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The algebraic energy method (AEM) is applied to the study of molecular dissociation energy D, for 11 heteronu-
clear diatomic electronic states: a3XT state of NaK, X2XT state of XeBr, X2XT state of Hgl, X!'2% state of LiH,
AB3TI(1) state of IC1, X'+ state of CsH, A(3I;) and B0+ (3II) states of CIF, 2'1I state of KRb, X'Z7 state of CO,
and ¢33t state of NaK molecule. The results show that the values of D, computed by using the AEM are satisfactorily

accurate compared with experimental ones. The AEM can serve as an economic and useful tool to generate a reliable

D, within an allowed experimental error for the electronic states whose molecular dissociation energies are unavailable

from the existing literature.
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1. Introduction

We have recently reported our preliminary results
on some homonuclear diatomic electronic states.[":2 In
this paper we present our analysis of the heteronuclear
diatomic molecules.

Heteronuclear diatomic molecular dissociation en-
ergy D, of a stable diatomic electronic state has be-
come an object studied extensively both in theory and
in experiment for many years. Theoretical investiga-
tions include ab initio calculations by using differ-
ent methods, such as the complete-active-space self-
consistent field (CAS SCF) approachl®l and multiref-
erence singles and doubles configuration—-interaction
approach (MRD CI).¥ Generally, these theoretical
methods require quite a number of experiential param-
eters of basis functions, therefore if the heteronuclear
diatomic molecular dissociation energy D. wants to
be accurately determined, then the diverse and com-
plicated calculations have to the carried out. Besides
the calculation, the experimental study of the D, has
also become an important topic in last two decades
because of the fast development of laser spectroscopic
technique.l” =8l In addition, the reliable results about
heteronuclear diatomic molecular dissociation energy

can also be derived by combining the thermochemi-
cal equilibrium measurement method with the spec-
troscopic technique.®19 However, in most cases, the
results are influenced due to the lack of reliable theo-
retical spectroscopic data and the difficulty in exper-
imentally measuring the high-lying vibrational levels
in a highly excited state, particularly, close to the dis-
sociation limit for most molecular states. Therefore,
we have to seek for a new research method to acquire
more accurate results of diatomic molecular dissocia-
tion energy,'!) which is our purpose here in this paper.

The present study is carried out based on a
limited experimental energy difference by using the
AEM to easily determine the reliable value of the
heteronuclear diatomic molecular dissociation energy
without theoretically performing the diverse and com-
plicated calculations and/or experimentally making

costly measurements.

2. Method

When neglecting the nuclear rotation, the vibra-
tional energy of a diatomic molecular system can be

expressed using the second-order perturbation theory
[12]
as
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1 1\? 1\* 1\*
wo + (we + weo) v—|—§ — Wele U—‘r§ + WeYe ’U—|—§ + weze U+§

1\° 1\° 1\’
+wete (v+2> + weSe (v+2) + WeTe (v+2) +--, (1)

which is similar to Herzberg’s expression.!'3] In Eq.(1), wp is the vibrational constant with the zeroth-order

Vol. 16

E, =

(14]

1
(’U + 2) and corresponds to the Ypo term of Dunham’s energy expression.!"* w.q is the correction term to the

1
harmonic vibrational constant w, with the first-order (U + 2). The analytical expressions of both wy and weq

are given as!!?l
7 1107
Wo = —{g- b3f3 + b4f4 2560, d 52— 128 54 be fafe — 128 b3b7f3f7
180675 , ,, 89775
_ — ) b 2
2048w, 7T 512w, ° 8f6f8+ 28 sfs; )
25 19277 22029
0= — 3bs f- ——bQ—b — bR — s
Weo S, 5.f3f5 160, afi+ 3 6f6 256w, 076 T 128w, ® 7f5f7
10521 5450499
bab CEIVEIV 32 22
G4, sfafs — 2048w, 3% (3)

where constants b,, and vibrational force constants f,
can be obtained in the way given in Ref.[12].

An algebraic method (AM)[*?! has been suggested
to generate accurate vibrational spectrum constants
and vibrational energies by using limited experimen-
tal vibrational energies. In the AM Eq.(1) is rewritten

in an matrix form as
AX =EFE, (4)

where the solution matrix X and the energy matrix F

are
wo
’ Ly,
we
Eeri
—We e
X = , B= EUJFj )
weye
Eu—i—s
WeTe
U:O7172a"'7 (5)
respectively, and the matrix elements of the n x 8
k
1
coefficient matrix A are A,x(v) = (U+ 3 with

k=0,1,2,3,---,7. In Eq.(5) w., = we + wep. There
are only 8 terms in Eq.(5) because Eq.(1) for the
nuclear vibrational potential of a diatomic molecular
electronic state can be derived using Taylor series ex-
pansion only to the eighth order nearby an equilibrium
internuclear distance. Our computational results show

that the spectrum constants above the eighth order
can make too a small contribution to the vibrational
energy. However, if only four terms in Eq.(5) are used
then the computational results have a greater error,
which may be seen from Table 1.

