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carbonate (CaCO3), silica (SiO2), and zeolite (Y type) yielded cytosine and 4(3H)-
pyrimidinone, alongside adenine and purine [5]. Thymine and adenine were
produced from NH2CHO in the presence of titanium dioxide (TiO2) [6]. Uracil,
cytosine, adenine and hypoxanthine were obtained by the thermal condensation
of NH2CHO in the presence of clays of the montmorillonite family [7]. Adenine,
cytosine and uracil were obtained by warming NH2CHO in the presence of
mineral phosphates [8,9]. The guanine is also synthesized from NH2CHO by a
combined UV-irradiation/thermal condensation process in the presence of phos-
phate minerals [10]. Irradiation (UV light) of NH2CHO on the surface of a TiO2

(001) single crystal at low temperature in ultra-high vacuum conditions showed
the formation of all five nucleic bases [11]. The isocytosine, cytosine, adenine
and uracil are synthesized from NH2CHO and borate minerals [12]. Finally, in
interstellar conditions, uracil, isocytosine and adenine are synthesized by heat
driven condensation of NH2CHO in the presence of Murchison material (mete-
orite) [13]. The peptide bond, -C(=O)NH- plays an important role in holding
together chains of amino acids. A recent study [14] states that out of all possible
simplest interstellar molecules having a peptide bond, formamide is having more
stability energy wise.

It is a planar molecule with electric dipole moment having components
72.a   Debye and 850.b   Debye [23], showing that a-type transitions are

much stronger than the b-types. Therefore, in the present investigation, we have
considered a-type transitions.

In the ISM, the first detection of formamide was made by Rubin et al. [16]
through the transition 1211 22   towards the direction of Sgr B2. Then, Gottlieb
et al. [17] found formamide towards Sgr A through its transition 111-110. Other
a-type transitions of formamide found in the ISM are, 413-312, 515-414, 514-413, 505-404,
532-431, 734-633, 835-734, 1019-918, 1258-1157, 404-303, 422-321, 523-422, 725-624, 726-625, 744-643,
808-707, 1029-928, 1129-1028, 112.10-1029 [18,19]. Though the b  is very small, the
b-type transitions, 163.14-162.15, 827-716, 173.15-172.16, 343.31-342.32, 183.16-182.17, 284.24-283.25,
193.17-192.18, 203.18-202.19, 201.19-192.18 are found by Coutens et al. [20].

Because of its importance, the NH2CHO has been studied in terrestrial
laboratories from time to time [15,21-23]. In the present investigation, we have
used the rotational and centrifugal distortion constants of Motiyenko et al. [23]
derived in the S-reductions of Watson Hamiltonian in rI  representation, given
in Table 1 (column 2). They have also derived the constants in A-reduction. We
have also optimized the formamide with the help of the software GAUSSIAN
2009, where we have used B3LYP method, and aug-cc-pVDz and aug-cc-pVTz
basis sets. The rotational and centrifugal distortion constants thus obtained, are
given in columns 3 and 4 of Table 1. The coordinates of the constituent atoms
of NH2CHO are given in Table 2.
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Owing to the pair of hydrogen atoms, the rotational levels are classified into
two distinct groups: ortho species having odd values of k

a
 and para species having

even values of k
a
. For known values of rotational and centrifugal distortion

constants in conjunction with electric dipole moment a  of NH2CHO, we have
calculated energies of rotational levels, and the probabilities for radiative transitions
between the levels. The radiative transition probabilities in conjunction with the
scaled values of collisional rate coefficients are used in the Sobolev Large Velocity

Constant Experiment aug-cc-pVDZ aug-cc-pVTZ

A 72716.89840 (19) 68917.7431 69897.7677
B 11373.509642 (28) 11792.3951 11827.5278
C 9833.952804 (27) 10069.4321 10115.8128

310JD 7.761879 (23) 8.660732 8.758405
310JKD -67.83261 (43) -4.090403 2.360077
310KD 1400.6906 (38) 1710.978520 1822.174884

