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The four parameter Tiets’s potential is exa.mmed for its ability to reproduce the poten-
'tial curve and the anharmoniocity constant in the case of-all the eiectronic states of some -

gelected diatomic molecules. It iz shown, that the four:parameter nature of the function gives
significant improvement over the ex1st1ng three-parameter functions.

Recently, T1etz1 has proposed an analytlcal expressmn for the potential energy of
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diatomic molecules. Tt has the form U(r) =D, -{— De (a+

~ where D, is the dlssomaﬁown energy and B, b, ¢, @ ‘are constants. Function ( 1) satisfies the
necessary conditions that any potentml energy funot1on must‘saﬁsfy and as a consequence
- gives the relatmns
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and thus connects B,b,c,a with the Sutherland’s parameter A =k, 7,2/2D, and the quantity
- I'=[1+-u, @, [6B2 %, where all the molecular constants have their conventlona.l meamng .

With these corrected relations for o and a function (1) can be putin a sunple and more
compact form (3) involving a single constant c. ,
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It is claimed by Tietz that this simple function adds to the list of few functions viz.
Morse, Manning and Eisenhart for which one can solve exactly the Schrodinger wave equa-

tion. Considering this merit of the expression, it was thought worthwhile to investigate its
applicability and workability to other problems viz. correlation of molecular constants and

*The existenc> of an error in the original relations for ¢ and @ gwen by Txetz, viz
e= —Lap@at—ryaty st

2 [—2+ (/A Jepeat — 1) A : -
was pointed out by the authors. Tietz confirmed this ir a note publlslled in-J. Chem ‘Phys. ' August 1965
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comparison of the U (i) s depeﬁdehce with curves for the different states of different
molecules as determined from the RKR method. The first criterion exists for testing the
validity of the function close to the equilibrium configuration and the second is a more
thorough and satisfying test of the long range validity of the funetion. »

B Following Varshni’s technique for the analysis of potential energy functipris, expres-

sion (3) yields the following relation for the unused anharmonicity constant w, z, .

8 [ AR — (T2 — AW2B W
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where W = 2-1078 X 10—18 . The constant is evaluated in terms of the four known cons-
tants K, , 7. , D, , ® and is then compared with the actual value. Such a test of the
above expression has been made by Tietz for the ground states-of 23 neutral diatomic
molecules using A and I' data of Varshni® and Varshni ‘& Shukla®. He showed that the
results for w, z, come out generally better than the Morse results.

In this connection it is pertinent to make a refefence to the recent work of Steele
et alb., who have made a quantitative reassessment, in terms of average 9, deviations, for .
“nine potential functions for the ground and excited states of some selected diatomic mole-
cules. Molecular data has undergone considerable revision since the study carried out by
Varshni® and Varshni & Shukla ¢ and fyrther, to make a- comparative assessment of
Tietz’s expression (3), w, 7. has been evaluated for the molecules H,, I,, N,, 0,, €0, NO,
OH, HF and their excited states studied by Steele et ol., and using their data, Table 1 gives
the results for the anharmonicity constant and Table 2 the average %, errors, from the ex-
perimental values, for w =, for Tietz’s function together with those quoted by Steele et al®.
The Tietz’s function with 1899, is third in the decreasing order of efficiency. '

TABLE 2

AVERAGE ERROR (%) FOR THE QUANTITY w2
(] e

Lippincott  Linnet  Tietz .Rydberg Rosen = Frost Poschl =~ Morse Varshni
Morse  Muslin Teller . ‘

We T, 1218 14:04 - 18:90 1971  21-24  24:20  26-93 '26-93 . 28-04

/

- It is known that good performance of a function near the equilibrium configuration
does not necessarily mean that the function accurately represents the potential at small or
large internuclear distances. In what follows it may be seen that Tietz’s function which has
shown good performance in the predictive reliability of the constant w, ., does equally well
for its ability to reproduce the potential as determined by RKR method. The results of the
potential curve calulations for all the molecules and their states are not reproduced here
for the sake of conciseness. However, representative results are given in Tables 3 and 4
for the ground states of H, and I, along with the results for the other nine functions.

Table 5 gives a summary of the results showing the average %, errors for the quantity
| Vegr—V |/ D, for all states of all molecules for each function.

