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ABSTRACT

We have obtained laboratory spectrum of PH3 in the im-
portant 5 mm observational window of Jupiter, between 2200
and 2400 cm�1 and measured the intensity coefficients at
294K for 138 individual lines of the n1 and n3 bands, for
which the band strength are reported. As PH3 is known to be
present in Jupiter, as well as in Saturn, as a minority com-
ponent appears indeed as a good tracer and the investigation
of line parameters in the laboratory is hence of importance for
astrophysical applications.
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INTRODUCTION

The investigation of phosphine in the 475 mm range of the spectra of
Jupiter and Saturn has produced over the last years important information
on this minor constituent in the deep atmosphere layers of both planets.
Mean vertical profile and elemental ratio P=H were attained from ground-
based, airborne, and from space probe spectra. In view of planetary spectra
expected in the future, spatial and temporal PH3 variations should be more
extensively investigated. PH3 appears indeed as a good tracer of convective
circulation and nonequilibrium chemistry on outer planets, and to deter-
mine chemical composition and physical state of their atmosphere. In the
475 mm range no fewer than five vibrational bands contribute to absorp-
tion (or emission): the two strong fundamentals n1 and n3 at 2321 and
2326 cm�1, and the three overtone and combination bands 2n2, n2 þ n4,
and 2n4 at 1972, 2108, and 2226 cm�1, respectively. These bands overlap,
and together with strong Coriolis interactions and Fermi resonance make
any analysis more difficult to perform. At 5 mm the PH3 and CH3D spectra
coincide, and in order to obtain accurate column densities for both,
absolute intensities and line broadening parameters need to be determined
for both species. In this area supporting laboratory studies are required to
obtain meaningful interpretation from both spacecraft and ground-based
measurements. Thus, accurate quantification of PH3 is of prime impor-
tance from the point of view of both tropospheric modeling and strato-
spheric chemistry. Consequently, IR line profile measurements appear then
as a basic necessity in order to provide pertinent data usable by atmo-
spheric chemist and modelers and the 5 mm region is of particular interest
in being a window almost completely free of strong molecular absorptions.
Also, in view of the increased level of accuracy required for the remote
sensing of temperature it is of interest to perform detailed investigation of
these parameters. In an attempt to unravel the PH3 spectrum and to
separate the CH3D and PH3 lines in Jupiter’s spectrum, high resolution
spectra of PH3 at various temperatures and pressures have been obtained
using a Fourier Transform Spectrometer. The low temperature eliminates
high J lines from the spectra, thus simplifying them, as well as providing
spectra which imitate actual planetary conditions. The high resolution
available will aid in a more complete assignment. This paper will deal with
room temperature conditions only. A nonlinear least-squares technique is
applied to the bands to obtain lineshape parameters (position, intensity and
broadening).
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EXPERIMENTAL CONDITIONS

Several sets of PH3 spectra were recorded under different conditions
related with the PH3 pressures and abundances, for further use in a fitting
series of our spectral lines model. The spectra analyzed here were recorded
with a Bomem DA 3.002 FTS instrument with actual resolution of
0.006 cm�1, in the spectral range of 200072400 cm�1, using an InSb detector
cooled at liquid-nitrogen temperatures. Each spectrum comprised 30 co-
added scans averaged to improve the signal to noise ratio. In addition, the
empty cell spectrograms were obtained for further appropiate ratioing. We
used absorption cells of 2 and 5mm in length, i.e., relatively short in view of
the strong absorption of PH3 in this region, made out of stainless steel, as
this is a very corrosive substance, with sapphire windows and indium gas-
kets at room temperature measure by means of a calibrated thermocouple
that was simultaneous and continuously monitored on a strip chart recorder
to ensure that a uniform temperature was being obtained. Those runs
showing a deviation of more than one degree were discarded. The pressure
was measure with a MKS made absolute Baratron pressured transducers.
Phosphine is a very dangerous species, so special care has to be taken to
handle it.

