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ABSTRACT

The 0-0 band of the A 3T, — X 32~ system of ND was excited in
an electrodeless microwave oscillator (2450 Mc./[s.) discharge and photo-
graphed on a 6-6 meter concave grating spectrograph in the second
order at a dispersion of 0-56 A/mm. Twenty-five out of the predicted
twenty-seven branches have been identified in the rotational structure of
the 0-0 band. From a rotational analysis, the following rotational con-
stants have been determined :

(i) X 32" state—

B," (cm.™) Dy’ (cm.™) 2X + y) (em.™)
8-7757 4.68 x 10~ - —1-8356.

(ii) 43, state—

B, (cm ) Dy (cm ) A(em) Ciem.™) Cgf (em™) %o (cm.” "
87688 502 x 10+ —31-89  —1-40  +0-0118 297997

INTRODUCTION

S:E:%)m ?;Ste;m’ A 31_]}3" - X 85, and three singlet systems (i) d* 3" —¢ ' i
e th ;;md (i) ¢ UT — a* A are known for NH. The positions
no gniéconlbinat' ESpegt to the ground state, X3X-, are yet unknown s
is the most imenmn and system has been observed. The triplet systur
0.0 and 1.1 baniles "“}d ;15 readily excited. The rotational analysis of thw
(1935-36). Dixon in0]9t59e triplet system was first carried out by Funkbv
of HNCO apour ’and o produced NH m?lecules during flash photoly i~
of 6-6 meter concay ° ’tan?ed their absorption spectrum in the third ordyr
-otational analysis of ft:l* frgfg‘g spectrograph. He carried out a detailed
constants of the A 31T ‘ and 1-0 bands and determined the rotationul

wr and X 35 states of NH. Pannetier and Guencbiut

* This has been presented
) . at the ;
ggm’ du Yamwary 918, 1967, International Conference on Spectroscopy held in Bombus
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(1 f)59) photographed the 0-0, 1-1, 2-2, 1-0, 2-1, 1~2 and 0-1 bands of the
triplet system of ND under Jow dispersion and carried out their vibrational
u,r}zﬂyms. In order (o study the rotational structure of some of the above
triplet bands of ND, the present study was undertaken. During the course
Qf our nvestigations, the publications of Ingovan Kopp ez al. (1965) and
Shimauchi (1966) appeared which contained partial analyses of the 0-0 and
I-1 bands belonging to the triplet system of ND. Since, in our studies
nearly all the branches of the 0-0 band of the A 3II_ — X 33— transition of
ND are found, the results of their structural analysis are presented in this
papeT.

EXPERIMENTAL

The spectrum of ND was obtained in a closed quartz discharge tube
which was thoroughly degassed carlier and filled with a mixture of specpure
deuterium, trace quantity of nitrogen and neon at about 2-5 mm. of pressurs.
Under these conditions, the triplet system of ND was excited intensely in
an clectrodeless microwave oscillator (2450 me./s.) discharge. The 0-0 band
of ND around 3360 A was photographed on the 6-6 meter concave grating
spectrograph in the sccond order at a dispersion of 0-56 A/mm.

ROTATIONAL ANALYSIS

The structure of the 0-0 band of ND is similar to that of the 0-0
hand of NH which was shown to involve A 301, — X 32~ transition. The
Q branches are confined to very narrow spectral regions whereas P and R
branches of the three sub-bands involving 31T, 311, and °I1, sub-states are
very well separated and lic on both sides of the Q heads without any overlap.
Twenty-five out of the twenty-seven predicted branches have been observed.
Nine of them are intense main branches (Ry, Ry, Ry, Q1 Qe Qs and Py, P,
P,) and sixieen are satcllite branches. The two satellite branches NPy; and
TRy, are too weak to be observed. The 3], . state belongs to Hund’s case
(@) for the first few values of N and very rapidly changes over to Hund’s
case (b) with increasing Totation.