On the basis of the expreSsioh given by Rees® for the potential curve Steele et al.¥ inthe
course of their analysis, have eyolved an indirect method for comparing the deviation of the
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s RESULTS OF romﬁ;{mAL OD'R‘.‘}?;D;?LC‘ULAT\IOIES Foﬁ X' }_‘,';fSTAm oF 'ﬁg
3 }(A)" RKR Tietz M')rse Hulburt Rydberg Poschl lLlnnet Va,rshm Rosen Lippin-  Frost-
. eVl AN ‘ Hirsch-’ Teller Morse ~ ‘cott Muslin
N R ..felder :
04109 4-729 4.262 3-868 4-652° 3680 4°85¢ 6018 -5-787- 3.180 4-187 4.046
04316 2-880 3615 3-243 3523 3.097 3-050 4.745 4:620 2721 '3.498 4038
| 0.4507 . 2:935 2760 2:533 2-913 ¢ 2.435 . 2:082  3.920 3.4z $172 2716 2054
. 0-5088 '1-730 - 1.674 1-558 1724 ~ 1508 1.745. 2154 1-9%8 1.784 - 1648 1\-790 ;
0-6337 0-269 0-266 0:250 0:268 (0256 0-269 0-291° 0-279 - 0-248 0-264 0-272
08833 0-200 0268 0-275 0-70 0°279 0269 07250 0:261 0:287 0-273 0264 -
1:2186 . 1730 1655 1-73¢ 1724 1-790 . 1-687 . 1.450 1.608 1-860 1.757 - 1.608
1-5148 2-935- 2-740 2870 2-902 ‘2975 2-815 . 2-295 - 2721 3-08% 2.950 2:667
1-8524 T 3.880  3-337  3.715° 3-783 '3:838° 3:672 3:183 34628 5924 3.846 3500
2.9748 4522 4-258 4358 4413 4450 4339 3031 4371 C4.489  4-467  4-205
3.2835 4720 4644 4670° 4:600 4712 4676 4401 4712 4714 4714 4-636
42300 4745 4727 4736 4737 4743 4735 4673 4745 443 4743 4722
63500 4747  A-TAT  4-TAT  4TAT 44T T 44T 4Tad 4-T47 1-7,27\ 4747 4eman
: \TABi;E.tif
Rausorts oF poreNTrY CURVE OALOULATIONS FOR X _!_,";‘ STATE OF I,
‘W A;:) o RKP. Tietz - Morse Hulbert R}&berg Poschl- Tinnet ’Varéhni ﬁbeen "Lippin-b Frost -
. e .- Hirsch: | CTeller. . o s -~ Morse - ~cobt -Muslin
S felder
2 -288 (]5225? 1:303  1:637 C1-521L  1-548 1634 1:285 1-458 ..1.603 - 1-451 1-593
: ¥ { L
2:202 1.493 1271 1-580 1-475 1-504 1-587 1-251 1-417 1561 1412 1.545
_2 800 1-245 1135 1399 1297 1328 1308 1114 1-256 1372 1.5 11363
'2:336 0977 0-939 1131 1-048 1-080° 1-130 0-019° 1027 1.107 1.020 1.105
‘2423 0-465 0494 0517 0482 0°500 0-517 0-446 0483 0-503 0-487 -0-507
'3.056 0-465 0442 0-4IL ' 0452 0422 0-4IL 0-506 0436 0-404 0-445 0417
'3.;5,83 04977 - 0:915 0:848-- 0-951  0:879 0848 ; 1-204 ‘0-v914 0:840 " 0-945  0-866
3.671 1-245 1-186 “1-111° 1.231 1-151 1711 1-782 1-194 104 1-216  1-135
4448 10403 1485 1445 1-501 1475 1-4d5 2508 1-502 [ 1.438  1-474 . 1-464
@522 1651 1.6 1'555 1-566 1-555 1-566 2:602 1557 1.560 1-555 1.556
V.14 1556 1-556 1557 | LG6T 1-651° 1-557 2-106 1-55‘7‘-,1?550 19B6T 1567
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AVERAGE Ekndg;% FOR THE QUAIEﬁI&; rIVRkRT'*V‘] /m ] ;

Hulburt— prpmcott Tletz Varshm Rydberg Fotst: Poschl Morse Rosen=" .. \

Hirschfelder........ : L B Muslm Teller Morse. -

M Ween V1D, B0
”VFKRV y _“‘]/r S o1l o277 290 228 2:94 34l 3-48 368 37

proposed empirical functions from the experimental eurve. Rees has shown that potentxa '
' energy curve can be obtained from the expressions .