The spectral intensities, half-widths and wavenumbers were obtained
by means of non-linear least-squared fitting techniques of each individual
lines or multiplets, as appropriate. In short, each fitting was started by
introducing an initial guess of these parameters from which a calculated
spectrum was derived on the assumption of purely additive Voigt-shaped
lines. The absorption profile so obtained was then convolved with the
instrument function thus yielding a theoretical spectrum to be compared to
the experimental one. The quality of the fit can be estimated by calculating
the standard deviations of the ‘‘observed-line minus calculated-line’’ values,
point by point, for the set of about 150 points that each line, or spectral
segment under consideration, spanned. This deviation was only a fraction of
1%. By inspecting the plots of the fits and of the points-by-point differences
we have found that the absolute magnitude of discrepancies never exceeded
1% for each digital point. The higher ones usually corresponded to the cases
of very strong lines which probably can be adscribed to severe blending that
could not be resolved by our instrument. These cases were not included in
our report. We took special care to simultaneously fit all component of
detected multiplets or ‘‘individual’’ lines together with neighboring lines
contributing to the line profile. Our program is capable of doing fitting of
ten lines at the same time when necessary. However, computer time is very
long for these cases, and that is a reason for us to have concentrated more
on fewer lines than actually observed, taking into account those relatively
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isolated from contribution of far wings from neighbor lines. To date 138 out
of 212 line intensities recorded at room temperature have been reported
here.

RESULTS AND DISCUSSION

The measured intensities belonging to the strongest n1 and n3 were
analyzed and 138 lines, single or only apparently slightly blended, were
retained. The line assignments was taken from Ref. [1]. The results are as
follows:

The band strenght of n1 and n3 were calculated from

S0V ðin cm�2 atm�1 at TÞ ¼ 8p3nV
3hc

ZVLmV
T0

T

with L¼ 2.687561019 cm�3 atm�1 at T0¼ 273.15K and ZV ¼ 1.018217 at
300K is the partition function.

For the n1 band at 2321.118 cm�1 m1¼ 0.0606 (20) Debye and
S01¼ (85 � 4) cm�2 atm�1 at 300K.

For the n3 band at 2326.858 cm�1 m3¼ 0.1150 (12) Debye and
S03¼ (306 � 6) cm�2 atm�1 at 300K.

The quoted errors for mV represent three standard deviations. Ref. [2]
provide tools to calculate vibration-rotation intensities in the case of
strongly interacting vibrational polyads. Fortunately, G.Tarrago[3] calcu-
lated the values of mV for us.

With the experimental setup described we recorded the whole region
specified at 294K processing the data of five sets, with pressures from 3 to
10 torr of PH3. We report our study for 138 individual lines of the n1 and n3
bands in Table 1. At these pressures dominated by Doppler broadening we
did not obtain significant half-width broadening coefficient, and so only
report the average of the five set for absolute intensities, as shown in Table 1.
With our model we can reproduce experimental digital point for individual
lines with a goodness of fit better than 1%. However, that shows the statistic
involved to reproduced the line profile, point by point. But from the average
and the dispersion of the five set of measurements it is found an absolute
error of about 5% for each intensity coefficient. Values, derived for the band
strength S01 and S03 confirm the ratio of 0.28 previously determined for
S01=S

0
3,
[1] but lead to an overall strength S01 þ S03 about 15% lower than the

value measured by Van Straten.[4]
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D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



