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ABSTRACT Nitrogen and oxygen pressure broadening parame-
ters for seven rP(J ′′, 0) transitions of the ν1 +ν3 overtone band
of the main isotope of ammonia with J ′′ varied from 2 to 9
have been measured at room temperature using an external cav-
ity tunable diode laser spectrometer. Air-broadening parameters
have also been calculated from the N2 and O2 measurements.
The results are compared to previous measurements in the ν1,
ν2, ν3, ν4 and ν1 +ν3 bands and to the parameters for the ν3 band
that are reported in the HITRAN database.

PACS 33.70.Jg; 33.70.-W; 33.20.Ea; 42.62.Fi; 42.68.Ca

1 Introduction

Ammonia is one of the trace components of the
Earth’s atmosphere [1] and is also a significant species in
the atmospheres of other planets, notably Jupiter [2] and Sat-
urn [3]. Ammonia is an important pollutant gas, with atmo-
spheric concentrations arising from agricultural, industrial
and vehicle emission sources, and is also a critical trace con-
taminant in advanced materials manufacturing processes such
as semiconductor vapor deposition and photolithography [4].
To meet the need for sensitive ammonia monitoring, a variety
of diode laser techniques have been developed in recent years
employing both photoacoustic detection [4–7] and direct ab-
sorption [8–14]. With the availability of good near-infrared
diode sources, many of the studies have focused on absorption
lines in the ν1 + ν3 combination and 2ν3 overtone rovibra-
tional bands near 1.5 µm that are the most intense and so the
most appropriate for such purposes. Therefore, for reliable
quantitative interpretation of the measurements, knowledge of
accurate line parameters such as positions, intensities, pres-
sure broadening and pressure shift coefficients is required for
these bands.

There is a rich literature on the spectroscopy of NH3 and
on pressure broadening by a variety of collision partners. In-
tensity and/or line broadening studies have been carried out
for a wide variety of vibrational fundamentals, combination
bands and overtones as well as for the ground state in the
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microwave and far-infrared regions. Results are compiled in
the HITRAN spectroscopic database [15] as updated in the
2000 edition [16, containing extensive references to previous
work], with the line broadening data based on [17–20]. The
presence of close pairs of inversion doublet lines in the NH3

spectrum makes line mixing a significant factor and this has
recently been explored in the ν4 and 2ν2 bands for H2 and Ar
perturbers [21] and in the ν4 band for CO2 and He [22]. For the
1.5 µm window of specific interest here for diode laser moni-
toring, pressure broadening measurements have been reported
for several lines of the ν1 + ν3 band for broadening by N2, O2
and air [8, 23].

In our recent work [14], the line positions and absorp-
tion strengths were measured for a number of transitions of
the ν1 + ν3 combination rovibrational band of the main iso-
tope of ammonia using an external cavity tunable diode laser
(ECTDL) spectrometer. In the present study we have con-
tinued our investigation of the ν1 + ν3 band line parameters
and report results of room temperature N2- and O2-pressure-
broadening measurements for the K ′′ = 0 series of NH3

rP-
branch lines with quantum number J ′′ varied from 2 to 9,
where (J ′′, K ′′) are the lower state quantum numbers of the
(J ′, K ′) ← (J ′′, K ′′) transition. An important feature of the
K ′′ = 0 series is that it consists of single lines as opposed to
close inversion doublet pairs, thus minimizing the effects of
line mixing. Air-broadening parameters were calculated from
the measured N2 and O2 parameters assuming binary colli-
sions and a 79/21 percent atmospheric ratio of N2 to O2. We
discuss the J-dependence of the measured broadening param-
eters, and compare our data to previous measurements for the
ν1 [24], ν2 [20, 25, 26], ν3 [24], ν4 [19] and ν1 + ν3 [8, 23]
bands and to the HITRAN database [15, 16].

