
Jorrrnaf of Chotnatography, 107 (1975) 35 l-357 
0 Elsevicr Scientific Publishing Company. Amsterdam - Printed in The Netherlands 

CWROM. 8088 

PRINCIPLE OF OPERATION OF THE THERMAL ENERGY ANALYZER 
FOR THE TRACE ANALYSIS OF VOLATILE AND NON-VOLATILE N- 
NITROSO COMPOUNDS 

D. H. FINE, D. LIEB and F. RUFEH 
Tlrenno Eiectrotr Corporation, 85 First Avcrrrte. Waftharn, Mass. 02154 (U.S. A.) 

(Received Novcmbcr I Zth, 1974) 

SUMMARY 

The theoretical basis for the thermal energy analyzer is discussed. Using the 
principles outlined, the feasibility’of selectivity detecting pg/kg levels of volatile and 
non-volatile N-nitroso compounds is established. 

_.. 

INTRODUCTION 

A prerequisite for investigating whether N-nitroso compounds have a role in 
human cancer is the availability of selective methods for the trace analysis of both 
volatile and non-volatile N-nitroso compounds in foods, beverages, and complex 
biological mixtures. A new detector, called the thermal energy analyzer (TEA) or 
thermoluminous analyzer, which could meet these goals, was reported recentlyt*2. In 
the present paper, the underlying physical principles of the technique are discussed. 
The competing chemical reactions occurring in each step are outlined, and quantita- 
tive inferences are made as to their relative importance. Theoretical limitations on 
temperature, pressure and residence time are examined so that design conditions may 
be optimized to achieve maximum sensitivity with minimum possible interference. 

METHOD OF OPERATION 

The TEA is a gas phase technique with the essential chemical sequences 
occurring in the gas phase. and/or at the solid-gas interface. The method of operation 
may be understood with reference to the simplified schematic of Fig. 1. The N-nitroso 
compound, dissolved in a suitable solvent, is introduced into a flash catalytic heater 
or pyrolyser, where the N-NO bond is ruptured, with the release of the nitrosyl 
radical (*NO). The nitrosyl radical is then oxidized with ozone in anevacuated reaction 
chamber, to give electronically excited nitrogen dioxide (NO,*). The excited nitrogen 
dioxide decays back to its ground state with the emission of characteristic radiation. 
The intensity of the emission is detected by means of a sensitive photomultiplier 
tube and, is proportional to the nitrosyl radical concentration, and hence to the N- 
nitroso compound concentration. Because of the unique series of chemical reactions 
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within the time frame (seconds) of the TEA technique. The reduction of nitrogen di- 
oxide to nitric oxide by reaction 6 is more important. The reaction is exothermic and 
can proceed extremely rapidly even at 200” in the presence of metal catalysts such as 
gold’ l and molybdenum 12. In order to minimize the reduction of nitrogen dioxide. 
precautions must be taken to both eliminate active forms of carbon, and also to avoid 
contact with potential metal catalysts. 

CONCLUSIOQI 

The theoretical basis for the TEA has been discussed. Practical devices using 
the jjrinciple developed will be described in subsequent publications. 
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