4
7

(R
)Q

5
1

E
5

2
1

E
N
U
3

2
3
2
3
.8
5
6

0
.9
7
2
2

4
8

(P
)Q

1
0

2
E

1
0

1
�1

E
N
U
3

2
3
2
4
.2
0
0

0
.3
6
3
9

4
9

(R
)Q

4
1

E
4

2
1

E
N
U
3

2
3
2
4
.2
6
5

1
.0
3
7
0

5
0

(P
)Q

8
1

E
8

0
1

E
N
U
3

2
3
2
4
.4
2
5

0
.7
9
9
5

5
1

(R
)Q

6
0

A
þ

6
1

1
A
�

N
U
3

2
3
2
4
.5
8
5

0
.2
1
3
4

5
2

(R
)Q

3
1

E
3

2
1

E
N
U
3

2
3
2
4
.5
9
6

8
.4
7
6
0

5
3

(R
)Q

2
1

E
2

2
1

E
N
U
3

2
3
2
4
.8
4
7

0
.5
9
5
5

5
4

(P
)Q

9
2

E
9

1
�1

E
N
U
3

2
3
2
4
.9
4
3

0
.5
0
6
6

5
5

(P
)Q

1
2

4
E

1
2

3
�1

E
N
U
3

2
3
2
5
.0
0
6

0
.8
5
9
3

5
6

(R
)Q

5
0

A
þ

5
1

1
A
�

N
U
3

2
3
2
5
.0
4
3

0
.0
2
2
3

5
7

(R
)Q

4
0

A
þ

4
1

1
A
�

N
U
3

2
3
2
5
.4
3
1

2
.3
2
9
0

5
8

(R
)Q

3
0

A
þ

3
1

1
A
�

N
U
3

2
3
2
5
.7
4
5

2
.1
7
3
0

5
9

(R
)Q

2
0

A
þ

2
1

1
A
�

N
U
3

2
3
2
5
.9
8
2

1
.8
0
3
0

6
0

(P
)Q

7
2

E
7

1
�1

E
N
U
3

2
3
2
6
.2
7
8

8
.5
2
0
0

6
1

(P
)Q

9
3

A
�

9
2

�1
A
þ

N
U
3

2
3
2
6
.4
2
8

0
.3
2
8
0

6
2

(P
)Q

4
1

E
4

0
1

E
N
U
3

2
3
2
6
.5
4
3

1
.1
8
9
0

6
3

(P
)Q

8
3

A
þ

8
2

�1
A
�

N
U
3

2
3
2
6
.7
4
5

0
.7
2
7
9

6
4

(P
)Q

1
0

4
E

1
0

3
�1

E
N
U
3

2
3
2
6
.8
2
1

0
.3
2
4
8

6
5

(P
)Q

6
2

E
6

1
�1

E
N
U
3

2
3
2
6
.8
5
0

1
.0
7
3
0

6
6

(P
)Q

3
1

E
3

0
1

E
N
U
3

2
3
2
6
.8
8
3

1
.1
5
1
0

6
7

(P
)Q

8
3

A
�

8
2

�1
A
þ

N
U
3

2
3
2
7
.0
9
3

0
.6
2
2
5

6
8

(P
)Q

2
1

E
2

0
1

E
N
U
3

2
3
2
7
.1
4
0

0
.9
5
3
8

6
9

(P
)Q

1
1

E
1

0
1

E
N
U
3

2
3
2
7
.3
1
3

0
.6
3
3
4

7
0

(P
)Q

5
2

E
5

1
�1

E
N
U
3

2
3
2
7
.3
5
1

1
.1
3
6
0

7
1

(P
)Q

7
3

A
þ

7
2

�1
A
�

N
U
3

2
3
2
7
.4
5
8

0
.8
3
7
5

7
2

(P
)Q

7
3

A
�

7
2

�1
A
þ

N
U
3

2
3
2
7
.6
8
5

0
.7
7
1
8

7
3

(P
)Q

4
2

E
4

1
�1

E
N
U
3

2
3
2
7
.7
7
5

1
.0
5
9
0

7
4

(P
)Q

6
3

A
þ

6
2

�1
A
�

N
U
3

2
3
2
8
.0
8
2

0
.9
1
7
7

(c
o
n
ti
n
u
ed
)

LINE INTENSITY MEASUREMENT 763

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



T
a
b
le

1
.

