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SUMMARY: In search for life in the Universe, scientists are interested in iden-
tification of molecules having amino (-NH2) group in the interstellar space. The
aminoacetonitrile (NH2CH2CN), which is precursor of the simplest amino acid
glycine (NH2CH2COOH), is identified near the galactic center. The 2-Aminopyridine
(H2NC5H4N) is of interest for scientists as it has a close association with life on
the earth. Based on spectroscopic studies, we have calculated intensities of 2-

Aminopyridine lines due to transitions between the rotational levels up to 47 cm−1

and have found a number of lines which may help in its identification in the inter-
stellar medium. Frequencies of some of these transitions are found close to those
detected in the envelope of IRC +10216 that are not assigned to any of the known
species.
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1. INTRODUCTION

Scientists are interested in search for life in the
interstellar medium. Amino acids are responsible for
the development of life on the earth where they might
have been brought to either a meteorite or comet
bombardment. These amino acids are supposed to
be responsible for the formation of primitive build-
ing blocks of life components, e.g. proteins, which
were part of primitive unicellular organisms in early
stages of life on the earth, and evolved as a intelligent
life system later on. Thus, the fundamental organic
constituents of the life are DNA, RNA, protein, etc.
which form the basis of formation of ‘the cell’. More

than 500 amino acids are supposed to be present in
nature. Of them, only 20 amino acids are essen-
tial for human beings. These 20 major amino acids,
along with hundreds of other minor amino acids, sus-
tain our lives. For formation of more complex struc-
tures, there are different levels of interaction between
the proteins, making them rigid or flexible structures
to meet different functional requirements.

These 20 amino acids formed within proteins
carry a huge order of chemical utility. The se-
quence of those amino acids of a specific protein
is determined by a sequence of bases in the gene
that encodes that protein. Out of 20 amino acids,
10 amino acids are produced inside the human be-
ing while the remaining 10 amino acids need to be
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supplied from outside sources. Pyridines are in-
volved in photosensitized chemistry, luminescent ma-
terials, metal complex chemistry and liquid crys-
tals, and are used as a monomer for polymeriza-
tion. Aminopyridine contains one monovalent -NH2
group attached to the pyridine ring. Thus, there
are three positional isomers: 2-Aminopyridine, 3-
Aminopyridine, and 4-Aminopyridine. However, 2-
Aminopyridine (H2NC5H4N) has been of great in-
terest to astronomers.

The simplest amino acid glycine
(NH2CH2COOH) has been searched for in the in-
terstellar space for a long time. At the same time,
more and more complex molecules are found towards
the galactic center. Though the detection of glycine
has not been confirmed, its precursor aminoacetoni-
trile (NH2CH2CN) is identified near the galactic
center (Belloche et al. 2008).

The 2-Aminopyridine molecule has been stud-
ied in laboratories and its rotational and centrifugal
distortion constants are derived. Its electric dipole
moment has components along a and b inertial axes.
The lines for b-type transitions are significantly more
intense than those for a-type transitions.

We have, therefore, calculated the line intensi-
ties and Einstein A-coefficients for b-type transitions
between rotational levels in 2-Aminopyridine lying
up to 47 cm−1. Of these transitions, we have se-
lected only those which may play an important role
in identification of 2-Aminopyridine in the interstel-
lar medium.

2. THE 2-AMINOPYRIDINE

The 2-Aminopyridine is an asymmetric top
molecule having its electric dipole moment inclined
with a and b inertial axes such that μa = 0.166 De-
bye and μb = 0.86 Debye. It has the ground O+

state and the first excited O− state. We are con-
cerned with the ground O+ state. The microwave
spectrum of 2-Aminopyridine was recorded by Kydd
and Mills (1972). Kydd (1979) presented the room
temperature vapour phase infrared spectrum of 2-
Aminopyridine for the spectrum range from 100
cm−1 to 600 cm−1. Later on, Ye and Bettens (2004)
recorded the spectrum of 2-Aminopyridine in the fre-
quency range from 75 GHz to 110 GHz, and derived
accurate rotational constants (A, B, C) and cen-
trifugal distortion parameters (Di), given in Table
1. Fourier transform infrared (FT-IR) and Fourier

Table 1. Parameters of 2-Aminopyridine

Parameter Value
A (MHz) 5780.3720
B (MHz) 2733.50354
C (MHz) 1857.67392
DJ (kHz) 0.13653
DJK (kHz) 0.2029
DK (kHz) 0.9312
d1 (kHz) 0.045827
d2 (kHz) 0.36733

transform Raman (FT-R) spectra of 2-
Aminopyridine were recorded by Jose and Mohan
(2006).

