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Molten Salts as Reaction Media : the Nitration of Organic Compounds 
in Molten Nitrates 

By 13. I3. TEMPLE,* C. FAY, and J .  WILLIAMSON 
(Physical Chemistry Departnzent, Univei/sitv of Sydney, N.S. TV., Australia) 

MANY molten salts and their mixtures have physical 
properties that  suggest their possible use as reac- 
tion media for both inorganic and organic reactions, 
though little use has so far been made of them. 
This is surprising, since the results obtained' have 

results were obtained during a study of molten 
nitrate mixtures as media for organic reactions. 

The nitrate ion has a tendency to dissociate into 
nitronium and oxide ions, 

both fundamental and practical interest. Our NO,- * NO,+ + 0'- 
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hi1 t under normal conditions thc equilibrium 
concentration of XO,+ is very small indeed. It can 
bc increased by adding certain ions which combine 
with 02-, for example by adding S,O,,-, and the 
cquilibrium constant for the overall reaction 

so3- + S20,?- + 2SO42- + NO2+ 

IS \ w y  much larger than that for thc dissociation 
of the nitrate ion alone.2 Since 1-0,- is known to 
be the agcnt responsible for the nitration of organic 
sit bstances when nitric acid is it  seemed 
probable that nitrate melts containing S 2 0 , 2  - 
~vould also be capable of promoting organic nitra- 
tions. l ive  ha\-c now shown that this is true for 
s c \ ~ r ~ i l  organic s~ibstances.~ 

To reduce experimental difficulties and allow the 
grvstest \,ariation in reaction temperature, we have 
used a cutectic mixture of lithium, potassium, and 
sodium nitrates (mole ratios of Li : Na : I< -= 
30 : 16 : 54) which melts a t  120". This melt can be 
haritllccl in Pyrex apparatus and is dehydratctl 
simpl!- by pumping off the water vapour at a 
tcmpcra ture just above the melting point. A streani 
o f  dry oxygen-frce nitrogen was used as a carrier 
gas, thc flow-rate being monitored with a ball-and- 
tuhc flowmeter. The organic material was intro- 
duced into the nitrogen as vapour, and the combined 
vapours were then passed through thc melt, which 
was hcated electrically to a suitable temperature. 
Thc vapour from the rcaction vessel was cooled in 
two traps in scries, the first ininicrsed in ice, the 
second in liquid nitrogen. The condensate was 
drictl (Sa,SO,), and samples were then injected 

into a Shimadzu Model GC- 1C gas-liquid chroma- 
tograph. 

Twelve different starting materials wcre tried 
and nitration products \\ cre identified in a11 but 
three cases. These results are summarized in the 
Table. 

Although no effort was iriadc in these experi- 
inents to improve the yield of product, i t  is inter&- 
ing to quotc the percentagc yield obtained in tlie 
nitration of benzene by way of exaniplc. l'sing 
a melt consisting initially of 100 g. o f  nitrate 
mixture to which 6 g. of potassium pyrosulphatc 
had been added, 19 1111. of benzene were vaporiLed 
and passed into the melt. 13 ml. of product were 
condenscd in the traps, and 1.4 nil. was recovercd 
from the melt. G.1.c. analysis, using helium as 
the carrier gas, showed that the product contained 
70o/b nitrobenzene and 3006 unchanged benzene 
with no indication of the presence of di- or tri- 
nitrobenzenes. The yield of nitrobenzene was 
therefore approximately 60° i )  of the theoretical, 
calculated on the amount of benzene consumed. 
This is remarkably high, especially since the time of 
contact between the vapour and the iiielt had been 
very short, i .e.,  less than 2 seconds in all the cxperi- 
nients reported here. This short contact-time may 
possibly explain our failure to nitrate methane in 
the one experiment tried. On the other hand it 
seems probable that the failure is due to the esist- 
cnce of a different nitrating mechanism for ali- 
phatic compounds, one not involving KO,+. 

(Kccciced, A u g u s t  4tJi, 198T ; Cow. 834.) 

TABLE 
Pi~odi tc f s  obtuiiied fi.oiiz vnriozis ovgaizic mnferinls its? i ~ g  u t f v n f e  iireZf coutainitzg S,0z2- 

Reactant Tcmyerature Products (s) Iiemarks 
Renz enr 

C'hlorobenzenc 

Uromobenzene 

Uenzoic acid 
.hil ine 
Pyridinc 
Naphthalcnc 
nenzaldeh yde 
Methane 
Hexane 

250" 

300 7 

250" 

250" 

250" 

360' 
250" 
300" 
300" 
300' 
250" 
250" 

Nitrobenzene 

n z  -1Xnitrobenzcnc 
Mononitrotoluenes 

Mononitrochlorotoluencs 

Mononitrobroniotoluenes 

?ti-h'itrobenzoic acid 
-- 

3-Nitroy yridine 
1 -Nitronaphthalcnc 

__ 
1 -Sitrohexane 

S o  di- or tri-nitrobenzene detected on 
chromatogram. 
S o  tri-nitrobenzenc detected. 

.Xo/b o- 
42% P -  
47; nl- 

35Y" 0- 
63o/b p -  

2% 111- 

300,; 0- 

65% P -  
20,; m- 

So ortl io- or para-isomer detected. 
Oxidation products only. 
S o  2- or 4-nitroisonicr. 
Saphthalcne ignited ! 
Oxidation products only. 
No reaction. 
Hexanc ignited. 
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