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1. Experimental Procedures

1.1 Synthesis of TiO,.

TiO, nanosheets were synthesized through a previous solvothermal method.! First, 3 mL of hydrofluoric
acid solution (40 wt%) was added dropwise to 25 mL of Ti(OBu),*(TBOT) under stirring, and then the
mixture turns to a gel. Second, the obtained gel was transferred into a dried Teflon autoclave and heated
at 180 °C for 36 h. Third, the sample was separated from the suspension, and washed with ethanol and
deionized water for several times. Forth, the sample was dispersed in 50 mL of 0.1 M NaOH aqueous,
and then vigorously stirred for 10 h at room temperature. Finally, TiO, nanosheets could be obtained
after washing with deionized water and ethanol for several times, and then drying under vacuum
overnight.

1.2 Synthesis of 10Cu/TiO,.,.

10Cu/TiO,. was synthesized according to the impregnation method, followed by the H, treatment. 50
mg of TiO, nanosheet powder was evenly dispersed in 20 mL of ethanol and stirred for 30 min, a certain
amount of dissolved CuSO,-5H,0 was added dropwise to the suspension. After vigorously stirring for 6
h at room temperature, the sample was separated from the suspension, and annealed in a reducing
atmosphere (3 vol.% H, and 97 vol.% Ar) at 300 °C for 2 h with a heating rate of 5 °C min’!. Other
samples with different loading amounts (0, 1, 5, 15 wt%) were prepared through the same synthetic
procedures except that amount of CuSO,4-5H,0 was changed.

1.3 Synthesis of 10Cu/TiO,.

10Cu/TiO, was synthesized via the NaBH, reduction method.? Typically, 50 mg of TiO, nanosheet
powder was evenly dispersed in 200 mL of deionized water and stirred for 30 min. Ar gas was purged
for 30 min to remove the air in the solution, and then a certain amount of dissolved CuSO,-5H,0 was
added dropwise to the suspension. After vigorously stirring for 3 h at room temperature, 50 mg NaBH,
in 5 mL water was injected into the above solution at a rate of 2 ml min™!. The final product was obtained
by centrifugation with deionized water and ethanol several times, and then dried under vacuum overnight.
1.4 Pre-treatment of carbon paper (CP).

The CP was firstly cut into rectangles with an area of 3 cm % 1 cm, and then ultrasonicated with ethanol
for 10 min. After rinsing with ultrapure water, CPs were heated at 60 °C for 24 h with a mixture of water,
concentrated sulfuric acid and concentrated nitric acid (volume ratio 1:1:1). At last, CPs were washed

with ultrapure water for further use.



1.5 Characterization.

Scanning electron microscopy (SEM) was obtained using a FEI Apreo S LoVac scanning electron
microscope. Transmission electron microscopy (TEM), high-resolution TEM (HRTEM), and scanning
transmission electron microscopy-energy dispersive spectroscopy (STEM-EDS) elemental mapping
were conducted using a JEOL JEM-200F microscope. X-ray diffraction (XRD) was measured at the
Rigaku Smartlab9KW Diffraction System using a Cu Ka source (A= 0.15406 nm), and the diffraction
data was recorded in the 26 range of 20 ~ 80° with a scan rate of 10° min'!. Electron paramagnetic
resonance (EPR) measurements were obtained using a Bruker EMXPLUS. X-ray photoelectron
spectroscopy (XPS) analysis was performed with a ThermoFisher Scientific ESCALAB Xi+
spectrometer with Al Ka excitation source. All binding energies were corrected with the C 1s peak at
284.8 eV. Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) was performed using
Agilent 5110. The ultraviolet-visible (UV-Vis) absorbance spectra were measured on Beijing Purkinje
General T6 new century spectrophotometer. The 'H nuclear magnetic resonance (NMR) spectra were
measured on a JEOL JNM ECZ600R.

1.6 Electrochemical measurements.

1.6.1 Preparation of the working electrode. Typically, 1 mg of catalyst powder was dispersed in a
mixed solvent containing 0.5 mL of ethanol and 10 pL of 5% Nafion solution. After ultrasonic treatment
for 20 min, the catalyst slurry was dropped uniformly onto a piece of CP with a size of 1 cm x 1 cm to
obtain a working electrode.