The rotational structure showing the 25 branches of the 0-0 band of
ND is marked in the spectrogram in Fig. 1. That the 3]T state is an inverted
slate. could be established from the observation of first lines, R; (0), Qq (1),
P, (2), Ry (1), Qu(1), P2(2) and R; (1), Q;(2), P3 (2) which are expected'for
e three sub-bands involving *I1,, °II; and 3IT, states respectively. Assign-
ment of the satcllite and main branches (in particular the closely pac_ked
Qy, Q; and Q; branches) have been made taking into consideration the various
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combination differences shown in Fig. 2. Dixon’s data (1959) on the ¢ m-
bination differences of NH were of considerable help since corresponding
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Rotational Anaiys. o 44 Ford oo 4 e W Sy e ND

Rotational constaris of e Vo2 Pie 1t ou v e i, |
and b, of the 83 state are g brogbe o \ )
FoaoN)Y BaNiN o 1y o™\ - LN

l;-‘l(N) i';p?\(r\ﬂ 1 lng,'?\‘; 4‘?“\. for

I 0N BeNION L Dy, NN T CLAN

wherte ;;I’*‘N) and v N e fhe peebe "Al;*,l?‘,;’-f,' S IS TS ¥ ST -as%,m-:y i
Schlapp (1937
n N AN LY LN CoH, , Skt
EN I
b:x" (N) A AN I Hz' il N T “p’ A N &lig'fi

where Aand - are the spm ophitiee contant,
";’l;r(N I) -4 EARY (\* Ii A )

The quantity (A 1w obtared byoabime ditteerr et o8
S Ny and o7 (N values whioh wore obtoved trom the s sead -t
branches in the three subebands The sotatoaead voasnan s B aed 117w
evaluated from Wb Ny coanbaiaon diflowra o TThe aprvornvnt bt
ween the values detived frooe the precrnt data ard thoee calonlated fooan
the data of NH was pocd

The praphs in Fig 3 chonn sanation of the opan g Btengpe 507 0™
5;;3" (N) of NH and ND vath 1. e e N The vrapbe are e ba aand At
that the SN «».phttmyn ard Bone o b vttt b aad ct the N DY g

remain unchanped from oncs cotopn velocule oo ther, o0 0 N 1o M

Rorational conviants of the 4 T s Aithouyh the A ST g
of ND tends to Hund ™ cirve G at oo Nosadie o soad rag sl charpe s e
to Hund’s ase (b at hueber N svalves the poreral vago oo tor the B, ).
and Fylevels of the 80 21 ard P st 10 vnoen By Calbert” H‘Zi M«;
cquation,

RSP N YU S N A N N RO 0 AR FA A N
where By and 13,7 are the rotational conatant. o the 2 TR i§x!
constants were caloulated o the VY O dovel vty the Collwit™ g1 iy
reJationship |

DIVARS SRR} , ,
3+ 4) DR AU IR T L3 9 N N I
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Fi1G, 3.

Where 3 L9F (3) are the mean of A,Fig’(J) and AsFip’ (J) taking
into consideration the considerable A ~doublin

the 3L state, The constants B, and D
calculated valyes,

g in the rotational levels of
o Show good agreement with the
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Band orignn sy, St e vouad oonb Gt thod gy the R ound P

' branches will ot pve the vomneciovd s the fodloas ey o pue o, hu.

heen used for the determination ot b Do o o the 60 band of NI
YR AN I I AR IFRED FTS
r A PR N R YU B AN SRR EEY

¢ Yoo

where I 0)) reprosenty the Calbort copues qon o o summation of the
rotational coergres e e e doae the e - ghetane ot “Hstate and
ﬁf"i"(.‘) Toproaetits the cuntonatn ot by i e N f%‘i' te tor the ot
Jovalue, The s weee cabiwinted oo vt T ot ROoged P branchies and

L‘xtl,‘ndk"d t‘t)f ‘x.'\l,h” J CORE ST Ay !"‘H«‘ R “,,ghn N CITCT g \“h“m, hhu\\
deviation which s due o the veelocr o the Hoterm e the above formulae
The calculations were honated upto J Px ondy.

