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Abstract Two-photon laser-induced fluorescence (LIF)

of ammonia (NH3) with excitation of the C0-X transition at

304.8 nm and fluorescence detection in the 565 nm C0-
A band has been investigated, targeting combustion diag-

nostics. The impact of laser irradiance, temperature, and

pressure has been studied, and simulation of NH3-spectra,

fitted to experimental data, facilitated interpretation of the

results. The LIF-signal showed quadratic dependence on

laser irradiance up to 2 GW/cm2. Stimulated emission,

resulting in loss of excited molecules, is induced above

10 GW/cm2, i.e., above irradiances attainable for LIF

imaging. Maximum LIF-signal was obtained for excitation

at the 304.8 nm bandhead; however, lower temperature

sensitivity over the range 400–700 K can be obtained

probing lines around 304.9 nm. A decrease in fluorescence

signal was observed with pressure up to 5 bar absolute and

attributed to collisional quenching. A detection limit of

800 ppm, at signal-to-noise ratio 1.5, was identified for

single-shot LIF imaging over an area of centimeter scale,

whereas for single-point measurements, the technique

shows potential for sub-ppm detection. Moreover, high-

quality NH3-imaging has been achieved in laminar and

turbulent premixed flames. Altogether, two-photon fluo-

rescence provides a useful tool for imaging NH3-detection

in combustion diagnostics.

1 Introduction

With increasing awareness of the limited resources of fossil

fuels, renewable biomass-derived alternatives have gained

interest and an extended use of biomass energy is predicted

for the future [1, 2]. This development makes ammonia

(NH3) a species of increasing relevance in combustion

since it is a key species in the chemistry of fuel-bound

nitrogen, of importance for combustion of many biomass

fuels [3–5]. Ammonia also has potential as a hydrogen-

carrier transportation fuel, allowing for combustion without

carbon-containing emissions [6, 7]. Furthermore, NH3 is

used as an agent in catalytic and non-catalytic reduction of

nitric oxides (NOX) in combustion emission control [8].

Detailed understanding and optimization of combustion

processes in terms of efficiency and minimization of pol-

lutant emissions require powerful measurement techniques

for characterization. The increasing role of NH3 in com-

bustion outlined above clearly makes techniques for its

detection of high interest. Laser-based diagnostic methods,

developed and applied during the last decades, enable non-

invasive in situ measurements of combustion-relevant

parameters such as flow velocities and temperature, as well

as detection of relevant species [9]. Among the methods

available for species detection, laser-induced fluorescence

(LIF) based on resonant absorption of laser photons and

detection of spontaneously emitted fluorescence has been

widely used. Numerous species of combustion interest,

including fuels or fuel tracers, intermediate species, and

products can be probed using LIF, for many cases with

high sensitivity and in imaging measurements.

Several alternatives exist for optical detection of NH3,

for example line-of-sight absorption probing vibrational

transitions in the infrared regime around 10 lm [10–12].

The electronic resonances of NH3 are accessible at
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wavelengths from around 210 nm and further down into

the vacuum ultraviolet (VUV) regime [13]. Although

transitions in the A / X band around 210 nm can be

accessed using conventional laser systems, the quantum

efficiencies of fluorescence emission are too low [13, 14].

One alternative to circumvent this has been demonstrated

with photofragmentation fluorescence, in which NH3 has

been detected indirectly via fluorescence from NH gener-

ated by UV laser photolysis [15]. Another solution is to

probe electronic states in the VUV regime by means of

two-photon LIF, based on simultaneous absorption of two

laser photons. This allows for excitation wavelengths in the

UV and visible regime, and problems associated with

strong absorption of combustion gases in VUV regime can

be avoided. Although a much weaker process than single-

photon LIF, two-photon LIF is a viable detection scheme

also applicable for imaging measurements.

