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NON-AMMONIUM REDUCED NITROGEN SPECIES IN ATMOSPHERIC AEROSOL PARTICLES* 

R.L. DOD, L.A. GUNDEL, W.H. BENNER and T. NOVAKOV 

Applied Science Division, Lawrence Berkeley Laboratory, University of Califor

nia, Berkeley, California 94720, USA 

ABSTRACT 

The traditional belief that ambient aerosol particles contain nitrogen pre
dominantly in the form of inorganic ionic species such as NH4+ and N03- waschal
lenged about 10 years ago by resul ts from x-ray photoelectron spectroscopic anal
ysis (ESCA) of California aerosol particles. A significant fraction (n... 50%) of 
the reduced nitrogen was observed to have an oxidation state more reduced than 
ammonium, characteristic of organic nitrogen species. We have used a recently 
developed thermal evolved gas analysis method (NOx)in conjunction with ESCA to 
confirm the existence of these species in aerosol particles collected in both 
the United States and Europe. The agreement of EGA and ESCA analyses indicates 
that these species are found not only on the surface but also throughout the 
particles. 

INTRODUCTION 

Particulate nitrogenous air pollutants have traditionally been considered to 

be largely limited to inorganic compounds containing ammonium and nitrate ions. 

This view was challenged approximately 10 years ago by results from the then-new 

technique of x-ray photoelectron spectroscopy (or ESCA) , which indicated that as 

much as half the ambient particulate nitrogen could exist in forms more reduced 

than ammonium (ref.l). This nitrogen was later postulated to cohsist of amines, 

amides, and heterocyclic compounds and was given the collective name Nx (ref.2). 

Further indication of the existence of Nx in ambient particles can be found in 

total nitrogen combustion analysis, which often reports a greater amount of ni

trogen than that found by wet chemical analysis for NH4+ and N03- (ref.3). How

ever, no direct method has been reported that can identify or quantitate the Nx 
constituents. 

We have developed an NOx thermal evolved gas analysis (EGA) system that dif

ferentiates among nitrogenous species based on vOlatility and thermal stability 

in an oxygen atmosphere (ref.4). EGA, in conjunction with ESCA and ion chromatog

raphy, has been applied to the analysis of ambient aerosol particulate samples 

*This work was supported by the Director, Office of Energy Research, Office of 
Health and Environmental Research, Physical and Technological Research Division 
of the U.S. Department of Energy under contract DE-AC03-76SF00098 and by the 
National Science Foundation under contract ATM 82-10343. 
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collected by filtration to confirm the existence of Nx and to identify charac

teristics that provide information regarding. final speciation. 

ANALYTICAL METHODS 

Analysis of atmospheric particles by ESCA has been described elsewhere (refs. 

5,6). This method analyzes for elemental composition as well as the oxidation 

states of those elements; Quantitation is achieved by comparing analyte photo

electron peak intensities to those for one or more independently determined 

species within the sample. The sample must be in vacuum, and its surface is 

analyzed to the escape depth of the photoelectrons (~ 20 A). We have previously 

determined that ambient aerosol particle nitrogen is usually resistant to vacuum 

degradation and the particles have similar surface and bulk compositions. Nitro

genous species concentrations were determined from ESCA spectra by reference to 

sulfur in the samples, which was independently determined by x-ray fluorescence 

analysis. Deconvolution of the reduced nitrogen peak was based on the peak 

posi tion and form of the ammonium nitrogen peak in (NH4) 2S04. All photoelectron 

spectra were taken with an AEI ES200 spectrometer modified by installation of a 

Surface Science Laboratories Model 239G position-sensitive detector. 

Evolved gas analysis (C02 and S02) has been used by Malissa, Puxbaum, and 

Pell to investigate collected aerosol particulate material (ref.7). We have 

adapted this analytical technique to analysis of particles collected on quartz

fiber filters and have extended it to include visible light attenuation and 

evolved NOx (ref.4). Our system, shown in Fig. l~ uses an NDIR C02 detector 
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Figure 1. Schematic diagram of thermal evolved gas analysis apparatus. 
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(MSA LIRA 202S) and a chemiluminescent NOx detector (ThermoElectron 14D/E) in 

series to determine analyte concentrations in a single low-volume gas stream. 

Detection limits of < 1 ppm for C02 and < 0.01 ppm for NOx in the gas stream 

translate to sample sizes required for quantitation with typical ambient parti

cle samples of ~ 10 ~g carbon and < 1 ~g nitrogen. 

NOx EGA thermograms of sample nitrogen-containing ionic compounds show dif-

. ferentiated features that permit identification of those compounds (Fig. 2). 