3
1 10d 1.5757698 (38) -1.653967 -1.640637

3102d 0.1116821 (18) -0.167524 -0.172708
910JH 9.3375 (57) 1.640266469 1.530744346
610JKH -0.19637 (18) -7.078574333 -7.099341329
610KJH -5.7948 (20) 114.5500560 127.7877675

610KH 80.679 (48) -0.3172925461 -0.3319796552
9

1 10h 4.5512 (18) 4.080127967 4.125254139
9102 h 0.8207 (16) 0.9139578507 0.9532567955
9103h 0.17663 (30) 0.2675426213 0.2783410987

910JKL -0.01208 (49)
910KKJL 0.4272 (29)

910KL -5.41 (16)
12

2 10l -0.01296 (26)

Table 1

ROTATIONAL AND CENTRIFUGAL DISTORTION CONSTANTS OF
NH2CHO IN MHz

Atom Coordinates ( Å )

x y z

N 0.000000 0.533591 0.000000
H -1.827698 0.131735 0.000000
H 1.994731 0.641477 0.000000
C 1.138419 -0.018162 0.000000
H 1.271245 -1.096833 0.000000
O -1.033599 -0.412817 0.000000

Table 2

STRUCTURE OF NH2CHO MOLECULE
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Gradient (LVG) analysis of NH2CHO. Among the strongest transitions, for ortho-
NH2CHO, we have found one transition showing anomalous absorption and five
transitions showing emission feature, whereas for the para-NH2CHO, six emission
transitions are found. Out of these transitions, 3 are already found in the ISM.
In addition to the observed lines, 9 transitions may play important role in the
identification of NH2CHO in a cosmic object.

2. Radiative transitions. The a-type radiative transitions between rotational
levels are governed through the selection rules:

 
. n) transitio(paraodd even,even even,

n transitioorthoodd odd,even  odd,: ,
1 ,0:






ca kk
JJ

For each of the ortho and para species, we have considered 120 rotational levels.
For ortho species, the levels are up to 173 cm-1 connected through 440 radiative
transitions, whereas for the para species, the levels are up to 171 cm-1 connected
through 446 radiative transitions. Using the experimental values of rotational and
centrifugal distortion constants, and electric dipole moment a , the energies of
levels and radiative transition probabilities are calculated with the help of the
software ASROT [24].

3. Collisional transitions. Besides the radiative transitions, the levels are
connected through the collisional transitions. Though the collisional transitions do
not follow any selection rules, the calculation of collisional rate coefficients is a
difficult task [25-27]. Hence, we have used some scaled values of collisional rate
coefficients. These values are calculated using the method discussed by Sharma
et al. [28-30]. The background temperature of the cosmic microwave background
is T

bg
 = 2.73 K. The LVG analysis is carried out in accordance with the procedure

discussed by Sharma et al. [28-30].

4. Model. In the Large Velocity Gradient (LVG) analysis, a set of statistical
equilibrium equations coupled with the equations of radiative transfer is written
as the following.

120 ..., 2, ,1
120

1

120

1








iPnPn

ij
j

jii

ij
j

iji
(2)

where n denotes the population density of energy level and the parameter P is
as the following.

(i) For a radiatively allowed transition
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(ii) For a radiatively forbidden transition

. 
2 ijHij CnP 

Here, A and B are the Einstein coefficients, C the rate coefficient for collisional
transition and 

2Hn  the density of molecular hydrogen. The escape probability 
for the transition is

 
, -exp1








 ullu

where optical depth   is expressed as

  , 
4 uulllu

r
nBnB

drd
hc




 v
where  drd rv  denotes the velocity gradient in the region. This is non-linear
set of equations.