Two-photon LIF of NH3 has been investigated previ-

ously for excitation to the B and C0 states using excitation

wavelengths 303 and 305 nm, respectively [16]. The

fluorescence emission from the B state detected at 720 nm

was found to be about two orders of magnitude weaker

than that obtained probing the C0 state with fluorescence

around 565 nm. Thus, for practical diagnostics, the C0 state

was considered to be a better alternative. The work of

Westblom and Aldén [16] also includes investigations of

stimulated emission, induced simultaneously with the

fluorescence, and the potential for combined NH3/OH/NO

measurements. Ammonia detection probing the C0 /
X transitions has also been demonstrated for nonlinear

optical excitation schemes such as polarization spectros-

copy [17] and four-wave mixing techniques [18, 19].

This paper presents more detailed studies on NH3 two-

photon LIF from the C0 state for applied diagnostics in, for

example, combustion. The impact of laser irradiance,

temperature dependence up to 800 K, and pressure

dependence up to 5 bar (a) is investigated. In addition, the

power dependence of stimulated emission has been mea-

sured to determine irradiance levels where this competing

process needs to be considered. Particular emphasis has

been put on the feasibility to achieve single-shot NH3-

visualization in combustion environments and estimations

of achievable signal-to-noise ratios and detection limits.

Moreover, high-quality planar LIF imaging of NH3 in the

reactant mixture of laminar and turbulent premixed meth-

ane–air flames is demonstrated.

2 Experimental

A combined Nd:YAG (Quanta-Ray PRO 250-10, Spectra

Physics) and dye laser (Cobra Stretch-G-2400, Sirah) sys-

tem operating at 10 Hz repetition rate and with 8 ns pulse

duration was used for two-photon excitation of NH3. The

dye laser was operated using a Rhodamine 610/640 mix-

ture prepared for optimum output at the fundamental

wavelength 610 nm, which was frequency doubled to

305 nm using a BBO crystal. The maximum output pulse

energy at 305 nm was 35 mJ. The laser beam was shaped

into sheets of *4 mm (2.3 mm FWHM) width for spec-

troscopic investigations and 10–20 mm width for image

acquisition using different combinations of cylindrical and

spherical lenses. A variable attenuator (M-935-10, New-

port) was used to reduce the laser output energy for

investigations of signal power dependence.

The NH3-fluorescence was detected with an intensified

CCD camera (PI-MAX3, Princeton Instruments). For

measurements of emission spectra, fluorescence was col-

lected and focused onto the slit of a spectrometer (Acton

SpectraPro 2500, grating 1,200 grooves/mm, blaze

500 nm) using two spherical lenses of focal lengths

f = 152 mm and f = 37 mm, respectively. For imaging, an

f = 50 mm objective (Nikkor f/1.2) or an f = 150 mm UV

lens (B. Halle f/2) was mounted on the camera, depending

on the measurement object, a reversing ring and extension

tubes were used to obtain suitable image magnification.

While continuous background was efficiently suppressed

using CCD gates of 100 ns or less, scattered laser radiation

was filtered using longpass filters (Schott).

Investigations of stimulated emission (SE) were made

with the laser beam focused by an f = 100 mm spherical

lens to obtain sufficiently high laser irradiance. The signal,

propagating in the forward direction of the laser beam, was

collected to a photo-diode (DET 10A/M, Thorlabs) using

two spherical lenses, f = 150 mm and f = 100 mm, and a

digital oscilloscope (Wavemaster, LeCroy) was used for

data acquisition. The UV laser radiation was suppressed

using a glass plate combined with a longpass filter (GG475,

Schott), and efficient suppression was assured by back-

ground measurements in pure nitrogen.

