 0.35 mM in DMSO-d6. 

The presence of DMS in DMSO is potentially problematic for 

compounds that are susceptible to reaction with DMS and are 

present at µM-mM concentrations. Standard methods of 

purification of DMSO were unsuccessful in removing DMS.  

 
 
Dimethyl sulfoxide (DMSO) is an aprotic, polar solvent that is 

widely used in chemistry and biology. It dissolves hydrophobic and 
hydrophilic solutes,1-4 is used as a cryoprotectant for biological 
samples,5 and is a component in drug delivery.6 Researchers have 
taken advantage of the miscibility of DMSO with water, organic 
solvents, and ionic liquids (IL) to solubilize polymers and enhance 
reaction chemistry. For example, recent reports describe the 
beneficial effects of a DMSO:IL co-solvent as a green solvent for 
hydrolysis of cellulose;7 and a DMSO:water co-solvent to promote 
thiol-disulfide dynamic combinatorial chemistry.8 DMSO can also 
participate in reactions. Some examples include: playing an essential 
role as a ligand for transition metal catalysts,9, 10 an oxidant for the 
oxidation of thiols or alcohols,11, 12 and a participant in the oxidation 
of gold phosphine complexes.13 

We have employed DMSO as a solvent in our kinetic studies of 
the influence of solvent dielectric on metal thiolate-disulfide 
exchange reactions.14-16 Our interest lies in comparing metal-
mediated thiolate-disulfide exchange to metal-free thiol-disulfide 
exchange, the latter of which proceeds at a slower rate in high 
dielectric solvents, such as water or DMSO, than in low dielectric 

solvents such as THF or CH2Cl2.
17 Since the metal thiolate 

complexes and disulfides employed in our kinetic studies are not 
water-soluble, DMSO was selected as a solvent with a high 
dielectric constant (ε =  46.45)1 for these studies. During the course 
of kinetic investigations, we observed that addition of bis(4-
nitrophenyl)disulfide to DMSO, in the absence of any metal thiolate, 
formed a pale red solution with an absorbance near 500 nm.      
Bis(4-nitrophenyl)disulfide is isolated as a pale yellow solid after 
recrystallization from boiling n-butanol. When the disulfide is 
dissolved in solvents such as CH2Cl2, CH3CN, acetone, or THF, the 
solution does not turn red (i.e. there is no absorbance at 500 nm). We 
suspected that the species responsible for the color in solutions of 
DMSO was 4-nitrophenylthiolate because addition of base (NEt3) to 
a DMSO solution of 4-nitrophenylthiol produced a similar red 
solution with λmax = 502 nm.18 Over the course of time, we observed 
that when bis(4-nitrophenyl)disulfide is dissolved in a variety of 
DMSO solvents obtained from different commercial suppliers, a 
similar red color was produced. Thus, we hypothesized that an 
impurity in DMSO reacts with the disulfide to form 4-
nitrophenylthiolate. DMSO is an odorless solvent, however a faint 
odor of sulfide can often be detected even in samples of high purity 
DMSO (anhydrous, >99.9%, etc.). Since the manufacturing process 
typically involves oxidation of dimethyl sulfide (DMS), we 
considered the possibility that our DMSO solvents contained trace 
amounts of DMS.  

We report UV-Vis and GC-MS experiments that confirm the 
presence of DMS in DMSO samples and provide estimates for the 
concentration of DMS in seven different samples of high purity 
DMSO, including a deuterated sample. Further we have found that 
commonly used methods for purifying DMSO do not, in our hands, 
completely remove DMS. Our findings are significant for chemists 
and biologists who use DMSO as a solvent, in particular for dilute 
solutions (millimolar or less) in which the solutes may be sensitive to 
reaction with sulfides. 
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UV-vis Experiments. Figure 1A shows the visible spectrum of 
a red solution prepared by dissolving bis(4-nitrophenyl)disulfide in 
DMSO (20 mM). The peak at 502 nm, which is assigned as 4-
nitrophenylthiolate,18 photobleaches in room light and disappears 
over the course of several minutes (Fig. 1B). Addition of an aliquot 
of neat DMS (≈50 µL in 2 mL) to the photobleached solution 
regenerates the peak at 502 nm (Fig. 1C). Exposure of this solution 
to room light again bleaches the color (Fig. 1D). These findings are 
consistent with the hypothesis that DMS reduces bis(4-
nitrophenyl)disulfide to 4-nitrophenylthiolate, which is responsible 
for the red solution.  

