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ABSTRACT

The ultraviolet band spectrum of silicon difluoride was excited by uncondensed transformer
discharge through flowing silicon tetrafiuoride vapour. Twenty new bands were obtained along
with the bands previously obtained by Johnson and Jenkins. All the bands were classified into
groups of four, thereby establishing the occurrence of these bands in quartet. Analysis shows
that the deformation and symmetric stretching frequencies of the excited state producing these
bands are about 338 em-1 and 766 cm -1 respectively.

1. INTRODUCTION

The spectrum of the discharge through silicon tetrafluoride vapour was
photographed by Johnson and Jenkins (1927) who obtained a large number
of bands in the region 2250-6500 A in addition to the blue system observed
by Porlezza (1911). On the basis of the appearance of the bands, they divided
the entire spectrum into five band systems designated as «, 8, y, 8, e. They
also proposed vibrational analyses of « and g systems and a rotational analysis
for the (0, 0) band at 4368 A of the « system. The complex nature of this band
was shown later by Badger and Blair (1935). A new interpretation of these
band head data was given by Asundi and Samuel (1936) with different vibra-
tional analyses for o, § and y systems attributing the former to a 27—27 and each
of the latter to a 2x—2r transition. Eyster (1937) has also attempted an im-
provement of the rotational analysis of the (0, 0) band of the « system. 8
system was also photographed by Eyster (loc. cit.) in the fourth order of a 21
ft. concave grating with a dispersion of 0'58 A/mm and a rotational analysis of
the (0, 0) band of this system was made. Recently Johns and Barrow (1958)
photographed the spectrum in the Schumann and infra-red regions and they
perfected the rotational analysis of the (0, 0) band of the « system, showing
that its upper state was a 23+ state. For e system, rotational analyses of
(0, 0), (0, 1), (0, 2) bands have been made by Barrow, Butler, Johns and
Powell (1959).

On the other hand, our knowledge regarding the & bands is still incomplete.
Asundi and Samuel (loc. cit.), while proposing their modified analysis, also
showed how the strongest & bands could be classified as belonging to y system.
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However, Johns, Chantry and Barrow (1958) observed that with more energetic
excitation the 3 bands were weak while there was intense emission of the
monofluoride spectrum. In the case of less energetic discharge excited by an
oscillator, they were able to observe and record the & bands observed by
Johnson and Jenkins (loc. cit.). The fact that the relative intensity of the
8 bands and the bands of the other systems depends on the mode of excitation
suggests that the emitters may be different in both these cases. Moreover,
the & bands show no frequencies characteristic of the monofluoride. Their
appearance is strikingly similar to that of CF, bands obtained by Venkate-
swarlu (1950) which appear in about the same spectral region. Hence the
emitter of the & bands may possibly be SiF, analogous to CF,. Further,
Barrow and his collaborators (loc. cit.) calculated two ground state frequencies
931 + 9 em™ (symmetric stretch) and 425 + 12 cm™! (deformation) from force
constant data. They have also arranged the observed bands in a table with
about 937 cm™' and 427 cm™! as the values for these two frequencies. In
order to get the corresponding frequencies for the excited state and to improve
the data concerning the bands, a study of the spectrum of the discharge through
SiF, was made.

2. EXPERIMENTAL

Johnson and Jenkins (loc. cit.) prepared SiF, by treating a mixture of
finely powdered silicon (or pure silica) and calcium fluoride with concentrated
sulphuric acid and the resulting gas was passed over caustic potash and P,0j
before being admitted into the discharge tube. They found, in this method,
some impurity bands arising from sulphur. Mellor (1925) has pointed out
that silicon tetrafluoride of a high degree of purity is best prepared by strongly
heating barium fluosilicate. In fact, this method was used by Dovell and
Barrow (1951).

It was, therefore, felt preferable to use barium fluosilicate for producing
the pure SiF, vapour. The substance was taken in a quartz container and
it was connected to the inlet of a capillary discharge tube by means of a very
short rubber tube in such a way that there was little contact between the
substance and the rubber tube. The discharge tube had tungsten electrodes
and it was fitted with a quartz window. The flow of the vapour into the
discharge tube was controlled by means of a stop cock. Uncondensed trans-
former discharge (15,000 volts, 30 mA) was used for excitation and the output
voltage applied to the discharge tube was altered by regulating the input by
means of a variac. The voltage in the primary was kept the minimum for-
which there was discharge. The discharge was of intense blue colour. The
outgoing vapours were condensed by introducing aliquid air trap between the
discharge tube and the pump.

