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3.1 THE RKRV PROCEDURE

The calculation of potential energy curves for the bound states

of diatomic molecules using analytical functions is found inadequate

when accurate potential energy curves are required. In this case the 
1

RKRV method is commonly used. In this method the experimentally

known vibrational energy levels of a molecule are employed to

calculate points on P.E. curve corresponding to the classical turning 

points of the nuclear motion. This determines very accurately pair 

of points on the P.E. curve up to the highest vibrational energy

levels known experimentally. Though RKRV is a WKB method, the

results near the minimum agree with the curve calculated by Dunham 

procedure which is known to be accurate in this region. However, 

by this method the P.E. curve can be constructed in the region for 

which sufficient spectroscopic data exist.

There are many modified versions of the method available 

as we have described in Sec. 1.2.1. Though the method is laborious 

its great advantage is that it makes use of the experimental levels 

without reference to any empirical function for representing the

potential energy curve. Further the ready availability of

microcomputers and programmable calculators enables one to carry 

out the laborious calculations rapidly and more efficiently. The

method is very useful to test validity of a given empirical function 

in evaluating the accurate dissociation energy values for maximum

number of diatomic molecules.
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The usual procedure to test a given potential function is the

curve fitting in which r . and r values obtained by RKRV data

are substituted in an expression for the potential function and the

potential energy is calculated in wavenumbers (cm ) for a given

value of dissociation energy (D ) of the molecule. The values of D
6 6

are varied untill the best fit to the true potential curve is achieved

i.e. the calculated values of potential energy should be comparable

to the experimental G(v) values in RKRV data. In order to determine

the best fit among the empirical potential curve and the true curve,

10the following criteria are usually used :

i) the near equality of U . and U with UDlrD for a largemin max kkk

number of vibrational levels.

ii) the minimum average % deviation of U values as a function

of G(v) values.

iii) the minimum average % deviation of U values as a function

of dissociation energy.

iv) the best agreement between the average deviation of U

and U to that of values,max RKR

v) the maximum value of correlation coefficient representing the

best fit.

Validity of Dg values estimated by the curve fitting

method depends upon the extent to which a given empirical 

function fits the true potential energy curve. It is well known 

that the more the number of parameters in the potential 

function, the greater is its ability to reproduce RKRV curves.
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However, usually a three parameter potential function is

preferred in view of limited number of molecular data for

diatomic molecules. The best fit should be achieved at least

for lower vibrational levels. For higher levels one needs the

knowledge of the rotational constant B . The calculated6
potential energy values are normally expressed in

-1wavenumbers ( i.e.cm ) instead of electron volts because 

even a 0.01 eV energy corresponds to about 80.6 cm .

3.2 RKRV CURVES FOR GMR FUNCTION

In the present work we have chosen the modified RKRV method
due to Reddy and Reddy*" because by this procedure one can evaluate

the true turning points directly by means of experimentally G(v)

values for various vibrational levels only. The knowledge of two

r . and two r values from RKRV method is not required. Asmin max
a consequence this method is seen to be more rapid than any other

method available at present to our knowledge. We have chosen GMR
6function0 as the empirical function to calculate potential energy curves 

for a number of diatomic molecules by varying the respective 

dissociation energies and to estimate Dg values giving the best fits. 

For a comparative study, Morse and Rydberg functions have also been 

utilised in this connection.

The nocassary molecular data is taken from Huber and
7Herzberg' and the same have been listed in '.Table 3.1. In order to 

carry out rapid and accurate computations of potential energy curves
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and the average % deviations 9 we have developed suitable computer 

programs in BASIC as given in Tables 3.2-3.4. Our calculated results 

have been presented in two ways. For the first nine molecules 

mentioned in Table 3.1, we have given the graphical illustrations of 

RKRV potential energy curves corresponding to respective De values 

giving the best fits. In the case of remaining six molecules in Table 

3.1 however, we have presented our RKRV results in Tables 3.5-3.10.