The external radiation field impinging on the volume element, generating the
lines, is the cosmic microwave background (CMB) only, which corresponds to the
background temperature T

bg
 = 2.73 K. The parameter   is expressed as

Fig.1. Variation of brightness temperatures TB (K) versus molecular hydrogen density 
2H

n  for
kinetic temperatures 40 and 100 K (written at the top) for six ortho transitions (written on the
left) of NH2CHO. Solid line is for 510  cm-3

 (km/s)-1
 pc, and dotted line for 610  cm-3

 (km/
s)-1

 pc. Observed line is denoted by †.
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Fig.2. Same as Fig.1, but for six para transitions (written on the left) of NH2CHO.
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Transition   (MHz) A
ul
 (s-1) E

u
 (cm-1) t

u
 (s) t

l
 (s)

110-111 1539.569 2.768 
.
 10-10 2.8029706114 3.61 

.
 109 

615-514 131620.401 1.552 
.
 10-4 17.4394042223 6.44 

.
 103 1.14 

.
 104

717-616 142696.619 2.014 
.
 10-4 21.1190145030 4.97 

.
 103 8.01 

.
 103

716-615 153435.988 2.504 
.
 10-4 22.5539371688 3.99 

.
 103 6.44 

.
 103

81.8-71.7 162951.459 3.039 
.
 10-4 26.5507298012 3.29 

.
 103 4.97 

.
 103

81.7-716 175190.823 3.776 
.
 10-4 28.3936312768 2.65 

.
 103 3.99 

.
 103

505-404 105463.870 8.081 
.
 10-5 10.5702233953 1.24 

.
 104 2.46 

.
 104

606-505 126246.790 1.407 
.
 10-4 14.7784497182 7.11 

.
 103 1.24 

.
 104

70.7-606 146869.617 2.239 
.
 10-4 19.6741036029 4.47 

.
 103 7.11 

.
 103

808-707 167317.144 3.336 
.
 10-4 25.2513417429 3.00 

.
 103 4.47 

.
 103

90.9-80.8 187582.562 4.730 
.
 10-4 31.5040938197 2.11 

.
 103 3.00 

.
 103

100.10-90.9 207669.073 6.449 
.
 10-4 38.4263962419 1.55 

.
 103 2.11 

.
 103

Table 3

FREQUENCY  , EINSTEIN A-COEFFICIENT A
ul
, ENERGY E

u
 OF

UPPER LEVEL, RADIATIVE LIFE-TIME t
u
 OF UPPER LEVEL AND

t
l
 OF LOWER LEVEL FOR TRANSITION

40 K 100 K
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 drdn rmol v . Here, n
mol

 is the density of the species of formamide and
 drd rv  the velocity gradient in the object. Equation (2) is a set of homogeneous
equations which does not have unique solution. In order to make the set of
equations inhomogeneous, the last statistical equilibrium equation is replaced by
the following equation, showing conservation.

, 
120

1
mol

i
i nn 



where n
mol

 is the density of NH2CHO molecule in the region. Using the values
of radiative and collisional transition probabilities, each set of non-linear equations
is solved through iterative procedure where the initial population densities of levels
are taken as the thermal populations, corresponding to the kinetic temperature.

5. Results and discussion. For each of the ortho and para species of
formamide, we have considered a set of 120 rotational levels connected by radiative
and collisional transitions. The LVG analysis is performed using wide range of
physical parameters in order to include a large number of cosmic objects where
formamide could be detected. The molecular hydrogen density 

2Hn  is taken from
102 to 107

 cm-3. The kinetic temperatures T are 20, 40, 60, 80 and 100 K. However,
in figures we have given the values for 40 and 100 K. The values of   drdn rmol v

Fig.3. Same as Fig.1, but for six ortho observed transitions (written on the left) of NH2CHO.
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Fig.4. Same as Fig.1, but for three ortho observed transitions (written on the left) of NH2CHO.
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Fig.5. Same as Fig.1, but for six para observed transitions (written on the left) of NH2CHO.
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are taken as 10-5 and 10-6
 cm-3

 (km/s)-1
 pc. Here, n

mol
 denotes the density of

NH2CHO and drd rv  the velocity /background gradient in the region. The
background corresponds to the temperature T

bg
 = 2.73 K. A large number of lines

are found to be produced. We have taken 6 strongest lines of each of the species.
Fig.1 shows the variations of brightness temperatures T

