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Cyanamide (NH,CN) has pyramidal equilibrium structure with two substates, denoted by 0+
and 0", For each state of NH,CN, knowing rotational and centrifugal distortion constants in
conjunction with electric dipole moment, energies for rotational levels and the probabilities for
radiative transitions between the levels are calculated. The radiative transition probabilities in con-
Junction with scaled values for rate coefficients for collisional transitions between the levels are used
in the Large Velocity Gradient analysis for each substate. For each substate, we have found
anomalous absorption in three doublets at high temperature and weak MASER action at low
temmperature. We have also found emission feature in nine transitions in each substate. These
transitions, along with the observed ones, may play important role for identification of NH,CN
in a cosmic object.
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1. Introduction. Containing two atoms of nitrogen, cyanamide is one of
the rare interstellar molecules. It is considered relevant for prebiotic chemistry,
as in the liquid water, it may convert into urea which is important in the biological
processes [1]. It is found to have pyramidal equilibrium structure with two
substates, denoted by 0 and Or. Spectrum analysis of cyanamide is carried out
from time to time [2-9]. We have considered spectroscopic data of Coutens et
al. [9]. For both the substates, rotational and centrifugal distortion constants
reported by Coutens et al. [9] are used in the present investigation and are reported
in Table 1. The substates 0" and 0. have electric dipole moment 11, =4.25+0.02D
and p, =42420.02D, respectively [3]. Because of two hydrogen atoms, each
substate has ortho and para species. In the 07 substate, ortho specie is described
by even value of k£ , whereas the case is reverse for the 0~ substate. First detection
of cyanamide towards solar-type protostars, IRAS 162938 and towards IRAS2A
are reported by Coutens et al. [8]. This molecule has also been detected in other
galaxies, such as NGC 253 and MS82 [10,11], in the massive star-forming regions
Ser B2 [12,13], in solar-type protostar IRAS 162932422 B [9] and in high-mass
proto-star IRAS 20126+410 [14].

In the ground vibrational state, they [8] have found 17
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Table 1

ROTATIONAL AND CENTRIFUGAL DISTORTION CONSTANTS

OF NH,CN IN MHz

Constant 0* substate 0~ substate
A 312142.025 304454.083
B 10129.75679 10112.65371
C 9866.659953 9865.923593
D, 3.741178-10° 3.7782-10°
D, 396.199-10° 359.211-10°
D, 44.1278 27.9564
d, -140.8332-10° -119.7066 - 10°°
d, -32.5952-10° -21.9978-10°
H, -1.031-10” -0.621-10”
H, 1.3677-10° 0.7919-10°
H, -338.05-10° -190.77-10°
H, 17.213-10° 4.307-10°
L, 12.47-10° 12.47-10°
Lo -4.034-10°¢ -3.328-10°
. 21.33-10° 10.69-10°
16293 B, and 12, ,-11, and 16, -15 |, transitions in IRAS2A. Most of the

1.15
transitions in are both the substates. The comparison of frequencies shows that

all these nine transitions belong to the 0* substate.

Using the spectroscopic data (rotational and centrifugal distortion constants,
and electric dipole moment), we have calculated energies of 120 rotational levels
of each specie in each substate and the radiative transition probabilities (Einstein
A and B coefficients) for radiative transitions between the levels by using the
computer code ASROT [15]. The radiative transition probabilities in conjunction
with scaled values of collisional rate coefficients are used for solving a set of 120
statistical equilibrium equations coupled with the equations of radiative transfer.
Out of a large number of lines, we have considered the strongest emission and
absorption lines. In each substate, three doublets, 1,-1,,, 2,,-2,,, 3,,-3,, are found
to show anomalous absorption at high temperature and weak MASER action at
low temperature. In each substate, nine transitions, 4,,-3,,, 5,-4,,, 6,.-5,5, 3,:-2,,»
4,730 Sos~4oss 70776060 8us70» 900-8,s are found to show emission feature. The
intensities of observed lines are found weaker than the lines discussed here. These
lines, along with the observed ones, may play important role in the detection of
cyanamide in a cosmic object.