2 Experimental details and data processing

For the present study we selected a series of rela-
tively well isolated lines of the main ammonia isotope in the
very dense ν1 +ν3 combination band spectrum partly covered
by the operating frequency range (up to 6580 cm−1) of the
DMD1550 laser head in our Newport 2010 ECTDL system.
The series consists of rP-branch (∆K = +1, ∆J = −1) lines
with K = 1 ← 0 and J ′′ values ranging from 2 to 9. These
lines are single transitions without inversion doublet partners,
contributing to the isolation. Thus in our analysis we did not
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need to consider the line mixing effects that affect the shape of
the inversion doublets of ammonia [21, 22, 27]. The ECTDL
spectrometer described in detail in [14] was employed for
the present measurements. A compact 1-m long multipass
gas cell from the commercial Laser Photonics L5000 pack-
age [http://www.lasercomponents.com/] was used instead of
the chamber described in [14]. To achieve maximum absorp-
tion at the minimal possible pressure of ammonia (the volume
of the cell was about 13 l), we utilized 20 passes of radia-
tion through the cell giving an absorption path length of about
20 m. For the line profile recording, the diode laser frequency
was scanned by sweeping the voltage of the piezoelectric
tuning element (PZT) via the GPIB interface. A Burleigh
WA-1000-NIR wavemeter with a manufacturer-specified pre-
cision of ±0.01 cm−1 provided readout of the laser radiation
frequency. With use of the method of laser frequency calibra-
tion described in [14], we achieved a better accuracy of about
±0.003 cm−1. The laser beam passing through the multipass
gas cell was detected by a New Focus Nirvana InGaAs pho-
todiode detector operating in single channel mode. The beam
was chopped at a frequency of 2.9 kHz, and synchronously de-
tected by a Stanford Research Systems SR810 digital lock-in
amplifier. The lock-in was operated in 1- f mode, and a 1-s
time constant was used to obtain a sufficient signal-to-noise
ratio (SNR) for accurate line parameter determination.

Each selected line was separately recorded at 8–10 differ-
ent pressures of the perturbing N2 and O2 gases over the range
from 20 to 270 Torr. At the beginning of the experiment the
gas cell was filled with a small amount of ammonia and then
N2 or O2 buffer gas was gradually added. The partial pres-
sure of ammonia in the gas sample was varied from line to line
from 0.6 to 3.1 Torr depending on the strength of the transition
investigated and kept fixed during the course of the experi-
ment on a given line. At such pressures, line half-widths did
not exceed 0.04 cm−1 (including the Doppler half-width of
about 0.01 cm−1) and a 0.3–0.4 cm−1 scan width was chosen
to be sufficient for further lineshape analysis. Each line record
consisted of approximately 200 points that corresponded to
a frequency step of about 0.002 cm−1. To guard against pos-
sible systematic errors due to lock-in-amplifier-related line-
shape distortions, both forward and backward scans were per-
formed at each gas pressure. The two scans were analyzed
separately and the line widths deduced from each fit were
then averaged. We found random variations of a few percent
between scan directions but no noticeable systematic differ-
ences. At each pressure, the line recording was repeated twice
to obtain an estimate of the statistical errors in the line width
determination.

Throughout the measurements, the absorption cell was
connected to the vacuum system and the total pressure
was measured with an MKS 750B Baratron gauge having
a 1000 Torr full-scale reading and stated accuracy of 1%. The
N2 and O2 gases (purity better than 99.99%) were provided
by Air Liquide, Inc., and the anhydrous ammonia sample was
drawn directly from a Matheson lecture bottle with purity
better than 99.9%.

The experiment was carried out at room temperature as
measured with a digital Micronta thermometer with 0.1 ◦C
display resolution and 1 ◦C accuracy and also a standard mer-
cury thermometer with 1 ◦C scale factor. Both readings coin-

cided well and varied within the range from 21 to 25.2 ◦C from
day to day. Daily temperature variations did not exceed 1 ◦C.

An empty-cell background spectrum representing the in-
cident radiation power was recorded at the beginning I start

0 (ν)

and at the end Iend
0 (ν) of each set of measurements for each

line studied. These two baseline records usually differed
slightly from each other, hence the baseline for a measurement
recorded at time t was taken as the weighted average I0(ν) =
(1−C)I start

0 (ν)+CIend
0 (ν), where C = (t − tstart)/(tend − tstart).

The signal corresponding to the 0% transmission level was
determined from a record of strong ammonia lines at a gas
pressure sufficiently high that the line absorbed all of the
radiation power. This value coincided well, to within the ex-
perimental accuracy, with the output signal observed with the
detector blocked.

After accounting in this way for the spectrometer effects,
we obtained the gas absorption coefficient α(ν) at frequency ν

from the Beer–Lambert law as

α(ν)× L = ln

(
I0(ν)

I(ν)

)
,

where I(ν) and I0(ν) are the transmitted and the incident
power, respectively, and L is the optical path length.

