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ABSTRACT

The spectra of “NS and NS molecules are obtained in a 2450 mc./s.
microwave oscillator discharge. Vibrational assignments of the - and
y-systems are studied in more detail. Several hitherto unrecorded bands
are satisfactorily explained as belonging to higher v’, v” levels in the
Deslandres schemes of both 8- and y-systems. The observed isotope shifts
(NS — BNS) provide confirmatory evidence for the proposed vibrational
analysis.

In the case of the y-system, the v’ = 2 level of the upper state appears
to be strongly perturbed showing a shift of about 38 cm.”! from the
expected position. In the B-system, the isotopic shifts in the band-heads
involving the »' = 0 and 1 levels of the 2A;,, of the upper state show
small deviations from expected values. The reality of these small devia-
tions is established beyond doubt by the occurrence of the effect on the
0—0 sub-band which exhibits the isotopic head in a wavelength direction
opposite to the expected. one.

INTRODUCTION

THE spectrum of the “NS molecule was first excited by Fowler and Bakker
(1932) who proposed vibrational analyses for two groups of bands called
B- and y-systems, analogous to the NO bands. From a study of the rotational
structure, the y-system was attributed by Zeeman (1951) to a 2X- 21 and
the B-system by Barrow et al. (1952, 1954) to a 2A - 2I] transitions. There
are still a number of bands originally recorded by Fowler and Bakker that
remain unassigned. Four of these were tentatively grouped to form a new
system (Barrow etal, 1954). But as shown elsewhere (authors, 1962)
Barrow’s analysis is not supported by isotopic effect. Further, in the
y-system, prior to this investigation, only one progression with v’ = 0 was
known in emission. The 1—0 band was observed in absorption which
locates experimentally the ' =1 level (Barrow, 1952). It is, therefore,
thought worthwhile to reinvestigate the spectrum of NS, Also the avail-

reya N




The B- and y-Band Systems of “NS and BNS 317

ability of ¥N, samples prompted us to obtain the spectrum of NS which
provides the desired isotopic shift data to confirm some of the proposed
vibrational assignments of the bands. In these investigations, we have been
able to get information regarding isotopic shifts of a number of bands
attributable to NS. In the present paper, we confine ourselves mainly to
the B- and y-systems and deal with the rest in a subsequent publication.

EXPERIMENTAL

The NS spectrum is excited by means of a microwave oscillator of
2450 me./s., at 90 mA in sealed tubes, containing natural and enriched ®N,
samples. These discharge tubes are prepared in the manner represented
schematically in Fig. 1. The quartz tube of 1 cm. diameter is first baked
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Fic, 1. Schematic diagram for preparing electrodeless discharge tutes of NS.

in a furnace at about 800° C. for two hours, simultaneously evacuating it
by a rotatory pump. The tube is first flushed and evacuated with natural
nitrogen several times and then filled with small quantities of nitrogen en-
riched in ®N,. On excitation by microwave oscillations of 2450 mc/.s. at
90 mA, an intense orange glow of nitrogen appears. The glow turns white
when sulphur vapour is introduced into the discharge by gently heating the
side tube containing sulphur. These operations are repeated, if found
necessary and the discharge tube is finally sealed off the vacuum line. A
few such sealed discharge tubes containing natural and 50-80% enriched
15N, samples are prepared.

The “NS and NS spectra are recorded on a Hilger Littrow E 492
quartz, (dispersion of 2:1 A/mm, at 2325 A) and in the second order of 3



N. A. NARASIMHAM AND K. SRIKAMESWARAN

318

‘SJUBISUOD [BUOIJBRIQIA JO UOIje[NdjEd 10§ pasn jou sanjep ()
‘ydeidorioods zyrenb winipour ® uo usyel soyejd wioyg .

" T T e *xZ-SSO0Y — —
" : " e S -8STOP (€-00Z1) 8-8S¥Iv . .

T ) " (9-106) " — .

. e . . (Z-506) . 6-606 . :

o : *6-286LE  (L-0L11) 9-€£SI6€E 6-161I1 S-SPEOT v-€0C1 6-8PSIv
*0-LTOLE .- —— — €-€S€6€E 9-S61I1  6-8P80F 9-#0C1 S-€SLIY
— " -126) “ 1-816 : : 0-126
Aw.Wﬂmv T —_ .. 0-12Z6 . o © S-LT6
xL-S06S€  (8-SSIT) S-190LE O-vLIT S-S€T8E 6-LT90V
+2-2609€  (8-¥911) 0-LSTLE €-SLIT €-ZEb8E i : 0-9280%

(8-1226) Z-1€6 ' e 8-0¢6

(S-5€6) " Z-€v6 : : 8-€v6

«L-€E19€  (9-0L1T1) € - POELE [-681IT v-€6¥8E L-€0CT  1-L696€

xG-12€9€  (9-L911) 1-68VLE 0-0611 1-6L98¢ 1-€0TI  T-T886E
1 4 € 4 1 0

WD Ul SPOURLRLIP [DIII424 PUD [DIUOZII0Y YIIMN
S'Nyr SO wiaisAs-g ay1 fo spvay puvq ayi dof auaYos SdIpUDISIq

1 FI9VL,



The B- and y-Band Systems of “NS and BNS 319

Jarrell Ash 34 metre plane grating spectrographs (dispersion of 2+5 A/mm.).
Kodak B-10 plates are used to photograph the spectra. Exposures of the
order of 15 minutes to 1 hour are found adequate to bring out the bands
of B- and y-systems which are shown in Fig. 2 (b) and (c).