Spin couplive consnes 4 T cophimy contiant A tepresenting the
interaction hoetween the sy aed e b otvane anpuln monantum of the

ST, . state wis obtamed trone Gudbort™ 19360 expavaaon
B T[AE, YR I R Py
MY s AR B M dd s 21y
F2Y e {0J 0 d A AT AT AR FEE N S B WA l}
- where Y  A/B and 0 D/B

The quantities Fyor ot By cod (b, Fyor line beon oxperi-
mentally obtained trom the diborences oo e nnan s well e the wate e
branches belongingy 1o tocation e odsgee the thies wule tates Tl and
"I].N, states and for each J vodue Pioore o wodue of A o ND ditlers, from
that of NH which rvoxpected noe b vs oot the e perbugps due toan i cy-
racy 10 the assipnnnnt of Q brasch braoo ared the ot Hites The value of

A is given in Table 111

No-doubling on the MU siare The o ~doubhing o the thice subsites
M, Py and M, of I st wee Geated n detatl by Hebb (19365 whao
deduced an  expression

ot oS G B RS o [C, s Gl
[ Sy D rd e a2 SuSal

iny

where o3 (J) is hudt the value of (he codnburianion dedv ot whieh s approvinutely
equal m‘(hc So-doubling of cach rotonad Jevel of the I state, Cu. Uy,
C, and Cy are the A -doubling constanty and Sy, Su and Saq are the matrix
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TaBLe III
e ; tes .D
Rotational constants (in cm.™) of X 3%~ and A Il states of N.

(@) X 32~ state—

Dixon’s
Constants  Present work Calculated \;z;‘hft?%
B,” 8-7757 8-7733 16-3454
D," 4-68x10* 4-80x 10 16-85x10—
2A+y) —1-8356 - — 1-803
(b) A ¥,  state—
Dixon’s
Constants  Present work Calculated (\)7?]11\11?1
By’ 8-7688 8-7679 16-3221
Dy’ 5:02x10 5:01x10- 17-58 x 10—
A ~31-89 - —34-72
G —1-40 —1-40 —2-63
C} -+0-0118 +0-010 -+0-0318
Voo 29799-5 29776-76

elements. If we consider the
*II, together, then

In the case of NH, Dix
to Hebb’s expression

A -doubling in the three substates 811, 31, and
the above equation will be reduced to the form

Si(J) =Cy+CJI(J + D+CI2(J+1)2

% (-T) = [(F 2 — F1b) - (an - sz) + (Fsa - Fab)]-

of ND is comparatively smaller than ¢
neglected. The constants Co and C, w
between 8;(J) and J(J+1

on found it necessa
at values J > 10,

). The constants

i
CO

ry to add an extra term CJ2 (41D
Since the A ~doubling in the casc
hat of NH, the constant C, was
ere calculated from a graph plotted
and -C;! of ND were also
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found to be equal to p*Cyand prCy respectively of NH where p e= 4/ufu;.
Also the constant ('._f was caleulated from Van Velek's “*pure precision™
formula e=[2BL (L ¢ D}'w where Oy cand Bas the rotational constant,
L. land v > sy, The caleulted values compared well with the observed
values given i Table HIL

The A =doubling e tN1 was plotted against N for all the three substates
all,, 41, and 1. For purposes of comparison, the values of Dixon for NH
were also shown o the same Frpo < [0 0 interesting, to note that in both

16y ! r 1 . ! v { ' 40
A DOUBLING OF THE v 0 LEVEL OF A 'NI STATE /
OF NH & ND /,
3
12 Ty, «- 37
)] )

z TT2 &> x
" ) -
b 0 B
O nc u.
- @
5 8i- 24‘."E
e Q
2o | —~

o
o b z
! s o
™ % N {PRE SENT W()FQK}
% 4r A'r 16 g;
o 1 <
=3 . ; wd
O i ‘/.,»»/ _(A"' g}
o Y - o AT . >y
) i » Jd "
:n ! -~ KK;:"K.} 8
< v K | :
} * v 37 ‘ﬂv - -
O] 4":‘#“ . 8
e o
o A
‘M“*‘J ‘I’Aj
el o
v " ,4“‘ Y
1 ¥ ) A
~4i£ » ﬂ‘ﬂ.n”” [ 3 k i . i b e ke oo e 0
? LaTe 14 27 30 34
N -2

the curves of NH and ND the A -doubling is maximum for */Iy state and
minimum for the #11, state although usually the A -doubling is expected to
be minimum in the 11, state and maximum in the 1, state, since the 20T,
and M1, states of I, are non-degencrate  even forzero rotation.  All the
constants derived for X *x and A 91 states are given in Table 1L
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