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The CHt (17-1Z) cometary band of astral importance has been excited in the
laboratory in a high frequency discharge. The integrated intensities of five
rotational lines in the Q branch of the (0, o) band of the system have been
determined, using the technique of photographic photometry. From these
intensity data, the ‘effective rotational temperature’ of the source has been
derived by three types of procedure, viz. (i) maximum intensity location, (ii)
line intensity graph method and (iii) iso-intensity method. The results have
been critically discussed and it is indicated that the electronically excited CH*
radicals have an equilibrium rotational energy distribution at a temperature
which is thus derived as 420° K. This temperature can be said to approxi-
mate to the true gas temperature of the CH™ molecule, characteristic of a
high frequency electrodeless discharge and of excitation with large excess of
helium. Tt is seen to be of the same order of magnitude as the temperatures
determined by MecKellar (1942, 1944) from cometary spectra of other

molecules,
INTRODUCTION

The problems of intensity distribution in molecular spectra have attained
an important status in astrophysical investigations. Such a study is one of
the important tools for revealing the nature of the physical conditions prevail-
ing in the sources of both the terrestrial and astrophysical origin. Moore
(1957) has stressed the importance of accurate measurements of intensities of
band systems of diatomic molecules which are prominent in the spectrum of
the sun and other stellar spectra, as the inadequacy of such knowledge is a
handicap to the astrophysicists. James (1960) points out that the deter-
mination of rotational intensities is also helpful in the elucidation of the
problem of rotation-vibration interaction in diatomic molecules. An analysis
of the intensity and temperature data on band systems becomes therefore
necessary.

With the above aim in view, the bands of CH* (1z—1X) system are
chosen because of their astral importance, as the system occurs in cometary
spectra (Swings 1942). In this paper, it is proposed to present the laboratory
study of the integrated intensities of the rotational lines of the Q branch of
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the (o, o) band of CH* system and to discuss the results of the temperatures
derived therefrom with particular reference to the thermal equilibrium and
the corresponding data of stellar measurements. The main result of this
investigation has been announced in an advance short note (Murthy 1963).
Bélow we give the details of the investigation.

EXPERIMENTAL

The experimental procedure adopted by Douglas and Herzberg (1942)
has been followed. The bands were excited in a discharge through a mixture
of spectrally pure helium (produced by the British Oxygen Co.) containing
a small trace of benzene. For this, a straight form of discharge tube having
external electrodes was employed. The excitation was done by high fre-
quency oscillations of 10-25 Mc/s by connecting the electrodes to a push-pull
oscillator with two VT-143 triodes. The pressure of helium and of benzene
vapour was finely regulated by means of needle valves inserted in the system.
The pressure of helium gas was maintained at 1-19 cm of Hg and it was
measured by a dibutyl phthalate manometer. The spectra, bringing out
clearly the (o, 0) band of CH* (1x—1X) system, were photographed on Ilford
Zenith and Kodak P1200 plates by means of a Hilger Littrow spectrograph
havm.g a dispersion of about 5-2 A/mm in the region of the band. The tech-
nique of photographic photometry (Tawde and Patankar 1943; Tawde and
Murthy 1963) was followed and quantitative estimate of intensities was
made by taking the areas under the intensity contours of each of the five
rotational lines of the Q branch, viz. Q;, Qs Q; Qs and Q. They were
found to be free from overlapping. A step-slit and a standard lamp with
known energy distribution were employed for impressing the calibration
marks. The impressed spectra were microphotometered as usual and the
integrated intensities of the rotational lines were determined and expressed
on a relative scale with Qj, the strongest line as 100. The other bands of
the system were too weak in comparison to (o, o) and hence they could not
be used to obtain the confirmation of the temperature measure derived from
(0, 0) band.

PROCEDURES, OBSERVATIONS AND RESULTS

Three different procedures have been adopted for the derivation of
‘rotational temperature’:

(1) Mazimam intensity location
The position of J.. of maximum intensity in a branch is connected
with temperature and is given by the well-known formula (Herzberg 1950,

p. 124 Johnson 1949):
kT, [T
N/zB”l"c—§=O-5896 —éi‘—;, .. (D)
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where T'p, = temperature in °K and

B = rotational constant of the upper state.
The Jmas can be easily located both from the inspection of the microphoto-
meter tracings and from the intensity measurements. In the present case
Jumax 18 found to be 3 and B = Bj = 11:427; (Douglas and Morton 1960).

These substituted in the above formula gave the ‘effective rotational tem-
perature’ Ty, as ~ 400° K.