Peaks resulting from low-temperature evaporation and thermal decomposition of 

these discrete compounds appear quite sharp. Thermograms of some organic com

pohnds containing nitrogen show similar differentiation (Fig. 3). For each com

pound, the evolved C02 and NOx are detected simul taneously. Conversion of sampl e 

nitrogen to NO and N02 is partially dependent on initial oxidation state, espe

cially for inorganic compounds. Nitrogen recovery as NOx was 71 ± 18% for the 

,13 compounds studied. 
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Fig. 2. Evolved NOx thermo grams of inorganic 
compounds reported to be present in atmos
pheric particles . 

That Nx can be distinguished by EGA is illustrated with an ambient particle 

sample from Ljubljana, Yugoslavia. The N Is ESCA spectrum (Fig. 4a) shows both 
+ ' NH4 and Nx . The deconvoluted peak areas, which are proportional to atomic pop-

ulations, show approximately 1.4 times as much NH4+ as Nx . The NOx thermogram 

of this sample (Fig. 4b) exhibits a doublet that can be ascribed to (NH4)2S04, a 
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small shoulder at lower temperature corresponding to NH4N03, and a substantial 

amount of NOx evolved at temperatures greater than 300°C that can be attributed 

to Nx ' . The ratio of NOx evolved below 300°C to that evolved above is ~ 1.7. 

Since it is likely that some of the Nx-containing compounds are thermally 

decomposed or vaporized at temperatures below 300°C, and since EGA, unlike ESCA, 
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Fig. 4. Nitrogen speciation for Ljubljana, Yugoslavia, ambient particles, 15-
17 January 1983. (a) N Is ESCA spectrum showing the presence of N03-, NH4+, 
and Nx . (b) Evolved NOx thermogram showing inorganic and organic (Nx) nitrogen. 
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is a bulk analytical technique, this agreement is quite reasonable. 

Evidence for a link between the higher temperature evolved NOx and the organic 

component of ambient part~cles is demonstrated by the behavior of Nx in a sol vent 

extraction sequence that removes most organic material while leaving the black 

carbon (refs.8,9). Evolved C02 and NOx thermograms of a Berkeley, California, 

sample are shown in Fig. Sa. The dominant nitrogenous species is NH4N03, with 

(NH4)2S04 and Nx also present. The coincident C02 and NOx peaks at ~ 4S0°C in

dicate the linkage of the higher temperature nitrogen species to a carbonaceous 

component. Sequential extraction with benzene and a 1:2,v:v methanol:chloroform 

mixture removes nearly all organic carbon as shown by the thermo grams in Fig. 

Sb. The NOx thermogram shows that most of Nx has been removed with the organic 

material. The high temperature at which the organics associated with Nx are 

thermally removed indicates a stability similar to that observed in high mole

cular weight compounds. 
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Fig. S. Evolved C02 and NOx thermograms of < 1.8 ~m ambient particles from Ber
keley, California, 22 October 1981. (a) Before solvent extraction. (b) After 
extraction with benzene and a methanol-chloroform mixture. 

Further evidence for a link between Nx and the organic fraction of carbona

ceous particulate material is shown by samples collected in Riverside, Cali

fornia. High-volume samples were collected in parallel with and without removal 

of large particles (~ 1.5 ).lm) by an impactor (Sierra Instruments Model 236). 

The C02 and NOx thermo grams are shown in Fig. 6a. It is apparent that most of 

the NOx evolved at temperatures greater than 250°C is associated with'large par

ticles. When the large particle contribution is determined by subtracting the 

thermograms (Fig. 6b), the correspondence in the form of the evolved NOx and 

evolved C02 indicates that the carbon and nitrogen of these particles are pres

ent in the same structures or compounds. 

'~ 
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Fig. 6. Evolved C02 and NOx thermo grams for ambient particles from Riverside, 
California, 17 June 1981. (a) Thermograms for total particle sample (solid 
lines) and < 1.5 ~m particle sample (dashed lines) collected in parallel. (b) 
Thermograms of large particles determined by difference between total and small 
particle thermograms. 

CONC LUS IONS 

The results presented here confirm the presence of substantial amounts of 

organic reduced nitrogen species in ambient aerosol particulate material through

out the world. The agreement of NOx thermal EGA results with those from ESCA 

establishes the presence of these species as bulk consti~uents of the particles. 

The relatively high temperatures at which NOx is evolved from these species in

dicates that their parent molecules are nonvolatile and therefore unlikely to 

have entered the particle phase through condensation from gases. 
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