Investigations of the dependence on laser irradiance and

pressure for NH3 two-photon LIF and SE were carried out

in a 200 cm3 aluminum cell with 50 mm fused silica

windows mounted. The investigations at elevated pressure

were made up to 5 bar (a). Measurements at elevated

temperature were made using a smaller insulated stainless

steel cell, volume 8 cm3, with a thermocouple type

K mounted inside. Excitation scan and fluorescence spectra

were acquired at temperatures 295, 383, 468, 580, 675, and

780 K.

Imaging LIF measurements were made in premixed

methane–air flames with NH3 seeded to the fuel–air mix-

ture. A conical water-cooled stainless steel Bunsen-type

burner was used for NH3-visualization in laminar flames of

equivalence ratio U = 1.3 seeded with NH3-concentrations

in the range 2,000–12,000 ppm. In addition, burners
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consisting of water-cooled porous bronze plugs with cen-

tral holes of 2 and 10 mm diameter were used. Separate

supplies of fuel–air mixtures to the plug and the central

hole allow for two flames to be stabilized simultaneously

on this type of burner, and a conical flame stabilized on the

central hole is shielded by the surrounding flame burning

on the porous plug, allowing for a well-defined inner flame.

The burner with the 10-mm central hole was used for

measurements in laminar flames of equivalence ratio

U = 0.6 seeded with NH3-concentrations in the range

100–3,000 ppm. The burner with the 2-mm hole was used

for measurements in laminar and turbulent flames at stoi-

chiometric conditions with an NH3-concentration of 2 %.

For the laminar flame, the flows of NH3, methane, and air

were 0.04, 0.16, and 1.7 l/min, respectively, resulting in a

flow speed of 10 m/s and a Reynolds number around 1400.

The turbulent flame was supplied with 0.32 l/min NH3,

1.3 l/min methane, and 13.5 l/min air, resulting in a flow

speed of 80 m/s and a Reynolds number around 11000.

Methane, air, and ammonia were supplied to the burners

using mass flow controllers (Bronkhorst).

To relate the NH3 visualized in flames to the overall

flame structure, simultaneous CH LIF measurements, using

a previously published method [20], were carried out in the

stoichiometric laminar and turbulent flames on the plug

burner. Briefly, the second harmonic of a linear cavity

Alexandrite laser (101-PAL, Light Age Inc.) [21] was

tuned to 383.3 nm for CH excitation. The laser repetition

rate was 10 Hz, the pulse duration typically 70 ns, the laser

linewidth around 2.5/cm, and the output pulse energy about

80 mJ.

To facilitate interpretation of the experimental results, a

simulation of the probed C0-X v0 = 2 / v00 = 0 electronic

band was implemented using the PGOPHER software [22].

Ammonia rotational constants obtained from literature [23,

24] were adopted as initial values to fit to the experimental

data. In addition, a linewidth parameter in PGOPHER was

set to 0.089/cm in order to fit the overall contour of the

spectra.

3 Results and discussion

3.1 NH3 spectroscopy

The energy-level diagram depicted in Fig. 1a outlines the

probed C0-X v0 = 2 / v00 = 0 transition at 304.8 nm,

identified in previous investigations as the one giving

strongest fluorescence emission and having the greatest

potential for diagnostics [16]. Excitation scan and

fluorescence spectra, acquired at room temperature and

atmospheric pressure, are presented in Fig. 1b, c, respec-

tively. The excitation scan (Fig. 1b) shows overlapping

ro-vibrational transitions in the C0-X band mainly from the

qQ-branch, with the bandhead at 304.8 nm being the most

prominent feature. The fluorescence emission spectrum

(Fig. 1c) covers a range of typically 10 nm containing

multiple rotational transitions of qP, qQ, and qR branches

[23]. Even though the spectrum was measured with a

spectral resolution of around 0.25 nm, a rather smooth

shape without distinct features is observed. This is attrib-

uted to the short effective lifetimes of the pre-dissociative

C0- and A-states, resulting in rather broad spectral lines
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Fig. 1 a Schematic energy-level diagram indicating the probed

C0 / X and C0 ? A transitions of NH3. b C0-X v0 = 2 / v0 0 = 0

excitation scan acquired at 295 K and atmospheric pressure. The

identifiable lines mainly consist of overlapping qQ-branch rotational

lines. c C0-A v0 = 2 ? v0 0 = 2 fluorescence emission spectrum at

295 K and atmospheric pressure
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[23]. Effective lifetimes of 6.1 and 0.1 ps have been

reported for the NH3 C0- and A-states, respectively [25, 26].