(ii) Line-intensity graph method

If the thermal equilibrium exists at a temperature 7' and if there is no
significant amount of self-absorption in the gas, then the intensity I.m in
emission is given by -
Cemvt

Qr
with usual notations (Herzberg 1950, pp. 126, 205).
From this one obtains
log U_:;-———-”‘—;T) =A—BJ(J+)M L Lo L (3)

where A (= log Cemv4/Qr) may be considered as a constant since for a
given band, v covers only a very small range of values. Thus by plotting

- B J(+1elkTy

'+ +1)e @)

Im=

Iem 4 12 ’ . . . . .
log1o T+ D) against J'(J'+1) a straight line is obtained whose slope is

0-62474 B;/T; (= 7-13928/T;). The measurement of the slope enables the
evaluation of the ‘rotational temperature’ 7. ‘

The measured integrated intensity values for four sets of observations
taken in the present study are entered in Table I. A typical graphical plot

TaBLE I
Intensity Jem
J
Set 1 Set 2 Set 3 Set 4
1 65-2 67-8 64-1 60-6
2 82.9 92-5 877 872
3 100 100 100 100
4 92-4 92-0 92-6 916
b 747 87-1 741 743
T,in °K ~ 410 ~ 440 ~ 400 ~ 420

Mean T, = ~420° K
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of one of these four sets (i.e. set 4) is shown in Fig. 1. The least square tech-
nique has been used to fit up the straight line graphs in each case. The
‘temperatures’ evaluated from their slopes are shown under each set in
Table I. The mean value computed is 7 = ~ 420° K.

0-8 i

0 1o -;o m
yg+n
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(iii) Iso-intensity method
Iso-intensity, iso-frequency method developed by Dieke and Crosswhite
(1948) can. be used for the evaluation of the ‘rotational temperature’. Broida
(19556) has shown that for the lines of the same intensity and frequency, the
temperature 7' is given by
(Ex—EL)fk

T‘—m .e .'. .e . (4)

where A and A;,;. represent the intensity factors of the two lmes of
quantum numbers K and L. From a plot of intensity versus the quantum
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number, lines of equal intensity are found and their K’ and Z’ read from the
graph. A typical graph with the results of set 4 is shown in Fig. 2. K’
and L' may not be necessarily integers (Shuler 1950). E,. and E,. are cal-
culated with the help of B, and D, (= D, = 0-00194) (Douglas and Morton 1960).
For example, Bx- = B.K'(K'+1)—D_K'%(K’+1)2. The intensity factors are cal-
culated from the well-known formula (Herzberg 1950) for the electronic transi-
tion (*r—1Z) of CH*, They are given by the expressions: Ay = (2K'-1)/4
and A, = (2L'41)/4. The results for K’ and L’ are entered in Table II
along with the values of temperature derived from eqn. (4) with their use.
The mean temperature comes out to be 7y = ~ 420° K.

Incensity t

1 1 1
1 ? 3 4 5

b}
¥ia. 2.

TasrLE II

Temperatures (Iso-intensity Method)

Set 1 Set 2 Set 3 Set 4

KI
L 17°K L’ ™K L’ T°K L’ T°K
14 5-08 420 — — 50 410 51 420
1-6 490 428 502 441 4-78 416 4-84 422
1.8 472 438 4-56 421 4-52 417 4:54 419
2-0 4-52 445 4-16 406 428 419 4-28 419
2:2 4-34 452 3-84 398 4-02 417 402 417
2:4 414 457 350 386 376 414 3-74 412
T¢ (mean) °K ~ 440 ~ 410 ~ 420 ~ 418

Ty (average) ~ 420° K

) Modified method
Ty (mean) °K ~ 391 ~ 466 ~ 409 ~ 425
T (average) ~ 420° K
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The modification of the above iso-intensity method as given by Shuler
(1950) is also adopted for the determination of the rotational temperature.
For the iso-intensity pairs, the graphical plot of E; — E. against logy, A -/ A gk
gives a straight line. A typical graph for set 4 is shown in Fig. 3. The
slope of the straight line as determined by the least square technique
gives values of ‘rotational temperature’ which are also entered for the same
four sets of observations in Table I in the last but one line of Table II. The
average found is again ~ 420° K.
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Discussion

It may be noted that the three methods give almost concurrent values.
Rather good straight line graphs given by line-intensity method (Fig. 1) as
also by iso-intensity method ensure assignment of definite temperature. It
shows also that the electronically excited CH* radicals are in thermal equi-
librium of rotational energy at a temperature of the order of 420° K uniquely
determined in the present case because of the straight line graphs and of
close agreement among values from different methods.
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Now the point to be examined is whether this spectrally determined
temperature can be said to approximate to true gas temperature. It has
been found by Johnson (1949) that such temperatures approximate to gas
temperature in field type of excitation typical of h.f. electrodeless discharges,
where the current density is very small. The same situation holds for spectral
emissions from a discharge in the presence of a large excess of rare gas, par-
ticularly helium, which permits molecules to come to thermal equilibrium
during the lifetime of the excited state (Oldenberg 1934). Both these
conditions can be said to be operative in our case and hence the ‘effective
temperature’ determined here from the CH+* band may be taken as true
temperature of the gas.

It is well known that the (1r—12) bands of CH* appear in the spectra
of comets. For the various heliocentric distances, the temperatures derived
from cometary spectra by the study of rotational intensity distribution by
McKellar (1942, 1944) are:

T: 200° K from X 4315 CH band and
T: 200 to 435° K from the A 3883 CN sequence.

It is significant therefore that the value of the temperature determined
here from the CH* cometary band excited in the laboratory source is in
general agreement with the order of McKellar’s temperature determinations
from the spectra of comets.
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