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PraTE 2

Bands of B*Y — X*¥ and F*]T — X*X system of CaF lymg in the region 3000-26004
have been observed for the first time in cmission at a dispersion of about 12 A/mm at ZGOOA,
using the flame of C-arc fed with CaF, suitably mixed with Na,CO; ard operated at 220 v
D C. mains and 5 to 6 amp. currenl. Inall, 12 bands of A V=0, +1 and + 2 sequences of
E-X and 10 bands of AV = — 1,0 and + 1 sequences of F-X systems have been observed,
Most of these bands werc reported earlier in absorption. New vibrational constants for
both E-X and F-X systems have been obtained and the reported mean vibrational constants
of the ground state of the molecule have been accordingly modified. Transitions for both
E-X and F-X systems reported in absorption have been supported and we feel that in E-X
system, there is predominancs of Fs-heads in emission compared to the Py-heads reported n
absorption. Predominance of P-heads both in in emussion and absorption, reasonably
indicates that the reported F'J] statc cannot belong strictly to Hund case (b). Comparing
the observed bands 1n cmission with those reported 1n absorption, an attempt has been made
to give the qualitative of the | for both %-X and P-X systems.

InTRODUCTION

Six band systems of CaF arising due to the transitions from the
excited AT, B*Z, CI, D*Z, L*L and I states to the ground X2Z state in
each case, are known and no intercombination system has been reported
to this date. The systems 4-X and B-X are known both in emission
(Dutta, 1921) and absorption (Walters & Barett 1928 ; Fowler 1941) and
huve also been studied in details by different investigators (Johnson 1929 ;
Harvey 1931 ; Mohanty & Upadhya 1967). The system C-X which was
first reported by Datta (1921) in emission and reinvestigated by Johnson
(1929) has been extended by Fowler (1941) in absorption. The systems
D-X, K-X and F-X were reported by Fowler (1941) in absorption at a fur-
nace-temperature of about 2000°C and the vibrational analysis of them was
also carried out by him, but no further work on these systems has ever
been reported.

In the present investigation, the bands of Z-X and [-X systems
teported in absorption by Fowler (1941) have been observed for the first
time in emission, using the technique similar to that employed by Datta
(1921) with some modifications.
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EXPERIMENTAL

The usual C-arc with electrodes 1n vertical position was employed at
220V, D.C. mams and 5 to 6 amp. current. The arc was fed with CaF,
mixed with Na,CO; The addition of Na,CO; was found suitable for
incrcasing the separation between the electrodes m order to have the wider
flame of the arc purposely required and also to reduce the possibility of
occurrence of unwanted atomic lines. But it was necessary to mix NayCOq
with CaF, mn such a proportion that the flame formed 1n the gap of widely
separated electrodes, was sufficiently rich in greemish colour for, with the
flame of sich colour the bands under investigation could be satisfactorily
observed. The 1mage of this flame was allowed to fall on the slit of a
spectrograph through a suitable quartz-lens and 1ts spectrum was photo-
graphed on a Hilger-Medum-Quartz-Spectrograph.  The bands of £-X
and F-X systems appeared in the region 3000-2600 A at a dispersion of
about 12 A/mm at 2800 A. An eaposure of about 8 minutes on Ilford
N-30 plate was found suitable for the purpose Iron-arc lines were used
as standard.

Resurts

The enlarged reprint (plate 2) shows the observed emission bants
with their vibrational assignments for both £-X and F-X systems. Table 1
gives the Deslandres scheme for the the observed emission bands of E-X
system while table 2 shows that for #-X system. Table 3 contains the
new vibrational constants for both Z-X and #-X systems obtained by us
and for the sake of comparison, the constants reported by Fowler (1941) in
absorption, are also given in it. This table further includes the reported
(Herzberg 1950) mean vibrational constants of the ground state of the mole-
cule, which have been modified by us in the light of new constants for the
common lower state of £-X and #-X systems. These modified constants of
the ground state, sunilar to those reported by Herzberg (1950), also represent
the average of the constants (Johnson 1929, Harvey 1931, Herzberg 1950) of
the lower states of all the known systems except those of the B-X system.
The constants of the lower state of the B-X system have been excluded
for the same reasons as suggested by Herzberg (1950). Table 4 gives the
details of our measurements for the observed emission bands of both E-X
and F-X systems including the eye-estimate of their relative intensities
1 the scale of 10 for each of the two systems. The wavenumbers calcula-
ted from the newly derived (table 3) and the reported (Fowler 1941) cons-
tants (since the latter values are not mentioned in the published paper
(Fowler 1941) are also given in this table and the agreements of the observed
emussion bands both with respect to the newly derived (table 3) and the
reported (Fowler 1941) constants, are, for the sake of comparison, included
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init- Table 5 shows the comparative agreements of the modified (table 3)
and the reported (Herzberg 1950) mean vibrational constants of the ground
state of the molecule with respect to the (0,0) bands of the different known
systems and for the reasons stated above, the B-X system has been excluded.
For calculating the wavenumbers of the (0,0) bands of the different
systems (table 5), the corresponding constants of the upper state of the
respective system reported by Herzberg (1950), have been used.