3.2 Power dependence investigations

Since relatively high laser irradiance is necessary for two-

photon excitation and the NH3 excitation scheme involves

pre-dissociative molecular states, characterization of the

NH3 LIF-signal power dependence is required. Figure 2

shows power dependence data measured at room temper-

ature and atmospheric pressure with the beam focused into

a 2.3 mm 9 0.1 mm laser sheet, thus tighter than for a

typical LIF imaging setup but not enough to reach irradi-

ances where stimulated emission can be induced. This can

be seen by comparison with the stimulated emission data

presented in the same graph and acquired with the beam

focused into a 100-lm-diameter spot using an f = 100 mm

spherical lens. The LIF data essentially follows an I2

dependence also reported for two-photon excitation of

A / X transitions of ND3 [27]. A deviation of around

10 % toward a weaker dependence can be observed at the

highest irradiances, typically above 1 GW/cm2. The

reduced power dependence could be explained by

enhanced two-photon absorption of the laser beam when

passing through NH3 prior to the probe volume in the

center of the cell. Another possibility is increased loss of

excited NH3 molecules due to ionization. The stimulated

emission signal started to be detectable at laser irradiance

around 10 GW/cm2 and shows a highly nonlinear I5 power

dependence. As the SE is induced only at high irradiances,

it does not compose a loss mechanism for two-photon NH3

fluorescence imaging performed at lower laser irradiances.

Nevertheless, it needs to be considered for single-point

measurements using a focused beam, as reported by

Westblom and Aldén [16], especially when aiming to

detect low NH3-concentrations.

3.3 Temperature dependence

Accurate fluorescence imaging of NH3-distributions

requires knowledge of the LIF-signal temperature depen-

dence, and investigations of this are summarized in Fig. 3.

Figure 3a, b shows excitation scan spectra measured in

NH3 at temperatures 383 and 780 K, respectively. In

addition to the measured data, spectra simulated using

PGOPHER are also included together with profiles of the

residuals between simulations and experimental data. The

molecular parameters used for spectral simulation are

presented in Table 1 together with corresponding data from

literature. The residuals indicate a shift between peaks of
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Fig. 2 Power dependence plots of NH3 two-photon laser-induced

fluorescence (LIF) and stimulated emission (SE) data measured at

ambient conditions. The LIF and SE data follow I2 and I5

dependencies, respectively
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Fig. 3 Experimental (solid) and simulated (dashed) NH3 LIF exci-

tation scan spectra with residuals (dotted gray). a 383 K. b 780 K.

c NH3 LIF temperature sensitivity for lines 1 and 2, indicated in (a),

calculated as the percentage change in LIF-signal. Details are given in

Results Sect. 3.3
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experimental data and simulated spectra. Nevertheless,

simulations show qualitative agreement with experimental

data and allow for reliable identification of the transitions

corresponding to the spectral lines. Molecular constants of

the high-order terms in the calculations of rotational energy

were not included in the present PGOPHER model and

may explain the observed difference between the experi-

mental data and spectral simulation.