1.6.2 Electrochemical nitrate reduction experiment. The electrochemical test was performed on a CHI
660D electrochemical workstation, using an H-cell system separated by a Nafion 117 membrane.
Catalyst-coated carbon paper, carbon rod and saturated calomel electrode (SCE) were used as working,
counter, and reference electrodes, respectively. The electrolyte used in this work was 0.5 M Na,SO,
solution (80 mL), which was evenly distributed to the cathodic and anodic chamber. NaNO; (200 ppm
NO;-N) was added into the cathodic chamber as the reactant. Magnetic stirring was applied with a
stirring rate of 350 rpm in the cathodic chamber during the electrochemical test. All potentials were
recorded against the reversible hydrogen electrode (RHE) without special explanation. The linear sweep
voltammetry (LSV) test was performed at a rate of 10 mV s, and potentiostatic electrolysis was
conducted at each potential for 2 h. Differential electrochemical mass spectrometry (DEMS) was

provided by Linglu instruments (Shanghai) Co. Ltd. Electrochemical in situ FTIR spectroscopy was



carried out on a Nicolet Nexus 670 spectrometer using a mercury-cadmium-telluride (MCT) detector
cooled by liquid nitrogen.

1.7 Ion concentration detection methods.

The ion concentration was quantified by the UV-Vis spectrophotometer, after diluting to an appropriate
concentration based on the calibration curves. The specific detection methods are as follows.

Detection of nitrate-N. Firstly, a certain amount of electrolyte was extracted from the cathodic chamber
and diluted to 5 mL to detection range. Then, 10 pL of 0.8 w% sulfamic acid solution and 0.1 mL of 1
M HCI were subsequently added into the above solution and mixed uniformity. After standing at room
temperature for 20 min, the absorbance was recorded at a wavelength of 220 nm and 275 nm using an
UV-Vis spectrophotometer. The final absorbance value was calculated according to the equation: A =
A0 um — 2A275 nm- The concentration-absorbance curve was calibrated using the standard NaNO; with
different NO3™-N concentrations.

Detection of nitrite-N. A mixture of p-aminobenzenesulfonamide (4 g), N-(1-Naphthyl)
ethylenediamine dihydrochloride (0.2 g), ultrapure water (50 mL) and phosphoric acid (10 mL, 1.70 g
mL") was used as a color reagent. A certain amount of electrolyte was extracted from the cathodic
chamber and diluted to 5 mL to detection range. Then, 0.1 mL of color reagent was added into the above
solution and mixed uniformity. After standing at room temperature for 20 min, the absorbance was
recorded at a wavelength of 540 nm. The concentration-absorbance curve was calibrated using the
standard NaNO, with different NO,-N concentrations.

Detection of ammonia-N. The Nessler’s reagent was used as the color reagent for the determination of
ammonia-N. Firstly, a certain amount of electrolyte was extracted from the cathodic chamber and diluted
to 5 mL to detection range. Then, 0.1 mL of potassium sodium tartrate solution (p = 500 g L-!) and 0.1
mL Nessler’s reagent were subsequently added into the above solution and mixed uniformity. After
standing at room temperature for 20 min, the absorbance was recorded at a wavelength of 420 nm. The
concentration-absorbance curve was calibrated using the standard (NH4),SO, with different NH,"-N
concentrations.

1.8 Isotope labeling experiments.

Before the isotope labeling experiment, the calibration curve was created. First, a series of standard
solutions ((!>NH,4),SO4) with known concentration were prepared in 0.5 M Na,SO, solution with 100

ppm of maleic acid (C4H40,) as internal standard. Second, the standard solutions were acidized to pH ~



1 with 4 M H,SO,. Third, 50 pL of deuterium oxide (D,0) was added in 0.5 mL above solution for the
'H NMR (600 MHz) detection. Fourth, the standard curve was obtained according to the integral area of
BNH4*-1’N/C4H,0, against concentration of 'SNH,;*-’N. The isotopic labeling experiment was
conducted via the electrochemical procedure (see 2.3.2. section in manuscript for details), except that
Na'>NOs (99.21%) was used as the reactant. After 2 h of electrolysis on 10Cu/TiO, at the applied
potential of -0.75 V vs. RHE, the obtained "NH," was quantified by 'H NMR (600 MHz). Similarly, the
calibration curve of “NH,*-!“N was established, and the concentration of '“NH,* was quantified with

Na'“NOj as the nitrogen source.