B
 (K) versus the density

of molecular hydrogen 
2Hn  for the two kinetic temperatures 40 and 100 K (written

on the top) for six ortho transitions, 110-111, 615-514, 717-616, 716-615, 818-717,
817-716 (written on the left). The transition 110-111 has been found in the ISM
and shows the anomalous absorption. The rest five transitions are found to show
emission feature. Fig.2 is the same as Fig.1, but for six para transitions, 505-404,
606-505, 707-606, 808-707, 909-808, 100.10-909, showing emission feature. Out of them,
two transitions, 505-404 and 808-707 are already found in the ISM. The details of
these 12 transitions are given in Table 3. With the increase of kinetic temperature,
for the absorption line 110-111. the depth of the trough is found to decrease and
shift towards a lower density. All emission lines are found to show a peak in
intensity. The position of the peak is found to shift towards a lower density with
the increase of kinetic temperature.

Other 18 observed a-type lines are found to have relatively weak intensity.
Results for these lines are given in Fig.3-6. The transition 211-212 is found to show

Fig.6. Same as Fig.1, but for three para observed transitions (written on the left) of NH2CHO.
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anomalous absorption whereas other 17 are found to show emission. In addition
to 21 a-type observed lines, there are 9 strong lines which also may help in the
identification of formamide in a cosmic object.

6. Conclusions. For each species, by solving a set of 120 statistical
equilibrium equations coupled with the equations of radiative transfer, we find that
there are 9 strong lines in addition to 21 observed a-type lines which may help
in the detection of formamide in a cosmic object.
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ÑÎÁÎËÅÂ LVG ÀÍÀËÈÇ ÏÐÅÁÈÎÒÈ×ÅÑÊÎÉ
ÌÎËÅÊÓËÛ - ÔÎÐÌÀÌÈÄÀ (NH2CHO),

ÎÁÍÀÐÓÆÅÍÍÎÉ Â ISM

Ì.Ê.ØÀÐÌÀ1, Â.Ä.ÌÀÌÏÀÒÒÀ1, Ì.ØÀÐÌÀ2, Ñ.×ÀÍÄÐÀ1

 Èñïîëüçóÿ èçâåñòíûå çíà÷åíèÿ êîíñòàíò âðàùàòåëüíîãî è öåíòðîáåæíîãî
äèñòîðñèé âìåñòå ñ ýëåêòðè÷åñêèì äèïîëüíûì ìîìåíòîì NH2CHO, ìû
ðàññ÷èòàëè ýíåðãèè âðàùàòåëüíûõ óðîâíåé â îñíîâíîì êîëåáàòåëüíîì ñîñòîÿíèè
è âåðîÿòíîñòè ðàäèàöèîííûõ ïåðåõîäîâ ìåæäó óðîâíÿìè. Â àíàëèçå NH2CHO
èñïîëüçóþòñÿ âåðîÿòíîñòè ðàäèàöèîííûõ ïåðåõîäîâ âìåñòå ñ ìàñøòàáè-
ðîâàííûìè çíà÷åíèÿìè êîýôôèöèåíòîâ ñêîðîñòè ñòîëêíîâåíèé. Åñòü íåñêîëüêî
ñèëüíûõ ëèíèé. Äëÿ îðòî- NH2CHO ìû íàøëè îäèí ïåðåõîä 110-111, ïîêàçû-
âàþùèé àíîìàëüíîå ïîãëîùåíèå, è ïÿòü ýìèññèîííûõ ïåðåõîäîâ 615-514, 717-616,
716-615, 818-717, 817-716. Äëÿ ïàðà- NH2CHO îáíàðóæåíî øåñòü ýìèññèîííûõ
ïåðåõîäîâ  505-404, 606-505, 707-606, 808-707, 909-808, 100,10-909. Èç ýòèõ 12 ïåðåõîäîâ
òðè ïåðåõîäà, 110–111, 505–404 è 808–707, óæå îáíàðóæåíû â ISM. Äðóãèå
îòíîñèòåëüíî áîëåå ñëàáûå ëèíèè òàêæå âñòðå÷àþòñÿ â ISM. Ïîìèìî íàáëþ-
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äàåìûõ ëèíèé, 9 ïåðåõîäîâ ìîãóò èãðàòü âàæíóþ ðîëü â èäåíòèôèêàöèè
NH2CHO â àñòðîôèçè÷åñêèõ îáúåêòàõ.