Taste 1. (E-X system oF CaF)

IWe"X." 78 4.4

" 0 1 2 3 4
0 34165.2 —-
AGyr4y
639.9 39.9
WX
1 34805.1 583.8 34221.3 72
6329 6324 6327
2 354380 584.3 348537 - 6.4
628.3 6283
3 35482.0 577.2 34904.8 - 69
621.4 621.4
4 35526.2 571.4 34954.8 - 58
615.6 615.6
5 35570.4 563.0 35007.4 70
608.6 608.6
6 356160
Alyrey 5841 5772 5714 563.0
2WSXS 69 5.8 8.4
Tabte 2. (F-X svstem oF CaF)
o
g0 1 2 1
0 375070 589 370151
740 A
5.0 6 )
& WX
1 382720 582.9 37689.1 5737 371140 6.6
668.0 667.7 667.9
2 383571 5754 377817 5696 372121 9.0
659.5 6583 (58.9
3 38441.2  570.8 378704
AGy +1 5824 574.6 570.2
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TaBLE 3. COMPARISON OF NEWLY DERIVED AND REPORTED
consTANT OF CAF

g New constants Reported copstants N-R
S (Present Authors) (Fowler 1941) em-1
@ cm-1 cm=?
W' =645.52 W =6463 ~-0.78
® WX =312 We'Xe' =3.24 -0.12
| W, =587.86 W, =587.8 +0.06
. We'Xo"=2.94 Wo'X"=290 +0.04
T, =34136.2 T, =341352 +1.00
We  =682.2 W  =681.7 +0.50
ny WX =3.68 We'Xe =3.55 +0.13
N We  =587.86 W =5869 +0.96
We'Xe'=29% WX, =282 +011
T, =37549.7 T, =375479 +1.80
Modified
(Present Authors) Herzherg (1950) Mo—-R
Mean W, =5873 W =587 +0.2
constants
of d W/X'=2.77 W' X,"=2.74 +0.03
groun

state.

Nots :~The letters N, R and Mo stand respectively for the words: New, Reported and
Modified. ’

Discussion

It can be seen from tables 1 and 2 that the observed bands in emission
are represented quite satisfactorily in separate Deslandres schemes. The
new vibrational constants (table 3) derived from these tables (1 &2)
and which have been modified in order to get the best fit to represent
(table 4) the observed emission bands for the two systems, agree (table3)
fairly with those reported for E-X and F-X systems by Fowler (1941) in
absorption. Morteover, the nature of the observed emission bands of both
the systems, particularly with regard to their degradation to shorter
wavelengths (plate 2), is quite similar to those of §-X and F-X system



8, C. Prasad & M. K. Narayan

wgehS X— A

wehs x— 3

o IZ‘Q—q_ 2594 -150()
F— ‘(

o

‘¢
_I_f—z‘z—L

 —

l——[_olo—]__

—— U}
g

__r_q'z__.__i——zeao-uw

2723-577(f)

-

¢fs i
j % 8278806

= 1=l

G
¢h
r—f{‘% —2852-8(Na)
o9
———'I(I‘—"
00— 29369049
994-4336 (fs)

Emmission spectrum of CaF

Tndian J. Phys Volume 13, Plute






Emission specira of B-X and F-X systems of CaF 209

of Fowler (1941). These facts taken together conclusively confirm that the
observed emission bands of table 1 belong to the E-X system and those of
table 2 belong to the F-X system of CaF.

TasLE 4 DeTAis oF THE MEASUREMENT OF E-X AND F-X sysTeMm of CAF

g Bands observed in emission "'“‘ﬁ’;_{?'.‘;“) with v,.(::;_\;z)ith
v Vv
@ Aae v New  Reported New  Reported
A 0™ e TR Fowien (r Auth) (Fowen
1941 1941
00 29261 10 341652 341650 341646 402 +08
L2913 3 20 M20  M22 =10 —09
10 2873 6 48051  4B043  MB042  +0.8 409
W B 2637 MEDT MBI eSS 06 -13
Yoaz men 8 48 4060 3062 -12  -14
43 28600 5 39548 349564 349562 —-16  —14
4S54 WS 2 30074 350063 3055 L1 +19
g 20 28200 5 3430 3543 BAMS 407 405
31 28175 7 354620 354820 354824 ~00  —04
42 WO 7 3562 IBWE 3566 —04  —04
53 28104 5 355704 355707 355704 -03 403
64 28069 3 3660 356144 36129 416 +31
01 21008 S 30151 30147 30139 404 +12
12 26936 6 M40 MIZ4  ITI2ZE 406 +12
23 26865 3 Il 0T 304 414 417
ZF 00 26590 10 375970 375967 375951 403 419
L1 26525 7 36890 376895  37T6BBS  —04 406
22 26460 3 IMBLT  3TTEO9  3TTB04 408 +13
i 33 M0 1 W4 IS IWOS  -04 04
X