For further data treatment the following model function
based on a Voigt line shape was fitted to the experimental
profile

α(ν) = A0

∞∫
−∞

exp(−τ)

y2 + (x − τ)2
dτ + A1 + A2(ν− ν0)

+ A3(ν− ν0)
2 , (1)

where y = γC
γD

√
ln(2) and x = ν−ν0

γD

√
ln(2). Here, γC is the

collisional line half-width at half maximum (HWHM), γD is
the Doppler HWHM calculated for each transition as γD =
3.581 ×10−7ν0

√
T
M , ν0 is the line center frequency, T is the

temperature in Kelvin and M is the molecular weight of NH3
in atomic mass units. The A0, A1, A2, A3 are adjustable co-
efficients as are x, y and ν0. The constant A1, linear A2 and
quadratic A3 terms are included to account for possible back-
ground variations that might arise from reflections in the spec-
trometer optics as well as the wings of any neighboring lines.

In a case of two or more overlapped lines lying within the
record, Voigt profiles with adjustable amplitude, line center
and collisional line width parameters were used for each ob-
served line in the record and the model function was modified
as

α(ν) =
∑

i

Ai
0

∞∫
−∞

exp(−τ)

y2
i + (xi − τ)2

dτ + A1 + A2ν+ A3ν
2 ,

(2)

where xi , yi ,Ai
0, ν

i
0, γ

i
C correspond to the parameters of (1) for

the ith line. The summation extended over all blended lines in
the record.

An example of the fit of the model function to the observed
absorption spectrum in the vicinity of the (s/a)∆K∆J(J ′′, K ′′)
= a rP(2, 0) ammonia line broadened by 80.4 Torr of nitrogen
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is shown in Fig. 1. (Here, the prefix s or a refers to the symmet-
ric or antisymmetric inversion symmetry, which is conserved
for transitions of the perpendicular ν1 +ν3 band.) The residual
of the fit is presented in the lower part of the figure with the
vertical scale magnified by 10×. The variations in the re-
sidual constitute less than 1% of the line amplitude, but do
show a significant noise increase in the regions of maximum
line slope where the effect of frequency fluctuations of the
diode laser is enhanced. Some systematic variations also ap-
pear to be present in the fit residual that could arise from weak
background NH3 lines or could be due near the line center to
small deviations from the Voigt profile arising from speed-
dependent or velocity-changing effects [24] in the range of
pressures when collisional and Doppler broadening are com-
parable. Altogether, however, the residual variations in all of
our measurements did not exceed 1%–2%. It was demon-
strated in [24] that under these conditions, the use of more
elaborate line profiles that account for speed dependence or
Dicke line narrowing leads to less than 1% deviation from the
line broadening parameter determined from a Voigt profile,
supporting our choice of this simpler model.

3 Results and discussion

Our experimental collisional linewidths γC for the
a rP(6, 0) ammonia transition are plotted in Fig. 2 as a func-
tion of the total pressure of the gas mixture for nitrogen (filled
diamonds) and oxygen (open circles) perturbing gases. Each
point corresponds to the averaged line half-width for for-
ward and backward scans. The pressure-broadening parame-
ters were determined as the slope of a linear function fitted
to the experimental points. The residuals of the fits to both
N2- and O2-broadening data for the a rP(6, 0) transition are
shown in the lower part of Fig. 2, using the same symbols as
for the corresponding experimental points, with 1-σ error bars
in the experimental half-widths. Self-broadening was consid-
ered to be minimal for the small partial pressures of ammonia
employed, and would not affect the slopes of the fitted lines
since the pressure of ammonia in the cell was fixed. The linear

FIGURE 1 Model function (solid line) fitted to the experimental record
(points) of the (s/a)∆K ∆J(J ′′, K ′′) = a r P(2, 0) ammonia line broadened by
80.4 Torr of nitrogen. The residual of the fit is presented below

FIGURE 2 Dependence of the line width (HWHM) vs. total pressure in the
cell for the a r P(6, 0) ammonia line broadened by nitrogen (filled diamonds)
and oxygen (open circles). Residuals of the linear regression (solid lines pass-
ing through the experimental points) are shown underneath with error bars
corresponding to 1-σ statistical uncertainties in measured half-widths

fits accurately represent the data down to the lowest pres-
sures studied with no evidence of systematic deviations in the
residuals.

