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Calculation of collisional rate coefficients is a challenging and difficult task. When these data
are not available, their values may be estimated using a scaling law. In some investigations, we have
utilized a scaling law. Accurate collisional rate coefficients for cyclopropenylidene (c-C,H,) as a
complete set are available, and thus it may be appropriate occasion to test the applicability of that
scaling law. We have considered 50 rotational levels of each of the ortho and para species of
¢-C,H, having energies up to 91.53 cm™ and 87.21 cm™, respectively. We have compared the results
of radiative transfer using accurate collisional rate coefficients with those obtained using the scaling
law, and have found that the results of the scaling law are qualitative. Hence, for getting the
qualitative behaviour of an analysis, the use of the scaling law is quite reasonable.
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1. Introduction. Calculation of collisional rate coefficients is a challenging
and difficult task [1], and therefore, such data are available for a limited number
of molecules. As these data were not available, we [2-4] have used a scaling law
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for estimation of collisional rate coefficients in the downward direction
Ji x> Ji i - This is cross section times the relative velocity between the target
and the colliding partner. A cross section ¢ may be taken as Tcag, where
a,=0.52917A is the Bohr radius. Hence, o ~107'° cm”. For a velocity v~1m/s,
we have (ov)~107"" cm’/s. Collisional rate coefficients for excitation (upward
direction) may be calculated using the detailed equilibrium:

g x> k)= {%} exp [— %} Wk > T k) 2

where, AE is the energy difference between the levels J, , and Ji . .
Khalifa et al. [S] have calculated accurate collisional rate coefficients for
rotational transitions in the ground vibrational state of cyclopropenylidene (¢-C,H,)
due to collisions with the He atom. It has been a regular practice to replace H,
molecule (which is the most abundant molecule in a molecular region) by He
atom [6-9], as both of them have two protons and two electrons. It is because


https://doi.org/10.54503/0571-7132-2022.65.3-459

460 M.K.SHARMA, S.CHANDRA

the calculations with He atom are easier as compared to those with H, molecule.

The cyclopropenylidene (¢c-C,H,) is a planar asymmetric top molecule having
C,, symmetry and large electric dipole moment p=3.27 Debye [10] lying along
the b-axis of inertia. Earlier, the electric dipole moment p was calculated as 3.32
Debye [11]. The cyclopropenylidene has been analyzed in the terrestrial laboratories
from time to time [12,13]. After H,CO [14], the ¢-C,H, is the second molecule
to show the phenomenon of anomalous absorption. Following first detection of
c-C,H, by Matthews et al. [15], Madden et al. [16] found ¢-C,H, ubiquitous,
through its transition 2,-2,, at 21.587 GHz, which was found in anomalous
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Fig.1. Variation of excitation temperatures 7, (K) versus molecular hydrogen density n u, for
the accurate and scaled collisional rate coefficients, written at the top, at Kinetic temperature
30 K, for anomalous absorption lines of cyclopropenylidene, written on the left. Solid line is for
Y= 107 cm® (km/s)" pc, and the dotted line for Y =10"° cm? (km/s)”" pc.
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absorption (the absorption against the cosmic microwave background having the
background temperature of 2.73 K). Cox et al. [17], however, reported this line
in emission in the planetary nebula NGC 7027. Because of two equivalent
hydrogen atoms, the ¢-C,H, has ortho and para species. For each species, the
collisional rate coefficients are available for 50 rotational levels having energies up
to 91.53cm™ and 87.21cm™, respectively. Using these accurate collisional rate
coefficients, Sharma and Chandra [18] have performed Sobolev analysis of both
species and have discussed results for four, 2, -2 , 4, -4,,, 3,,-3,, and 4,,-5 .,
transitions showing anomalous absorption, and two transitions, 4, ,-3, , 5, ,-4,,,
showing the weak MASER action. One transition 1, -1, connection the ground
state of ortho species was also considered.