1,0 26i2.l -5 382720 382715 38269.7 +0.5 +23
2,1 2606.3 5 38357.1 383570 383560 401 +1.1
32 26006.- 2 384412 T 384410 384407  +02 +0.5
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TABLE 5 COMPARATIVE AGREEMENT OF MODIFIED AND REPORTED
MEAN CONSTANT OF GROUND STATE oF CAF

E v-calculatetll with Vo =V, \lwith
£ vy V'r:;tfllcd em-7) (em-1) Remark
@ Mo. Mo-.
RMGSC Mmgsc RMOSC mGsc
A4X 00(Qy) 164851 (%) 164844 164843 407 —08
0,0 (@) 165602 (3) 16560.3 16560.2 -0.1 0.0
C-X 0,0(Q) 30202.8(5) 30203.4 30203.3 -0.6 -0.5
D-X 00 30803 9 (5) 30804 1 30804.0 -0.2 =0.1
0,0 34164.4 (5) 34164.7 34164.6 -03 —0.2 With R, US.C.
E-X 0,0 34165.2(A) 34165.3 34165.2 -0.1 0.0 With N.US.C.
0,0 37595.1(5) 37595.0 37594.9 +0.1 +0.2 With R.US.C.
F-X 00 375970 (A) 37597.1 37597.0 ~0.1 0.0 With N.US.C.

Note ;—The letters A, R, M, Mo, G, U, 8 and C stand respectively for the words:
Authors, Reported, Mead, Modified, New, Ground, Upper, State and Constants.

Table 3 shows that the new constants for the common lower state of
E-X and F-X systems, unlike those reported by Fowler (1941) in absorp-
tion, are just the same as theoretically expected.

For E-Y system the observed bands in emission are found to be of
single-headcd nature (plate 2) and support the reported view (Fowlet 1941)
that the system belongs to the E22—X2Z transitions. The relative inten-
sity-distribution of the observed bands in emission is approximately the same
as that reported (Fowler 1941) in absorption. Moreover, particularly in the
region of this system, there are a number of unaccounted bands and band-
like features (plate 2) and are most likely those unclassified bands of Fowler

(measurements not given by him) which were found by him also to lie in
the region of E-X system.

For F-X system reported to belong to a 2JT—22 transition, it can be seen
(table 4) that the agreement of the observed heads in emission with new
constants (table 3) compared to the constants reported by Fowler (1941)
in absorption is not of the same order as found in the case of E-X systen
indicating that the observed heads in emission and those reported in ab-
sorption may not be just the same. The values of ¥, ~ », with the cons-
tants of Fowler (1941) (reported by him for P, - heads), for all the heads
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observed in emission except that for the weakest (3,3) band, are positive
and it appears that the heads observed in emission are shifted, in general,
slightly to the higher wave number (shorter A) side of the corresponding
P,—heads reported (Fowler 1941) in absorption. We consequently,
feel that there is predominance of P;—heads in emission compared to
the P;—heads reported (Fowler 1941) in absorption, for, comparing
the observed value (v,=37597.0 cm™) for the (0,0) band with that
(vr = 37595.1 cm™) reported (1941) in absorption, the »,—v, = 1.9 cm™
also agrees with the separation (=2.0 cm™!) estimated by Fowler (1941)
1n absorption between P,—and P,—heads for the same (0,0) band. The
Q,—heads indicated by Fowler (1941) in absorption (mcasurements
not given by him) whose separation in the case of (0,0) band from
Py—head has been estimated by him of the order of 11.7 cm™ are,
however, not observed in emission. Predominance of P-heads observed
in emission in the present casc and also reported earlier in absorption
by Fowler (1941), quite reasonably show that the reported (1941) #%IT state
cannot belong strictly to the Hund case (b), for, in that case @-heads should
be the strongest (Herzberg (1950), page 257) and like the most cases
(Herzberg (1950), page 261), the F*II state appears to belong to a case
intermediate between (a) and (b). Moreover, the relative intcnsity-
distribution of bands observed in emission is nearly the same as that
reported (Fowler 1941) in absorption,

A further comparison of the observed bands in emission with those
reported (Fowler 1941) in absorption for both £-X and #-X systems, shows
that the (0,0) band (plate 2) of each of the two systems is the strongest
member of the system, indicating quite reasonably that r,~valucs and
conscquently the B,-values of the upper and lower states for both £-X
and F-X systems, are not very unequal. Using to relation (Herzberg (1950)
page 179),

B, = Bu + <, ( V4 %) Fiiirireniersen

we get for the (0,0) band,

Bl’ = Bn’ + '}‘ll
and B, = B + {¢,".
Hecce, B'+ {«," =B, + }«,"for B, = B,".

Since for both systems bands are degraded to shorter wavelenghts,
B > B," and the above relation clearly indicates that <,' of each of £-X
and F-X systems must be less then «,". We thus get the qualitative
estimate of the rotational constants for both E-X and F-X systems.
However, a rotational analysis is essential for the confirmation of the
conclusions arrived at. '
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