The bands were photographed using Hilger medium quartz spectrograph



Proc. Nat. Inst. Sei. India, Vol. 28, A, Plate 11.

SANKARANARAYANAN.

a
LY.

“amagaails arp) aaoge poparpur st Qurdnoad e,

"urnajoeds nostirdurad axw toar o) s Suom (G.87EE —¢-819E YY) spHonyIp UOM[1¥ J0 wnrjonds uoTRETWD Ot

IANONTAIA NODIS 40 WNYLD3I4dS ANVE 13TOIAVYLIN FHL

Tty



BAND SPECTRUM OF SILICON DIFLUORIDE 313

{dispersion about 8 A/mm in the 2400 A region) on Tliford zenith and Ilford
special rapid plates with exposures varying from 15 to 40 minutes. Ilford
Q plate was used in order to find out the extent of the spectrum further down
in the ultraviolet with as long an exposure as one hour. As these bands were
diffuse and headless, only intensity maxima were measured against iron arc
standards and the wave number values of the bands are accurate to + 2 cm™.

3. REesvrts

The spectrum of the § bands is reproduced in Plate II. The wavelengths
of the bands, their wave numbers and their visually estimated relative in-
tensities are given in Table I along with the wave numbers of the bands reported
by Johnson and Jenkins (loc. cit.). Twenty new bands were observed in this
region. The spectrum taken on @ plate revealed that these bands do not
extend beyond about A 2228-5 A. This constitutes an extension of the limit
of the bands recorded at A 2271-3 A by Johnson and Jenkins (loc. cit.). Fur-
ther, it was also found that with increased applied voltages the clarity of the
bands was lost, thereby confirming the observation of Johns, Chantry and
Barrow (loc. cit.) mentioned earlier. It may also be remarked that under
the present conditions of the experiment the y bands were developed with
great clarity.

4. DiscussioN

From a study of the 8 bands Johnson and Jenkins (loc. cit.) have indicated
that quartet seemed to be the unit of these bands, though some strong bands
appeared to group themselves in threes. The recorded spectra reveal that
it is possible to arrange these bands in the form of twenty groups of four. This
grouping is indicated in Table I. A single band is missing in the fourth and
the twentieth groups. The absence of the former might be due to the overlap
of the y system in this region while the latter might perhaps be too faint
to be recorded. Thus the occurrence of these bands in quartet seems to be
established.

It is found that the separation of the corresponding bands in these groups
is nearly the same and is about 338 cm~!. This may, therefore, be taken as
the magnitude of the deformation frequency in the excited state, in view of the
magnitudes of the ground state frequencies established by Barrow and his
co-workers (loc. cit.). Moreover, most of the CF; bands observed by Venkate-
swarlu (loc. cit.) can also be grouped in a similar way such that the separation
of the corresponding members is nearly the same as the magnitude assigned
by him to the deformation frequency of the excited state. In Table IT is given
the arrangement of the bands with the intervals corresponding to the excited
and ground states deformation frequencies.

