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ABSTRACT. Irom the observed head-head separations of the €7 —X2J1 sys\;cm of
P0) reported by the uuthors (1962), spproxunate valucs of 53 und 7’ ol the ¢ siate have
hoen ewtimated — Potentind cnergy curves have been drawn for tho X, 8 und levels of
PO, Probuble dissociation products of these states have boen diseussed  The dimsociation
onergy ol PO moleeuls s estnnubed ws 6.8 ey,

A study of the spectrum of the PO molecule by the authors (1962) excited in
o Jugh frequency dischargo has led to the analysis and identification of two new
doublet. systems of bands m the ultraviolet vogion designated as ¢'—X2IT and
L' —X11. The bands of the ¢"— X system were observed to be double double-
headod and were accordingly aseribed to the transition 2% (ov 2A)—2I. Neglect-
mg what are hkely to be small effects arising from A-type doubling, spin splitting
and the influence of D terms, approxmate B values for the vibrational levels of
the upper (" state can he obtuned from head-head separations. Treatment of
the branch formulae gives

2B' B,"
(Ryppeni— (R ieaa— 22, Bt
a1 )nead — (R )ead Bi_B
2B’ B,
(Rodhead— @teas = 55 ~ 3, (|
head head Bz _B ( )

where 5" and B,” are the offective B-values for the 211, and %II,, sub-lovels,
and

B'=B/(1-B/4), B=B1+B/l4) .. @

and B," is the true value. Using the true B," values of the ground state X I
and 4 the coupling constant obtained by Suryanarayana Rao (1958) from the
rotational analysis of the y system, the effective B," and B", values are cal-
culated according to relations (2). The head-head separations in the intense
(0,1), (0,2), (0, 8), (0, 4) sub-bands and the derived values ot B, according
to relation (1) are shown in Table [.
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TABLE I

The head-head scparations in the (0, 1), (0, 2), (0,3), (0, 4) sub-bands
and the derived valuos of B,

', v” Ry—Q, By’ Ry —1y By
0,1 10 4 0 638 119 T 0.044
0,2 11 2 0.639 10 8 0.633
0,3 127 0 643 13 4 0.643
0,4 13.3 0 642 13.3 0 G638

From these an approximate vulue of B’; was estimated as 0.64 em=t.  The
Pl 0

4.100
31 %10

value of 7'y was then obtamed as 1.58A [rom tho relation 7, =
V1B,

(Hexzberg page 180),
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Fig. 1. Potlential curves ol the X, A and €’ clectronice ptates of tho 0 molecule.

Using the vibrational and rotational constants of tho X, B and C' slatos,
potential energy curves have been drawn adopting the Morse relation U(r) =
E,+D,(1—e—B(r—r,)2, These curves for the X 211 ground stute and the excited
B ?Z(the upper state of the A system) and C” 25, (or 2A) states are shown in Fig. 1.
For the €’ state the value of 7y(~r,) is used in drawing the potential energy curve.
The probable dissociation products are given on the right in Fig. 1. .
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A Jincu extiapolation of the vihrational levels of the ground state X gives
o value 57000 em 1 (7. e.v ) for the dissociation enexgy of the PO molecule. The
vibrational anulysis of the /8 system by K Dressler (1955) shows that the vibra-
tional Jovels of the B state converge very rapudly and therefore allow a reliable
extimadion of s dissociation energy.  The hnear extrapolation ot the vibrational
energy levels of the B state gives 1)y - 24000 «m~!, Thus the convergence
it of the bands of the B X system is 30806 -24000 — 54806 cm~! or approxt-
madely 35000 cm=t, above the 0" -0 ol X, level. ‘

A similar extrapolation of the vibrational levels of the (" excited” stute,
whose spacings deerease uniformly, gives a vatue for I eqnal to 25,200\em~2.
The convergenee it of the bands of the ¢ X system s 43650 l~252\00 =
68850 (-1, above the »” 0 of X 2110 level. :

We may now discuss the probable dissociation products of the X, B, and (*
stutes. The 72 atom has theee low lying states 1S ground state and the two
), 2P metastable states The oxygen atom has three low lying states - The
872 ground state and the metastable 10 and '8 states. The X ground state may
be expected 1o dissocmte into {wo normal atoms 48(P)-1-3P(0).  This lowest
combmation (18,4 2P,). accordmg {o Wigner and Witmen’s rules, gives rise to
one ¥ e one 11 state with each of the multiplicitios 2 and 4.” The 215 state
holonging to (lus combination can be corelated unambiguously with the observed
X 211 ground stade of PO, Assummg the validity of noncrossing rule, the 2 state
can be correlated with the observed (irst oxeited B 2% state which has been estab-
lixhed by Nandalal Singh (1959) from a detaled votational analysis. Thus both
the B and X states dissociate into two normal atoms  The socond excited 4 2%+
state of 0 may be assumed to dissocinte mto an exated P atom in a 4s orbit
and unexeited 32(0) similar to the upper state of the y system of NO.

From the observed convergenco limit of 55000 em=? of the vibrational levels
of the B state. we may therefore estimate the dissociation energy of the PO mole-
cule as 56000 em-t (6.8 e v.) which may be higher than the true valuo by an
amount of abont 0.1 e.v. The linear extrapolated valne of the ground state
vibintional encrgy levels 1s 57000 em=1. The fact that {hus is 5 per cent higher

than the above value can reasonably be attributed to the uncertainty in the
extrapolated value of the ground state,

The convergenee limat of the (* state was obtained as 68850 cm=2, The dif-
ference hetween the convergence linnts of (" and B states 1s equal to 14000 cm-1,
This cortesponds cither to the exeitation energy 11370 el of 2D state over the
48 state of the £ atom or {he exctation energy 15, 870 em=1 of 1D above the 3P
ground state of 0 atoun. Thus the (* state may dissociate into either 2D (oxeited
Py{ 3P (anexaited 0) or 48 (unexeited P) L11) (excited 0)  As the lincar extra-

polated value D'y of the (“ state will in general be lugher than the true valuc, the
« true convergence limut of the ¢” state would be less than 68850, So the difference
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between the convergence hmits of the ¢ and B slates 18 cxpocted to be less than
14000 ¢cm=1, Hence the ' state may not possibly dissociate into 4§ (unexeited
P)4-1D (excited (). TFurther the ¢ state which should arvise from a 3 o1 2A
term cannot rosult from this combmation. 1t may bo veasonable to conclude that
the ¢’ state dissociates into a 20 (oxcited P)-&-3P (unexated 0).  This combi-
nation gives rise to SH(2), X, 1(3), A(2) and ¢ states with cach of multipheitios
2 and 4. The €7 state may thorefore he identified as o 2y (o1 2A) state of this
combination. The difference between 14000 em-1 and 11370 em=? can reasonably

be uitributed to the uncervunty m the Jnear extrapolated value of D'y of the
" state.
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