Figure 1. UV-vis spectra of 4-nitrophenylthiolate generated by 
dissolving bis(4-nitrophenyl)disulfide in DMSO. A. 20 mM bis(4-
nitrophenyl)disulfide prepared in the dark, B. after exposure of 
solution A to room light, C. after addition of neat DMS to solution 
B, D. after exposure of solution C to room light 
 

The photobleaching demonstrated in Figure 1 suggests that the 
reaction producing 4-nitrophenylthiolate is reversed by exposure to 
room light. This result is consistent with a literature report of the 
photo-oxidative coupling of 4-nitrophenylthiol to bis(4-
nitrophenyl)disulfide in THF/water solvent mixtures.19 The yield for 
disulfide is highest using a wavelength of light at which the thiolate 
strongly absorbs (λmax = 455 nm in THF/water) and the reaction 
requires the presence of thiol and thiolate. 

DMSO is a useful solvent for the oxidation of thiols (RSH) to 
disulfides (eq. 1). The reaction is typically carried out at elevated 
temperatures (80 – 100 °C), with aliphatic thiols requiring a higher 
temperature than aromatic thiols. The reaction mechanism is 
proposed to proceed via nucleophilic attack of thiolate on protonated 
DMSO to yield disulfide, DMS and water.11 Use of chromatographic 
neutral alumina as a catalyst for DMSO-promoted oxidation of thiols 
has also been reported.20  

 
2 RSH + (CH3)2SO  ⇄  RSSR + (CH3)2S  + H2O (1) 

 
 The reverse of the reaction shown in eq 1. suggests that in the 
presence of water, DMS may be capable of reducing bis(4-
nitrophenyl)disulfide to 4-nitrophenylthiol. Further, since 4-
nitrophenylthiol is mildly acidic (pKa = 5.5 in DMSO solution21) we 
expect the thiolate to be stabilized in DMSO. This sequence is 
summarized by equations 2 and 3 (where R = 4-nitrophenyl).  

  
RSSR + (CH3)2S  + H2O  ⇄		2 RSH + (CH3)2SO   (2) 
 
    RSH    ⇄   RS-   + H+  (3) 
 

GC-MS Experiments. Quantitative analysis using GC-MS was 
carried out to determine the amount of DMS in seven different 
samples of DMSO. A standard bracket method was developed, using 
calibration standards of DMS in dioxane with pentane as internal 
standard, as described in Electronic Supplementary Information 
(ESI). Samples were purchased from five different chemical 
suppliers and included a variety of research grades: ACS reagent, 
anhydrous, HPLC, high purity (≥99.99%), and one deuterated 
solvent, DMSO-d6 (chemical purity ≥ 99.5%). All the sample bottles 
were newly opened just prior to testing. According to our results, the 
average DMS concentration in the nondeuterated DMSO samples is 
0.48 ± 0.14 mM and the deuterated sample of DMSO contains ca. 
0.35 mM.  

This concentration of DMS is especially significant when the 
concentration of solutes, which are sensitive toward reaction with 
DMS, are millimolar or less. For example, in 1H NMR kinetic 
exchange studies on metal thiolate complexes and bis(4-
nitrophenyl)disulfide at concentrations in the 1-4 mM range, the 
presence of DMS represented 12-48% of the reactant concentrations 
and significantly complicated kinetic analysis. Further, attempts to 
employ UV-vis spectroscopy to monitor reaction rates at 
concentrations in the 25-50 µM range,15 have proven unreliable 
because the amount of DMS present in DMSO represents a 10 to 20-
fold excess of the reactant disulfide of interest.    