Clearly, excitation at the wavelength giving strongest

signal is beneficial for efficient NH3-detection. However, to

facilitate interpretation of NH3 LIF-signals from combus-

tion environments, where temperature in the measurement

region may vary, it is also desirable to probe energy levels

with populations that have rather weak temperature

dependence. Figure 3c shows results from an analysis of

the temperature sensitivity for the LIF-signals averaged

over spectral intervals similar to the laser linewidth and

located at the peaks around 304.8 nm (line 1) and

304.9 nm (line 2) both indicated in Fig. 3a. While line 1

consists of a dense line structure of multiple transitions in

the qQ-branch bandhead, line 2 is a combination of 5

overlapping qQ transitions. For data evaluation, excitation

scans measured at six temperatures Ti = 295, 383, 468,

580, 675, and 780 K were first normalized versus the total

integrated signal in the spectrum. Factors affecting the

LIF-signal that are common for the entire spectrum are

cancelled by the normalization and an analysis of changes

in spectral shape can be carried out. Temperature sensi-

tivities for line 1 and 2, DITi
, as presented in Fig. 3c, have

been calculated using the relation DITi
¼ ITiþ1

�ITi

ITi

�
�
�

�
�
�, i.e., as

percentage change in fluorescence signal between nor-

malized spectra of temperatures Ti and Ti?1. At tempera-

tures 295 and 675 K, line 2 shows stronger temperature

dependence, sensitivity values of 10–11 %, than line 1,

sensitivity values 4–6 %. Nevertheless, it can be noted that

line 2, although of lower signal strength, shows better

temperature stability with lower sensitivity values, 2–3 %,

over the interval 400–700 K. Thus, in order to minimize

temperature sensitivity and enable correct qualitative and

quantitative fluorescence measurements, line 2 seems the

preferable excitation alternative.

Measurements of NH3 and temperature in premixed

methane–air flames, with NH3 seeded into the fuel

(data not shown), show that it is typically consumed at

temperatures below 800 K. Moreover, the operating tem-

perature interval for catalytic NOX reduction using

ammonia is generally 500–800 K [28]. Thus, the investi-

gated temperature interval is relevant for combustion with

ammonia as fuel component as well as for catalytic

reduction. Non-catalytic thermal reduction is typically

induced at higher temperatures, 1,000–1,300 K [28–30],

outside the range of the acquired data. However, spectral

simulations using the developed PGOPHER model sug-

gest an overall signal decrease by a factor of 2.5–3

compared with 300 K. In addition at these higher tem-

peratures, the relative strength of spectral line 2 approa-

ches that of line 1. Thus, ammonia detection by two-

photon fluorescence should also be feasible at higher

temperature, provided that the chemical conditions are

such that it remains stable. For example, the auto-ignition

temperature for ammonia in air is 924 K [31].

3.4 Pressure dependence

The increase in molecular number density and number of

NH3-molecules in the LIF probe volume with pressure

would in principle enhance the NH3 LIF-signal. However,

elevated pressure also introduces spectral line broadening

and influences competing processes such as collisional

quenching, photo-dissociation, and SE. The pressure

dependence of the NH3 LIF-signal is thus a combined

effect of these phenomena.

Figure 4 presents results from measurements in pure

NH3 up to an absolute pressure of 5 bar. Spectral line

Table 1 NH3 rotational

constants from fit of

experimental data using the

PGOPHER software

Constant PGOPHER fit (cm-1) Ashfold et al. [23] (cm-1) Nolde et al. [24] (cm-1)

Band origin 65,598.16 63,865.62 (v = 0)

64,709.49 (v = l)

63,866.397 (0.028) (v = 0)

64,710.41 (0.05) (v = 1)

B 10.041 10.778 (v = 0)

10.323 (v = 1)

10.770 (0.001) (v = 0)

10.332 (0.001) (v = 1)

C 5.399 5.264 (v = 0)

5.322 (v = 1)

5.229 (0.0009) (v = 0)

5.281 (0.001) (v = 1)

106DJ 1,636.28 1,091 (v = 0)

416 (v = l)

242 (8) (v = 0)

-287 (8) (v = 1)

106DJK -2,461.72 -2,043 (v = 0)

-541 (v = 1)

-588 (12) (v = 0)

744 (9) (v = 1)

106DK 866.94 910 (v = 0)

36 (v = 1)

211 (15) (v = 0)

607 (11) (v = 1)
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broadening induced at elevated pressure is displayed in the

excitation scan spectra of Fig. 4a in which structures are

still visible at a pressure of 3 bar whereas at 5 bar the

spectrum essentially consists of a single broad feature. For

excitation of NH3 at a fixed wavelength position such as line

1 (indicated in Fig. 3a), the broadening results in reduced

overlap between the spectral profile of the laser and the

NH3-spectrum resulting in significant signal reduction.

