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Abstract (252 wor ds)

NH is a key short-lived radical involved in the pnot-NO formation. Quantification of NH is
thus particularly important for testing the NO HKige mechanisms. However, quantitative
measurements of native NH in hydrocarbon/oxygemgén flames remain very scarce. Therefore, in
this work, the mole fractions of native NH were abed using a combination of laser-based
diagnostics; Laser Induced Fluorescence (LIF) amdt€ Ring-Down Spectroscopy (CRDS). The NH
species was probed after exciting the transitigi®)Rn the AM-X3% (0-0) system at 333.9 nm. The
mole fraction profiles of NH were successfully dbe&d in premixed low-pressure flames of
CH4/O,/N, and GH,/O,/N, at two equivalence ratios of 1.00 and 1.25. Thienased detection limit
for the NH radical was around 4.5%Iolecule crif (i.e. 2 ppb in mole fraction at 1600 K), which is
nearly 2 orders of magnitude lower than previoutues reported in the literature. These new
experimental results were compared with predictibpsa recently developed NO model (namely
NOMecha2.0). In the case of the Cflames, a satisfying agreement between the expatirand
model was observed. However, in the case of tjd, @ames, some discrepancies were observed.
Model analysis has highlighted the importance efHCCO radicals in the NH formation through the
HCNO—HNCO—NH, reactions pathway. Modification of the rate constealues of the reactions
C;H,+O and HCCO+§ which are key reactions for both the acetylemainar flame speed and the
HCCO predictions, has enabled the model to satfiac predict the experimental NH and NO

profiles also in the §H, flames.
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1 Introduction

The NH radicals, which are important intermedigtecses in the NO formation process, have been
measured in the past using laser-based diagnastiflames. Relative NH species profiles were
obtained in premixed flames by using Laser InduE&drescence (LIF) since the 80-90's [1-6].
Measurements were exclusively performed in mixtwesded with N-containing species (NO, INO
N,O, NHg) that allow increasing the NH quantity. The LIFasarements were performed either in the
A®M-X%27(0-0) vibrational band of NH around 336 nm or ie {1-0) vibrational band around 303 nm.
Relative LIF measurements were calibrated usingratisn methods [1,3,4]. The detection limit was
found to be around 1 ppm. Brackmann et al. [6] mess NH profiles in atmospheric NHir flames

by using saturated LIF. The NH-LIF signal was aaibd in mole fraction by using a bidirectional
LIF method applied to OH with an overall uncertgiestimated to be 40% and a detection limit of
2x10"° molecule crif. Derzy et al. [7] measured mole fraction profilsNH using Cavity Ring-
Down Spectroscopy (CRDS) in low-pressure J@H flames seeded with 1.7% of,@® They
estimated the detection limit for measuring NH éo4x13° molecule crii probing the R6) transition

at 333.9 nm. To the best of our knowledge, nati¥€ s been measured only once in atmospheric
CHj/air flames by using saturated LIF [8]. The LIF reafy was calibrated into mole fraction by
Rayleigh scattering with a value as low as 0.3 ipen 13° molecule crif) and an overall uncertainty

estimated at about 40%.

In our laboratory, we have previously shown thergircomplementarities of LIF and CRDS
to quantify trace species in premixed flames predithat they fluoresce. The LIF/CRDS coupling
already allowed measuring species with mole frast@as low as a few ppb in the case of NCO [9].

In the continuation of our previous works carriedt dor the prompt-NO formation in
premixed low-pressure flames [10], the present pegg@orts quantitative measurements of native NH
by using LIF and CRDS techniques for the first tia- profiles of NH were measured in five low-
pressure flames by probing the(® transition at 333.9 nm. The absorption osalldine strength

was calculated with the PGOPHER program [11]. Ltefites of NH were converted into mole
3



fraction profiles by using the integrated specatadorptivity obtained by CRDS in a flame seedeti wit
2.2% of NO. The LIF detection limit is significantly improgleén the present work by optimizing the
collection volume and the LIF signal processinge ®xperimental NH profiles were compared to
those simulated using the NOMecha2.0 submechanibiohwhas been recently validated for the
prompt-NO formation [10]. NOMecha2.0 is associagdtther to a methane mechanism [12] or to a

acetylene mechanism [13].