Purification Trials. Attempts to remove DMS from DMSO by 
using standard purification procedures were unsuccessful in our 
hands.22, 23 These attempts included storing samples of DMSO over 
CaH2, alumina, anhydrous MgSO4, or 4Å molecular sieves for two 
weeks, either in a N2-filled dry box or exposed to air; passing DMSO 
down columns of alumina (acidic and basic) or silica; and distillation 
of DMSO (at 80°C) under reduced pressure. The various methods 
for purifying DMSO were qualitatively evaluated by adding several 
milligrams of recrystallized bis(4-nitrophenyl)disulfide to an aliquot 
of DMSO (details regarding purification of disulfide are provide in 
ESI). In each of the attempts described above, a pink color appeared 
(λmax = 502 nm), which was interpreted as failure to remove all 
traces of DMS from DMSO.  

Since the reaction of DMS and disulfide to form DMSO and 
thiolate is a redox reaction, we reasoned that electrochemical 
oxidation might also remove DMS from DMSO. Oxidation of DMS 
to DMSO is reported to occur in the potential range of 0.8-1.1 V, 
while oxidation of DMSO to DMSO2 occurs at more positive 
potentials (ca. 1.6-1.7 V).24-26 Bulk electrolysis was carried out at 
0.7-0.9 V in a two-compartment electrochemical cell on 15 mL of 
DMSO solution containing 0.1M Bu4NPF6 as the electrolyte (Pt 
working and auxiliary electrodes; Ag wire reference). Electrolysis 
was judged to be complete (after about 2 hours) when addition of 
bis(4-nitrophenyl)disulfide to the electrolyzed solution did not 
produce a pink color.27 Thus it appears that DMS can be removed by 
electrolysis; however, this process is not ideal as a purification 
method since it requires long times to purify small volumes, and it 
also necessitates adding electrolyte, which is counterproductive to 
producing a higher purity sample of DMSO. 

Disproportionation. The presence of DMS in a variety of 
samples of DMSO led us to consider the possibility that 
disproportionation of DMSO might be contributing to the source of 
DMS (equation 4). Disproportionation of DMSO is catalyzed by UV  

 
2 (CH3)2SO   ⇄     (CH3)2S   +    (CH3)2SO2          (4) 

 
light,28 or occurs at elevated temperatures for extended periods of 
time (>150°C for 24 hr.).29 Using National Bureau of Standards 
thermodynamic parameters, Wood estimated that the 
disproportionation of DMSO is favorable (∆G° = -98 kJ mol-1).30 Ab 
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initio calculations using B3LYP/6-31G* theory and basis set in 
Gaussian 09,31 also indicate a similar finding, i.e. ∆G° = -57 kJ mol-1 
in the gas phase (ε=0) and ∆G° = -58 kJ mol-1 in DMSO (ε=46.83). 
While calculations indicate that disproportionation of DMSO is 
thermodynamically favorable, the relatively low concentration of 
DMS in a variety of samples of DMSO suggests that it is not 
kinetically favorable. The presence of DMS may be a consequence 
of the DMSO manufacturing process. However a longer-term study 
to monitor the shelf life of DMSO may be needed to shed light on 
the issue of disproportionation. 

 

Conclusions 
The GC-MS analysis shows that samples of research grade 

DMSO from a variety of commercial suppliers contain trace 
amounts of DMS. UV-vis studies in solutions of bis(4-
nitrophenyl)disulfide are consistent with presence of DMS in DMSO 
samples. The average concentration of DMS (0.48 ± 0.14 mM) 
found in DMSO is potentially problematic for reactants that are 
susceptible to reaction with DMS and are present at µM-mM 
concentrations. Standard methods of purification of DMSO were 
unsuccessful, in our hands, in removing all traces of DMS.  
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