2. Model. The model used here is the same as discussed by Sharma et al.
[16-20]. In the Large Velocity Gradient (LVG) analysis, a set of statistical
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equilibrium equations coupled with the equations of radiative transfer is written
as the following.

120 120

n Y P =3nP,  i=1,2,.,120
== (1)
J# J#

where n denotes the population density of energy level and the parameter P is
as the following.
(i) For a radiatively allowed transition

_{(AﬁBg]v,bg)Bg +ny,Cy i>j
i

ByI,4 By +ny.Cy i<j

(ii) For a radiatively forbidden transition
P.=n H, Cij .

q
Here, A and B are the FEinstein coefficients, C the rate coefficient for collisional
transition and n, the density of molecular hydrogen. The escape probability f3
for the transition is

B =Bu = 1-epes) exp(— TV)
A%
where optical depth t, is expressed as
B he
e 4n(d v, /dr)
where (d ur/dr) 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 Tbg =2.73 K. The parameter Yy is expressed as
Y=n,, /(d v,/dr). Here, n . is the density of the species of cyanamide and
(d v,/ dr) the velocity gradient in the object. Equation (1) 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

Zni =Nyl -
i=1

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

b

[Blunl_ Bulnu ]’
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2.1. Radiative transitions in cyanamide. In each substate, the electric
dipole moment is along a-axis of inertia. The radiative transitions are governed
by the selection rules:

J: AJ=0,+1
k,,k.: even,even <> even,odd
k ,k. : odd,even <> odd, odd.

a’’vc

For 120 rotational levels, for each specie in each substate, the 0* substate has
309 ortho and 310 para transitions whereas in the 0~ substate, there are 308 ortho
and 309 para transitions. For the given values of rotational and centrifugal
distortion constants, and electric dipole moment, we have calculated energies of
120 rotational levels and line strengths for radiative transitions between the levels
with the help of the software ASROT [15].

For a radiative transition from upper level u to lower level /, the line-strength
S, (=S,) is related to the Einstein A-coefficient, 4 , as
_ 64“4"31“12
R guhc3
where g, (=2J +1) is the statistical weight of upper level with rotational quantum
number J, u, is component of electric dipole moment and v, the frequency
of transition. The Einstein 4 and B coefficients are related through the relations:

3
Snhv" g and B, —=SvB

3 u
c 8

A Sul b

ul

Aul =

where g, denotes the statistical weights for the lower level.

2.2. Collisional transitions. Though the collisional transitions, contrary
to the radiative transitions, between the rotational levels do not follow any selection
rules, the calculation of collisional rate coefficients for the transitions is a difficult
task [21-23]. The collisional rate coefficients for cyanamide are not available,
therefore, they are estimated following the procedure discussed by Sharma et al.

[16,17,19,20,24].
1" |r
clu. .. -7 =—‘/—.
("w"f "u”‘v) 27+1\30

This expression is equivalent to the cross section times the relative velocity of
collision partner, which is generally taken as the molecular hydrogen H,, whose
abundance is the largest in a molecular region. These collisional rate coefficients
are such that they do not generate any anomalous phenomenon from their own.

3. Results and discussion. In order to consider a large number of cosmic
objects, where the cyanamide may be found, the calculations are done for wide
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ranges of physical quantities. The molecular hydrogen density n, is taken from
10’ to 10°cm™; the kinetic temperatures 7 are 20, 40, 60, 80, 100 K. However,
in figures we have given the values for 40 and 100K. Two values of y[=7,,, /(dv,/ dr)]
are taken as 107 and 10°cm™ (km/s) "' pc. Here, n_, is the density of the species
of NH,CN and (dv,/dr) the velocity-gradient in the region.