2 Experimental setup

2.1 Low-pressure burner and gas supply

Experiments were undertaken in laminar 4&4/N, or GH,/O,/N, premixed flames stabilized at

5.331£0.01 kPa (40 Torr) on a 6-cm diameter bronatemwcooled McKenna burner. Regulation of the
pressure is achieved within £0.3% by using an aatanvalve (Oerlikon CMOVE/MOVE1250). The

burner is mobile in translation in the vertical s®illowing measuring species profiles as functibn o
the height above the burner (HAB). Details aboatlibhrner and the gas supply were given in [14,15].
Additionally, a NO-doped flame (named CH4-N20) was stabilized ineprit calibrate relative

concentration of NH species in mole fraction by CGRIBlame compositions and volumetric gas flow
rates are reported in Table 1. These flame comditicdentical to those previously studied in the
laboratory, were used to validate NOMecha2.0 [I}e temperature profiles were previously
obtained by LIF thermometry according to a procedigscribed in [14]. They are reported in [10],

except for flame CH4-N20 in which the temperatusswneasured equal to 1790 K at HAB=5.75 mm

[9].

Table 1. Flame compositions. Gas flow rates arerted in slpm (standard refers to 0°C and atmospher
pressure)@is the equivalence ratio.



Flame fuel 0O, N, N,O [0}

CH4(100 0.4€+0.01 | 0.9€+0.0z | 3.35+0.0¢ - 1.0C
CH4(125 0.6(+0.01 | 0.9€+0.0z | 3.2¢+0.0¢ - 1.2¢8
C2H2(100 0.53+0.01 | 1.06+0.0z | 4.84+0.0¢% - 1.0C

C2H2(125 0.42+0.01 | 1.06+0.0z | 4.84+0.0¢ - 1.2t
CH4-N2C 0.4€+0.01 | 0.91+0.0z | 3.04+0.0% | 0.1C+0.01 1.0C

2.2 Laser set-up

The pulsed laser system consists of a frequencipddduNd:YAG laser (Powerlite DLS8000,
Continuum) pumping a dye laser (ND6000, Continulviavelengths around 335 nm with a spectral
bandwidth of 0.3 cih were provided by doubling the fundamental dye atioln of a mixture

(LDS698+DCM) diluted in methanol.

LIF and CRDS signals were collected by a photompligti tube (PMT) (XP2020Q, Photonis)
and recorded on a digital oscilloscope (Lecroy HD@ 12-bit vertical resolution, 1GHz bandwidth,
1.25 GS/s). During spectrum acquisition, the laggvelength was scanned at a rate equal to 0.25 pm
s' and the signal was averaged over 10 laser shotspecies profiles measurements, the signal was
averaged over 300 laser pulses. Signals from to#lazsope and the dye laser wavelength were

transferred in real time on a PC, and treated lathview programs.

2.2.1 LIF

The laser beam was introduced unfocused paraltbletdourner surface and shaped using a horizontal
slit of 300 um height and 2 mm width in front oktburner. The LIF signal was collected/dtby a
two-lenses system and focused on the entrancefsdit0.275 m monochromator. The entrance slit
(200 um width, 10 mm height) was parallel to theetaaxis. The collection volume is estimated to be
equal to 4 mm The output slit was adjusted to obtain the ddsicellection bandwidth. For
measurements performed in thgHO,./N, flames, the PMT saturation due to the strong flame
emission at 338 nm was avoided by the use of aefastronic shutter (Oriel fast shutter 76994/7§995
placed in front of the monochromator. The shutierong (with a gate of 13 ms) was synchronized
with the laser Q-switch signal and delayed appately in order to collect the fluorescence signal.

The prompt-LIF signal is measured at the peak vafute temporal LIF signal, limiting the effect of
5



possible quenching variations. It allows measurihg relative population of the species in the

rotational level J”, N.

