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Dimethyl sulfoxide as manufactured by Gaylord Chemical, is a water-white almost odorless liquid, boiling at 
189°C. and melting at above 18.2° C. It is relatively stable and easy to recover, miscible in all proportions with 
water and most common organic solvents and has a low order of toxicity. 
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INTRODUCTION 

 
 
 
Dimethyl sulfoxide or DMSO is a highly polar, high boiling, aprotic, water miscible, hygroscopic organic liquid. It is essentially odorless, 
water white and has a low order of toxicity. 
Chemically, DMSO is stable above 100° C in alkaline, acidic or neutral conditions. Prolonged refluxing at atmospheric pressure will 
cause slow decomposition of DMSO. If this occurs, it can be readily detected by the odor of trace amounts of methyl mercaptan and 
bis(methylthio)methane. The rate of decomposition is a timetemperature function that can be accelerated by the addition of acids and 
retarded by some bases. 
DMSO is a versatile and powerful solvent that will dissolve most aromatic and unsaturated hydrocarbons, organic nitrogen 
compounds, organo-sulfur compounds and many inorganic salts. It is miscible with most of the common organic solvents such as 
alcohols, esters, ketones, lower ethers, chlorinated solvents and aromatics. However, saturated aliphatic hydrocarbons are virtually 
insoluble in DMSO. 
As a reaction solvent, DMSO is valuable for displacement, elimination, and condensation reactions involving anions. In DMSO, the 
rates of these reactions are often increased by several orders of magnitude. In free radical polymerizations, higher average molecular 
weights have been reported when DMSO was used as the reaction solvent. 
The dominant characteristics of DMSO most important in its usefulness as a reaction solvent are its high polarity, its essentially 
aprotic nature, and its solvating ability toward cations. The high dipole moment of the sulfur-oxygen bond (4.3) and the high dielectric 
constant (approx. 48) for bulk DMSO suggest the solvating properties and ability to disperse charged solutes. DMSO is not a 
hydrogen donor in hydrogen bonding and poorly solvates anions except by dipolar association to polarizable anions. The hydrogen 
atoms of DMSO are quite inert, although they are replaceable under sufficiently severe conditions (bulk pKa = 35.1). The oxygen of 
DMSO is somewhat basic and participates strongly as a hydrogen bond acceptor. DMSO forms isolatable salts with several strong 
acids. 
Owing to its chemical and physical properties, DMSO can be efficiently recovered from aqueous solutions. Commercial users of 
DMSO employ a variety of processing schemes in their recovery systems. All of these are based on evaporation or fractional 
distillation because of simplicity of design and operation. Unlike some other solvents, DMSO can be easily separated from water by 
distillation in substantially pure form. For example, DMSO containing less that 500 ppm water can be recovered from a solution 
containing 50 weight percent water with only 15 column plates at a reflux ratio of 1:1. 
Dimethyl sulfoxide occurs widely in nature at levels of 3 ppm or less. It has been found in spearmint oil, corn, barley, malt, alfalfa, 

beets, cabbage, cucumber, oats, onions, swiss chard, tomatoes, raspberries, beer, coffee, milk and tea. DMSO is a common 
constituent of natural waters. It has been identified in seawater in the zone of light penetration where it may represent an end product 
of algal metabolism. Its occurrence in rainwater may result from oxidation of atmospheric dimethyl sulfide which in turn occurs as part 
of the natural transfer of sulfur of biological origin. 
No attempt has been made in this bulletin to present a complete literature survey of all the uses of DMSO as a reaction solvent, 
solvent, or reactant. A few carefully chosen references have been selected to illustrate the most important areas of DMSO chemistry. 
For persons wishing to learn more about DMSO as a reaction solvent, ir any other information in this bulletin, please write or call: 

 
 
 
 
 
 
 

 

 
 

 
P.O. Box 1209 

Slidell, LA  70459-1201 
(985) 649-5464
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PART I. PROPERTIES OF DMSO 