Êëþ÷åâûå ñëîâà: ìîëåêóëû: NH
2
CHO: êîýôôèöèåíòû Ýéíøòåéíà A: ïåðåíîñ

     èçëó÷åíèÿ

REFERENCES

1. R.Saladino, C.Crestini, G.Costanzo et al., Top. Curr. Chem., 259, 29, 2005.
2. V.S.Nguyen, H.L.Abbott, M.M.Dawley et al., J. Phys. Chem. A, 115, 841, 2011.
3. H.Bredereck, R.Gompper, H.G.V.Schuh et al., Angew. Chem., 71, 753, 1959.
4. T.Okamoto, M.Toshihiko, H.Yamada et al., Jpn Kokai Tokkyo Koho, 3, 1, 1972.
5. R.Saladino, C.Crestini, G.Costanzo et al., Bioorg. Med. Chem., 9, 1249, 2001.
6. R.Saladino, U.Ciambecchini, C.Crestini, Chembiochem, 4, 514, 2003.
7. R.Saladino, C.Crestini, U.Ciambecchini et al., Chembiochem, 5, 1558, 2004.
8. R.Saladino, C.Crestini, V.Neri et al., Chembiochem, 7, 1707, 2006.
9. G.Costanzo, R.Saladino, C.Crestini et al., BMC Evol. Biol., 7, 1, 2007.
10. H.L.Barks, R.Buckley, G.A.Grieves, Guanine, Chembiochem, 11, 1240, 2010.
11. S.D.Senanayake, H.Idriss, Proc. Nat. Acad. Sci., 103, 1194, 2006.
12. R.Saladino, M.Barontini, C.Cossetti et al., Orig. Life. Evol. Biosph., 41, 317, 2011.
13. R.Saladino, C.Crestini, C.Cossetti et al., Orig. Life. Evol. Biosph., 41, 437, 2011.
14. M.Lattelais, F.Pauzat, Y.Ellinger et al., Astron. Astrophys., 519, A30, 2010.
15. R.J.Kurland, E.B.Wilson Jr, J. Chem. Phys., 27, 585, 1957.
16. R.H.Rubin, G.W.Swenson Jr, R.C.Benson et al., Astrophys. J., 169, L39, 1971.
17. C.A.Gottlieb, P.Palmer, L.J.Rickard, Astrophys. J., 182, 699, 1973.
18. C.Kahane, C.Ceccarelli, A.Faure et al., Astrophys. J. Lett., 763, L38, 2013.
19. V.Thiel, A.Belloche, K.M.Menten et al., Astron. Astrophys., 605, L6, 2017.
20. A.Coutens, J.K.Jrgensen, M.H.D. Van der Wiel et al., Astron. Astrophys., 590,

L6, 2016.
21. R.J.Kurland, J. Chem. Phys., 23, 2202, 1955.
22. C.C.Costain, J.M.Dowling, J. Chem. Phys., 32, 158, 1960.
23. R.A.Motiyenko, B.Tercero, J.Cernicharo et al., Astron. Astrophys., 548, A71, 2012.
24. Z.Kisiel, J.Demaison et al., Spectroscopy from Space, PROSPE Programs for

Rotational Spectroscopy, Kluwer Academic Publishers, Institute of Physics,
Academy of Science, Warsaw, Dordrecht, 91, 2001.

25. M.K.Sharma, M.Sharma, U.P.Verma et al., Adv. Space Res., 54, 1963, 2014.
26. M.Sharma, M.K.Sharma, U.P.Verma et al., Adv. Space Res., 54, 252, 2014.
27. M.K.Sharma, M.Sharma, U.P.Verma et al., Adv. Space Res., 55, 434, 2015.
28. M.K.Sharma, M.Sharma, S.Chandra, Astrophys. Space Sci., 362, 168, 2017.
29. M.K.Sharma, M.Sharma, S.Chandra, Astrophys. Space Sci., 363, 94, 2018.
30. M.K.Sharma, M.Sharma, S.Chandra, Mol. Astrophys., 12, 20, 2018.