RESULTS

The band-head data for the 8- and y-systems (Tables I and IIT) represent
the averages of three measurements on two different plates. The error in
the wave-number values is believed to be not more than 0-8 cm.~! and is
considerably less in more favourable cases. '

The isotopic shifts are calculated from the following relation (Herzberg,
1950) and given in Tables I and IV. The respective spectra due to NS
and 18NS are shown in Fig. 2 (b) and (c).

v— ot =1 —p)[we' @ + %) — we' (v + 3)]
— (1 — p?) [we'xe’ (v + 3)* — we"xe” (v + 3)7]
where
p = A/pjpt = 0-9766 for “NS and 5NS.
The superscript ° refers to ¥NS.
p and i are teduced masses of NS and NS,
TABLE 11

Isotopic displacements (¥ NS— NS in em.™Y) in the band-heads of the
B-system of NS

" 0 1 2 3
v\ obs. cal.  obs. cal.  obs. cal. obs. cal

2.3 — 31 —29-5 —30-9 —S7-1 —581
10 L %4 — 32 —255 —31-1 —53:0 —58:3
2 +186 .. 350 —364 —63-5 —63-0
L i:la(g)s :!1:18-3 B 341 —367 —60-8 —63-3
39-4 4394 — +1-6 — —156
2 1_37-8 1392 +11:7 +11-4 —159 —158
1285 +31-7
3 — 4318
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(i) B-system.—Bands belonging to this system are arranged in the
Deslandres scheme (Table I). The R heads are represented by:

ks = 40011+5 + 960-3 (0" + 1) — 8-4 (v’ + 3)?
—1218:3 (" + ) + 7-3(v" + 3)?

R = 398347 + 942:4 (v' + ) — 5T (v’ + 1)
— 12183 (0" +4) + 73 (0" + 3)?

The observed isotopic shifts (NS — BNS) agree fairly well with the
expected values (Table II) and confirm the proposed vibrational assignments
of the bands (Table I).

A striking feature of the isotope effect in the S-bands is that in the
(0-—0) band the isotope head of the component at 2506+66 A is as expected
on the shorter wave side at 2506-49 A and the shift observed agrees with
the calculated negative shift within experimental errors [see Fig. 2 (a)]. But
the isotope head of the other component at 2518-35 A clearly lies on the
longer wave side at 251849 A unmistakably demonstrating the reality of
the positive shift which differs from the calculated shift not only in magnitude
but also in sign (observed -+ 24, calculated — 3-2). A closer examination

TaBLE IV

Isotopic displacements (YNS — BNS in cm.™Y) in the band-heads
of the y-system of NS

\ v 0 1 2

v\, obs. cal. obs. cal. obs. cal.
\
+23 421 =256 258 532 —-53-0
— - —26-7 —54-2
0
+24 421 -261 258 531 —=53-0
— —26-17 —
+32-1  +32'5
1 —
+31-:0 +32-4
+58:7  +65-6  +28-5  437-4
— +31-7
2
41612 +65-6 +37-4
— +30-2 '
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of the isotope shift in the other two component bands of the v’ = 0 pro-
gression shows that a difference (0—0) of about + 5-6 cm.™ is common
to all the three sub-bands. In'these sub-bands however the shift is suffi-
ciently large to avoid the change in sign due to the common displacement
of about 5cm.~! which may be attributed to a perturbation. Rotational
analysis of the bands is considered necessary to study the perturbation.
This perturbation extends probably aiso in a diminished measure to the
corresponding level ' = 1.

(i) y-system.—In the y-system, in addition to the single progression of
bands recorded earlier by Fowler and Bakker, a number of other bands are
observed which could be fitted into a vibrational array as given in Table III.
The vibrational constants for the lower 2T state agree well with those
obtained from the S-bands (see Table V). In the upper 2Xstate, the AGy),
value (1412-0 cm.™)is larger than the AGy,, value (1387-3 cm:™) which
indicates that the v’ = 2 level lies higher by about 38 cm.™ than expected.

TABLE V

Vibrational constants of the C?2, A% and X1 states of “NS and
BNS in em.™

14NS ]BNS
State TO W, We X, TO We WX
Cc¥ 43384-9 - 1401-1 6-7 43382-6 1368-6 6-79
2 A5 39918-5* 942-4 5-7 39916-0 918-9 3-3
2 Nss2 39882-2*  960-3 8-4 39884-5 936-3 7-2
215, 221-4 1218-3%  7-3% 221-3 1189-8® 6-7°
21T, 0 12208 7-9° 0 1186-1°  6-0¢

a of 1NS.
% Data obtained from the R heads of the 2 A ~ 27 transition.

¢ Data obtained from the Q, and P, heads of the >Z — *]7 transition.
Similar observations were made by Asundi, Inn and Tanaka (unpublished
results). The isotopic spectrum due to NS [Fig. 2 (c)] bears out these
observations. The shift of nearly 38 cm.™ in the v" = 2 level of 22 state is

A3
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probably brought about by a strong perturbation. Probably just this
perturbation, explains the difference between O—C values of isotope heads
of bands with v’ =2 which is outside experimental errors. Rotational
analysis of the bands involving this level should provide more information
on the nature of this perturbation.

The isotopic shifts observed in the other y-bands agree closely with the
calculated ones, thus confirming the proposed vibrational assignments of
the bands, shown in Table IV.

Finally the vibrational constants of the electronic states 2%, 2A and 211
involved in the y- and p-band systems are given in Table V for “NS and
15NS.
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