2.2.2 CRDS

CRDS measurements for NH were performed by usingx@erimental set-up and data processing
similar to the one described for CH measuremenf&4ti5]. The 420 mm length cavity is ended by
two highly reflective mirrors (LaserOptik, 25 mm adieter, 250 mm radius of curvature,
reflectivity>0.997). The laser beam was shaped witlystem consisting of a 100 pm pinhole aperture
and two lenses (100 and 175 mm focal lengths)derto match approximately the TEMransverse
mode of the optical cavity. The CRD signal waseaxdlkd by the PMT in front of which was placed a
UGL11 filter. Cavity decaytimes were determined fram exponential fitting over 1.6 ps. The ring-
down decaytime in the burned gases (in absencédddiidéorption) was typically equal to 475 ns. The
concentration of the absorbing species is detemwiren the measurement of the decaytime on- and
off-resonance with the transition as detailed ®,1¥]. The off-resonance wavelength was selected by

detuning the laser by 30 pm from the on-resonanee o

3 NH spectroscopy

The PGOPHER program (version 9.1.100) [11] alloalswating the absorption spectrum in absolute
intensity, and also extracting the rotational teohenergy (&), the rotational Einstein A coefficients
(Ayy), or the rotational oscillator strength-£). The revised spectroscopic constant values ofilNH
the ATI-X°3 system proposed by Ram and Bernath [18] were dotted in PGOPHER. The
vibrational and rotational partition functions inet ground state 3" were calculated by using the
equilibrium molecular constants reported by Broake al. [19]. The Boltzmann factors were

determined as function of the temperature by uBingalculated by PGOPHER.

In order to calculate the values &f; andfy;, the electronic transition momenid,,.,R,)

that is required, was calculated (in D) from therenic Einstein A coefficientX,, in unit s

according to Eqg. (1) derived from Larsson [20]:
6



2=-6_ .1
GurR2 = 3.1895 x 106 = 24"

=T -
V32=80 At

Avm" Eq- (l)
wherevis the center wavenumber of théW) transition in crit. For all—Z transition, the ratio (2-

60_Ar)/(2-8 (whered is the Kronecker delta) is equal to one [20].

o,A'+A")

According to the Einstein A coefficient values ngvdetermined by Fernando et al. [21],
(Ag= 2.54x16 s* and A,=2.18x10 s%), the values of the electronic transition momeaitalated
from Eq. (1) are equal to 0.554 D and 0.516 D retdpady for the (0-0) and (1-1) bands. For thga@}
transition at 29948.45 ¢h(333.9 nm), PGOPHER calculations retéy- = 1.375x10 s andfyy =
2.653x10°. The absorption line strength is equal to 3.982ydod agreement with the value of 3.988

reported by Derzy et al. [7].

4 LIF and CRDS measurementsof NH in flames

4.1 Excitation LIF and CRDS absor ption spectra

Experimental spectra were measured in flame CH4-MR@he NH peak location (HAB=5.5mm),
where the temperature was previously determindzktequal to 1790 K [9]. The absorption spectrum
of the NH radical was recorded by using CRDS. Ttwtation LIF spectrum was also recorded in the
linear regime (8uJ/cftpulse) with a collection spectral bandwidth of @). Figure 1 presents the
experimental spectra measured by CRDS and by ldiRpared to the absorption spectrum simulated
with PGOPHER at 1790K by applying a Voigt lineshdpection with a Gaussian linewidth of 0.25
cm® and a Lorentzian linewidth of 0.15 ¢mAll spectra have been scaled with respect to the
experimental absorption spectrum reported in lopsegass along the flame diameter. Spectra show
three intense transitions which correspond to Rsit@ns in the 3 sub-bands,(RR,, Rs) of the lower
state N"=5 in the (0-0) band. Two small transiti¢Rg(9), Ri(10)) in the (1-1) band are also observed.
A fairly good agreement between the experiment&nisities and the simulated intensities is found.
However, the intensity of the two satellite tramsis (Q(5), Q1(6)) in the (0,0) band measured by

LIF is higher than the simulated intensity whilee thbsorption experimental spectrum is perfectly
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simulated. The simulated spectrum being an absworpspectrum, it does not correct for the
fluorescence quantum yield. Therefore the disages¢rmbserved for the two satellite lines indicates

that their fluorescence quantum yield differs frbra one of the main transitions.