3.3 RESULTS AND DISCUSSION

a) Graphical Illustration of RKRV Curves

Figs. 3.1 and 3.2 include RKRV potential energy curves for

the AgCl and AgH molecules in their ground state (X f£+). By the

linear Birge-Sponer extrapolation method the dissociation energy for

AgCl is found to be 3.1 eV in agreement with thermochemical results.

In the present work we have varied D value in the range 3 to 3.45
6

eV in the step of 0.15 eV. We find that the best curve fitting is

observed for a Dg value of 3.15 eV. This is quite close to the 

thermochemical value. Further the coriesnonding P.E. curves with 

the GMR function closely follows the RKRV curves for Morse and

Rydberg potential.

The excited state P.E. curves for AgH molecule is reported 

to be anomalous having a hump in the right limb. For the ground

state the convergence of vibrational levels in AgH is found to be 

approximately linear at lower v" values. Its rate increases at higher 

v " values. The extrapolation has given a value of 2.3 eV to the
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dissociation energy of AgH molecule. However, in our work the GMR 

P.E. curve for state: leads to a value of 2 eV for the

dissociation energy resulting from the curve fitting. The GMR curve 

is in close agreement with Morse and Rydberg curves in the L.H.S. 

limbs, w'hile there is increasing asymptotic variation in the right 

limb.

In Fig. 3.3 we have given the RKRV P.E. curve for AlSe

molecule in the state 2 £ • The vibrational analysis of AlSe molecules

in the region 3900-4610 A° has been reported for the first time by 
3

Singh et al both in emission and absorption. The higher resolution 

studies of emission spectrum of AlSe in the region 3700-4700 A° were

carried out by Lavendy et 4 5al . Rao et al have calculated a

dissociation value 2.257 eV by the curve fitting method using

Lippincott potential function. This estimated value is lower than the

thermochemical value of 3.46 eV given by Huber and Herzberg. This
5

descrepancy has been attributed by Rao et al to the strong ionic 

binding in the ground state of AlSe molecule. The RKRV P.E. curve 

for the present work using GMR function gives a best fit for the

value of 2.25 eV which is in good agreement with the value reported
<5

by Rao et al.

The RKRV curves for Br^ molecules are illustrated in Fig. 

3.4. Employing GMR function the dissociation energy was varied from 

1.8 eV to 2.2 eV by small step. The best curve fitting is found to 

be at 2 eV which is in good agreement with the experimentally
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observed value of 1.991 eV. The GMR curve closely follows the

curves due to Morse and Rydberg in the L.H.S. and R.H.S limbs at 

low lying vibtational levels. However, towards asymptote, it lies 

somewhat below the other curves.

Diatomic chromium fluoride CrF is an example of molecules

involving transition metals in the middle of the periodic table. It

gives rise to complex spectrum due to transitions in the electronic

8state having high multiplicities. Dubov and Shenyavaskaya have

recently re-examined the CrF molecule in emission as well as in

absorption and reported the molecular constants of A Z-x°£ transition

as listed in Table 3.1 of this thesis. We have constructed the RKRV

curves of CrF molecule using this molecular data and have reported

these in Fig. 3.5. The dissociation energy values were varied from

3 to 4 eV in the expression for GMR function and the best curve

fitting was found to be at 3.7 eV. This value is in excellent
g

agreement with one obtained by Bhartiya and Behere using the

10correlation coefficient method due to Rao et al . The GMR curve 

satisfactorily follows the other two curves for r < r . It however, 

shows a little shift on higher r side in the R.H.S. limb.

The CrO molecule is astrqphysically important and its spectra
1 1have been observed in the g-pegasi Stars . Reddy and Reddy have 

constructed the RKRV curve for this molecule in the ground state 

(X 5xt). They have found that the Hulburt-Hirschfelder function fits 

the curve best when De=4.311 eV. In the present work we have 

constructed the RKRV curve by employing the GMR function (Fig. 3.6)
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and for the best fit have obtained the dissociation energy value

of 2.8 eV which is comparatively lower. The GMR function seems

to be unsuitable to give the best fit of dissociation energy of CrO

molecule. However, our value of 2.8 eV is in agreement with that
1

predicted by the Lippmcott function. The GMR curve reproduces

satisfactorily the other RKRV curves given in Fig. 3.6.