In order to test the applicability of the scaling law (1), we have repeated the
simulation of Sharma and Chandra [18] where the accurate collisional rate
coefficients have been replaced by the values obtained using the scaling law (1).
The two sets of results are compared and the conclusions are drawn. The parameter
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Fig. 2 Variation of n g,/n,g versus molecular hydrogen density n u, for the accurate and scaled
collisional rate coefficients, written at the top, at kinetic temperature 30 K, for the transitions of
cyclopropenylidene, written on the left. Solid line is for y =10~ em” (km/s)"' pc, and the dotted
line for y= 10° cm™ (km/s)" pc.



462 M.K.SHARMA, S.CHANDRA

y is defined as y=n,,, /(dv,/dr), where n ., denotes the density of the species
of molecule, and dv,/dr is the velocity-gradient in the region.

2. Results and discussion. Details of calculations and information about
the data used are available in Sharma and Chandra [18]. To check the applicability
of equation (1), we have repeated the simulation of Sharma and Chandra [18]
as such, where the accurate collisional rate coefficients of Khalifa et al. [5] are
replaced by those obtained by using equation (1). Comparison of results for kinetic
temperature of 30 K is shown in Fig.1 for four anomalous absorption lines and
in Fig.2 for two weak MASER lines and the line connecting the ground state
of ortho species. The Figures show that though the results may vary significantly,
but their qualitative behaviour remains the same. Similar results have been
obtained for other kinetic temperatures, 10, 20, 40, 50K also. The results support
the idea that when accurate collisional rate coefficients are not available, the scaling
law expressed by equation (1) may be used to get qualitative behaviour of results
of investigation.
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ITPOBEPKA TTPUMEHUMOCTHU 3AKOHA ITOAOBHA
JJIA CTOJIKHOBUTEJIBHBIX KOODOOUIIMEHTOB

M.K.IITAPMA', C.HAH/IPA?
BoruucneHre cToIKHOBUTEbHBIX KOA(DMULIMEHTOB SIBJISIETCS CIIOXKHOW U TPYIHON

3agavyeid. Korna st naHHbIe HECOOCTYIIHbI, X 3HAYCHHA MOTIYT OBITHh OIICHEHHI C
UCIIOJIb30BAHUEM 3aKOHA CKEWJIMHIA (38.KOH HOI[O6I/I$I/ MaciuTabHast I/IHBapI/IaHTHOCTb).
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B HeKOTOpBIX MCCIeNOBAaHMSX MBI MCITOJTE30BAIN 3aKOH TTono6ust. Tounble Koaddu-
LMEHTBI CKOPOCTU CTOJIKHOBEHUH W1 1MKiIonponenuinaeHa (c-C,H,) noctymHel
B BUJI¢ TIOJTHOTO HAbopa, UTO MO3BOJIWIIO aHAJIM3UPOBATh BO3MOXKHOCTh ITPUMEHEHUS
3aKoHa Tromobust. PaccMoTpeHo 1o 50 BpalaTeIbHBIX YPOBHEN KaXIOTO M3 OpTO-
u napa-sunoB ¢-C,H, ¢ sHepruamu no 91.53 cM' 1 87.21cm™', COOTBETCTBEHHO.
CpaBHeHME pe3y/IbTaTOB IIEPeHOCa U3TYUYECHHS C UCTIOIE30BAHNEM TOUHBIX CTOJIKHO-
BHUTEJBHBIX KO3(MGUIIMEHTOB ¢ pe3yIbTaTaMy, TTOJydeHHBIMU C MCITOJIb30BaHUEM
3aKOHA MOJ00US, TTOKA3ajI0, YTO Pe3yJIbTAaThl 3aKOHA MOI00US SIBJISTIOTCS KadecT-
BeHHbIMHU. CJIe0BaTeIbHO, JJISI TOJIYYeHUsT KaueCTBEHHOTO MTOBEICHUS aHaI3a
WCTIOJIB30BaHNe 3aKOHA MOTOOMST BIIOJTHE Pa3yMHO.

KntoueBnie cioBa: moaekyawi: 3akon nodobus: LVG anaauz Coboaesa: neperoc
U3AYYEeHUs.
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