More details concerning the dispersed fluorescespextrum and the temporal fluorescence

decays of NH in flames are given in the Supplenrgritéaterials.

2.0x107 5
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Fig. 1. NH absorption spectrum (symbols) and ekoitalIF spectrum (dashed line) collected at 336with a
spectral bandwidth of 9 nm, at 5.5 mm in flame QRRIO. Comparison with the simulated spectrum obthine
with PGOPHER (solid line) at T=1790 K by using aigdineshape function. Transitions in the (0-Opd-1)
bands are indicated on the top.

4.2 Experimental NH mole fraction profiles
The NH mole fraction profiles were measured by gditF and CRDS. The rotational population
(Ny) was probed at the well-resolved(® transition at 333.9 nm by LIF. The rotation&tdbution
shows that the level J"=6 is one of the most pdpdldevels in the temperature range (1000-1800 K),
with a limited temperature sensitivity of the Boftann factor (2x1® K™). The axial NH relative
concentration profiles as function of HAB were dbéal by LIF that allows spatially resolved
measurements. The relative concentration speca#epmn each flame was scaled at its peak value
with respect to the one obtained in flame CH4-Ng@lifration flame). This latter one was calibrated
into absolute population by using CRDS. The integtaspectral absorptivitA(v) (in cmi’) was

determined according to Eq. (2) [17]:

A@) = [L@)dV = (me?/myc?)fp Nyl Eq. (2)



wherem,c?/me? is equal to 1.13xTHcm?, |5 is the absorption length (in cnb)(v) represents the net
losses per pass due to the absorption of the spébi® as a function of the wavenumber
Conversion into absolute concentratidgp was completed by dividing the rotational populatiy the
Boltzmann factorfg(J”,T), calculated by using the experimental terap@e profiles previously

obtained in [10,14].

4.2.1 Relative NH profiles by LIF

In order to maximize the signal and prevent anyypkation from the excitation laser radiation, the
fluorescence signal was collected along the Q- Rditlanches, with a spectral bandwidth of 9 nm
centered at 339 nm. The fluorescence lifetime veamd nearly identical in all flames and almost
constant (80 ns) along the flames axis indicatirag the NH quenching rates are similar. Thanks to
this observation, the steadiness of the quenclateyallows to assume that the degree of saturafion
the LIF signal is similar in each flame. Therefare have chosen to work in a partially saturatdel LI
regime (13-14 pJ/cfipulse) in order to improve the signal-to-noisdoratThe off-resonance signal

was found negligible.

The relative peak values of;Nmeasured in all flames are reported Table 2. Hiative
standard deviation of the ratios between the flaigetower than 5%. The temperature values

previously measured in [9,10,14] are also repaatatie NH peak location.

Table 2. Relative rotational population;(N absolute concentration {J, mole fraction x4 ) of NH measured
at the peak location in all flames. Temperaturinatpeak was previously determined in [9,10,14].

flame Ny rel Nj; CRDS NH peak T (K) at NH Niot XNH
LIF (molecule/cr?) (mm) peal (molecule/cr?) (ppb’
CH4-N20 10C 4.7(x10" 5.50 1790 1.33x10" 6172
C2H2(125 3.6¢€ 1.72x1C 2.7¢ 164( 4.54x10™ 19¢2
C2H2(100 1.47 2.7¢ 156¢ 1.72x10™ 70
CH4(125 0.9¢ 9.0( 175( 1.23x10™ 56
CH4(100 0.2¢ 6.7¢ 177¢ 3.90x10° 18

4.2.2 Mole fraction profiles of NH by CRDS

The NH net lossels() were measured in flame CH4-N20. The net lossefdgi® in agreement with

the scaled LIF profile as shown in Fig. 2. The sggaent of the line-of-sight CRDS profile at high
9



HAB can be due to a possible flame curvature asvshpreviously [22] although the flame was
visually flat. Possible inhomogeneities at the #aadge are known to affect the axial mole fraction.
this work, the radial NH mole fraction profiles lawot been measured. Therefore the NH mole
fraction profiles are not corrected for the effeetabsorption pathlength which is assumed to be the

flame diameterl(= 6 cm) in Eq. (2).

