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PROGRAM SUMMARY

Titleofprogram: YDY84C Cardpunchingcode: EBCDIC

Cataloguenumber:ACET Keywords: molecular, dinuclear, potential-energyfunction,
spectroscopicenergycoefficients

Programobtainablefrom: CPCProgramLibrary, Queen’sUni-
versityof Belfast,N. Ireland(seeapplicationformin this issue) Natureofphysicalproblem

The spectroscopicenergycoefficients~k/ and their derivatives
Computerfor which theprogram is designedandotherson which with respectto theparametersarecalculatedfrom a known set
it is operable:anycomputerhaving a FORTRAN-77compiler of theparameters:coefficientsc~(1 ~ j ~ 10) in thepotential-
and sufficient core(overlayingmaybe necessarybut is easily energy function [1], and harmonic vibrational, tar, and rota-
effected) tional, B~,quantities.

Computer: Univac 1100/82; Installation: Computer Services Methodof solution
Centre,AustralianNationalUniversity,Canberra,A.C.T. 2601, Explicit expressionsfor the contributions to 1’,,~and their
Australia derivativesare usedin a list scannedoncein orderto generate

thespecifiedquantities.
Operatingsystem:EXEC-8 orOSI 100

Restrictionson thecomplexityoftheproblem
Programminglanguageused: FORTRAN-77with doublepreci- The length of theprogramis compensatedby separationof the
siOfl intensivecalculationsinto ten subroutinesthat canbeoverlaid

or executedin segments.Dependingon the parameterssup-
High speedstoragerequired: none (16000wordswas available plied, thegeneratedvaluesmaylie within therange106_lO 8O~

on Univac 1100/82)
Typical running time

No. of bitsper word: 36 0.9 s.

Overlaystructure: optional Reference
[1] J.F.Ogilvie, Proc.Roy. Soc. (London)A378 (1981)287.

Peripheralsused: card readeror input terminal,line printer

No. of cardsin combinedprogram and testdeck: 5408

* Presentaddress:BahrainUniversityCollege,Departmentof

Chemistry,P.O. Box 1082, Manama,Bahrain.
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Traditionally the energiesof statesof neutral into the factorsof reducedmass~ i MaMb/( Ma

moleculescontaining two nuclei and associated + Mb), Ma and Mb being the massesof the sep-
electronshavebeenrepresented[1] in termsof a aratedneutralatomsa and b, but residual mass
doublesummationof powerseriesin termsof the effectsappearin the small (me= restmassof the
vibrational v and total angular momentum J electron)correctionterms involving the elemental
quantumnumbers, masscoefficientszY~(that areof orderunity). The

k / latter correction terms z~V~not only include im-
~ = ~ Y~,~1(v+ ~) [J(J + 1) — A

2] ‘ (l) plicitly the Dunham correctionsYki’ Zk,, tk/~•

k=O /0 but also takepartial accountof the failure of the

hereA is a quantumnumberfor electronicangular Born—Oppenheimerapproximationof separation
momentum that will henceforthbe omitted (as of electronic and nuclear motions. Thus, it has
appropriateto ~ electronicstates).Thisexpression provedpossibleto representthe wavenumbersand
is not useful for vibration—rotationalstatesclose frequenciesof 1200 linesof vibration—rotational
to the dissociationlimit [2], nor where perturba- transitionsof various speciesof “2~3H3537Clby
tions betweenelectronicstatescauseirregularities the combinationof only 19 Uk/ and 7 ~l~Cl (that
of energy spacing.Most use of expression(1) has havestatisticallysignificant values); the accuracy
beensimply as a fitting equationwith no particu- attainedin this reductionwas ±1 m or the
lar physical significance attributed to most the experimentalinaccuracyof the measuredvalues
coefficientsY~,[3]. It is, however,possibleto relate [7].
the ~k1 quantitiesto potential-energyparameters, To ascribea physicalmeaningto the Y~,or Uk!
first achievedby Dunham[4] for a flexible form of quantitiesis possibleif thesecan be relatedto a
function.Sandeman[5] extendedDunham’stheory function that expresseshow thepotentialenergyV
andfound furtherexpressionsfor contributionsto dependsupon internuclearseparationR. By this
the ~k/ in the series meansfor instance,the 19 Uk/ of HC1were related