The values of the N2- and O2-pressure-broadening param-
eters γ N2 and γ O2 determined in the present study are listed
in Table 1, together with the air-broadening parameters γ Air

calculated as

γ Air = 0.79γ N2 +0.21γ O2 . (3)

Since the data were obtained at slightly different tempera-
tures over the range 21–25.2 ◦C, all values were normalized
to a universal temperature of 24 ◦C employing the commonly
used formula γC(T0) = γC(T)(T/T0)

n for the temperature-
dependence of the broadening with an exponent of n = 0.8
taken from the Institute of Atmospheric Optics database
[http://spectra.iao.ru] and consistent with the experimental
results of [28]. A variation of n within the range 0.6 to 1.0
(the limits from [28] for various ammonia lines) would lead
to less than 0.2% change of broadening parameter. Since the
normalization of the broadening to the standard 24 ◦C also
corresponded to a change of 0.15%–0.25%, the total error
arising from the data temperature correction does not exceed
0.5% as a conservative estimate.

In general, we believe that the 3-σ uncertainties given in
Table 1, corresponding to 2%–8% of the broadening param-
eter values, are realistic estimates of the actual experimental
errors including all possible systematic deviations.

Figure 3 shows our experimental broadening parameters
(filled circles) plotted as a function of rotational quantum
number J ′′and compares them to previous measurements
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Transition (s/a)∆K Wavenumbera Pressure-broadening parameter γ (in cm−1 atm−1)b

∆J(J ′′, K ′′) [cm−1] NH3–N2 NH3–O2 NH3–air

a r P(2,0) 6564.85 0.1126(30) 0.0711(27) 0.1039(30)
s r P(3,0) 6544.31 0.1007(27) 0.0606(18) 0.0923(25)
a r P(4,0) 6525.12 0.0910(21) 0.0527(30) 0.0830(23)
a r P(6,0) 6482.69 0.0799(18) 0.0462(21) 0.0728(19)
s r P(7,0) 6464.39 0.0732(18) 0.0435(18) 0.0670(18)
a r P(8,0) 6443.45 0.0646(27) 0.0401(30) 0.0595(28)
s r P(9,0) 6422.43 0.0578(21) 0.0377(30) 0.0536(23)

a Wavenumbers are taken from [14]
b Errors in parentheses correspond to three standard deviation uncertainties (3-σ) in the last digit

TABLE 1 Experimental pressure-broad-
ening parameters for NH3 at 24 ◦C

FIGURE 3 Measured N2-, O2- and calculated air-pressure-broadening pa-
rameters for the rP(J ′′, 0) transitions of ammonia, presented as a function of
J ′′ in upper, middle and lower figures, respectively. Our values are shown by
filled circles while those for the ν2 [20] and ν4 band [19] are plotted as crosses
and open diamonds, respectively. The ν3 band HITRAN data [15, 16] for
air-broadening are shown by triangles. The solid lines represent third-order
polynomial interpolations of our data

for analogous K" = 0 P-branch transitions in the ν2 [20]
and ν4 [19] bands as well as the HITRAN values for air-
broadening [15, 16]. Note that for some of our data points,
the small 3-σ error bars are hidden inside the points. A strong
variation of about 50% is seen for the pressure broadening
parameter over the range of J ′′ studied in the present work.
As a polynomial approximation to the variation of line broad-
ening with J and K is quite common (see e.g. [20] and
references therein), we approximated the dependence on J
by third-order polynomials (shown in Fig. 3 as solid lines)
in order to demonstrate the smoothness and the monotonic
trends of the derived broadening parameters. Deviations of
the experimental points from the polynomial curves do not
exceed 50% of the estimated experimental uncertainty for
N2-broadening and 30% for the O2-broadening data. Our ob-
served ratio γ N2/γ O2 between the nitrogen and oxygen broad-
ening parameters is about 1.6, comparable to the factor of
about 1.8 for observations reported previously [23] for a dif-
ferent set of ν1 + ν3 transitions at higher wavenumber with
K ′′ > 0.

|m| Perturber Pressure-broadening parameter
Previous studies Present study

γ (cm−1 atm−1) Band ν1 +ν3 banda

1 N2 0.11345(9) ν1 [24] 0.1282
O2 0.06341(6) 0.0860
N2 0.1129 ν2 [20]
O2 0.0641
N2 0.1146 ν2 [25, 26]
O2 0.0660

2 N2 0.10641(4) ν1 [24] 0.1126(30)
O2 0.06069(3) 0.0711(27)
N2 0.1056 ν2 [20]
O2 0.0601
O2 0.0667(20) ν4 [19]

3 N2 0.0978 ν2 [20] 0.1007(27)
O2 0.0604 0.0606(18)
N2 0.0989(51) ν4 [19]
O2 0.0608(18)

4 N2 0.09697(4) ν1 [24] 0.0910(21)
O2 0.05511(3) 0.0527(30)
N2 0.0977 ν2 [20]
O2 0.0544
N2 0.0938(51) ν4 [19]
O2 0.0568(18)