2x107 4

- m¢
o CH4_N20
1 o +O + UF
- J * O CRDS
] =] +
8 g °
W D+ o
1] 3 _|
910 +o
L] ] °
=
7] o
= n 0+ +
o
- o + o
+ + O
- + ©
2 +:OOOOO
noneg® +44 00000000
0 T I T I T | T

HAB (mm)

Fig. 2. Ny profiles (net losses/padq)) measured by using LIF and CRDS in flame CH4-N20.

The NH mole fraction was measured by probing thi@)Rransition at the NH peak location
in flames CH4-N20 and C2H2(125). The signal to esetio was around 3-4 only in the latter flame.
From the integrated spectral absorptivity; Was determined to be equal to 4.70%1folecule crii
in flame CH4-N20 with a relative standard deviatai2.5%. The ratio of the rotational populations
between this flame and flame C2H2(125) using CRBS feund in perfect agreement with the ratio
of Ny measured by LIF (Table 2). Then, considering gmperature equal to 1790 K at the NH peak
location in flame CH4-N20, the NH peak mole frantiwas calculated to be equal to 6.17 ppm.

After the calibration performed in flame CH4-N2etprofiles of the relative rotational
population were converted into mole fraction bysidaring the Boltzmann factor and the temperature
profiles. Thanks to the combination of LIF and CRi2chniques, the NH profile in the stoichiometric
flame could be measured with a peak mole fractialwes as low as 18 ppb. The accuracy of the
rotational absorption line strength was estimateté +10%, in agreement with the estimated error

10



reported by [21]. Finally, the accuracy of the NHblenfraction determination was estimated to be

+20%, neglecting the possible spatial inhomogerdityie NH distribution.

5 Modeling and discussions

Modeling was performed using either the GDF&i® model [12] for Cll oxidation or the Lindstedt
and Skevis model [13] for &, oxidation (hamed LS hereafter). These models wenapleted with
the NOMecha2.0 submechanism [10]. NOMecha2.0 wis\alidated in low-pressure flames for the
prompt-NO formation against a large experimentahloiase gathering species such as NCN, NCO,
HCN, CN, CH and NO. NH was one of the missing imediate species involved in the prompt-NO
scheme. Calculations were done with the ChemkiniBed package, using the experimental
temperature profiles previously reported in [10,1Bhe NH profiles were simulated in all flames.
Figure 3 shows the comparison between the expetahand the simulated profiles in the methane
flames. Although the predictions underestimate lbgua 30% the experimental NH peak values, the
ability of NOMecha2.0 to predict intermediate sjgsdbelow only 60 ppb is considered as good. This

figure is complementary to those previously repbite[10].

. $=1.25, exp
#=1.25, sim

@
o
|

B
o
|

NH mole fraction (ppb)

~
o
|

®,
Qo_pz o
I
0 5 10 15 20 25
HAB (mm)

Fig. 3. Experimental NH mole fraction profiles iarhes CH at ¢=1.25 andp=1.0. Comparison with simulated
profiles obtained with NOMecha2.0 [10] associaeGDFkir®3.0 [12].
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The acetylene oxidation mechanism proposed by kénisand Skevis [13] was previously
adopted to simulate prompt-NO and intermediate ispem the acetylene flames as reported in
[10,14]. This model allowed good predictions of b and NCN mole fraction profiles obtained in
flames C2H2(100) and C2H2(125). However as showfign 4, the experimental NO mole fraction
profiles were underestimated by the model by aofaof 1.2 and 1.6 in the rich and stoichiometric
flames, respectively. No change of the mechanism peaformed in [10] to improve the agreement
between the experimental and the simulated profifddO. The NH mole fraction profiles simulated
with the LS model underpredicted the experimentafiles with a factor of 5.2 and 3.7 in flames

C2H2(100) and C2H2(125), respectively.