[7] to Re, the equilibrium internuclearseparation
= X~+Yk! + Zk! + tkl + ..., (2), andnine coefficientsaj~0 ~j ~ 8, of the Dunham

wherethecorrectiontermsYk!’ Zk!, tkl havesucces- function for potential energy [4]. Recentlya new
sively coefficientsof ~2 that usually provide for flexible formulation [8] has been developed to
rapid convergenceof the series;the reasonis that yield in principle an accuraterepresentationof
y (= 2Be/We),effectivelythe limiting ratio of rota- potential energyover the entire rangeof separa-
tional to vibrational energy internals in the one- tionspertinentto molecularexistence.Therebythe
photonspectrum,has typically valueswithin the new function avoidsthe fundamentalinvalidity of
range3 x 102_3 x l0~. the Dunhamfunction for R > 2Re [9]. The new

Wherewavenumberor frequencydataexist for function is also of the form of a polynomial, in
isotopicallysubstitutednuclei, thena moregeneral argumentz 2(R — Re)/( R + Re), truncated as
expressionthan (1) for the energiesof each iso- requiredby a limited amount of experimental(or
topic speciesis other)data:

E~J=~~Y~,(v++)k[J(J+1)]1, (3), v(z)=c
0z2(l÷ ~ ~ (4)

in which the quantitiesY’ maybe relatedto a set By computationalmethodsdescribedelsewhere
of mass-independentquantities Uk! and ~k! [10], it hasprovedpossibleto determinesome 84
accordingto the equation[6]: . .

expressionsfor ~k1 in termsof the harmonicvibra-
y = ~-(k+2!)/2U [i + me(i~,/Ma+ I/Mb)], tional parameterWe, the rotationalparameterBe,

(4\ andthe coefficientsc~in (4), 1 ~j ~ 10, with c0 =

~ “ W~/4Be.Of these ~kl expressions,49 are the
In (4) the massdependenceis mostlyincorporated primary contributions(Xk/ of Sandeman[5]) with
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(2k + l)~ 12; 25 are the secondarycontributions (p = 1,2,3,4,respectively).A sampledriver routine

(Yk!) with (2k + 1) ~ 8; 9 are the tertiarycontribu- is supplied that within 44 linesprovides for test
tions (zk,) with (2k + 1) ~ 4, and the other is t0~. purposesvaluesof theparametersfor an exponen-
Together they comprise all the possibleexpres- tial type of potential-energyfunction [12]
sions that contain terms not beyondc~°,C10, etc.
The expressionslike Y28 contain 139 terms,such V(x) = 6.25c~(l— e_25x)

2, (5)

as I l053360440c~c
2(multiplied by 96B~

7/w~6); in which x = 2z/(2 — z). Despite the densityof
thus, more complicated expressionscontaining muchof the code,theprogramtakesless thanone
terms in c~,c

11, etc., would probably be too secondof CPU time to execute on a Univac
cumbersometo be useful.Such a collectionof ~k/ 1100/82 computer in double-precision FOR-
should suffice to describeaccurately the vibra- TRAN-77. The outputconsistssimply of a list of
tion—rotationalenergystatesthat are below about suppliedvaluesof W~,B~and c~(1 ~j ~ 10), and
0.7 of the dissociationlimit; beyond this energy then 84 pairs of lines, each pair containing the
the convergenceof the representation(1) is sus- identifying index N, YE(N) and the 12 ZE(N, I).
pect,and alternativerepresentationsare preferred If instead of We and Be thereare suppliedto the
[11]. subroutinesvalues of U10 (= We//I’~

2) and U
01

The coefficientsc1 are usually determinedby ( B~//1),thenthe quantitiesreturnedas YE and
meansof an iterativeprocedure[8] from the

11k1’ ZE will be Uk! and their derivatives; in this case
althoughthe coefficientsa

