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One of the authors of the present paper found2 by way of thermal analysis that 

D -mannitol hexanitrate /iJZN/ and meso-erythritol tetrenitrate /ETN/ can form addition 

complexe with some aromatic compounds. This was later confirmed by one of his co-workers3. 

It was believed that they were charge transfer complexes and it was expected that nitric 

acid esters are electron acceptors. 

,The nature of the complexes naw has been studied by spectroscopic techniques and tetra- 

methyl-p-phenylenediamine /T?&PD/ was used as electron donor because of its low ioniza- 

tion potential /6.5 eV/. A number of mono-, di-, tri-, tetra- and hexa-O-nitro compounds 

were examined /Table l/. 

Table 1 

!.iolar ratio Absorption 

Kitric esters 
Eitric es- - 
ter : TklPD 

L620 
Concentration Thick- 
of components ness 

mol/l cm 

n-3utyl nitrate 3:l 0.100 0.1 1 

set-Butyl-nitrate 3:l 0.158 0.1 1 

ter-;utyl nitrate 3:l 0.530 0.1 1 

,thylene elycol dinitrate 3:l 0.410 0.1 1 

Glycerol trinitrate jl?itroglycerine,NC/ 1:l 0.272 0.10 1 

pentaerythritol trinitrate I:1 0.260 0.22 1 

meso-erythritol tetranitrate /ETE/ 1:l 0.540 0.01 1 

ientaerythritol tetranitrate /PETN/ 1:l 0.100 0.02 1 

D -:,,annitol hexenitrate /ionr/ 1:2 0.499 0.002 0.2 

D -5orbitol hexanitrate I:2 0.468 0.002 0.2 

Dulcitol hexanitrate 1:2 0.455 0.002 0.2 

myo-Inositol hexanitrate 1:2 0.530 0.002 0.2 
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Formation of the donor-cation 

It was found that all the nitric esters in solvents: dichloromethane, l,E-dichloro- 

&bane, methenol, acetonitryl, benzene, zave violet colour mith T,PD characterised by two 

absorption bands - 570 and 620 mp. This indicates that the absorption is due to the pre- 

sence of Xuster cation /TK;F-I/ '/I/. 
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ite used the method of continuous changes 4 for the band 620 y. Fig. 1 zives the re- 

sults for butyl nitrates /ST/, nitroglycerine /IIG/, ETIl and !,EW. It follows from the mea- 

surements that at least three 0N02 groups are,needed to form '!:uster cation. fhis can be 

expressed by the equation: 

xR;ON02) n + yTLPD ==& x/R(ON02) n/ 3te + y/TbZD/@ 

where R are hydrocarbon groups. 

itien n = 1 or 2, x = 3, y = 1, 

n = 3 or 4, x = 1, y = 1, 

n = 6, x = 1, y = 2. 

The ability of forming TI.lPD is the strongest with hexanitrates of hexitols. /The 

highest absorption figures/. Very weak ability of PET?: should be ascribed to its low 

polarity as pointed out earlier by one of us5. 

Job diagram in 1,2-dichloroethane for 

ter-BN,KG,ETN /concentrations 0.01 of 

each, l=l cm/ and :ZIN /concentration 

0.004, 1~0.2 cm/ with 'TKPD 

D 
t 

Change ICth tine of electronic 

spectra of I.llY and T,,ID in 1,2-dichloro- 

ethane at 23'. 

Fig. 1 _. 
r1c. 2 
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Formation of the charge transfer complex with MHN 

Lore detailed investigation was done Gith r,G-Ib and TKPD. It was found that two maxima 

570 and 620 rnp appeared very soon after mixing, but gradually disappeared and a new band 

was formed at 450 my /Fig. 2/. If the violet solution of LIIN and !PE?D in acetonitryl Or 

methanol is shaken with a solvent of low dielectric constant, such as n-heptane or 1,2-di- 

chloroethane, tine latter became coloured yellow - its absorption maximum was at 450 y. 

Dy using the method of continuous changes4 we established that the molar composition 

of the complex is I:1 /Fig. 3/, i.e. the original ratio 1:2 was subject to a disproportio- 
6 

nation. By using the Senesi-Xildebrand equation 

modified for equimolar concentrations we estab- 

lished that the equilibrium constant 'K of 

the formation of the co;nplex varies with sol- 

vent and decreases with te,mperature. Thus in 

0.2 44 0,6 0,8 %U c 

Job curve of the complex J@iN-TMPD 

1,2-dichloroethane it has values 59.3 and 27.6 

ljmol at 5' and 30' respectively. When in 

in 1,2-dichloroethane after 24 hours. a solvent of high dielectric constant, the 

Fig. 3 complex readily dissociated into ions. This 

was established b;: measuring the electric conductivity of the solution in 6,2-dichloro- 

ethane: it increased when methanl ?vas added. 

.:e are suggesting a scheme for the reaction of LEN with TDPD as followS: 

/I/ kX1i + 2TLiiD - (CIiORO,) 4 /fast/ 

I 
cI120X?2 N(CH3)2 

I 

/2/ 

II 

The formation of charge transfer complex follows.Xtiaprobably fast, as an ionic 

reaction: 



NO.1 

CH20N02 

/3/ lCIIOB0*)4 

I 
CX20NO* 

28 

+ 

qICH3)2 2@ CH20PI02 
-26 SB 

0 
I I I ‘=== (CFONO2) 4 /f=t/ 

II I 
N(CH312 CH20M02 NICH3) 2 

Charge transfer complex 

Cation II is ,here stabilized by the weak LHN anion, contrary to the existing data7 

on low stability /II/ in presence of a strong anion. 

A detailed kinetic study will be carried out. 

However we were unable to isolate the solid complex as it readily decomposed, 

Xhen examining the infrared spectrum of the solution of KEN and TLED after 24 hours, 

i.e. after the band 450 mp. fully appeared, we found a relatively strong absorption at 

1620 cm 
-2 

which does not exist in TLYpD and could be assigned to a C=I. bond. 3ends 1540, 

1460 cm 
-1 

were also present and could be assigned to skeletal vibrations of C=C in the 

quinoid ring. The complex gives also a relatively strong absorption at 1360 cm 
-1 

which 

lies in the region of incrganic nitrate ion /1410-1340 cm-'/' and which we suggest is 

due to the negatively charged 0NO2 groups in the Xi‘: anion. 
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