The impact of other effects than line broadening can be

observed studying the integrated LIF-signal of excitation

scan spectra, and this is plotted versus pressure in Fig. 4b.

Without normalization versus pressure, the signal (circles)

shows an increase up to 2 bar, due to a higher volume

number density of the gas, followed by a decrease toward

higher pressures. When normalized versus pressure, the

integrated LIF-signal shows a decreasing trend over the

entire pressure range as shown in Fig. 4b (diamonds),

indicating a pressure-dependent fluorescence loss mecha-

nism. Losses due to SE can most likely be excluded since

measurements were made at laser irradiance levels below

the identified threshold for simulated emission shown in

Fig. 2. Additionally, measurements of stimulated emission
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versus pressure, data shown in Fig. 4c, show trends similar

to those of LIF with a decrease in signal versus pressure.

Even though the C0 state of NH3 is pre-dissociative, the

clear decrease in fluorescence observed with increasing

pressure suggests another loss mechanism than dissocia-

tion, for which a generally rather weak dependence on

pressure has been reported [32]. The results suggest that the

NH3 LIF-signal is reduced at elevated pressure due to

collisional quenching, and it is possible that dissociation

is not the totally dominating loss mechanism. Thus, colli-

sional quenching could have a substantial impact on

NH3-fluorescence, an issue which merits further investi-

gations. In particular, characterization of NH3-detection at

elevated pressure is relevant due to the potential of NH3 as

a fuel for internal combustion engines [7, 33].

3.5 Fluorescence imaging

Results from evaluation of single-shot NH3 LIF imaging

are presented in Fig. 5. Figure 5a shows two data sets of

signal versus relative NH3-concentrations measured in

NH3-methane–air mixtures burning in premixed laminar

flames. Both data sets were measured with laser pulse

energy around 35 mJ, and the effective laser sheet widths

for NH3-excitation regions were 10–11 mm. A linear

relation between the signal and amount of NH3 can be

observed for all data. The ratio between average NH3-

signal and the standard deviation between single-shot

images, the signal-to-noise ratio (SNR), is plotted versus

relative NH3-concentration in Fig. 5b, and a value of *1.5

is obtained at a concentration around 800 ppm. The stan-

dard deviation values squared and the corresponding

average NH3-signal values squared can be fitted to a sec-

ond-order polynomial, in agreement with noise character-

istics reported for intensified CCD cameras [34]. The SNR

data sets partially overlap at concentrations above

2,000 ppm; nevertheless, the data points belonging to the

set continuing at higher concentrations (gray circles) show

higher signal-to-noise ratio. However, for this data set, the

imaged NH3-region was sampled over a lower number of

pixels, 200 in the vertical direction, most likely explaining

the observed offset. A sample single-shot image acquired at

an NH3-concentration of 800 ppm is shown in Fig. 5c. The

image spatial resolution is 0.026 mm/pixel, and the NH3-

region is distributed over 350 pixels in the vertical direc-

tion. The height of the visualized NH3-region in Fig. 5c is

10 mm, and the laser irradiance can be estimated to

250 MW/cm2. If the beam would have been focused to a

point using a spherical lens, the vertical size would have

been reduced by one to two orders of magnitude and the

irradiance would increase correspondingly to *10 GW/

cm2. If a quadratic dependence on laser irradiance is

assumed, cf. Fig. 2, and losses due to stimulated emission

are avoided, cf. Fig. 2, an improvement of the detection

limit by four orders of magnitude can be expected, i.e.,

from thousands of ppm down to sub-ppm level under

favorable conditions.

