CHAPTER -3

EVALUATION OF SPECTROSCOPRIC CONSTANTS
OF
POLAR DIATOMIC MOLECULES ON
GEP AND GLP FUNCTIONS
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5.1 INTRODUCTION

We have described in Chapter 1 the criteria for testing the
validity of a given potential function. Its merits and demerits are

decided by testing it in two different ways:

i) By comparing its potential energy curve with the experimental
RKRV curve and

ii) By calculating the various spectroscopic constants like Qe,
WX etc and comparing their wvalues with the experimental
results. However, the evaluation of correct values for these
spectroscopic constants is only a necessary condition but not
sufficient. A function which is satisfactory in producing the
potential energy curve may not be so in evaluating o, and
“éxe .  Further a function, which may be useful for

calculating WXy May not be accurate in estimating e, values.

By employing Varshni's method1 one can obtain expressions for Gte
and WeXg after taking the derivatives of the function upto the fourth
order, while in the case of higher order constants the fifth order
derivative 1is also required. This means the results for these
spectroscopic constants are found to be very sensitive to the form
of potential function wused in the calculations. This provides a
sensitive method for checking the validity of a given potential energy
function. This fact has been well considered in our GEP and GLP
functions proposed in Section 4.3. The characteristic features cof these

functions are the parameters n and m involved in the repulsive type
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terms. By suitably changing the values of n and m one can vary the
forms of the two functions so as to get the most accurate 4, WX

and higher order spectiroscopic constants.

In this Chapter, first we have obtained the expressions for
the potential parameters relevant to thé GEPand GLP functions.Then using
these potential parameters we have derived expressions for g o and
WX The higher order spectroscopic constants are related to %

and W Xg through the known relations in the literature.
5.2 EXPRESSIONS FOR SPECTROSCOPIC CONSTANTS
5.2.1 Using GEP Function

On GEP function the expressions for potential parameters are
already derived and reported in Section 4.3.2 reqs.(4.25), (4.30)
and (4.31)] . Also the derivatives of first and second order are given

by the eqgs. (4.22) and (4.23}). At r:r'B the eq.(4.23) takes the form

(-ez/ri) [ 1) + (mmeznet)z™ Q)4m £ 0% ]

U (re) =
(n+ m r“;/ Q,) ceen (5.1)

Differentiating eq.(4.23) we can obtain the third and fourth order

derivatives whose values at r=re are found to be
111 2,4 (: m are pmald o em, 2
UTry) =(e®/r) [6(nem £l/Q ) -[AN (B'r)/QpCt (r /)

D'(r’g/Ql)3J]/(n+ m r/Q) ... (5.2)
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and

U ' (r) = (-ez/rg) [24n+A' (n-3) +(ar‘;‘/ol)+ b(r‘g/o1

v /0| eme™/0))

+d (rZ/Ql
ceran(5.3)

where a = m(A'+24)+ B'(m+n-3)

b= mB' +(2 m +n ~3)C'
d=mC'"+ (3 m=+ n- 3D
A' =n(n-1) (n - 2)

B'=m[n(n—1)+(m+2n-—1)(m+n~2)]

3m2(m+n-1)

@]
[

D':m3

and 01 is given by eq. (4.30)and by eq.(4.32) for n=0
Employing eqgs.{5.1)-(5.2) the expressions for ¥y and

derived with the help of equations given by Var‘shni1

C‘{e =( BBe/we)[(UIII(re)/UII(re)) : ( I‘e/3)+1] veess(5.4)

III 2

o xs  (2.1078 x 107%/3) | (5/3) (t™r /v i) )

v o I1
- U(r)/U (r‘e)] ..... (5.5)

Using the eqgs.(5.4)-(5.5), the expressions for higher

. 13 .
spectroscopic constants™" are written as,

3
Be=De [(8 wexe/ we) -(5 Ole’/ Bé—(aég e/ 24Be)]

«ve.(5.6)

order
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and

2

1z Bew) Ll (5.7)

HV=(2 De/ 3w
5.2.2 Using GLP Function

The expressions for potential parameters on GLP function are
already derived in Section 4.3.1 and are given by eqs.(4.17), (4.18).