In Fig. 3.7 we have given the RKRV curves for CN molecule 

in its ground state ( X The dissociation energy value of 8.5

eV gives the best fit using the GMR function; .

The GMR curve closely follows the other RKRV curves both 

for r < r and > r when we consider low lying vibrational states.© G
The GMR curve shows a deviation in the asymptote part and it lies 

below the Morse and Rydberg asympotote. The RKRV curves for ^ 

molecule in its ground state are depicted in Fig. 3.8. The best fit 

with GMR function is obtained at value of 10.3eV for dissociation energy 

which is slightly higher than the experimental value of 9.901 eV.

The GMR curve is in satisfactorily good agreement with the Morse

and Rydberg RKRV curves.

The PN molecule being astrophysically important we

constructed its RKRV curves both for ground state ( X1 2:+) and

1 2excited states ( A TT and A TT). In Fig. 3.9 we have reported the
1curves only for A TT state. The calculations of remaining curves are 

presented in tabular form to be discussed in the next section. The 

best fit yields a value of 6.2 eV for the dissociation energy.
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b) Tabular Presentation of RKRV Curves

The calculated turning points of RKRV and different sets of 

potential energy (U) values corresponding to these points obtained 

by employing GMR, Morse and Rydberg empirical functions for the 

last six molecules in Table 3.1 have been presented in Tables 3.5- 

3.10. In determining the best fit among potential curves we have 

adopted the criterion (i) given in Sec.3.1

Comparing the potential energy values in all the Tables we

find that our GMR function evaluates U . and U in very good

agreement with the corresponding Morse energy values for almost all

the vibrational levels of a given molecule. Further these values

satisfactorily reproduce the respective experimental G(v) values for

nearly all the vibrational levels. However, in this connection the

Rydberg function is found to be more accurate than the GMR or Morse

function. The potential energy curve calculations presented in this

work are mostly for excited states of the molecules under

consideration. For each molecule the dissociation energy value has

been selected on the basis of best fit between the RKRV and

empirical curves. Therefore the reported values of dissociation

energies for excited states of different molecules may be treated as

accurate ones. Further these values are found to be less than the

corresponding experimental values for the ground states of respective
2 * 3 +

molecules. For example in the case of AlSe (A £;), N9(A z)t
1 _ +2

P„( 2. ) and PN (A it) molecules, the dissociation energy valuesz u
are reported to be 1.2 (3.4), 3.7(9.759), 3.3 (5.033) and 5.4(5.00)eV
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respectively. The bracketted values correspond to the respective
3

ground states of the molecules. Only C2(A TTyj-1 molecule is found to 

be an exception to these observations. In this case we have obtained 

D value of 6.25 eV which is slightly higher than the value of 

6.21 eV observed experimentally for ground state. In Table 3.9 we 

have presented the RKRV calculations for the ground state ( •£)

of PN molecule. By the best fit procedure we have calculated a value 

of 6.3 eV for the dissociation energy in very good agreement with 

the experimental value of 6.36 eV.

3.4 SUMMARY

In the begining of this chapter the importance of the RKRV

method has been briefly outlined by giving its features. Next the

actual RKRV procedure is described by giving the usual criteria

which are followed to determine the best fit among the empirical

and true curves. We have chosen our GMR function as an empirical

function to obtain potential energy curves for different molecules by
1

following the modified RKRV method given by Reddy and Reddy .

Suitable computer programs for rapid and accurate computations of 

the potential curves have been reported. The calculations of the RKRV 

curves using GMR, Morse and Rydberg functions have been presented

both graphically and in tabular forms. Among the different diatomic 

molecules chosen for this study, there are some molecules like AgCl, 

AgH and Br^ which are partly ionic and partly covalent in nature. 

