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Figure S1. Workflow for multivariate regression of NO molecular spectra. A two-stage procedure is used.
Calibration model (blue): Raw spectra from gravimetrically prepared '*N/'*N mixtures are pre-processed (area-
normalization, second derivative, mean-centering) before building a partial least-squares (PLS) regression. Model
parameters are iteratively optimized until the root-mean-square error of calibration (RMSEC) reaches a minimum.
Measurement (red): Unknown sample spectra are then projected onto the validated PLS model to obtain the isotope
amount fractions #('*N)/n(N) and n('>N)/n(N).

S2



T T T T T T
6 i
)
8 44 .
c
8 —e— Pyrolysis temperature |
) —oe— Atomization temperature
0
Q2 ]
<
0

200 400 600 800 1000 1200 1400
Temperature (°C)

Fig. S2. Temperature optimization for graphite-furnace ID-HR-CS-GF-MAS of NO.
Shaded regions denote =1 SD (number of replicates n = 4).
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Fig. S3. Absorbance variation with respect of the atomization ramp rate for 20 pL of a 100 mg L' N (as NaNO3)
+ 5 uL 1 % w/v CaCl, modifier, recorded at the absorption line at 215.3595 nm NO line while varying the heating
ramp from minimal (50 °C s) to the instrumental maximum (3000 °C s™!) for pyrolysis 300 °C and atomization
800 °C. A gentle ramp (50 °C s™!) yields approximately 20-25% higher absorbance than steeper ramps or static
heating, indicating reduced NO losses during the temperature rise. Shaded regions denote +1 SD (number of

replicates n = 4).
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Fig. S4. Integrated absorbance of the NO absorption line at 215.3595 nm as a function of nitrogen concentration
(0—10 mM) for solutions of nitrate (red) and nitrite (blue). Each point represents the mean + 1 SD of four replicates
(20 pL sample + 5 uL 1 % w v ! CaCl, and instrumental setting Table S1). Linear regression yields almost identical
slopes (R? > 0.999) for both anions, confirming that under the chosen furnace conditions, nitrate and nitrite are
converted to NO with equal efficiency.

Table S1. Optimized graphite-furnace heating program for in-situ generation of NO and isotope-dilution HR-CS-
GF-MAS quantification. Steps 4a,b,c,d, and e (market with an asterisk) are used only when sample pre-
concentration is required. If no pre-concentration is needed, the program can proceed directly from step 4a to step
5. During step 4b an additional 20 pL aliquot of sample is injected onto the platform; this cycle may be performed
up to two times.

Step Name Temperature (°C) Ramp rate (°C s7') Hold time (s) Argon flow
1 Drying 70 20 30 max.
2 Drying 90 30 20 max.
3 Drying 110 20 10 max.

4a* Drying 300 300 10 max.

4b* Drying 70 -- 15 max.
4c* Drying 70 0 30 max.
4d* Drying 90 30 20 max.
4e* Drying 110 20 10 max.
5 Pyrolysis 300 300 10 max.
6 Gas conditioning 300 0 5 off
7 Atomization 800 50 11 off
8 Clean-out 2300 3000 3 max.
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Table S2. Gravimetric composition of the binary 'N:'*N nitrate mixtures used for calibration and spike-to-sample
ratio optimization. The mixtures were prepared by weighing the indicated masses of highly enriched Nal’NOs
(98.0 atom % '>N) and enriched Na'*NOj; (99.9 atom % '>N). Resulting mass fractions w(!*N) and w('*N), as well
as isotopic abundance x(*>N) and x('*N), were calculated from the certified nitrogen content of each salt and are

expressed in %.

Atom Atom
i i t t
15N 14N = ratio 15NaNO:s /g NaNOs /g i\sfll\z;ss fraction ?:[;ss fraction ﬂ;‘ceﬂ R(;‘cen
0-10 - 1793521 0.0000 0.0034 0.046 99.954
1:9 0.120632 1.571983 0.0002 0.0030 6.883 93.117
2:8 0.323712 1.187203 0.0006 0.0023 20.663 79.337
3.7 0.486226 1.194900 0.0010 0.0023 27.922 72.078
4:6 0.648769 1.062393 0.0013 0.0021 36.659 63.341
5:5 0.784508 0.879845 0.0015 0.0017 45.654 54.346
6:4 0.973115 0.727013 0.0019 0.0014 55.549 44.451
7:3 1.096381 0.541401 0.0022 0.0011 65.097 34.903
8:2 1.289525 0.358359 0.0025 0.0007 76.273 23.727
9:1 1.469101 0.151461 0.0029 0.0003 88.590 11.410
10:0 1.637025 - 0.0032 0.0001 97.917 2.083
Table S3. Optimized parameters for the spectral analysis using multivariate regression.
Item Parameter Notes/comments
Spectral window/ inputs 215.155-215.450 nm window Av =+1 NO band head with the
(200 points) isotope shift

Pre-processing X-block (spectra)

(1) Area normalization

(2) Savitzky-Golay 2nd-derivative,
11-point window, 4th-order poly
(3) Mean-center

Emphasizes the "NO and “NO
rotational features

Y-block (responses) n(**N)/n(N) and n("*N)/n(N) Two responses, SIMPLS generates
(gravimetric values) a single set of latent variables
Algorithm SIMPLS (Statistically Inspired Provides orthogonal X-scores

Modification of Partial Least

Squares), as implemented in PLS-
Toolbox 9.3

without deflation

Calibration/validation split

110 spectra (11 mixtures X 10
replicates); venetian blinds w/ 10

Ensures each mixture is
represented in both calibration and

splits and validation subsets
blind thickness = 1
Optimal latent variables Lv=3 RMSECYV shows first minimum at
LV =3; adding LV4 gives <1 %
error reduction and begins noise
Explained variance (X /Y) X /Y LV1 captures overall absorbance;

LV1=94.13 % /98.11 %
LV2=349%/1.11%
LV3=197%/0.15%
Total = 99.59 %/ 99.38 %

LV?2 captures the '>N shift; LV3
corrects minor baseline/shape
variations

Performance metrics

RMSEC = 5.3 %o

RMSECV = 6.2 %o
R? cal =0.999699
R CV =0.999595

Indicates excellent linearity across
the entire 0-100 % !N span

Outlier diagnostics

Hotelling T? and Q-residuals (95
% limits)

No outliers detected; all spectra
within control limits.

Prediction precision

orei(PNO/MNO ) = 0.3 % (single
spectrum)

Adequate for the 2 % combined
uncertainty of the ID method
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