- = — 300
a il b
30 — 60 7

- L = i

3 E

5 oz g 3
- = N L —200 &
o c 8 = c
B 20 o 2 {40 — £
I [ b P e
E = S
e | ofYr L ceeesesemiesess -2 CH/O4/N,, $=1.25 @
£ ° E + NO ©
= CH,/0/N,, 9=1.00] 40 E o 100 E
e 2 o cH P

10 —| + NO > .20 ® NH =
< i
= o CcH o

| ® NH
o —pa 0 0 —t 0
0 2 4 6 8 10 0 2 4 6 8 10
HAB (mm) HAB (mm)

Fig. 4. NH mole fraction profiles in flames,id, (a) ¢=1.25 and (b)p=1.0. Comparison with the simulated
profiles obtained with NOMecha2.0 model [10] asatail to the revised LS model (solid lines) and the
unmodified LS model [13] (dashed lines).

In order to explain why NH profiles are better peged in the methane flames than in the
acetylene flames, analyses of the reaction rapgafuction have been performed in both flames. NH
species are consumed according to the reactionsH¥N+H, and NH+O=NO+H. NH species are
mostly formed according to three reactions (listed order of importance): NCO+H=NH+CO,
NH,+H=NH+H, and HCN+O=NH+CO. The relative importance of theos®l reaction falls down in
the acetylene flames contrary to what is obsermdatié methane flames. In both flames, Nidecies

are mostly formed from the reaction HNCO+H=NEO and consumed according to the reaction
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NH,+H=NH+H, through the newly additional pathway HCN/HNC/HNGBL/NH as discussed in
[10]. This sequence was mostly updated from [23] &¥]. The experimental HCN peak mole
fraction values were satisfyingly predicted for fidimes [10]. HNCO is formed from the reaction
HNC+OH=HNCO+H in both flames, but in the acetyldiaenes it is also formed through the reaction
of isomerisation HCNO+H=HNCO+H. According to [23iCNO is produced from the reactions
HCCO+NO=HCNO+CO and CHNO=HCNO+H. In the methane flames, these two reastiare
involved yielding a simulated peak mole fractionH€CO around a few tens of ppm in the rich
conditions. On the contrary, the first reactiothie only one involved in the HCCO formation with a
simulated peak mole fraction around 10 times highethe rich acetylene flame. As previously
described in [14], HCCO is the first intermediapeaes of the acetylene oxidation, whereag GH
the first intermediate species of the methane déxidalndeed, in the acetylene flames, HCCO plays
an important role due to the reactiogHgrO=HCCO+OH [26]. The reactions@,+O and HCCO+©
are well-known to be very sensitive for modeling thcetylene/air laminar flame velocities as
previously mentioned by Lindstedt and Skevis [&Bid recently by Shen et al. [26].

In order to improve the agreement between the @rpetal and the simulated mole fraction
profiles of NH in the acetylene flames, the ratenstant values of the reactionsHz+O and
HCCO+Q have been modified in the LS model as listed ibl@&. These modifications increase the
simulated peak mole fraction of HCCO by a factopfind the one dCH, by a factor 1.5 in flame
C2H2(125). The modifications also yield an increafe¢he simulated CH peak mole fraction by a
factor of 1.6. Indeed as shown in [14], CH radicalse formed through the sequence
HCCO/CH,/’*CH,/CH in the acetylene flame. In order to restraia gimulated CH mole fraction
profiles (in agreement with the experimental pes)| the rate constant value of the reaction
CH+H,=3CH,+H was modified according to [27]. The predictiasfsthe species profiles previously

considered to validate the original LS mechanismill3y were not altered.

Table 3. Modified reaction rate constant valuethaLS model [13]. k=ATexp(-E/RT), units in cal, mole, cin
and K.