5 N2 0.0906 ν2 [20] 0.0849
O2 0.0496 0.0488
N2 0.0921(8) ν3 [24]
O2 0.0524(4)
O2 0.0499(15) ν4 [19]

6 N2 0.0838 ν2 [20] 0.0799(18)
O2 0.0465 0.0462(21)
N2 0.0785(40) ν1 +ν3 [8]

7 N2 0.0679 ν2 [20] 0.0732(18)
O2 0.0404 0.0435(18)
N2 0.0659(25) ν4 [19]
O2 0.0423(18)

8 N2 0.0710(25) ν4 [19] 0.0646(27)
O2 0.0408(15) 0.0401(30)

9 N2 0.0547 ν2 [20] 0.0578(21)
O2 0.0392 0.0377(30)
N2 0.0532(25) ν4 [19]
O2 0.0403(20)

a Parameters for transitions with |m| = 1 and 5 were not measured in
the present study but were determined from the third-order polynomial
regression to our experimental data

TABLE 2 Comparison of N2- and O2-pressure-broadening parameters for
K ′′ = 0 transitions of different rovibrational bands of NH3

Comparison of our data with those shown in Fig. 3 for
the P-branches of the ν2 [20] and ν4 [19] bands demon-
strates good general agreement with small statistical devia-
tions within 7%–8% that are only slightly in excess of the
estimated uncertainties. A somewhat more regular discrep-
ancy in the air-broadening parameters is seen between our
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values and those taken from the HITRAN database for the ν3

band [15, 16], shown by triangles.
To further place our results in context against those re-

ported previously for different bands of NH3, we summarize
in Table 2 the values of N2- and O2-broadening parameters
for K ′′ = 0 transitions as a function of |m| (m = −J for P-
branch and m = J +1 for R-branch). Broadening parameters
for transitions with |m| = 1 and 5 were not measured in the
present study, hence we list instead the calculated values from
our third-order polynomial regressions. Table 2 shows general
consistency among the broadening parameters for the differ-
ent vibrational bands over the whole range of |m| studied,
with no evidence of systematic differences between the bands.
For |m| = 1, the discrepancies in our broadening coefficients
are somewhat larger, possibly associated with the uncertainty
in the polynomial extrapolation of our data. (Note that since
we did not aim towards modification of the empirical expres-
sions for the pressure broadening rotational dependence [17,
20] and used a polynomial here primarily to demonstrate the
smoothness of our data, our polynomial coefficients are not
presented. For detailed analysis of the rotational dependence
of the broadening upon J , we recommend use of the original
experimental values shown in Table 1.)

4 Conclusion

The nitrogen and oxygen pressure-broadening co-
efficients of a series of seven rP transitions from the ν1 + ν3
band of 14NH3 with K ′′ = 0 and J ′′ varied from 2 to 9 have
been measured at room temperature using an ECTDL spec-
trometer. The corresponding coefficients for air-broadening
were calculated from the measured N2 and O2 values. The O2
broadening coefficients are found to be systematically smaller
than those for N2 by a factor of about 1.6. A significant de-
crease of the pressure broadening parameters with increasing
J ′′ is observed for the ν1 + ν3 band, as expected. The experi-
mental results obtained are in good general agreement with
those measured by other authors for the same band as well as
for other vibrational bands, and there do not appear to be any
systematic differences among the vibrational states. Compari-
son with HITRAN data for the ν3 band also indicates a closely
similar trend with J ′′ but with somewhat lower values for the
pressure-broadening parameters. In general, our results sug-
gest that existing database information for other vibrational
bands of ammonia may be extended with some confidence
to the ν1 + ν3 band of NH3 with its important applications
for TDL atmospheric sensing and industrial process monitor-
ing. In future, with the acquisition of diode lasers at higher
wavenumber to cover the Q and R branch regions of the
ν1 + ν3 band, we would like to test this conclusion further by
extending the study and including transitions of higher K in
order to explore both the K - and J-dependence of the colli-
sional broadening over a broad manifold of rotational states.
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