1.9 Calculation of the conversion rate, selectivity, Faradaic efficiency, and the yield rate.

The conversion rate was calculated according to the Eq. S1:
Conversion = Acno, /¢y x 100% (Eq. S1)
The selectivity to ammonia and nitrite were obtained by the Eq. S2-3:

SNH3: CN}_]3 / ACNO3_ x 100% (Eq S2)

SNOZ': CN02' / ACNOS‘ x 100% (Eq S3)

The FE was defined from the charge consumed for NH; synthesis and total charge passed through the
electrode:

FE = (8F x cxuy % V) / (M, % Q) (Eq. S4)
The yield rate was obtained by the Eq. S5:

Yieldnn, = (enu, X V) / (M, X £ XS) (Eq. S5)

Where AcN03- is the concentration difference of NOj;- before and after electrolysis, ¢, is the initial
concentration of NOjy, cNoy” is the mass concentration of NOjs-, CNH, is the produced mass concentration

of NH;, No,” is the produced mass concentration of NO,-, MNH3 is the molar mass of NH;, F is the

Faradaic constant (96485 C mol'!), Q is the quantity of applied electricity, V is the volume of electrolyte
in the cathode chamber (40 mL), ¢ is the electrolysis time (2 h), S is the geometric area of the working
electrode (1 cm?).

1.10 Differential electrochemical mass spectrometry measurement.

DEMS measurement was performed on a homemade electrochemical cell equipped with a peristaltic



pump. Catalyst-coated carbon paper, Pt wire, and Ag/AgCl electrode were used as the working, counter
electrode, and reference electrodes, respectively. The potentiostatic measurement was adopted. After the
baseline remained stable, the potential switch was turned on and off periodically. Four cycles of the mass
signals were collected to avoid the accidental errors during the DEMS measurements.

1.11 Electrochemical in situ FTIR spectroscopy.

Electrochemical in situ FTIR spectroscopy was carried out on a Nicolet Nexus 670 spectrometer using a
mercury-cadmium-telluride (MCT) detector cooled by liquid nitrogen. Catalyst-coated Au-modified
single bounce silicon, Pt wire, and SCE were used as the working, counter, and reference electrodes,
respectively. The potentiostatic measurement technology was adopted.

1.12 Theoretical calculation details

All the computations were performed based on the density functional theory (DFT) methods, as
implemented in the plane wave set Vienna ab initio Simulation Package (VASP) code.? * The exchange-
correlation functional in the Perdew-Burke-Ernzerhof (PBE) form within a generalized gradient
approximation (GGA) was used.> Spin polarization was considered in all calculations. To better describe
the on-site coulomb (U) correlation of the localized 3d electrons for transition metal Ti and Cu, the DFT
+ U method with U - J=2.58 eV for Tiand U - J=3.87 eV for Cu was adopted.®’ The thermodynamic
corrections due to the solvent effect (Gy,,) were calculated by using VASPsol.® A kinetic-energy cut off
of 500 eV was set. The convergence threshold for the iteration in the self-consistent field (SCF) was set
as 10* eV. The geometry optimization within the conjugate gradient method was performed with forces
on each atom less than 0.05 eV/A. A p(1 x 3) unit cell of TiO, (101) surface with a three-layer model of
the crystal plane was used to ensure the lateral lattice lager than 1 nm. One surface O was removed to
model the TiO,., surface. Cuy cluster was introduced to TiO, and TiO,. to form the Cu/Ti0, and Cu/TiO,.
. interfaces. To prevent the periodic image interactions, a large vacuum layer of 15 A was inserted in the
z-direction. Bottom two atomic Ti-O layers were fixed while other layers and the adsorbates were fully
relaxed during structural optimizations. The Brillouin zone was sampled by a k-point mesh of 4 x 4 x 1.

The reaction free energy change can be obtained with the following equation:
AG=AE+ AEZPE_ TAS

where AE is the total energy difference between the products and the reactants of each reaction step, and

AFE7zpg and AS are the differences of zero-point energy and entropy, respectively. The zero-point energy



of free molecules and adsorbates are obtained from the vibrational frequency calculations. The free
energy change of each step that involves an electrochemical proton-electron transfer is described by the
computational hydrogen electrode (CHE) model proposed by Nerskov et al.’ In this technique, zero
voltage is defined based on the reversible hydrogen electrode, in which the reaction is defined to be in
equilibrium at zero voltage, at all values of pH, at all temperatures, and with H, at 101,325 Pa pressure.
Therefore, in the CHE model, the free energy of a proton-electron pair is equal to half of the free energy
of gaseous hydrogen at a potential of 0 V.