The first order derivative 1is given by eq.(4.14).Differentiating
eq.(4.14)further with respect to internuclear distance r , derivatives

up to fourth order are obtained.Their valuesat r‘:reare expressed as

v, = ISEZAY: q/sz] 2 e%/r2 cere.(5.8)

utrg)=(2 e%/r%) [ts/re}-(z.p a%/s%)+ 4p(q - Hy/n ]

vesee{5.9)
UN(re) =(4 ez/r4)[(—6/re)+(3 p q3/s4)-(12 p q(q-—H)/nsa)

+2p( q=-H)(4 - n)/ n’ sz]
cese.{5.10)

where p = (2 G H)/n ez

rAL/n

n-1
= (27 7((4/n)4Y) o

)+ H

o]
1

R T

with the help of eqgs(5.8)-(5.10), the expressions for ae. wexe and

*

higher order spectroscopic constants can be obtained as in the case

of GEP function.
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5.3 RESULTS AND DISCUSSION

In this section we present the calculated values of wvarious
spectroscopic constants using the eqgs.(5.4)-(5.7) derived on GEP
and GLP potentials as explained in Section 5.2, The necessary
molecular data required in this connection have been taken from
Refs.(2) and (3) and the same have been listed in Tables 5.1 for
alkali halides and hydrides and heavy metal halide molecules.
Appropriate computer programs have been written in BASIC so as to
carry out fast and accurate e\}aluation of spectroscopic constants.
These programs have peen given in Tables 5.2 § 5.4. A WIPRO PC was
employed to obtain the print outs of the calculated results.

5.3.1 Calculations of a, Constants

a) ALKALI HALIDE MOLECULES

The estimated 'R values on different ionic potential functions
for a number of alkali halide molecules are given in Table 5.6. A
comparative study of the results shows that our GEP function with
n=0 and m=1 yields an average error of + 16.65 % which Iis
comparable to the errors evaluated on potentials due to Gupta et al4
and Hasan et a15. However, this error is found to be considerably
large in comparison with those calculated on the potentials due to
Sangachin and Bakshis, Harrison7, Chaturvedi et al8 and Shankar and
Kumarg.Our GLP function with n = 1 fails to evaluate accurate d

values for alkali halides because the average % error comes out to

be abnormally large.
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b) ALKALI HYDRIDES

The calculated g valugs are listed in Table 5.7. The results
show that the performance of our GEP function with n=0 and m=1 is
found to be in agreement with that of the potential due to Varshni

10

and Shukla. In each case the average error comes out to be above

+ 17 %, while GLP function with n =1 evaluates a larger % error.

However, the potential functions due to Sangachin and BakshiB, Ali
et al11 and Hellmann12 are found to yield more satisfactory results
comparatively.

c) HEAVY METAL HALIDES

The calculated results for this group of molecules are
tabulated in Table 5.7. We have reported only the results on GEP
function for wvarious combinations of n and m. The R values on GLP
functions are found to be abnormally high leading to errors of the
order of few hundred %. Hence these are not reported here. Further
to our knowledge spectroscopic constants for heavy metal halide
molecules have not been reported in the literature so far. Therefore
a comparative study with our results has become difficult in this
work, The reported values in Table 5.7 show that the GEP Iunction
with n=2 and m=2 proves to be a satisfactory potential in evaluating

Ole values for heavy metal halides.