1 of the Dunhamformu- the YE(N) andZE(N, I) with N > 49 (in the latter
lation of potential energyhaveon occasionbeen five subroutines)shouldbeignored.In the follow-
determineddirectly from the line wavenumbers ing testrun output,sampleportionsof the results
[3]. In fact a proper merging procedure[7], with are shownfor demonstrationpurposes.
dueaccounttakenof the statisticalweighting fac- For this exponentialtype of potential-energy
tors andcorrelation,would be entirely equivalent function, all the contributions to Y~ shouldbe
to the direct procedure[3]. Either the iterative or identically zero (proved by analytic substitution)
the merging procedurerequires determinationof except ~J .o (x1 .0) and ~‘2 0 (x20). That the typical
the derivativesof the Y~,quantitieswith respectto valuesof the othercontributionsto Y,~0arein fact
the parametersc~,B~and We for the purposeof less than4 x 10—15 of the magnitudeof Y20(x20)
assessmentof error propagationfrom the line is anindication of thenumericalprecisionattained
wavenumbersto the ultimate potential-energy on the Univac 1100/82,but this factor may be
coefficients.Analytic expressionsfor thesederiva- expectedto be dependenton machine.
tivesof ~k1 havealso beenobtained[10]. By meansof anotherpotential-energyfunction,

Explicit expressionsfor the 84 contributionsto one can check that the expressionsfor the Y~
the ~k/ quantitiesand their non-zeroderivatives producethe correctvalues.The function
with respectto c1 (1 ~j ~ 10), BeandWe havebeen
codedin FORTRAN-77statementsthat, with re- W~ x 2

V(x)=-4-~-(~1) (6)quisitedeclarationsandidentifyingcomments,oc-
cupy 5364 lines of text separatedinto ten sub-
routines in the program YDY84C. These sub- hasthe specialset of coefficientsc~,j> 0, given[8]
routinesrequireto be passed,throughCOMMON by the relations:
storage,valuesof c1 (1 ~j ~ 10), Beand~ andin j±1

turn generatethe YE(N), I ~ N ~ 84, valuesof the ~ = (f + l)/2’ + ~ (j + l)!( — (7)
contributionsto YH, and the ZE(N, I), derivatives k= k!(j — k)!2”~
of theseYE(N) with respectto the parametersc1
(1 ~ I ~ 10), Be (I = 11) andWe (I = 12). The iden- In this casethe analytic expressionsfor the Y~,
tifying commentsindicatetherelationof theYE(N) quite simplein form, havebeengiven by Sande-
and ZE(N, I) to the Y,~,quantities,and a third man [5], and the userof YDY84C canthuseasily
index p indicatesa x~,,Yki’ Zkt or tk,~ contribution check that the numericalvaluesof the quantities
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YE(N) producedby this program correspondto ~k/ or Uk! in YDY84C. For theseor otherapplica-
those of the appropriate Yk, from Sandeman’s tions, the ten subroutinesof YDY84C can be
formulae, within the precision of the machine, simply appendedto whateverotherroutines and
Although the derivatives cannot be similarly subroutinesare requiredfor the user’spurposes.
checked,the YE(N) can be differentiatedby in-
spectionto checkthe formulaegiven in the state-
mentsfor the ZE(N, I). References

One obvious applicationof theseexpressions
for ~kj andtheir derivativesis the determinationof [I] C.J.H. Schutte, Theory of Molecular Spectroscopy

thepotential-energycoefficients in thecourseof (North-Holland,Amsterdam,1976)p. 274.

a spectroscopicanalysis,in order to beassuredof [2] R.J. Le Roy, in: SemiclassicalMethods in Molecular
Scattering and Spectroscopy, ed. M.S. Child (Reidel,

the internal consistencyand physical significance Dordrecht, 1980)p. 109.
of the energycoefficientsY,aor Uk!. Conversely,if [3] P. Niay, P. Bernage,C. Coquantand A. Fayt, Can. J.

points of E(R) are found in the clamped-nuclei Phys.55 (1977)1829.

procedureof a quantumcomputation(molecular [4] J.L. Dunham,Phys.Rev.41(1932)721.

orbital or similar method)then fitting the energy [5] I. Sandeman,Proc. Roy. Soc. (Edinburgh)60 (1940)120.[6] A.H.M. Ross,R.S. Engand H. Kildal, Opt. Commun.12
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function that can be transformedto V(z) [8] can [12] P.M. Morse,Phys.Rev. 34 (1929)57.

also lead to a spectralline predictionthroughthe
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