To avoid describing the charged NOs- species as a reference within periodic DFT calculations, we used
neutral HNOj as gas-phase reference instead.! The energy for the nitrate ion was obtained by using
reference values for the ionization energy of H (/.E.) and the heat of reaction for HNOs(g) deprotonation

(AH,).1



2. Results and Discussions
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Fig. S1. (a) SEM image, (b) TEM image, (c) XRD pattern of TiO,.
Both SEM and TEM images show that TiO, possesses nanosheet morphology with a size of about 50
nm. The XRD pattern reveals that the diffraction peaks of TiO, is well coincident with anatase-type TiO,

phase (JCPDS No. 21-1272). The addition peaks at around 26° and 54° arise from the CP substrate.

(JCPDS: Joint Committee on Powder Diffraction Standards)
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Fig. S2. (a) SEM image, (b) the size distribution of the Cu clusters, (c) STEM-EDS elemental mapping
images of 10Cu/TiO,..

SEM image of 10Cu/TiO,., show the maintenance of the nanosheet structure of initial TiO,. Cu clusters

with an average size of 2 nm are loaded on TiO,_, nanosheets.



Fig. S3. SEM image of (a) TiO»., (b) 1CWTiO,., (c) SCWTiO,., (d) 15CW/TiO,..

SEM images of different samples show the maintenance of TiO, nanosheet.



Fig. S4 TEM images of (a) TiO,, (b) 1Cu/TiO,4, (¢) 5Cu/TiO,, (d) 15Cu/TiO, (inset shows the size

distribution of the Cu clusters).

TiO,. exhibits a similar morphology to TiO,. 1Cu/TiO, and 5Cu/TiO,.x show a small amount of Cu
clusters loaded on TiO,_, NSs. TEM image of 15Cu/TiO, catalyst shows that Cu clusters with a diameter

of ~2.4 nm are loaded on the surface of TiO,., NSs.
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Fig. S5. XRD patterns of TiO,, 1Cu/TiO,, SCu/TiO, and 15Cu/TiO,..

The anatase-type TiO, (JCPDS No. 21-1272) can be identified in XRD patterns for different samples.

Obvious diffraction peaks indexed to Cu (JCPDS No. 04-0836) can be found in 15Cu/TiO, catalyst.
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Fig. S6. (a) EPR spectra, (b) O 1s XPS spectra, (c) Ti 2p XPS spectra of TiO, , and TiO,.

According to the EPR results, a stronger resonance signal at g = 2.005 is observed on TiO,., compared
to TiO,. The peak area ratio of oxygen vacancy relative to metal-oxygen bonds is 21.55% and 11.41%
for TiO, and TiO,, respectively. The larger OV fraction of the peak at ~531.3 eV in TiO, suggests

higher concentration of OVs. In addition, the percentage of Ti*" in 2ps), region of TiO,., is higher than

that of TiO,. Therefore, it is revealed that OVs are successfully created in TiO,.,.
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Fig. S7. (a) SEM image of 10Cu/TiO,. (b) The distribution of the Cu clusters in 10Cu/TiO,.
The structure of TiO, after anchoring Cu clusters maintain as shown in SEM image, and Cu clusters with

an average size of 2 nm are shown in 10Cu/TiO,, indicating a similar morphology to 10Cu/TiO,..
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Fig. S8. XRD pattern of carbon paper.
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Fig. S9. Cu 2p XPS spectra of 10Cu/TiO, and 10Cu/TiO,.

The two peaks centered at ~932.4 and ~952.1 eV can be assigned to the Cu 2p;, and Cu 2pyp,
respectively. Combined with the XRD results, it is typical for the Cu® clusters supported on TiO,., and

TiO,.
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Fig. S10. (a) Raman spectra of 10Cu/TiO,4, and 10Cu/TiO,. (b) The enlarged Raman peaks of

10Cu/Ti0,., and 10Cu/TiO,.

Notably, the main peak at ~146 cm™! in 10Cu/TiO,., sample broadens and shifts to a higher wavenumber

compared with 10Cu/TiO,, further indicating the presence of OVs in 10Cu/TiO,.
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Fig. S11. The concentration-absorbance calibration curves of (a) nitrate-N, (b) nitrite-N and (c)

ammonia-N.

