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ABSTRACT
The true potenual energy curves have been constructed for the different electronic states of

astrophysically important molecule TiOQ by the

method of Lakshman and Rao2. The dissociation

energy for the ground state of the above molecule has been estimated by fiing the H-H

function to the true potential energy curves. The dissociation energy thus obtained is in good
cagreement with the values reported in literature,

INTRODUCTION

HE construction of accurate potential encrgy

curves is of considerable importance for the
nnderstanding of physical problems arising n
astrophysics, gas kinetics and molecular spectra,
Since the molecule is of astrophysical importance
whose spectra were observed in the sunspots, M and
S types of starsl, authors took up the present work.
The present paper deals with the construction cf
axperimental potential energy curves and dissociation
energy of TiO for which sufficient spectroscopic
data are available.

METHOD OTF COMPUTATION

The present method of Lakshman and Rao? was
successfully verified by them in number of cases2™7
and recently Chakraborty and Pan8 in their review
paper gave a detailed account of different methods and
the authors' method is ona such reliable and accuraie,
which involves less complicated mathematical calcula-
tions. Since the details of this method are reported
in literatufe2, only the explicit formulae to
evaluate the turning points are given below ;
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the symbols have their usual spectroscopic

significance. The classical turning points are given
by the relation

fmaxs» min = (ﬁg 4~ fz)uz 4 f
RESULTS AND DISCUSSION

“"The experumental potential energy curves for
three states X 3A A 3%, C 3A of TiO molecule
have been constructed by Kushawaha® based on the
molecular constants given by TUhlerlo, In the
present study using more accurate and reliable
viorational and rotational constants the turning
points for the B 3w, a A, d 132+, b 17 ¢ 1p e 1%
along with X 3A states of TiO molecule have been
calculated to draw the experimental true potential
ernergy  curves. For the  triplet states * the
rotational and vibrational constants have been
taken from Collins'! and for singlet states the
vibrational and rotational constants were taken from
Phillips12-14, Pettersson1s-18, Linton et ol 17, Phillips
et al}®, Lindgren)d Linton er al20, Linton2l, and
summarised 1n Table 1.
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X 3A 0 10090208 44978 0535412 0-002011 1- 6201
B 37 16214-0 87196 4- 1135 0-507812  0-0032758 1+ 6635
a ‘A 5810 1016-3 3:93 053760 - 00293 1-6167
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b i 108140 918+7 3+75 051329 000290 1+ 6540
cld 184715 G167 4:33 O 52301 0-00313 16391
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Fmployimg the method of Lakshman and Rao?,