Further, from the spectrum, it is also possible to pick out two progressmns
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TasLe I
v v
A Int. M Johnson A Int, v Johnson
andJenkins and Jenkins
2618-3 1 38181 —_ 2407-3 5 41527 41530
2610-3 1 38298 38298 2402-0 5 41619 41616
2606-1 1 38360 —_ 2397-3 2 41700 41703
2600-6 1 38441 38441 2392-2 1 41789 —
2595-2 3 38521 38520 2387-0 1 41880 41878
2588:6 1 38619 38620 2382:3 4 41963 41959
2584-5 4 38680 38681 23775 3 42048 42047
25787 1 38767 38768 2873:4 2 42120 42121
25731 1 38851 38852 2367-1 1 42232 —
2568-0 1 38929 38031 2363-3 2 42300 42303
2562-6 1 39011 39012 2358:3 3 42390 42390
2557-3 1 39092 39091 23542 2 42464 42464
2551-8 2 39176 39176 2349-3 1 42552 42550
2546-4 1 39259 39260 2344-3 0 42643 —_—
2541-2 3 39339 39341 2339-3 2 42734 42732
—_ — — — 23353 1 42807 42808
2530°4 3 39507 — 2330:5 2 42896 42894
25250 1 39592 39589 2325-2 0 42993 —_—
2519-8 3 39673 39674 2320-7 2 43077 43077
2514-8 4 39752 39753 23165 0 43155 —
2509-5 3 39836 39836 2312:2 2 43235 432387
2504-1 2 39922 39923 2307-3 2 43327 43328
2498-9 2 40005 40005 2302-5 0 43417 —
24937 4 40088 40089 22987 1 43489 43489
24886 4 40171 40172 ' 22940 0 43578 —
2483-1 2 40260 40261 2289-0 2 43673 43665
2478-2 -1 40339 40337 2284-6 0 43757 —
2472-9 4 40426 40424 2280-9 1 43828 43828
2467-8 4 40509 40510 2276-0 1 43923 43918
24625 2 40596 40596 2271-2 2 44015 44013
24574 1 40681 40684 2266-8 0 44101 —
2452-5 4 40762 40763 22632 0 44171 e
2447-3 ’ 5 40848 40851 2258-5 2 44263 —
2442-1 3 40935 40939 22537 0 44357 _—
2436-4 0 41031 —_ 2250-4 1 44422 —
2432-3 2 41100 41100 22455 1 44519 —
24270 6 41190 41190 22409 2 44611 —
24219 5 41277 41276 — — — —
2416-6 1 41367 41370 2233-2 0 44764 —_
24114 0 41457 41454 2228-5 2 44859 —
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TasLe IT
11”2
> m m-+1 m-+42 m-+3
Ve .
n 38441
(326)
n41 38767 (407) 38360
(325) (320)
n+4-2 39092 (412) 38680 (382) 38298
(331) (321)
n+4-3 — 39011 (392) 38619 (438) 38181
(328) (310) (340)
n4-4 39752 (413) 39339 (410) 38929 (408) 38521
(336) (334) (330) (330)
n45 40088 (415) 39673 (414) 39259 (408) 38851
(338) (332) (333) (325)
n+46 40426 (421) 40005 (413) 39592 (416) 39176
(336) (334) (330) (331)
n+417 40762 (423) 40339 (417) 39922 (415) 39507
. (338) (342) (338) (329)
n+8 41100 (419) 40681 (421) 40260 (424) 39836
(357) (350) (336) (335)
n-+9 41457 (426) 41031 (435) 40596 (425) 40171
(332) (336) (339) (338)
n-+4-10 | 41789 (422) 41367 (432) 40935 (426) 40509
(331) (333) (342) (339)
n4-11 | 42120 (420) 41700 (423) 41277 (429) 40848
(344) (348) (342) (342)
n+12 | 42464 (416) 42048 (429) 41619 (429) 41190
(343) ’ (342) (344) (337)
n+413 | 42807 (417) 42390 (427) 41963 (436) 41527
(348) (344) (337) (353)
n-+414 | 431556 (421) 42734 (434) 42300 (420) 41880
(334) (343) (343) (352)
n415 | 43489 (412) 43077 (434) 42643 (411) 42232
(339) (340) (350) (320)
n416 | 43828 (411) 43417 (424) 42993 (441) 42552
(343) (340) (334) (344)
n+417 | 44171 (414) 43757 (430) 43327 (431) 42896
(348) (344) (346) (339)
n-18 | 44519 (418) 44101 (428) 43673 (438) 43235
(340) (321) (342) (343)
n+19 | 44859 (437) 44422 (407) 44015 (437) 43578
(342) (342) (345)
n+4-20 44764 (407) 44357 (434) 43923
(340)
n+421 —_ 44263
(348)
n--22 44611
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of fairly strong bands with a constant separation of about 338 cm™ among

themselves but with a relative shift of about 90 em~'. This suggests that in
the displaced progression one quantum of symmetric stretch frequency is
excited and its magnitude must be of the order of a multiple of that of the
deformation frequency plus the relative shift of about 90 cm™"'.  This frequency
is taken to be about 766 cm™'. It was possible to arrange these bands in a
table with these two vibration intervals similar to the one given by Johns,
Chantry and Barrow (loc. cit.) for ground state frequencies.

If one examines the convergence of the two progressions with an interval
of about 338 cm ™! and another of interval of about 766 cm ™, it is found that
it leads to about 39160 cm™.. The band at 39176 cm™' is very near to this.
Taking this to be the (0, 0, 0, 0) band, the observed bands can be represented
within a few wave numbers by the formula :

v == 39176766 v, 338 v,—937 v, —427 v,.

The correct identification of the (0, 0, 0, 0) band will not alter the form of the
equation but alter only the assignment of the quantum numbers. The
refinement of this equation by inclusion of square and cross terms was not
carried out in view of the uncertainty of the identification of the (0, 0, 0, 0) band.
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