The dissociation energy values for these molecules along with others 

have been determined by the best fit procedure. In general the D
6
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values so fixed for the ground states of the respective molecules 

are in reasonably good agreement with the corresponding experimental 

values. In particular the reproducibility of the potential energy 

curves for AgCl, AgH and Br0 molecules by using GMR function as 

an empirical potential shows that this function can be successfully 

applied to molecules with less ionicity and partial covalency. Lastly 

the potential energy curve calculations for the excited states of some 

molecules have also been worked out.
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TABLE 3.2

COMPUTER PROGRAM FOR RKRV POTENTIAL ENERG 

CURVES (REDDY & REDDY) METHOD

10 REM"File RKRVM"
20 PRINT "U" ,"RN","RM"
30 REM RKRV P.E. CURVES
40 REM'' U-Dis s ociation E
50 REM"Br2 Molecule

W= 325.32
70 WX=1.0774
80 B=.0821
90 A=.000318 7
10!i5 RE=2.281
110 U3-1118. 45
i or.5 04=1433. 1 *2

Reddy & Reddy Method 
RN = r-rflin, RM=r-rnax

140
150
160
1 7 0 
180 
190 
200 
210
2 20 
230 
2 40 
250 
2 60 
270 
2 80
2 90 
300 
310 
320 
330 
340
3 oO 
360 
370 
330 
390

INPUT u 
P=(B/W) 
iv-WX/W
ixi—1\/a

3B3 
B4=2 
Hl = l

75-12 
917-7
-3*M
-(7/3)*M

15
35*M

7 5 /HI) 
2.917/H2

Tj. 1 - ( Qi_> a. -- \ KJ .

B2 =
G1 = io'---r i/nx
G 2 -14 *P"2 + (1/H 2)

{B 3/H1~ 2 ) + 135 *p ~ 2 
- (B 4 /H 2~ 2 ) + 8 2*P 2

=P*( . 501+5*K+43. 1*K'
!

^ }
/(2tG2

4*&?X*U3 i 
4*WX*U3)

BG - { B1 / ( 2 *(
G=(G1- . 5 ) --(G2. 5)
R1=(BGtK+G+X)tRE 
R2 = (BGYK+G-X)*RE 
Ml =LOG ( (W- ( 4*WX*U4)"'. 5 ) / {W- 
M2=L0G( <W+(4*WX*U4)'. 5)/(W+
PK=P*(3.74166+10.9132*K+49.
R3=((B2*K/(2*G2~. 5) )+G2~. 5+PK)*RE 
R4=( (B2*K/<2*G2~. 5) )+G2'Y 5-PK)*RE 
Cl -LOG (W- ( 4*WX*U3 ) . 5)-Ml*R3 
C2-LOG(W+(4*WX*U 3)
RM= (LOG (W- ( 4*V?X*U)
RN ={LOG(W+(4*WX*U)
PRINT U,RM,RM 
END

■ 5})/(Rl. 
R25) )/

5) 
5 ) ■

-M2 YR4 
-Cl )/Ml
-C2)/M2
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TABLE 3.3

COMPUTER PROGRAM FOR POTENTIAL ENERGY 

CURVES ON GMR FUNCTION

10 REM"Fi1e:DIenerg'y
20 REM"Dissociation Energy of CN Molecule—GMR Funetioi 
30 REM"Programming by Shri,V,M.Pati1"
40 W“2068,59 
50 M=6.46219329#
60 RE=1.1718 
70 INPUT URN, RM 
•3 0 K =. 0 5 8 8 8 3 *M * ( (W)2 )
90 FOR D=7.6 TO 7.8 STEP .05
100 D1=((K*(RE}~2)/(2*D))*6.241307E-05 
110 B=(D1)'. 5 
120 XM=(RM-RE)/RE 
130 XN~(RN-RE)/RE
140 UM1=D*( 1-EXP(-B*XM> ) ''2*8065.47 
150 UN 1 =D*{1-EXP(-B*XN) ) ''2*8065.47 
130 UM-CJM1 + {D*( (1 +B*XM) * (XM"'3 ) *3XP{ -2*B*XM) ) 