Figure 6 shows NH3 and CH LIF images measured

simultaneously in premixed laminar, Fig. 6a–c, and turbu-

lent, Fig. 6d–f, stoichiometric NH3-methane–air flames

NH3 CH(a) (b) (c)

NH3 CH(d) (e) (f)

Fig. 6 Corresponding single-

shot NH3 and CH LIF images,

simultaneously acquired in

laminar (Re = 1,400) (a–c) and

turbulent (Re = 11,000) (d–

f) NH3-methane–air flames.

Flame conditions are given in

the Sect. 2. Image overlays are

shown in c and f. The laminar

flame shows a distinct gap

between the central NH3-cone

(yellow) in the fuel–air mixture

and the thin CH-cone (blue) of

the flame reaction zone. This

indicates NH3 decomposition in

the flame preheat zone. The

turbulent flame shows a more

complex pattern allowing

reaction zone CH stretching into

the NH3-region
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with NH3-concentrations of 2 %. The CH-signal assists

visualizing the flame structure, and the combined images

clearly demonstrate the ability for ammonia visualization

under combustion conditions with NH3 as a fuel compo-

nent. Measurements in the laminar flame were made on a

well-defined unburned homogeneous NH3-methane–air

mixture whereas in the case of turbulent combustion mixing

with hot burned gases makes the situation more complex.

For CH planar LIF measurements, the addition of NH3

to the flame resulted in an increased LIF-signal intensity as

well as a broadened distribution, in particular for images

acquired in the turbulent flame as shown in Fig. 6e, where

the CH PLIF layer was expected to be thinner from pre-

vious observations [35, 36]. While Fig. 6 presents simul-

taneously acquired images, these effects on CH were also

observed for separate measurements, excluding signal

cross-talk and photochemical effects induced by the

304.8 nm laser used for NH3-excitation. Moreover, data

from laminar flames show that the signals are well sepa-

rated in space, as shown in Fig. 6c, with the broadening of

the CH-signal located in the product zone on the outer side

of the flame cone. Thus, direct signal interference from

NH3-photolysis seems unlikely and the observed effects of

NH3-addition on the CH-signal require further investiga-

tions. Nonetheless, it is clear that structures of the mixing

of ammonia with other gases can be visualized with high

image quality and fine detail. Mixing of ammonia with flue

gases has been identified as a key parameter for efficient

NOX reduction [37, 38] making this kind of method a

valuable tool for increased understanding and optimization

of the ammonia deNOX process.

4 Conclusions

A characterization of two-photon LIF for visualization of

gas-phase NH3, primarily under conditions related to

combustion, has been presented. Dependencies on laser

irradiance, temperature, and pressure as well as the

potential interference from stimulated emission have been

investigated. Experimental data acquired under well-

defined conditions have also been used as basis for a

PGOPHER-simulation used for interpretation and further

prediction of signal behavior. While the strongest LIF-

signal was obtained for excitation at the C0-X v0 = 2 /
v00 = 0 bandhead at 304.8 nm, a less temperature sensitive

alternative can be obtained for excitation at 304.9 nm.

Even though the C0 state is reported to be pre-dissociative,

a reduced signal observed with higher pressure indicates

increasing influence of collisional quenching. A detection

limit for LIF NH3-imaging, resulting in a signal-to-noise

ratio of *1.5 for two-dimensional visualization on a cen-

timeter scale, has been estimated to around 800 ppm. The

obtained results suggest a detection limit at sub-ppm level

for single-point measurements using a focused laser

beam. Thus, two-photon fluorescence allows for sensitive,

specific, single-shot detection of NH3 under conditions

relevant for combustion and especially the opportunity for

imaging makes it a highly useful diagnostic tool.
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