Since μb is five times larger than μa, and the
Einstein A-coefficient is proportional to the square
of the component of electric dipole moment, the b-
type transitions are significant and are of our inter-
est. The a-type transitions are weak. Therefore, we
have not included a-type transitions in the investi-
gation. The levels for b-type transitions can be clas-
sified into two groups: (i) with ka + kc = odd (set I)
and (ii) with ka + kc = even (set II). For the electric
dipole moment along the b-axis of inertia, the ra-
diative transitions between the rotational levels are
governed by the selection rules:

J : ΔJ = 0,±1
ka, kc : odd, even ←→ even, odd (set I)

even, even ←→ odd, odd (set II)

For calculation of the line-strengths and Einstein
A-coefficients for transitions, we have employed the
software ASROT (Kisiel, 2001) where the rotational
and centrifugal distortion constants, given in Table
1, are used. There are 1004 set I transitions and 1001
set II transitions, and their details can be obtained
from authors.

3. RESULTS AND DISCUSSION

For a spectral line to be a strong emission
line under interstellar conditions, beside a sufficient
abundance of the molecule under consideration, two
further conditions need to be satisfied:

(i) The upper level of transition must be suffi-
ciently populated. In an interstellar cloud, the basic
excitation of molecules is dominated in most cases
by collisions. At a given temperature, this limits the
energy Ej of upper level of transition; we have cho-
sen:

Ej < 47 cm−1

which is sufficient for temperatures up to 47 K, at
least.

(ii) For the transition the Einstein A-
coefficient must be sufficiently large. Most interstel-
lar lines are formed under non-local thermal equilib-
rium (NLTE) conditions implying that the occupa-
tion numbers for individual levels can only be de-
termined by solving the statistical equilibrium equa-
tions coupled with equations of radiative transfer.
For doing so, one requires the collisional rate coef-
ficients (Sharma et al. 2014a, c, 2015). Computa-
tion of collisional rate coefficients is a cumbersome
task and data are not available in literature. We
therefore make the following estimate: When the
Einstein A-value, which gives the probability for ra-
diative transition between a pair of levels, is large
compared to the probability for the collisional deex-
citation between the levels, one may say that almost
every excitation is followed by the emission of at least
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Table 2. Frequency ν, A-coefficient Aji, line strength Sji, energy Ej of
upper level for b-type rotational transitions in set I of 2-Aminopyridine.

Transition ν (GHz) Aji (s−1) Sji Ej (cm−1) ν (GHz) (Cernicharo et al. 2000)
1010,1 → 99,0 112.146 5.45E-06 9.43 20.042
1111,0 → 1010,1 123.705 7.39E-06 10.43 24.166
1110,1 → 109,2 116.790 5.56E-06 9.33 21.748
1211,2 → 1110,1 128.350 7.52E-06 10.33 26.027
1210,3 → 119,2 121.431 5.71E-06 9.25 23.612
1212,1 → 1111,0 135.264 9.74E-06 11.43 28.675 135.298, 135.238
1311,2 → 1210,3 132.991 7.69E-06 10.25 28.045 132.782
1313,0 → 1212,1 146.822 1.25E-05 12.43 33.569
1310,3 → 129,4 126.065 5.87E-06 9.19 25.634
1312,1 → 1211,2 139.909 9.89E-06 11.33 30.690
1411,4 → 1310,3 137.628 7.88E-06 10.18 30.221 137.935
1413,2 → 1312,1 151.467 1.27E-05 12.32 35.739
1410,5 → 139,4 130.690 6.06E-06 9.14 27.815 130.765
1412,3 → 1311,2 144.551 1.01E-05 11.24 32.863 144.456
1414,1 → 1313,0 158.380 1.58E-05 13.43 38.848
1511,4 → 1410,5 142.257 8.10E-06 10.13 32.557
1513,2 → 1412,3 156.110 1.29E-05 12.24 38.067
1515,0 → 1414,1 169.938 1.97E-05 14.43 44.513 169.742
1510,5 → 149,6 135.301 6.25E-06 9.08 30.156 135.298, 135.238
1512,3 → 1411,4 149.189 1.03E-05 11.18 35.194
1514,1 → 1413,2 163.025 1.60E-05 13.32 41.173 163.120, 163.179
1611,6 → 1510,5 146.875 8.33E-06 10.07 35.051
1613,4 → 1512,3 160.750 1.32E-05 12.17 40.553
1615,2 → 1514,1 174.583 1.99E-05 14.32 46.993
1610,7 → 159,6 139.893 6.45E-06 9.03 32.657
1612,5 → 1511,4 153.822 1.06E-05 11.12 37.684 153.783
1614,3 → 1513,2 167.669 1.63E-05 13.24 43.656
179,8 → 168,9 137.367 5.01E-06 7.86 33.180
1711,6 → 1610,7 151.480 8.57E-06 10.02 37.707
1713,4 → 1612,5 165.384 1.35E-05 12.11 43.197
1710,7 → 169,8 144.464 6.64E-06 8.96 35.321 144.456
1712,5 → 1611,6 158.445 1.08E-05 11.06 40.333
1714,3 → 1613,4 172.309 1.66E-05 13.16 46.296
189,10 → 178,9 141.698 5.13E-06 7.74 36.020
1811,8 → 1710,7 156.065 8.81E-06 9.96 40.523
1813,6 → 1712,5 170.011 1.38E-05 12.05 46.000 170.025, 170.144
1810,9 → 179,8 148.996 6.84E-06 8.88 38.147
1812,7 → 1711,6 163.057 1.11E-05 11.01 43.142 163.120, 163.179
199,10 → 188,11 146.355 5.25E-06 7.59 39.029 146.436, 146.428
1911,8 → 1810,9 160.629 9.05E-06 9.89 43.501
1910,9 → 189,10 153.515 7.02E-06 8.79 41.137
1912,7 → 1811,8 167.655 1.14E-05 10.95 46.111
209,12 → 198,11 149.958 5.26E-06 7.42 42.201
2011,10 → 1910,9 165.161 9.28E-06 9.81 46.642
2010,11 → 199,10 157.912 7.17E-06 8.68 44.292 157.935, 157.960
219,12 → 208,13 155.578 5.39E-06 7.15 45.557
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Table 3. Frequency ν, A-coefficient Aji, line strength Sji, energy Ej of
upper level for b-type rotational transitions in set II of 2-Aminopyridine.