Y= (=) = Bz VRlog W "',1 <‘ )

g = (1/ry—1/ry) =[1/Be¢ we e B2 (e [7e) X [aca 4w3we V/w,3 )1/2

: . —1.—(2, wzu% B, —a .)IOgW] L (6) ‘
W=(1—4w, 2 V/'we N2I0 T -*-‘(4 We Ts /w&2)1/2] o R (7)

Here 7, and 7, are the minimum and maximum pom’os of vibration. If w, 5 'we me a.nd Be me
are known, then 7y and 7, can be obtained for any V¥ from (b) and :

-
. )

(AmR=g e ®
On expa,ndmg the loga,nthms of the numerator and denominator of W it is easy to show that '
(4 'u)e w, Viw, 22 = - tanh (we @, [B, )1/2 (rg —"r))/ 2 Te B (9)

and by taking B, to be a measute of [(r; + rz)/z] 2 the relatmn can ‘be written in terms
of w, , we T, and V to get , .

s

[('}‘1 + 7’2)/2 re P =1/ 1 - (“e We. /2 B, we%)'i" { O!, We /2 Be W,z 2o
.'— e? V/Bezwewa }]/2]" avy - {10
Therefore for a molecule whose energy levels are given by R,

‘fm gww+y~m%@+ﬁA-;l,';hﬂ

plots of ( 4'w¢ 222y Vw2t vs tanh ('w,,rce /B )i (rz——'rl)/2 Te - .
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e . ' DerSon ;;,‘Vrc}r:.iiel;fkri:i e
- and [(ry + 79)/27, ]5 s 'G(V)Vphpuld‘byé straighﬁ Hn_ia&With‘slopés of ’unify.‘ Further for each
. function and Tietz function under study plots of the differences of . SR

tanh (we% [B, ¥ (ry—ro)t [2r and [ (ry + 1927, P ‘
from the experimental values for the X ; 2, state of Nyasa function. of (4w, 2 ’V/weﬁ’)%» and.
- @(V) are shown in Fig: 1 and 2: In general various functions show the samerelative devia-
~ tion from the width of the poténtial bowl and the midpoint of vibration as they show errors
for the quantities/V—7V gxr/and w, 2, . All of the proposed empirical functions considered
predict too wide a'bowl for the potential curve and they generally give too large a
value for the midpoint of vibration. The exceptions to this last point are Varshni,
Hulburt-Hirschfelder, Lippincott and Tietz. The H. H., potential curve gives the
best predictions of bowl width and midpoint of vibration. This is in agreement with results
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© Fig. 1—Plot of( Y—Ypgn ) vs (4 w, @, v / w, 25\% quwthe'vg.%ious: poteiitial functions.

‘where ¥ = tanh [ ( We Te | B, ¢ Tz——fl) |27, ]

M~Morse " - L L--Linpett o

. FM--Frost—Muslin § ‘ HH——I—I;ulburtf-Hiryschfelde'r
RM-—Rosen—T-Morse R - , Vf—Vs,;'shni“ ‘
PT;Poéchl—-Teng Lo E Lipp-—'L/iyppiﬁeott

R—Rydberg = B ) - . T—Tietz
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. Exie?

G (V).

Fig. 2—Flot of § = [ (r, +7,) [ 27 |2 — [ (ry \+L"2) | 2re ]éRKR vs G (V)

for the various potential functions

_ (for symbols M, FM etc. see fig. 1)

" The umform efficacy of Tietz’s expression for the predlctlon of w, x, and the potential

curve shows its superiority over the best of the three parameter functions. Further its

simple and compact form 1s less cumbersome for computational purposes. It appears from

" the above results that the. performance of the potentials involving three, four and five -

molecular parameters for the prediction of the potentlal curve should show increasing
efficiency.
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