In Fig.1, we have plotted brightness temperature versus hydrogen density for
two temperatures, 40 and 100 K (written on the top) for six para transitions
(written on the left) in 0* substate. Fig.2, is the same as Fig.1, but for six ortho
transitions in 0 substate. Fig.3 and 4 are for ortho and para transitions,
respectively, in the 0~ substate. The kinks in the plots are due to numerical
instabilities. Interesting to note that Fig.1 and 3 are very similar whereas Fig.2
and 4 are very similar.

Three doublets, 1,-1,, 2,-2,,, 3,,-3,, in each substate are found to show
anomalous absorption at high temperature and weak MASER action at low

temperature. The transition 1,-1,,, in particular, may be utilized as a probe for

the search of molecule. In each substate, nine transitions, 4,,-3 ,, 5,-4,,, 6,,-5,,
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Fig.1. Variation of brightness temperatures T, (K) versus molecular hydrogen density n, for
kinetic temperatures 40 and 100 K (written at the top) for six para transitions (written on the left)
in 0* substate of NH,CN. Solid line is for y= 107 em™ (km/s) ™ pc, and dotted line for Y= 107
cm” (km/s)™ pe.
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Fig.2. Same as for Fig.1, but for six ortho transitions (written on the left) in 0* substate of NH,CN.

Table 2

FREQUENCY, EINSTEIN A-COEFFICIENT, ENERGY OF UPPER
LEVEL, RADIATIVE LIFE-TIMES OF UPPER AND LOWER LEVELS

FOR TRANSITIONS IN 0* SUBSTATE OF NH,CN

Transition v (MHz) A, (s E, (cm™) t, (s) 1, (8)
11, 263006 | 1914-107 | 107409 | 5.22-10" »
2,-2, 789.280 1.723-10™" 12.0827 2.43-10° 2.53-10°
33 1578.540 | 6.891-10" 140954 | 567-10° | 5.90-10°
43, 79455036 | 4.394-10° 166913 | 228-10° | 5.90-10°
5.4 99317.825 | 8.988-10° 200019 | L.11-10° | 2.28-10°
6,.-5,. 119179967 | 1.597-10* 239745 | 626-10° | 1.11-10°
32, 59988.159 | 1.945-10° 39992 | 5.4-10° | 1.86-10°
4,30 79982.990 4.781-107 6.6652 2.09-10* 5.14-10*
Se-d,. 99976.775 | 9.550-10° 99979 | 1.05-10° | 2.09-10°
706 139960159 | 2.690- 10" 18662 | 372-10° | 5.97-10°
87, 159960235 | 4.049-10* 239939 | 247-10° | 3.72-10°
900-84s 179936.219 5.802-10™ 29.9917 1.72-10° 2.47-10°
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Fig.3. Same as for Fig.1, but for six ortho transitions (written on the left) in 0- substate of NH,CN.

Table 3

FREQUENCY, EINSTEIN A-COEFFICIENT, ENERGY OF UPPER
LEVEL, RADIATIVE LIFE-TIMES OF UPPER AND LOWER LEVELS
FOR TRANSITIONS IN 0° SUBSTATE OF NH,CN

Transition v (MHz) A, (s E, (cm™) t, (s) 1, (8)
11, 246729 1.571-107 | 104846 | 6.37-10" P
22 740.182 1414-10" | 118247 | 245-10° | 2.54-10°
33 1480.346 | 5.657-10" | 13838 | 5.72-10° | 5.93-10°
4.3 79416727 | 4.367-10° | 164327 | 229-10' | 5.93-10°
5.4 99269960 | 8.933-10° | 197417 | L12-10° | 2.29-10°
6,- 5 119122561 | 1587-10° | 237124 | 6.30-10° | 1.12-10°
ENE 59934703 | 1.931-10° | 39957 5.18-10° | 1.87-10°
43 79911791 | 4746-10° | 66584 2.11-10° | 5.18-10°
Se-d.. 99887.896 | 9.480-10° | 9.9890 1.05-10° | 2.11-10°
706y, 139836.173 | 2.670-10° | 186456 | 3.75-10° | 6.01-10°
8T 159807.855 | 4.019-10° | 239726 | 2.49-10° | 3.75-10°
Opy-8., 179777572 | 5.759-10* | 29.9651 1.74-10° | 249-10°
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Fig.4. Same as for Fig.1, but for six para transitions (written on the left) in 0- substate of NH,CN.