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of TiO molecule have been calculated and presented v U (em™) TEI;_}-)': o (A v L (A)
m Table 1. The extrapolated energy values for ¢
the highest bound level ¢ and the corresponding al/ state
furming pomnts are evaluated and included 1o ths Te = 581-0¢cm™?
table at the end of observed levels in each state. 0 507-2 1088 2 1-566 {671
1 1515-6 2096- 6 - 532 1-715
Tapte Il 2 2516-2 3097-2 1510 1-747
The true potential energy curves for different stares of 3 35089 4089- 9 1-497 1-774
TiO Molecule 4 4493-8  5074-8  1-478  1-798
- ™ ~ 5 5470-3 60518  1-465 1820
v U (cm™) L(T f)e ran(d)  rouelA)  129w) 657038 662848 0736 9247
cm™
-~ ~ d L&t srare
X 3N state Te = 1708-0cm™?
0 5107 22187 1-549 1-634
2 2530-5 42385 [-4%4 I-730
0 5034 503-4 1-569 1675 3 35265 5234-5 1-47] 1-758
1 1503-4 1503-4 1-535 1:719 4 4513+1 62211 [-462 1-782
» 2494-4 2494 -4 1-513 1-751 3 5490-5 7198-5 1-447 1-800
3 34765 34765 1-495 1-778 6 6458 7 31667 1-439 1-826
4 4449+ § 4449- 5 1- 480 1-8072 7 74175 91255 1-429 1-847
5 5413-8 54136 1- 468 1-825 110(v,)  56474-3 58182-3 0-717 8335
6 63686 b363-6 - 456 1340 b im state
8 82517 82517 1-437 1-886
9 0]7-8 91798  1-428  1-905 Y 458-4  11272:0  1-601  1-7)2
IO IGGQS'S 10093'3 3‘420 1.923 1 1369"6 12]34'0 1"565 1'753
11 11008-9  11008-9  1-413  1-94] 2 2273-3  13087-7  1-542  1-791
17 11910-0 119100 1-406  1-959 3 31694 139838 1-524. 1-820
13 12802-1  12802-1  1:399  1-976 4 40580  14872-4  1-508  1-845
14 13685 1 13685 - 392 1-993 5 4939 1 157535 1-495 1:869
13 14559-2 14559-2  1-386  2-010 122(w,)  56267-3  67081*7 0-666 10-406
16 154243 15424-3 1-380 2-027 .
17 16280-4 16280-4 1:374 2:044 Te =C 1827‘?-{?;1‘1‘1
18 171273 171278 1-369  2-060
19 17965- 6 17965-6 1-364 2:076 0 43573 18928-8 1-586 1- 697
20 18794-7 187947 1-359 2-092 ] 1365-3 19836-8 1-550 1-743
2] 19614-8 19614-3 1-354 2103 pA 2264-8 201736-3 1-527 1-7717
Iitv,) 56588-0  56588-0  0:823 6465 3 3155-5  21627°0  1-508  1-805
105(p,) 485179  6698%-4 0721 7-992
B 7 siate 15 state
Te — 16214-0 cm=1 Te = 26005-8cm™1
0 425-8 26431-6 1:639 1-754
0 435-0 16649-0 1- 609 [-723 ] 1270- 3 27276~ 1 1-602 1 302
] 1298-7 17512:7 1572 1-770 2 21054 281112 1-577 1-836
2 2154-2 13368-2 1549 1-805 3 29311 280349 i+ 557 - 864
3 3001-5 192155 1-530 1-835 4 3747-4 297532 1-54] 1-892
4 3840- 5 20054- 5 1-515 1862 5 4554-3 30560-1 1- 526 1-917
5 46713 208853 1-502 1-886 6 5351-8 31357-6 1-513 1940
105(p,)}  46207'5 624215 0815 7-9)9 o0(v,)  38783-8 647896  ©0-347  T-216
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The true potential energy curves (RKRV) have
been used to estimate the dissociation energies of
diatomic molecules in a number of cases by fitting
an empirical potential energy curve42-25, The
Hulburt-Hirschfelder function has been shown to
fit to a good extent the RKRV curves wherever
these are known over a wide range of energy for
a number of diatomic molecules (Steele et al.22),