The calibration curves all show good linearity.
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Fig. $12. LSV curves of (a) TiOx., (b) 1CWTiO,., (¢) SCW/TiO,.y, and (d) 15CW/TiOs, in 0.5 M Na,SO,

electrolyte with and without 200 ppm NO5™-N.

The LSV curves of Cu/TiO,., samples with different Cu loading amounts all show the enhanced current
density in the presence of nitrate, which indicates their ability to reduce nitrate. And among them,

10Cu/Ti0,. exhibits the largest current density in the presence of 200 ppm NO;™-N.
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Fig. S13. The selectivity of NO,™ on 10Cu/TiO,. at given potentials.

The selectivity to NO,™ gradually decreased as the potentials become more negative.
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Fig. S14. The electrochemical performance of TiO, for nitrate reduction.

Pure TiO, shows poor electrochemical performance for NOs;RR with NO;- conversion rate of 12.14%,

NHj selectivity of 38.25%, FE of 40.69%, yield rate of 0.0127 mmol h-! mg-'.
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Fig. S15. (a) Conversion rate of nitrate and selectivity to ammonia, (b) yield rate and FE of ammonia on

different samples at -0.75 V.
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Fig. S18. Long-term durability test at -0.75 V on 10Cu/TiO,.,.

During the successive cycling tests, the FE is almost unchanged and yield rate of NH; shows a slight

decay at-0.75 V.
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Fig. S19. (a) SEM image, (b) TEM image (inset shows the HRTEM of post-test 10Cu/TiO,., (c) The

distribution of the Cu clusters, (d) XRD pattern of post-test 10Cu/TiO,.,.

The morphology and composition of post-test 10Cu/TiO,., maintain unchanged after the durability test.
And the average size of Cu clusters is about 2.14 nm, which is almost unchanged after the electrochemical

reaction.
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Fig. S20. SEM-EDX mapping image and element content of 10Cu/TiO,., after the durability test.

The EDX data suggested the Cu content in 10Cu/TiO, was about 10.22wt%, implying the stable metal

content after the electrochemical NO3;RR.
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Fig. S21. O 1s XPS spectrum of post-test 10Cu/TiO,..



g’ 0.1143

- 0.12;

o

2
0.08 -

e

L)

2 0.04

-

™

% 0.0004 0.0006
0.00 . . .

10Cu/TiO,,, 10Cu/TiO,, CcP

with NO;”  without NO,”  with NO,~
Fig. S22. Ammonia yield rate on 10Cu/TiO,., in electrolyte with and without nitrate, and on carbon paper

in electrolyte with nitrate.

Ignorable ammonia is generated in the comparison tests, which excludes any possible interference from

catalyst itself or external environment.
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Fig. S23. '"H NMR spectra (600 MHz) of (a) '“NH,4*-14N and (b) "NH,*-1°N with different concentrations.

Considering that the peak area of NMR is directly related to ammonia content, the concentration of NH4*-
N can be quantified by 'H NMR with internal standards (maleic acid). The proton signal of maleic acid
appears at 0 = 6.25 ppm. The '"H NMR spectra of *NH," show triple peaks at 6 = 6.98, 6.89, 6.80 ppm,

while that of ’NH," show double peaks at d = 6.95, 6.83 ppm.
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Fig. S24. Cyclic voltammogram curves of (a) 10Cu/TiO, and (b) 10Cu/TiO, with various scan rates of
20, 40, 60, 80, 100 and 120 mV s’!. (¢) Plots of the current density versus the scan rate for 10Cuw/TiO,_,

and 10Cw/TiO,. (d) The ammonia yield rate normalized to ECSAs for 10Cuw/TiO,. and 10Cu/TiO,.

A linear fit determined the specific capacitance to be 0.0758 mF cm? for 10Cu/TiO,., and 0.0454 mF
cm? for 10Cu/TiO,. 40uF cm is assumed as the specific capacitance in the following calculations of

electrochemical active surface area (ECSA). The ECSAs is then calculated by the following formula:

10CWTIO, 0.0758 mFcm ™

— _ 2
ECSA o o~ 1.895 empeg
40 pF em ™ “per cmp g

10Cw/TiO, 0.0454 mFem ~2
A pesa =

. = 1.135 empi,
40 uF cm ™ “per cmyegy

-2
The ammonia yield rate normalized to ECSAs is 0.0603, and 0.0464 mmol h'! CMECSA for 10CW/TiO,.
« and 10Cuw/TiO, samples, respectively. These experimental results confirmed that the enhanced

performance of 10Cu/TiO,., catalyst originates from its higher intrinsic properties than 10Cuw/TiO».
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Fig. S25. Yield rate of ammonia normalized to loading amount of Cu for 10Cu/TiO, and 10Cu/TiO,..
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Fig. S26. DEMS measurements of nitrate electroreduction on 10Cu/TiO,..

