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Introduction: Nitrogen is the key element that most 
often limits plant growth, productivity and crop quality 
in many agricultural ecosystems. Legumes have the 
ability to fix atmospheric N2 through an energetically 
expensive pathway involving a symbiosis in their roots 
with certain Rhizobia that manifest as nodules affixed to 
primary and lateral root structures belowground. In light 
of the growing concerns over climate change and how 
elevated atmospheric CO2 and/or frequent drought 
conditions will impact our future agro-economy, there is 
a need to improve upon basic tools and technology that 
will enable the reliable measurement of these basic 
processes within intact plants. The aim of the present 
work was to explore the radiochemistry conditions for 
synthesizing 13N[N2] in a state and quality that is suitable 
for administration to plant root nodules enabling studies 
of nitrogen fixation.  
 
Experimental: 13N(t1/2 = 9.97 min)  was produced via 
the 16O(p,n)13N nuclear reaction using distilled water in a 
2.5 mL volume high-pressure liquid target and 17 MeV 
protons (50 μAּmin) on the TR-19 cyclotron at 
Brookhaven National Laboratory, USA. The 13N was 
recovered as [13N]NO3

- and chemically reduced to 
[13N]NH3 gas using about 4 g Devarda’s Alloy with 350 
mg grounded KOH1. Within 3 minutes EOB we were 
able to recover on average 55 mCi of [13N]NO3

-. 
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The evolving [13N]NH3 out of reaction 1 was distilled 
under Ar-flow and trapped in a 2nd reaction vessel 
containing 0.7 mL volume of various concentrated 
NH4Cl-solutions. At the completion of [13N]NH3 
trapping, NaOBr solution was remotely introduced into 
the 2nd reaction vessel, which was made according to the 
procedure by Vaalburg et al.2. During oxidation, the 
evolving [13N]N2 gas filled a disposable 60 mL syringe, 
which, once filled, was counted for total radioactivity. A 
0.1 mL volume aliquot was withdrawn for radio GC 
analysis on a HP 5860A gas chromatograph equipped 
with a Spherocarb column (1/8-in o.d. x 10-ft stainless 
steel, 80/100 mesh) coupled to a TCD. The system was 
operated isothermally using He-carrier gas at 30 
mLּmin-1 and maintaining instrument zones to the 
following: injector (42oC); column oven (24oC); and 
TCD (250oC). The outflow of the TCD was connected in 
series with a Geiger counter enabling direct 
measurements of mass and associated radioactivity (Fig. 
1). All [13N]N2 data was decay corrected to EOB. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Results: The radiochemical yield (RCY) averaged about 
11.5%, and the absolute specific activity (SPA) was on 
average 6.72E10-6 Ci/μmol. Typically, we were able to 
prepare ~7 mCi of gaseous [13N]N2 in less than 20 mL of 
gas (at STP) within 13 min from the EOB. There is a 
positive correlation between RCY and tracer SPA (Fig. 2). 
Increasing amounts of carrier NH4Cl enhanced the RCY 
(Fig. 3), but we see a greater effect on RCY by increasing 
the amount of excess hypobromite. In addition to 
macroscopic amounts of N2, we also saw O2 in all samples 
(Fig. 1). The O2 production must be intimately tied to the 
oxidation chemistry converting NH3 to N2, although we can 
not offer detailed mechanistic insight at this time.  
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Figure 2. Plot of RCY (as % [13N]NO3
-) vs. [13N]N2 SPA. 

Figure 3. Influence of carrier NH4Cl and excess molar 
equivalents of NaOBr on [13N]N2 RCY.  

Figure 1. Radio GC: showing mass elution profiles (O2: 3.72 
min, N2: 4.14 min and radioactive [13N]N2: 4.22 min)  