Transition ν (GHz) Aji (s−1) Sji Ej (cm−1) ν (GHz) (Cernicharo et al. 2000)
1010,0 → 99,1 112.146 5.45E-06 9.43 20.042
1111,1 → 1010,0 123.705 7.39E-06 10.43 24.166
1110,2 → 109,1 116.790 5.56E-06 9.33 21.748
1211,1 → 1110,2 128.350 7.52E-06 10.33 26.027
1210,2 → 119,3 121.431 5.71E-06 9.25 23.612
1212,0 → 1111,1 135.264 9.74E-06 11.43 28.675 135.298, 135.238
1311,3 → 1210,2 132.991 7.69E-06 10.25 28.045 132.782
1313,1 → 1212,0 146.822 1.25E-05 12.43 33.569
1310,4 → 129,3 126.065 5.87E-06 9.19 25.634
1312,2 → 1211,1 139.909 9.89E-06 11.33 30.690
1411,3 → 1310,4 137.628 7.88E-06 10.18 30.221 137.935
1413,1 → 1312,2 151.467 1.27E-05 12.32 35.739
1410,4 → 139,5 130.690 6.06E-06 9.14 27.815 130.765
1412,2 → 1311,3 144.551 1.01E-05 11.24 32.863 144.456
1414,0 → 1313,1 158.380 1.58E-05 13.43 38.848
1511,5 → 1410,4 142.257 8.10E-06 10.13 32.557
1513,3 → 1412,2 156.110 1.29E-05 12.24 38.067
1515,1 → 1414,0 169.938 1.97E-05 14.43 44.513 169.742
1510,6 → 149,5 135.301 6.25E-06 9.08 30.156 135.238, 135.298
1512,4 → 1411,3 149.189 1.03E-05 11.18 35.194
1514,2 → 1413,1 163.025 1.60E-05 13.32 41.173
1611,5 → 1510,6 146.876 8.33E-06 10.07 35.051
1613,3 → 1512,4 160.750 1.32E-05 12.17 40.553
1615,1 → 1514,2 174.583 1.99E-05 14.32 46.993
1610,6 → 159,7 139.894 6.45E-06 9.03 32.657
1612,4 → 1511,5 153.822 1.06E-05 11.12 37.684 153.783
1614,2 → 1513,3 167.669 1.63E-05 13.24 43.656
179,9 → 168,8 137.305 5.00E-06 7.86 33.180
1711,7 → 1610,6 151.480 8.57E-06 10.02 37.707
1713,5 → 1612,4 165.384 1.35E-05 12.11 43.197
1710,8 → 169,7 144.461 6.64E-06 8.96 35.321 144.456
1712,6 → 1611,5 158.445 1.08E-05 11.06 40.333
1714,4 → 1613,3 172.309 1.66E-05 13.16 46.296
189,9 → 178,10 141.863 5.14E-06 7.74 36.021
1811,7 → 1710,8 156.066 8.81E-06 9.96 40.523
1813,5 → 1712,6 170.011 1.38E-05 12.05 46.000 170.025, 170.144
1810,8 → 179,9 149.006 6.84E-06 8.88 38.147
1812,6 → 1711,7 163.057 1.11E-05 11.01 43.142
199,11 → 188,10 145.947 5.22E-06 7.60 39.026
1911,9 → 1810,8 160.628 9.05E-06 9.89 43.501
1910,10 → 189,9 153.486 7.01E-06 8.79 41.137
1912,8 → 1811,7 167.655 1.14E-05 10.95 46.111
209,11 → 198,12 150.894 5.34E-06 7.40 42.206
2011,9 → 1910,10 165.166 9.28E-06 9.81 46.643
2010,10 → 199,11 157.991 7.18E-06 8.67 44.293 157.960, 157.981
219,13 → 208,12 153.572 5.23E-06 7.21 45.544
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one photon. (If a higher lying level is populated,
the molecule may cascade down to the lower states
by emitting a sequence of photons.) In general, the
collisional rate coefficient for the transition from an
upper level j to a lower level i is expressed as (Chang
et al. 2013, Sharma et al. 2014b):