A final look at the Tables 5.6 and 5.7 shows that the GEP
function” with different n and m paired values is found to be more

successful as compared to the GLP function with n=1.
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5.3.2 Calculations of mexe Constants
a) ALKALI HALIDES

The vibration anharmonicity constants determined for  this
group of molecules are reported in Table 5.8. The performnance of
GEP function is seen to be comparatively satisfactory only for the
combination n=0 and m=1. This GEP function estimates an average error
of + 19.87% which is better than that given by the potential due
to Hasan et als. However, compared to other potential functions listed
in Table 5.8, the performance c¢f the said GEP function is not an
encouraging one. Similarly GEP function with n=1 evaluates

considerably larger average error of about 68%.
b) ALKALI HYDRIDES

The relevarit @ results are given in Table 5.9. In this case
GLP function with n=1 and GEP with n=0 and m=1 determine average
errors of the order of 12 to 15%. However, this accuracy is not
satisfactory in comparison with the errors presented by other

potential functions.
c) HEAVY METAL HALIDES

In Table 5.9 are given the wexe values calculated on GEP
potential with two different combinations of n and m wvalues. It is
seen that with m=0.5 and n= -1 and -2 the GEP function evaluates
errors of + 35.63 and + 9.93% respectively. To the best of our

knowledge mexe constants for heavy metal halides are not reported
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in the literature to this date. Therefore our calculations may perhaps
be first of their kind. Our GLP function gives large % error values

and hence the results are not reported in Table 5.9.
5.3.3 Calculations of Higher Order Spectroscopic Constants

The higher order spectroscopic constants have been reported
in the literature by quite a few investigators. Further only the
experimental data of rotational constants Be compiled by Brummer

and Kar‘plu%4 is available in the literature.

a) ALKALI HALIDES

The calculated values of constants Be and HV are presented
in Table 5.10. The GEP function with n=0 and m=1 is found to
estimate reasonably accurate Se values only for fluorides and
chlorides of various alkali atoms. In certain cases the wvalues come
out to be positive as against negative experimental values. This is
in contradiction with the results obtained by Hasan et al.5 On the
other hand the GLP function evaluates negative and high Be values
for all the alkali halides. Therefore this function is not suitable

for calculations of Be constants of alkali halides.

Regarding the estimation of HV values it is seen that GEP
and GLP functions evaluate negative values in most of the cases as

against those given by Hasan et al.5

When we compare the HV values calculated on GEP function

5
with those reported by Hasan et al it is found that there is a
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satisfactory agreement between individual HV values for the halides
of Na, K, Rb and Cs. In case of Li halides GEP function estimates
considerably lower values than those calculated by Hasan . et ‘al.SOn the
GLP function, in general the Hv results are found to be considerably
large when. compared with other two potentials in the Table 5.10.
since experimentally HV data is not available it is difficult to test

the accuracy of evaluation by the individual functions.
b) AKLALI HYDRIDES

The higher spectroscopic constants for alkali hydrides are
reported in Table 5.11. Since the experimental data on Be and HV
is not available to our knowledge, it is difficult to compare the
calculated values with some standards and to draw any conclusion
regarding the merits and demerits .of individual functions in the
evaluation of higher order spectroscopic constants for alkali hydride

molecules.
c) HEAVY METAL HALIDES

The Be and HV values calculated for this set of molecules
on GEP function with n=-2 and m=0.5 are also listed in Table 5.11.
These reported values would be first of their kind as

experimental/theoretical data is not found in the literature.

5.4 SUMMARY
In the beginning we have obtained the expressions for the

relevant potential parameters involved in the GEP and GLP functions.
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Expressions for Ole, wexe' Be and HV are reported for each type of
functions. For the evaluation purpose computer programs have been

developed and presented in separate Tables 5.2-5.4.

In the case of Ole values for alkali halides, the GEP function
with n=0 and m=1 calculates satisfactory results, while GLP function
with n=1 totally {fails. This is more or less true in the case of
alkali hydrides also. For heavy metal halides the GEP function with
n=2 and m=2 once again proves to be successful whereas the GLP
function leads to abnormally high % errors. The GLP function with
n=1 vyields considerably large % errors in wexe values for alkali
halides and heavy metal halides. But in the case of alkali hydrides
the performance of this function is found to be comparatively
satisfactory. On the other hand GEP function is found to evaluate
consistent satisfactory (Dexe values for all the threz types of ionic

moleculésconsidéred in the present work.