TABLE I. Physical Properties of DMSO 
               
  Reference 

Molecular Weight 78.13  

Boiling Point at 760 mm Hg 189 °C (372°F) (342) 

Freezing point 18.45°C (65.4°F) (342) 

Molal  freezing point constant, °C/(mol)(kg) 4.07 (2151) 

Refractive index nD25 1.4768 (581) 

Surface tension at 20°C 43.53 dynes/cm (2223) 

Vapor pressure, at 25°C 0.600 mmHg (372) 

Density, g/cm3, at 25°C 1.099 (581) 

Viscosity, cP, at 25°C 2.0 (see Figs. 3 & 4) (581) 

Specific heat at 29.5°C 0.47+/- 0.015 cal/g/°C (3215) 

Heat capacity (liq.), 25°C 0.47 cal/g/°C (2900) 

Heat capacity (ideal gas) Cp(T°K)=6.94+5.6x10 ï2T-0.227x10-4T2 (353) 

Heat of fusion 41.3 cal/g (232) 

Heat of vaporization at 70°C 11.3 kcal/mol (260 BTU/lb)  

Heat of solution in water at 25°C -54 cal/g, @ ¤ dilution  (3215) 

Heat of combustion 6054 cal/g; (473 kcal/mole) (342) 

Flash point (open cup) 95°C (203°F)  

Auto ignition temperature in air 300-302°C (572-575°F)  

Flammability limits in air 
                     lower (100°C)     

 
3-3.5% by volume 

 

                     upper    42-63% by volume  

Coefficient of expansion 0.00088/°C (342) 

Dielectric constant, 10MHz 48.9 (20°C) (342) 

 45.5 (40°C)  

Solubility parameter Dispersion 9.0 (8070) 

 Polar 8.0  

 H-bonding 5.0  

Dipole moment, D 4.3 (342) 

Conductivity, 20°C 3x108(ohm ï1cm-1) (342) 

                      80°C 7x108(ohm ï1cm-1)  

PKa 35.1 (10411) 

 
Thermal and Chemical Stability of DMSO 

As shown in Figure 5, DMSO is highly stable at temperatures below 150° C. For example, holding DMSO at 150° C for 24 hours, one 
could expect a loss of between 0.1 and 1.0%. Retention times even in batch stills are usually considerably less than this, and 
therefore, losses would be correspondingly less.. It has been reported that only 3.7% of volatile materials are produced during 72 
hours at the boiling point (189° C) of DMSO (1). Slightly more decomposition, however, can be expected with the industrial grade 
material. Thus, about 5% DMSO decomposes at reflux after 24 hours (3921). Almost half of the weight of the volatile materials is 
paraformaldehyde. Dimethyl sulfide, dimethyl disulfide, bis(methylthio)methane and water are other volatile products. A small amount 
of dimethyl sulfone can also be found. The following sequence of reactions explains the formation of these decomposition 
products (1): 
 
 
 
 
 
 
 
 
 
DMSO is remarkably stable in the presence of most neutral or 
basic salts and bases (3922). When samples of DMSO (300g) are 

H3CSOCH3 H3CSH + HCHO (HCHO)x

2H3CSH + HCHO (H3CS)2CH2 + H2O

2H3CSH + CH3SOCH3 H3CSSCH3 + H3CSCH3 + H2O

2H3CSOCH3 H3CSO2CH3 + H2CSCH3

H3C
S

CH3

O
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refluxed for 24 hours with 100g each of sodium hydroxide, sodium carbonate, sodium chloride, sodium cyanide, sodium acetate and 
sodium sulfate, little or no decomposition takes place in most cases. The results are shown in Table II below (3922): 

 
 

  
 
 
 

FREEZING POINT CURVES FOR DMSO-WATER SOLUTIONS 
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TABLE II 

Results of Reflux of DMSO for 24 Hours with Various Compounds 
 

Compound (1008) 
in 300 g DMSO 

Reflux 
Temp.,° C. 