C
o
n
ti
n
u
ed

A
ss
ig
n
m
en
t

U
p
p
er

L
ev
el

W
a
v
en
u
m
b
er

cm
�
1

In
te
n
si
ty

cm
�
1
a
tm

�
1

O
rd
er

B
ra
n
ch

J
K

S
y
m
m
et
ry

J0
|K
|0

l0
S
y
m
m
et
ry

B
a
n
d

7
5

(P
)Q

3
2

E
3

1
�1

E
N
U
3

2
3
2
8
.1
1
8

0
.9
7
9
7

7
6

(P
)Q

6
3

A
�

6
2

�1
A
þ

N
U
3

2
3
2
8
.2
1
6

0
.9
5
1
5

7
7

(P
)Q

8
4

E
8

3
�1

E
N
U
3

2
3
2
8
.3
3
2

0
.6
1
8
8

7
8

(P
)Q

2
2

E
2

1
�1

E
N
U
3

2
3
2
8
.3
7
8

0
.6
5
8
4

7
9

(P
)Q

5
3

A
þ

5
2

�1
A
�

N
U
3

2
3
2
8
.6
1
7

1
.0
3
2
0

8
0

(P
)Q

7
4

E
7

3
�1

E
N
U
3

2
3
2
8
.9
7
2

0
.6
6
2
3

8
1

(P
)Q

4
3

A
þ

4
2

�1
A
�

N
U
3

2
3
2
9
.0
6
2

0
.8
4
8
7

8
2

(P
)Q

4
3

A
�

4
2

�1
A
þ

N
U
3

2
3
2
9
.0
9
3

0
.9
0
2
8

8
3

(P
)Q

9
5

E
9

4
�1

E
N
U
3

2
3
2
9
.2
5
7

0
.3
0
8
4

8
4

(P
)Q

3
3

A
þ

3
2

�1
A
�

N
U
3

2
3
2
9
.4
1
8

0
.5
9
2
3

8
5

(P
)Q

3
3

A
�

3
2

�1
A
þ

N
U
3

2
3
2
9
.4
2
8

0
.5
8
4
6

8
6

(P
)Q

6
4

E
6

3
�1

E
N
U
3

2
3
2
9
.5
4
0

0
.8
2
0
1

8
7

(P
)Q

9
6

A
9

5
�1

A
N
U
3

2
3
2
9
.8
3
0

0
.6
9
1
7

8
8

(P
)Q

5
4

E
5

3
�1

E
N
U
3

2
3
3
0
.0
3
5

0
.8
3
7
6

8
9

(P
)Q

4
4

E
4

3
�1

E
N
U
3

2
3
3
0
.4
5
7

0
.5
3
7
4

9
0

(P
)Q

7
5

E
7

4
�1

E
N
U
3

2
3
3
0
.5
6
1

0
.4
9
3
2

9
1

(P
)Q

6
5

E
6

4
�1

E
N
U
3

2
3
3
1
.0
9
1

0
.5
7
3
1

9
2

(P
)Q

5
5

E
5

4
�1

E
N
U
3

2
3
3
1
.5
4
5

0
.4
2
9
0

9
3

(P
)Q

7
6

A
7

5
�1

A
N
U
3

2
3
3
1
.6
8
4

0
.9
1
8
7

9
4

(P
)Q

9
7

E
9

6
�1

E
N
U
3

2
3
3
1
.8
3
1

0
.3
5
1
0

9
5

(P
)Q

6
6

A
6

5
�1

A
N
U
3

2
3
3
2
.4
0
0

0
.7
4
8
2

9
6

(P
)Q

8
7

E
8

6
�1

E
N
U
3

2
3
3
2
.6
9
6

0
.3
8
0
1

9
7

(P
)Q

7
7

E
7

6
�1

E
N
U
3

2
3
3
3
.4
5
0

0
.3
0
1
7

9
8

(P
)Q

9
8

E
9

7
�1

E
N
U
3

2
3
3
3
.7
1
1

0
.2
7
9
2

764 SUÁREZ
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CONCLUSIONS

Summarizing, we have obtained the spectrum of PH3 in the important
5 mm observational window of Jupiter, between 2200 and 2400 cm�1 and
measured the intensity coefficients at 294K for individual lines. The number
of 138 lines reported is only limited by the rather time consuming computer
processing involved. Our fitting procedure allowed us to accurate repro-
ducing individual lines or set of lines within limited segments. From five
relevant sets of spectra involving different experimental conditions we esti-
mate the absolute error for any of our retrieved intensity coefficients to be
about 5%. As PH3 is known to be present in Jupiter, as well as in Saturn, the
investigation of line parameters in the laboratory is hence of importance for
astrophysical applications.
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