The by-product of N,O was also detected during NO;RR. And the competitive hydrogen evolution

reaction also occurs.
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Fig. S27. (a) DEMS measurements of nitrate electroreduction on 10Cu/TiO;. (b) In situ FTIR spectra of

nitrate electroreduction on 10Cu/TiO,.
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Fig. S28. PDOS of TiO,, TiO,., Cu-TiO, and Cu-TiO,,.



Fig. S29. Isosurfaces of differential charge density of Cu cluster on (a) TiO, and (b) TiO,4. (yellow:

electron accumulation; blue: electron depletion. isovalue = 0.01 e/bohr?)
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Fig. S30. Reaction free energy diagram of HER.




Table S1 The actual copper content of different catalysts measured by ICP-OES.

Cu content / wt%

Catalysts

1Cu/TiO 0.74

5Cu/TiO, 4.25

10Cu/TiO,« 10.35

15Cu/TiO,« 15.41
8.96

10Cuw/TiO,




Table S2 Comparison of ammonia synthesis from NO;RR over 10Cu/TiO,, with other reported

catalysts.
Electrocatalyst Electrolyte Performance Ref.
SNH3: 73.56%
200 ppm NO;3™-N, 0.5 This
10Cu/TiO,4 FEnn,: 81.34%
M Na,SO, work

Fe/Cu Composite

C0304/Ti

FezO3/Ti

TiO0,

Ni,P/NF

C0304@Ni0

C0304-Ti02

Ni/FeO@Fe3O4

Cu/rGO/GP

nZVI@OMC

100 ppm NO;-N,
0.05 M Na,SO,

100 ppm NO;-N,
0.05 M Na,SO,

100 ppm NO;-N,
0.05 M Na,SO,

50 ppm NO;-N, 0.1
M Na,SO,

80 ppm NO;-N, 0.5

M Nast4

200 ppm NO;™-N, 0.5

M NaQSO4

50 ppm NO;-N, 0.1
M Na,SO,,

50 ppm NO;-N, 10
mM NaCl

280 ppm NO;-N,
0.02 M NaCl

50 ppm NO;™-N, 0.02

M NaCl

Y, 0.1143 mmol h'! mg"!

SNH3: ~70%

SNHS: 32.0%

SNH3: 50.0%

Yu,: 0.045 mmol h! mg!

YNH3: 0.056 mmol h'! mg!

Swn,: 62.29%
FENH3: 54.97%

YNH3: 0.00693 mmol h'! mg-!

SNH3: 24%

SNHB: 10.44%

SNH3: 29.93%

SNH3: ~10%

20




0.6 mM NaNO;, 0.01

Pd-Cu/SS SNH3? 6%
M NaClO,
Pd-Cu/yAl, O 50 ppm NO;-N Swn,: 19.6%
Nitrate from
Pd@Fe3O4@A1203 simulated SNH3: <5%
groundwater
Cu incorporated 500 ppm of NO5™-N,
YNH3: 0.0256 mmol h! cm™2
PTCDA 0.1 mM PBS, pH 7
Blended 0.008 M NaNO;, 0.1
SNH3: 14%
SIlO‘gPdolz/SS M HCIO4

21

22

23

24

25

Note:
SNH3: the selectivity of ammonia
FEnn,: the Faradaic efficiency of ammonia;

Yy the yield of ammonia.



Table S3 Ammonia yield on 10Cu/TiO,., determined by different quantitative methods.

Nitrogen Concentration Yield rate
Quantitative method Detected ion
sources (ppm) (mmol h! mg)
Colorimetric method UNO; NH,"-N 80.01 0.1143
'H NMR 14NO;5 4NH, 1N 79.35 0.1134
'H NMR NO; NH,-1’N 77.95 0.1114

The yields of *NH," and '"NH," determined by '"H NMR are very close to the results of colorimetric

method.
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