Cji = < v σji >

where v is the relative velocity of collision partner,
generally taken to be the most abundant molecular
hydrogen H2, and σji the collision cross section for
the transition. The latter is very difficult to com-
pute. It depends on the transition and on the col-
lision partner. In order to obtain an estimate, we
assume σji ≈ 10−16 cm2 and v ≈ 1 km/s = 105

cm/s, leading to (Chang et al. 2013, Sharma et al.
2014b):

Cji ≈ 10−11 cm3s−1 .

These values of collisional rate coefficient are rea-
sonable (Sharma et al. 2014a, c, 2015). For a dense
molecular cloud we have nH2 ≈ 104cm−3 and, there-
fore, the product nH2Cji ≈ 10−7s−1. According to
this estimate, we included in Tables 2 and 3 the lines
with
Aji > 5× 10−6 s−1 and Ej < 47 cm−1 .

Further, the line strength of the transition needs to
be large. When the Einstein A-coefficient is larger
than the collisional deexcitation rate, the probability
of formation of photon is quite large. It is interest-
ing to note that there are 46 + 46 lines having quite
large value of Einstein A-coefficient and whose upper
level is not at very high energy. These lines are quite
promising for the identification of 2-Aminopyridine
in the interstellar medium.

Cernicharo et al. (2000) identified a number
of lines in the atmosphere of IRC+10216 which have
not been assigned to any of the species. We have
found that some of them, reported in the last col-
umn of Tables 2 and 3, have frequencies very close
to those obtained in the present investigation.

In Tables 2 and 3, there are 14 + 11 tran-
sitions whose frequency matches with the uniden-
tified lines of Cernicharo et al. (2000). The dif-
ference in the frequencies is less than 0.01%. This
closeness of frequencies is inspiring on one hand, but
also surprising. Half of these transitions have the
Einstein A-coefficient larger than 10−5 s−1 which
is quite large and promising for identification of 2-
Aminopyridine. The transitions reported in Tables 2
and 3 may play an important role for identification
of 2-Aminopyridine in the interstellar space.

4. CONCLUSIONS

Using the derived rotational and centrifugal
distortion constants of 2-Aminopyridine, energies of
levels, and frequencies, line strengths and Einstein A-
coefficients for rotational transitions are calculated.
We have reported information about the potential
transitions only. Frequencies of a number of lines
are found very close to those observed in the spec-
tra of IRC + 10216 and not assigned to any of the
species. It is possible that some of these lines belong
to 2-Aminopyridine.
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UDK 524.527
Prethodno saopxteǌe

U potrazi za �ivotom u vasioni,
nauqnici te�e da u me�uzvezdanom pros-
toru identifikuju molekule koji sadr�e
amino-grupu (-NH2). Aminoacetonitril
(NH2CH2CN), koji je prethodnik proste amino-
kiseline glicin (NH2CH2COOH), je identi-
fikovan u blizini galaktiqkog centra. Jedi-
ǌeǌe 2-aminopiridin (H2NC5H4N) je od in-
teresa nauqnicima jer je u tesnoj vezi sa �i-
votom na Zemǉi. Na osnovu spektroskopskih

studija izraqunali smo intenzitete linija 2-
aminopiridina nastalih prelazima izme�u
rotacionih nivoa do 47 cm−1 i pronaxli
nekoliko linija koje bi mogle pomo�i pri
ǌegovoj identifikaciji u me�uzvezdanoj sre-
dini. Frekvencije nekih od ovih prelaza su
blizu frekvencijama linija detektovanim u
omotaqu IRC+10216 koje nisu pripisane ni
jednoj poznatoj vrsti hemijskih jediǌeǌa.
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