Regarding the calculations of higher order spectroscopic
constants it is. seen that, in the case of alkali halides, the GEP
function with n=0 and m=1, estimates reasonably accurate Be values
only for fluorides and chlorides. Also the HV values on this function
satisfactorily agree with those reported by Hasan et al‘? However,
GLP function with n=1 fails tc give accurate results. In the case of
alkali hydrides and heavy metal halides our reported values for
Be and HV may bhe first of their kind in the absence of any reliable

exprimental data.
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R PROGRAM TO CAL

L1=+B/(2%A)

COMPUTE CULATE e ,wexe AND
HIGHER ORDER COMNSTANTE USING GEP FUNCTION
I "Gen.Exp Potential I propesed by Shri V.M [ Patil
2 "file Erot-vib
3% "Robatbtion vib. coupling const. & vik anharmonic const.
4@ *Mil=Mass, W=We, WX "WeXe,BE:Be,Rczﬂb RE=re, DE=De, RCl=cal o
WXl=cal.wexe,ERC1=% in ¢ ,EWX1=% *n wexe, BE1= ﬁ HY=Hv
5@ "ERC1=% in ol ,EWX1=% in wexe,BEl= /3, HV=Hv
@ INPUT M1,W,WX,BE,RC,RE, DE
PRINT “N”,”m
PRINT "rel”, "ercl”, "wxl", "swxl”, "hel"”, "hv
FOR N = -3 TO -1 STEP -1
@ FOR M =.5 TO 2 STEF .5
g E1 =4 .8E-19
g KE=.@5888+%M1%(W) "2
g A=NH{KEX(RE) ™3 + {(M+1%{E1)"2:}/(El1} 2
§ BxM ®%(KEA(EE) "3+ (Z2%N4M+ 1 (E1 2 3% {({(REY "M/(E1})"2)

L2 ==B/(2%A)

C= (M) 2% (REY " (2%M)

Q={{{B) 2-4%AXC) . 5/{2%A) }

gl =-L1 +@

AlzNX(M-1 1% {N-2}
BI=MA(NA(N-1}+{M+Z2RN-T R (M+N-Z )}
C1=3% (M 23k M4-13

Dil=M"3

'-—{vﬂc(él-#ﬁélx-i- T MEN~-

U=MAB1+C1*{ Z2H4M+N-3)
S=CIXMADIH(3*M+N-3
TI=N¥(N+1)+MX(M+2%N+1 % {RE"M/Q1

)+(N"a}*<RE M/sql

Klz—(6*N+{8*xM-BI1}¥((RE"M} /@1 }~-A1-CIx((RE" M"Ql}“i*ﬁi»
((RE"M}/Ql}73/(RExT1}

Yi=(Z24¥N+Px(RE"M/Q1) +AL¥(N-3}+UX(RE"M/Q1 )} "2+5%*
{RE"M/Q1) "3+D1I*{RE"M/Q1})74)/(RE"2¥T1}

RCl1=-(6X¥BE"Z)*{ (X1¥RE/3:+1)/W

WX1=(2. 1978E~16)%( (5%X1°2/3)-Y1)

BE1=DE*( (8¥WX1
HV=

ERC1=({(RC1-RC
EWX1=((WX1-WX

Y/RC Yy 1639

VWX Y R1G0

PRINT N, M

PREINT RCI1,ERCI,WX1,EWX1,BE1,HY
NEXT M

NEum wj

J\'\;TU 8';;;

END

M1

SWY-(5*¥RC1/BE)-((RC1)"2¥W/{24%BE"3)}}
((Z2HDE} /(3¥W"Z2) »¥(12¥BE"2~-REC1%W)
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TABLE 5.3
MPUTER PROGRAM TC CALCULATE ’(e , wexe AND

)

