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Overview

» introduction about N,O
» QCLAS method

» applications in our lab with
singly substituted isotopologues

» development for doubly
substituted isotopologues




Introduction

» important trace gas

contribution by 6 % to global
warming

depletion of stratospheric ozone

» increasing atmospheric
concentration, 328 ppb (2015)

anthropogenic sources
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amo —ammonia monooxygenase
hao — hydroxylamine oxidoreductase
nir — nitrite reductase

nor — nitric oxide reductase

hos — nitrous oxide reductase

nxr — nitrite oxidoreductase
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Isotopic studies of N,O

( [i] ) 15N site preference

(Faser) _
[446] reference
isotopologue label abundance
L 446 9903 x 10t the most abundant one
ANINO 456 3.641x 103
N 546 3.641 x 103
NMNISO 248 1986 x 102 singly substituted
4NI4NL’O 447 3.762 x 104
BNINLeO 556 1.339x 10~
Lo 458 730010
PNYNTEO >48 7300x10° multiply substituted
1NINL’O 457 1.383 x10°
ISNI4NI7O 547 1383 x 106 ‘clumped isotopes”
BNINEO 558 2.684 x 108
BNBNYO 557 5.085x 10-°



Isotopic studies of N,O
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IRMS tradition

Anal. Chem. 1999, 71, 4711—4718

Determination of Nitrogen Isotopomers of Nitrous
Oxide on a Modified Isotope Ratio Mass 4 @ 4@
Spectrometer

Sakae Toyoda*-§ and Naohiro Yoshidat#

Department of Environmental Science and Technology, Tokyo Institute of Technology, 4259 Nagatsuta, Midori-ku,
Yokohama 226-8502, Japan, and CREST, Japan Science and Technology Corporation (JST), Kawaguchi, Saitama, Japan

RAPID COMMUNICATIONS IN MASS SPECTROMETRY
Rapid Commun. Mass Spectrom. 13, 2028-2033 (1999)

Mass Spectrometry of the Intramolecular
Nitrogen Isotope Distribution of Environmental
Nitrous Oxide Using Fragment-ion Analysis

C. A. M. Brenninkmeijer* and T. Rockmann
Max Planck Institute for Chemistry, Atmospheric Chemistry Division, Mainz, Germany

RAPID COMMUNICATIONS IN MASS SPECTROMETRY
Rapid Commun. Mass Spectrom. 2003; 17: 1897-1908
Published online in Wiley InterScience (www.interscience.wiley.com). DOIL: 10.1002/rem.1132
Gas chromatography/isotope-ratio mass spectrometry
. . . . . 15
method for high-precision position-dependent N and

0 measurements of atmospheric nitrous oxide

Thomas Réckmann', Jan Kaiser'’, Carl A. M. Brenninkmeijer? and Willi A. Brand?®

"Max-Planck-Institut fir Kernphysik, Bereich Atmospharenphysik, Heidelberg, Germany
2Max-Planck-Institut fir Chemie, Abteilung Chemie der Atmosphéare, Mainz, Germany
3Max-Planck-Institut far Biogeochemie, Jena, Germany
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Molecular spectroscopy
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Isotopes in molecular spectroscopy

500x1072"

line strength

-1 o
cm /(molecule cm

reduced mass
<~ 400-

300 —
200 —

100

intensity/a.u.

H37Cl  H35C| 3CI:37Cl=3:1

| ‘ |‘ |‘ || Jooa

2600 2700

11

| I I
2900 3000 3100

-1
wavenumber/cm

line strengths from HITRAN2012, spectrum simulated using
program from http://faculty.evansville.edu/bl22/simul.html



N,O ro-vibrational spectra
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446 and singly substituted - HITRAN2012

clumped - simulations in PGOPHER based on

spectroscopic constants

from Amiot 1976, Toth 1991, Wang et al. 2009 and Jun-he Du et al. 2011



Analytical technique (TREX-QCLAS)

guantum-cascade laser
absorption spectrometer (QCLAS)
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line strength/(cm™"/(molecule cm®))

Singly substituted isotopocules 1@°
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leld study #1 — southern Germany
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Field study #1 — southern Germany

O Sample inlet 2 m
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» June — August 2016
» intensively managed grassland research site

» local N,O fluxes, meteo and wind observation
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Field study #2 — central Switzerland
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Field study #2 — central Switzerland
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» September — December 2017 in central Switzerland
» intensively managed grassland research site
» TREX-QCLAS using flux chambers
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tudy #3 — high-altitude station Jungfraujoch
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Study #3 — high-altitude station Jungfraujoch
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» identification of seasonal variability since April 2014, ongoing
» stratosphere-troposhere exchange observable

Eliza Harris & Longfei Yu
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Clumped isotopes in N,O

isotopologue label abundance
LANT4N16O 446 9.903 x 10!
1ANI5N1eO 456 3.641x 103
ISN14N16O 546 3.641x 103
1AN14N1EO 448 1.986 x 103
AN4NT’O 447 3762 %107
NI N0 556 1.339x 10~
1AN15N18O 458 7.300 x 106
ISN14N1EO 548 7.300 x 106
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reproduced using data and information from Wang et al. 2004, for population
having ratio of isotopes equal to reference standards AIR-N, and VSMOW



Clumped isotopes in N,O — IRMS

Rapid
. Communicationsin
Research Article P o Spectrometry
Received: 16 March 2016 Revised: 16 June 2016 Accepted: 18 June 2016 Published online in Wiley Online Library

Rapid Commun. Mass Spectrom. 2016, 30, 1923-1940
(wileyonlinelibrary.com) DOI: 10.1002/rcm.7671

Measurement of rare isotopologues of nitrous oxide by
high-resolution multi-collector mass spectrometry

Paul M. Magyar”, Victoria J. Orphan and John M. Eiler

Division of Geological and Planetary Sciences, California Institute of Technology, Pasadena, CA 91125, USA

Thermo Scientific™ 253 Ultra™

METHODS: We describe a technique to measure six singly and doubly substituted-isotopic variants-of N,Oj,constraining
the values of 3°N, 3'°0, A0, '°N site preference, and the clumped isotopomers "*N'’N'°0 and "*N"*N"®0. The technique
~uses-a Thermo MAT 253 Ultra, a high-resolution multi-collector gas source isotope ratio-mass spectrometer. It requires

8-10 hours per sample and ~10 micromoles or more of pure N,O.

. 4

nominal mass isotopologue label abundance
HANNISO 448 128610
- BN N0 556 1.339x 10
HANENISO 458 favia:
. N4NIEO 548 7.3x10°
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Clumped isotopes in N,O
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New reference scale for clumped N,O 0

» equilibration of N,O — driving into stochastic (random) distribution

(faas)

(pser)

5; = sample 1 1.1000 (%o0) reference — stochastic (random) distribution

reference

» different temperatures — different equilibrium composition, calculated using
statistical thermodynamics predictions
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24 reproduced using data and information from Wang et al. 2004, for population
having ratio of isotopes equal to reference standards AIR-N, and VSMOW



Summary

»  TREX-QCLAS for singly substituted isotopologues
» selective and precise analysis of clumped isotopes

» a new reference isotopic scale has been developed

Outlook

» applications for clumped N,O isotopic signatures from pure microbial cultures

y y

N,O N,O

v

N,
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Used figures
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