305200 40473030 o540 75776060 805~ 707 90985 are found to show emission feature.
The intensity of a transition is found to increase with the increase of density and
kinetic temperature. Parameters for these transitions are given in Tables 2 and
3 for 0* and O~ substate, respectively. For all 24 transitions, the life time of lower
level is found larger than that of the upper level. Still finding MASER action
is interesting feature.

All nine observed lines, 170.17_160.16’ 172.15_162414> 8" 182.16_172415’ 183416_
17, ,, 18, -17,,,, 18, .-17, ., 12, -11  and 16  -15 |, in 0" substate are found
to have weaker intensity as compared to those discussed above. Besides the observed
lines, the lines discussed here may play important role in the detection of
cyanamide in a cosmic object.

18, -17

4. Conclusions. The LVG analysis carried out for 0" and 0 substates of
NH2CN has found 12 additional transitions, 1,-1,, 2,-2,,, 3,,-3,5, 5,54, 6,
515 3057200 40a=303 Sos%esr 7076060 805707 00-8yg transitions, for each state, which
may help in the identification of cyanamide in a cosmic object.
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LUMAHAMUJL (NH,CN) B MEX3BE3IHOW CPEJE:
BO3MOXHBIE CITEKTPAJIBHBIE JIUHUU

M.K.ITAPMA

Huanamua (NH,CN) umeeT nupamMuaaabHyIO CTPYKTYPY PABHOBECHS C IBYMsI
NOACOCTOAHUAMHU, 0003HaueHHbIMKM 0 1 0. g xaxnporo cocrossHuss NH,CN,
3Hass KOHCTaHTBl BpalllaTeJbHOTO U LIEHTPOOEXKHOTO OMCTOPCUII B COYETAHUU C
9JIEKTPUYECKUM IUMOJbHBIM MOMEHTOM, BBIYMCICHBI HEPIMU BpallaTeJbHbIX
YPOBHEN M BEPOSITHOCTU PalMallMOHHBIX MEePEeX0A0B MeX1y ypoBHsIMU. Mcnionb3ys
BEPOSITHOCTU PAAMAllMOHHBIX MEPEXOAOB B COYETAHMHU C MaclUTaOMpPOBAHHBIMU
3HAYEHUSIMU KO3(DUIIMEHTOB CKOPOCTH ISl CTOJIKHOBUTEIbHBIX TIEPEXOI0B MEXKIY
ypoBHsIMHU, BeimoiHeH LVG aHanms [y Kaxmoro moacocTosHus. s Kaxmoro
MOACOCTOSTHUSI Mbl OOHAPYXKUJIM aHOMaJIbHOE TOIJIOLIEHUE B TpeX AybJeTax mpu
BBICOKOI TeMrmepaTrype U caadblii Ma3epHbI 3dEeKT Mpyu HU3KOI TeMIlepaTrype.

Mbl Takke OOHApyXWJU OCOOEHHOCTW M3JydyeHUsS! B JEBSITU Ilepexojax B
KaXkKIOM TTOACOCTOSTHMHU. DTHU Mepexobl, HapsiLy ¢ HaOI0JaeMbIMU, MOTYT UTPaTh
BaXHYI0 poib s uaeHtudukaumun NH CN B actpopusnyeckux oObeKTax.

Kmouesbie cnosa ISM: monexyav,, NH,CN: A-kosppuyuenmor Jiinwumetina:
nepeHoc unyyeHus
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