D*(XM"3)*EXP(—B*XM))*806 5.47 
170 UN=UN1 + (D*( ( 1 + B * XN) * (XN3 ) * E XP { - 2 * B * XN) ) 

D* (XN'' 3 ) *EXP‘ ( -B*XM) >*8065.47 
180 EUM=((UM-U)/U)*100 

)/U)*100 
;D;”eV"

RN, "Un = " : UN, "EUrr "
190 EUN=((UN-U
200 PRINT "D="
210 PRINT"rn="
220 PRINT "rm=
230 PRINT "Uni
240 PRINT D1,K
250 NEXT D

; UN 1

UN,
; UM 

"Uml-" jMI



(o.6

TABLE 3.4

COMPUTER PROGRAM FOR POTENTIAL ENERGY 

CURVES ON MORSE RYDBERG FUNCTIONS

10 REM" File: ME--pot 
20 REM"Dissociation Energy 
30 REM"Programming by Shri.V.M.Patil 
40 W=2068.59 
50 M=6.46219329#
6 0 RE- ■ 1 1718 
70 INPUT U,RN,RM

of ON Molecule—Morse Rydberg Function'

.'aw 

. 10 
Ci

. 30

0 iW 
C‘->c

REM"U-exptl.Dissociation 
REM“UM1=0-max.,UNl=U_min 
K-,058883tM*((W)~2) 
PRINT "K=";K;"dyne/cm” 
FOR D=7.6 TO 7.6 STEP . 
Dl-( (K.*(EE)2 ) /

E. , RN = r-rriin . RM-r-max" 
,EUM1=% In U-max.,EUN1=% U-min.

*:D) )*6.241807E-05
140 B-(D1) V-',

1 50 B2=B*1 . 4142
160 XM=(EM -RE)/RE
170 XN = (RN-RE)/RE
180 uMl=Dt (1-EXP{-B*XM))' 2*8065.47
190 UN1-D* (1-EXP(-B*XN))' 2*8065.47
200 UM2=(-D*((1+B2*XM)*E)LP ( - B 2 *XM) ) + D) *8065
210 uN2=(-D*( {1+B2*XN)*E)LP(-B2*XN))+D)*8065
220 EUM1={ <UM1-U)/U)*100
230 EUN1=( (UN1--U) /U) *100
240 EUM2=( (UM2-U)/U)*100
*5 -5 0 EUN2=( (UN2 -U) ,/U) *100
vi 6 0 p P 1 TnT T p ~ " i. ■ " © V
270 Pp T KIT” rn=";RN,"Uni-" UNI,"EUnl-";EUN1
280 PRINT "rm=";RM,"Uml" UM1."EUml=";EUM1
290 PRINT "rn=";RN,"Un2=' ;UN2,“EUn2-";EUN2
300 PRINT " rm="; RM, " Um2' ;UM2,"EUm2=";EUM2

NEXT
END

Li
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fig. 3*1 - RKRV POTENTIAL ENERGY CURVES FOR AgCl (X k + )
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fig. 3-2 - RKRV POTENTIAL ENERGY CURVES FOR AgHCX^4").



F I 6. 3*3 — R K R V POTENTIAL ENERGY CURVES FOR A l Se ( X )





FIG. 3-5 — RKRV POTENTIAL ENERGY CURVES FOR CrF ( X6^ ).



FIG, 3-6 - RKRV POTENTIAL ENERGY CURVES FOR CrO(X5TT)



fig. 3.7 - RKRV POTENTIAL ENERGY CURVES FOR CN ( X ^ + !
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FIG. 3-8 - RKRV POTENTIAL ENERGY CURVES



FIG.3*9— RKRV POTENTIAL ENERGY CURVES FOR PN ( aV ) .