13



reactior A n E reference
C,H,+0="CH,+CQ 4.7x10" | 1.4 ] 220¢ | Shen et al. /126]
C,H,+O=HCCO+} 9.36x1C° | 1.4| 2202 | Shen et al[26]
HCCO+(C,=2CO+0OF | 1.91x10™ | 0 | 1027 | Shen et alj26]
HCCO+C,=CC,+CO+H | 4.76x10™ | -0 | 115( | Shen et al26]
CH+H,=°CH,+H 1.75x10™ | 0 | 332( | Baulch et al[27]

Figure 4 shows the experimental and the simulatelé fnaction profiles of NH, CH and NO
in the acetylene flames. For clarity, the specregilps simulated before and after the aforemermtibn
kinetic modifications are presented here. Additipnahe species profiles of NCN and HCN are
presented in the Supplementary Materials. Thesefivattbns allowed matching the simulated CH
peak location with the experimental ones, espgcialthe flame C2H2(100). They also led to increase
the simulated NH mole fraction profiles, but théil sinderestimate the experimental profiles by a
factor of 2.7 and 1.6, respectively for flames CPH®) and C2H2(125). The predicted NO mole
fractions in the burned gases were found in bajeeement with the experimental values (within the
experimental uncertainties) than previously showf10]. Globally, the simulated peak mole fractions
of CH, NO, NCN, HCN and NH have been increased yshin the Supplementary Materials),
yielding a better agreement with the experimentedso However, the simulated HCN profiles are
much larger than the experimental ones in the betyflames. This observation deserves further

investigations.

6 Conclusions

The mole fraction profiles of NH have been measuredlames of CHO,/N, or GHy/N,/O,
stabilized at low pressure (5.3 kPa). Measuremieat® been possible thanks to the combination of
two laser-based spectroscopic techniques: LIF aRDE The LIF technique offers an excellent
sensitivity and spatial resolution for measuring tielative species profiles in flames. We have
estimated the limit of detection of NH of aroun&»xG¢ molecules ci, i.e. 2 ppb at 1600 K, while
this limit was estimated to 0.4 ppm in [8]. Thetigprovement of the detection limit is mainly due
to the larger volume of collection. As the lasemi focused, the volume is enlarged in a plane

parallel to the burner surface. The CRDS technajleavs quantifying in absolute concentration but
14



with a detection limit around 2xbmolecules cr, similarly to [7] . In the present work as in [Tie

NH spatial distribution was assumed homogeneousyatoe absorption pathlength.

Modeling calculations were performed using the NGNME2.0 submechanism recently
developed for the prompt-NO formation [10]. SimethtNH profiles in the methane flames were
found 30% lower than the experimental profiles. Koty of the acetylene flames showed larger
discrepancy with the experimental results. Acetylexidation yields intermediate species such as
ketenyl radicals that play an important role in grempt-NO formation through the formation of
HNCO species. As previously indicated, the HNCQOmnscs are important for predicting NH species
in the acetylene flames. The modification of fiwaction rate constant values in the LS model [13]
allowed retrieving a better agreement between itnelated and experimental species profiles (CH,
HCN, NCN, NH and NO). The refinement is clear foe NO simulated profiles which now agree well
with the experimental profiles (within the experme uncertainty). This was made possible thanks to
the quantitative measurements of the trace radiehin flames fueled either with methane or with
acetylene. This confirms the robustness of the NRmechanism NOMecha2.0 [10] that has been
completely reassessed in our laboratory thankdheoldrge experimental database of intermediate

species involved in the prompt-NO formation.
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List of figure captions

Fig. 1. NH absorption spectrum (symbols) and exomalLIF spectrum (dashed line) collected at 336
nm with a spectral bandwidth of 9 nm, at 5.5 mnlame CH4-N20. Comparison with the simulated
spectrum obtained with PGOPHER (solid line) at T91K by using a Voigt lineshape function.

Transitions in the (0-0) and (1-1) bands are inéida@n the top.
Fig. 2. N profiles (net losses/padgy)) measured by using LIF and CRDS in flame CH4-N20.

Fig. 3. Experimental NH mole fraction profiles larhes CH at ¢=1.25 andp=1.0. Comparison with

simulated profiles obtained with NOMecha2.0 [1Basated to GDFkif8.0 [12].

Fig. 4. NH mole fraction profiles in flames,id, (a) ¢=1.25 and (b)p=1.0. Comparison with the
simulated profiles obtained with NOMecha2.0 modél][associated to the revised LS model (solid

lines) and the unmodified LS model [13] (dashedsdin
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