Hulburt—Hirschfelder functionZ®,
U=D.[(1— e %3+ cx3e=2° (1 + hx)]
where

w; r — F, .[)‘E)‘-liE
X = m——————— -, =1 +a,|—
2@B.D,) " T, T4,
-2 (5 2/
iZ dy
and a,, a,, a, are constants given by
_ w,t 1 w U,
Do =B,’ 1T T 1 T ¢p,2
3 2w, x w, 2
= - q,?— - ° 4 , = ——
t; 3 a, 3]:5,3 nd DL 4“",;.1';

being five parameter function gives best averags
results and n general gives the best fit of the
potential for all the cases studied whereas
Lippincott 3-parameter potential function gives
nearly good results. Varshni IIl and Lippincott
functions, the bast of the three-parameter functions
in fitting the potential energy curves, both give
good prediction of dissociation energy values, On
the other hand, the Lippincott function gives fauly
rehable values of D, while Varshni IIT function
does not. According to the study of comparnison
of potential functions by Steele, Lippincott and
Vanderslice22 the better 3-parameter functions give
potential curves with an average error of 2 10 3%
in {v-~Vv_, [/D, whereas the better five-parameter
function should gi’v}e only average error of 1 to 2%.

The mo-t prominent feature of these curves is
that these are narrow well type poientials which
indicate that the molecule behaves approximately
{iike a harmznic oscillator rather than an anharmon:¢
oscillator as has been observed by Kushawaha,
The true potential energy curves are lying approxi-
mately cne above the other indicating the structure
of ithe molecule in the ground and the upper «alce
should be nearly the same as is evident from the
approximately equal r values for all these stales.
" The results of the calculation for the ground
state dissociation energy is given in Table 1II. From
this table one can conclude that th: best fit 10
the RKRV curve is oblained wh:n we pst D =
56.500 cm™! (7-005 :V). The most probable value
of D, from our caiculations is 7-00S e\»" since
| V=V, iav |/D, 18 0-32.. The value obtained by
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Calculations for the ground-state dissociarion energy
of TiO molecule using the H-H function

De == Da = Da ==
r(A) 56000 56500 58000 RKRYV

cm—1 cm—1 cm-1t cm—1
1-675 492-1 496-5  509-7  503-4
1-719  1483-3  1496'6  1536'3 15034
1-778  3428-2  3458-8  3550-6 34765
1-802  4373:4 44125  4529-6 44495
1:846  6277-7 63337  6501-9 63686
1-867 72483 73130 7507-2  7314-7
1-905  9078-9  9i60-1 94032  9179-8
14923 6971-4 10C6C-4 10327-5 100988
1976  12657-8  12770-8  13105-8 12802}
1-993 135299  13650-7 14013-1  13685-]
2-:027  15277°5 15413-9  15823-1 15424-3
2:044 161491 16293-3  16725-8  16280-4
2-:076  17782:0 17940-8 18417-1 179656
1513 2469-1  2491-2  2557-3 2494-4
1-468 53776  5425'6 55696 54136
1-437 82150  8288-4  8508-4  8251-7
1-413  10945-9  11043-7 113369  11008-9
1-406  11837-7 11943-4 12260°S  11910-0
1-386 146299  14763-5 153885  14555-2
1-369  17150-0  17303-1 17947-3 171275
1-359  18853-9 19022:3 19732:6 18794-7
1-354 198499 200329 20667-4 ]9614-8

T

Rushawaha' is based on the curve fitting,

using

the old rotational constants and also the uncertainty
of = 20 K cal/mol (experimental value) for which
unconvincing explanation in his article and oaly
the main value included in the teat and assumes
the uncertainty of the D of TiO with that f
Wahlbech's2? uncertamty value, since these two are
independent wortks the uncetainty cannot be the same
even though main value be the: same.

The dissociation encrgy of T molecule  has
been given by different  authors  (Gaydon=*.
Herzberg=%, Drowart ¢r ol=?, Gilles e¢r of 0, aad
Kushawahat?).,  In the present work using  the
Hulburt-Hirchfelder  tunction, the  dissociation
enzgy for the ground state of 1) molecuie -
estimated 10 be 7:005 eV which s in very good
agreement with  the Gaydon=
(7-2 + 0-1eV),

vilue given by
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DETERMINATION OF URANIUM TRACE IN SOME SEMICONDUCTING MATERIALS BY
NUCLEAR TRACK DETECTORS
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AND
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ABSTRACT

Tission track counting method has been applied to the trace determination of uranum
in some semiconductors Se, Te, As,-8, (Glass), CdS, PbS, Pb~As-S and Pb-Sb-5 in amorphous
form. 1t has been found that the uranium is not uniformly distributed. Results indicate uranium
concentration as low as 0-43 ppm in the homogeneous region and 77 ppm on the higher side
in the heterogeneous region.

INTRODUCTION EXPERIMENTAL PROCEDURE

NE of the significant applications of solid state The method consists of placing suitable plasec
nuclear track detectors (SSNTD) lies in deter- detectors in close and intimate contact on boln
mining some trace elzements? (U235, B10, Li7, 146, OVT,  sides of the >ampie under investigation A standard
K3y Fedt, S Znt6 etc.), in various maternals., {n sampie with known uranium content or other isotope
the present investigaticms, attempl has been made of interest is also included. All the samples are
to apply this technique to sericonductors for the then enclosed in an alumiuum  capsule  and the
determination of traces of uramunm. whole asv>mbly irradiated to thermal neutrons of