DMSO Recovered 
% of Original 

DMS
(a)

 % of Decomposition Products, M Md 

DMDS
(b)

 BMTM
(c)

 HCHO 

NaOH 185-140e 93.7 63 31    
Na2CO3 190 96.3  14    

NaCI 190 98.7  15    

NaCN 148-164f 100.0      

NaOAc 182-187 97.0 22 33 8 20  

Na2SO4 181-148g 85.4 66    11 

     DMSO only 189 98.0 15 30 30   

 
 
(a) Dimethyl sulfide 
(b) Dimethyl disulfide 
 (c) Bis(methylthio)methane  
 (d) Methyl mercaptan 
(e) Reflux temp. decreased from 185°C to 140°C over the first 16 hours. 
(f) Reflux temp. was 148°C for 20 hours; increased to 164° C during the last 4 hours. 
(g) Reflux temp. decreased gradually from 181°C to 148° C. 
DMSO does not seem to be hydrolyzed by water and very little decomposition of DMSO takes place when it is heated under reflux for 
periods of 5 to 16 hours. The following tests, shown in Table III, have been performed: 1)10 parts DMSO + 1 part water, 2) 60 parts DMSO 
+ 5 parts water + 1 part sodium hydroxide, 3) 60 parts DMSO + 12 parts water + 1 part sodium bicarbonate, 4) DMSO alone (3922): 
 
 
 

TABLE III 

Refluxing of DMSO and Mixtures For Shorter Periods 
Composition of Sample, 

Parts 
10 DMSO:1 H2O 

Reflux 
     Time,°C. 

152 

Time 
  Hr. 

 5 

DMSO 
  100 

Organic Product Composition, BMTM 
0 DMS 

0 
DMDS 
0 

  15 99.7 0.15 0 0.15 

60 DMSO:5 H2O:1 NaOH 155 5 99.8 0.1 0.1 0 

  8 99.3 0.6 0.1 0 

60 DMSO:12 H2O:1 NaHCO3 131 6 99.9 0.1 0 0 

  12 99.8 0.2 0 0 

DMSO only 191 5 99.8 0.1 0.1 0 

  9 99.1 0.2 0.2 0.5 

  16 99.0 0.2 0.2 0.6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DMSO is also stable in the presence of concentrated sulfuric or hydrochloric acid at 100° C for up to 120 minutes of heating at atmospheric 
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pressure. Phosphoric acid causes more rapid decomposition of DMSO than does sulfuric or hydrochloric acid. Detected decomposition 
products are dimethyl sulfide, dimethyl disulfide, and, in smaller quantity, formaldehyde. The results are shown in Table IV (3920): 

 
 
   TABLE IV 

Effect of Heating DMSO with Concentrated Acids - (200g DMSO with 20g of concn. acid) 
 
 

Acid Conc. Temp., 
° C. 

Time, 
Min. 

DMSO Left, 
% 

% of 
Decomposition Products 

H2SO4 36N 100 15 99 DMS
(a)

 

100 

DMDS
(b)

 HCHO 

   30 99 100   

   120 98 100   

H2SO4 36N 125 - 15 86 7 93  

   150 86 7 93  
   210 80 10 90  

H3 P04 85% 100 15 92 25 75  

   30 89 45 55  

   45 89 45 55  

   60 87 46 54  

   120 87 46 54  

   150 86 50 50 some 

H3 P04 85% 125 15 84 25 75  

   60 82 33 67  

   150 82 33 67  

HCI 12N 95 15 99 100   

   30 99 100   

   60 99 100   

   120 98 100   

HCI 12N 115 15 93 100   

   30 92 100   

   45 87 100   
   60 87 100   

   120 87 100  some 

(a) Dimethyl Sulfide  
(b) Dimethyl Disulfide 
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