C

o

p

IGHER ORDER CONBSTANTS I5ING GEFP FUNCTION

IN THE CABE OF n=@

-

"Gen. Exp Potential I proposed by Shri. V.M . Patil

B o bl

fiie Erot-vib

‘Eotation vib. coupling const. & vib anharmonic cons
M%—Mabo,W“We Wi=WeXe, BE=Be, RC=%, RE=re, DE=De, RF1~ca1°<
Wilzcal.wexe, ERC1=% in of EWXI:% in wexe,BEl= B, HV= Hv
ERCIS% in o ,EWX1=¥% in wexe,mewli,HV~Hv

INPOYT Ml,W,VK,BE RC,EE,DE

PREINT "H".,'m

PRINT "rel’, "ercl”, "wxl", "ewxl”, "bel”, "hv
M=

FOR M =.!
El =4.8E-

1
Kﬁ: GEBBBAMLK (W) "2
N#(KE%(RE) "3 + (N+11k(E1)"2)/(E1)"2
B‘M A{KEHA(RE} "3+ (2 N+M+1 )% (E1} "2)*( (EE) "M/(E1: "2

Li=+B

C={M} 2% (RE) " (2*M}

Ql=-C/L1

Al =N*(N-13¥(N-2)

B -M*QN*QN"l‘+{M+2*N-1}L{M+N~2‘

Cl=3% (M2 R (M+N-1

Di=M"3

PeMA(AL+24 Y +B1I*{ M+N-3)

U=MkB1+C1#{ 2¥MEN-3)

S=CLAM+DIA{ 3*M+N-3 )

m*"N*(N+1@+M*{N+9*N+1W*{RE“M/H1}+(M 2y {RE"M

:—(R*N+x8*M 13¥x{“ﬁ“ 1/l -A1-CIx{(RE"M)/Q1
E "M} /Q1)"3)/{REXT1

gu%*h+p*5RE "Mool +A {M-31+U(RE"M/Q1 ) "24+8%

ANf%i\A3+D K{RE"M/QL) 4y TEE"2%T1}

SFBE" i*f(ul*RE;3}+i*fh

%

et
Nt

31}72
A
B

2-D1%

) B e t-J
*HWﬂ|!m

+ et &w
jcw IPau R AN

2 {2 1G78E-163 % (5xX172/3)-Y1) /M1

BE1=DEX{( {8*WX1/W)~(0*RC1/BE}-({RC1} "2*W/(24%¥BE"3}}}
HY=( (ZADE} /{3¥W 2} j*(12X¥BE"Z2-RCI*W}

ERCW»({KC1MRC} RCYX1GE

EWX1=( (WX1-WX) /WX x100

PEINT M, M

REINT RC1,ERCL, WX1, EWX1, BE1,HY

NEXT M

GOTO 6@
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TABLE 5.5

CALCULATED VALUES OF POTENTIAL PARAMETERS IN THE PRESENT
WORK FOR ALKALI HALIDE,HYDRIDE AND HEAVY METAL HALIDE

MOLECULES

Molecule GEP (n=0, m=1) GLP (n=1)
Pl(lO_g) Ql(io‘g) G(107 12 H(1073%)

ALKALI HALIDE MOLECULES

LiF 1.12 - 2.54 - 12.81 - 1.34
LiCl 1.94 - 2.85 - 5.43 - 5.74
LiBr 2.22 - 2.95 - 4.54 - 8.19
LiI 2.93 - 3.08 - 3.47 -13.39
NaF 2.77 - 2.58 - 4.87 - 5.23
NaCl 4.51 - 2.86 - 3.01 -13.91
NaBr 5.32 - 2.94 - 2.63 -18.28
Nal 5.37 - 3.15 - 2.36 -25.60
KF 4.40 - 2.67 - 3.40 - 9.75
KCl1 8.15 - 2.95 - 2.13 -25.44
KBr 6.09 -3.21 - 2.15 -30.79
KI 10.67 - 3.21 - 1.68 -45.71
RbF 6.21 - 2 .65 - 2.84 -12.51
RbC1 8.29 - 3.06 - 2.01 -30.60
RbBr 11.90 - 3.07 - 1.70 -40.18
Rbl 15.93 - 3.18 - 1.45 -56.57
CsF 7.48 - 2.66 - 2.58 -14.76
CsCl 16.94 - 2.92 - 1.60 -39.51
CsBr 20.12 - 3.01 - 1.44 -50.43
Csl 25.97 - 3.13 - 1.24 -70.38
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(Contd....Table 5.5)
Molecule GEP (n=0, m=1) GLP (n=1)
91(10'9) Ql(m"g) 610712y H(10732)
ALKALI HYDRIDE MOLECULES

LiH 0.17 - 4.19 12.11 2.75
NaH 0.21 - 4.41 16.94 2.79

KH 0.25 - 4.7 39.12 1.78
RbH 0.28 - 4.76 262.87 0.29
CsH 0.31 - 4.85 - 62.75 ~1.37

Contd....125
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{Contd..... Table 5.5)

Molecule GEP(n=-2, m=0.5) GEP(n=-2, m=2) GEP(n=2, m=2)

-20 -6 ~26 ~17 +5 ~17
p,(10 7)) Q07 P, (21077 Q10 ) P, (10 7)Q (10 77)

HEAVY METAL HALIDE MOLECULES

T1F . 1.269 -8.420 5.533 - 8.841 28.513 - 5.997
T1C1 2.492 -8.921 7.370 -12.231 18.721 - 8.377
T1Br 0.414 -10.288 5.153 -15.057 10.813 - 9.932
T1I 9.113 -8.876 10.845 -14.765 16.590 -10.322
InF 1.694 -8.051 5.681 - 7.876 35.457 - 5.377
InC1 3.086 -8.643 7.527 -11.274 21.877 - 7.756
InBr 4.733 -8.706 8.659 -12.406 19.935 -~ 8.593
In 9.940 -8.728 10.079 -14.068 18.116 - 9.853
GaF 0.179 -8.732 3.163 - 7.105 31.616 - 4.637
GaCl 0.333 -9.461 4.294 -10.674 18.026 - 7.034
GaBr 0.451 -9.628 4.832 -12.019 15.524 - 7.962

Gal 1.487 -9.388 6.754 -13.527 14.959 - 9.168
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TABLE 5.7

CALCULATED ae(cm—l) VALUES ON DIFFERENT POTENTIALS FOR

A) ALKALI HYDRIDE MOLECULES

Molecule Exptl * GEP GLP Sangachin Ali Hellmann

n=0,m=1 n=1 et al et al et al
LiH 0.2132 0.1367 0.157 0.24 0.2333 0.2023
NaH 0.1353 0.0984 0.133 0.14 0.1297 0.1237
KH 0.081 0.0712 0.104 0.07 0.0826 0.00826
RbH 0.072 0.0640 0.0566 0.08 0.0715 0.0726
CsH 0.0579 0.0578 0.0830 0.06 0.0630 0.0646
Average % errors +17.27 +28.41 +8.87 +4.99 +5.61

B) HEAVY METAL HALIDE MOLECULES
Molecule Exptl * GEP
n= -2, m=0.5 n=-2,m=2 n=2, m=2
TIF 15.0385 22.34 18.96 16.53
TIiC1 3.979 6.455 5.50 4.84
TIBr 1.275 2.123 1.82 1.62
T1I 0.663 1.138 0.979 0.877
InF 18.797 57.969 23.81 20.89
InCl 5.178 8.312 7.10 6.27
InBr 1.862 3.077 2.64 2.32
Contd...129
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(Contd....Table 5.7)

'
Molecule Exptl GEP
n=-2,m=0.5 n=-2,m=2 n=2, m=2

InI 1.040 1.784 1.53 1.37
GaF 28.642 40.603 33.86 28.39
GaCl 7.936 12.28 10.28 8.72
GaBr 3.207 4,564 4.32 3.68
Gal 1.390 3.195 2.71 2.36
Averge % errors +653.65 +41.0 +27.5

* Ref.{2)
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