Equation (4) can be solved using a standard alge-
braic method for m limited known experimental ener-
gies in a subset [E,] of a full energy spectrum {E,}
to obtain the vibrational constants in X, without any
mathematical and/or physical approximations made.
The solution vector X should satisfy the following re-

quirements:
— 1/2
_ 1
AE - ’U ex ’L) ca 2
— 0, (6)
AE(Umaxa Umax — 1) = Evmax - Evmax—l

— small enough, (7)

where {E, ca = E,} are generated by using vibra-
tional constants in the solution vector X obtained by
solving Eq.(4). Here ‘small enough’ means that the
high-lying vibrational energy difference must be small-
est and close to the dissociation limit for a molec-
ular state of excellent physical convergence. Since
most important physical and vibrational information
about a diatomic system is included in the accu-

rate experimental energies and there are not any ap-
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proximations and numerical fittings in the AM pro-
cess, the AM vibrational constants X = {wo,w. +
We0, —WeTey Wele, WeZey Wele, WeSe, weTe b should repro-
duce the energy subset [E, ], and correctly generate all
other high-lying vibrational energies of the full spec-
trum {F,} which are unavailable for many diatomic

electronic states. The vibrational constant in X is

or

Eypor < De < Ey

VUmax — max

For many diatomic molecular electronic states, the
sum of the rotational energy differences of the last
vibrational state vax in Eq.(8) is zero, therefore

D, =FE, (10)

Umax

or the sum is very small, and the theoretical D, should

be very close to the lower bound E,,___ . In this study

DAEM —
e

we use Eﬁj}fx to denote the dissociation en-

ergy which exactly or approximately satisfies Eq.(10).

3. Results and discussion

The molecular dissociation energy D. has been
studied using the AEM for 11 heteronuclear diatomic
molecular electronic states: a3LT of NaK, XX of
XeBr, X2%+ of Hgl, X'+ of LiH, AII(1) of ICI,
X1¥* of CsH, A(*I;) and BOT(3II) of CIF, 211
of KRb, XXt of CO, and C*%+ of NaK molecule.
In Table 1 are listed the vibrational spectrum con-
stants  (wWo, Weo, We, WeTe, Wele, WeZe, Wele, WeSe, WeT'e )
the maximum vibrational quantum numbers vy, gen-
erated by the AM, and the dissociation energies DAFM
produced by the AEM for these states. The data
for these states cited from the relevant references are
also given in Table 1. The reliable vibrational force
constants (fs, f4, f5, f6, f7, fs) used to generate con-
stant weo by using Eq.(3) are calculated as described
in Ref.[12].

Table 1 shows that the agreement between the
harmonic vibrational constant w. obtained by using
the AM and the w, cited from the reference is excellent

directly related to the accuracy of the known experi-
mental data [E,].

The algebraic energy method (AEM) is based on
the vibrational energies obtained by using the AM and
the following theoretical bound for molecular disso-
ciation energy,

Evmax 2J ) (8)

(Evmax J+1

+ A-E('Umaxa Umax — 1) (9)

and their difference appears in the lower-order anhar-
monic constants weTe, WelYe, wWeZe. 1t can be seen that
higher anharmonic vibrational constants wete,wese
and w.re are unavailable from the existing literature
for most electronic states studied here. When the val-
ues of vibrational energy FE, are calculated using the
lower-order constants that are available from the exist-
ing literature for a diatomic state, a vibrational spec-
trum {E,} with wrong high-lying energies and E,,___

are usually obtained. Such a F is less accurate

than the F (AM) or violates

Umax

Umax

E,.. <D.. (11)

Umax —

It should be noted from Table 1 that each DAEM excel-
lently agrees with the experimental D, within errors
less than 1.0%. Each AM FE satisfies Eq.(11).

In Fig.1 plotted are the percent errors of energy
differences AD%, AE“®% and AE™%. AD% is the
percentage error of energy difference between the ex-

Umax

perimental molecular dissociation energy D, and the
AEM dissociation energy D2FM ( marked with sym-
bol ‘O’ sign), the AE®% is that between the ex-
perimental D, and the calculated Egaldx in the lit-
erature for vibrational spectrum constants (denoted
with symbol ‘W), and the AE™PY% is that between
the experimental D, and the input literature Eqij;f’ax
(represented with symbol ‘A’). It is shown that for
most cases the AD% obtained from D2EM is smaller
or much smaller than the AE°®% and the AE™P%.
All vibrational energies and the corresponding date
available form the literature for each electronic state

studied here are listed in Table 2.



Vol. 16

Fan Kai-Min et al

1644

‘S90USISJOI UL SOIPN)S [BO139100Y} 1030 WoL]  *[0g]Joy woy
egep o1dossoryoads o} Sulsn poje[nores ore ;WO gI'g69 = 0y ABI1ous jutod o1z pue |_wo ¢ () F L'88G6T = 0 onfea [eyuswiizedxe yjog 04 + 07 = °(J (o "O[qe[IeA® 9je)s pue ASI1oud
[eIUPWILIOdXD JUSDOY y ON[EA [BIUSWILIDAX], ‘SOOULISJel WOL sjue)suod d1doosorjoeds [euoryelqa Suisn pejenore) (T — XBWa ‘XeWa)yy + Mg = 27 st 27 103 punoq toddn oy,

+804¢ V3O T66T  OF [L]3o4
1C6ST'ELVE €9 G8¥C860°0— E£LT0ST0 Vel [L]'0u

( NAV)EL6'G0ST €16'G0SC 69  90SGSGST'0 LSY000'0—  GOZITO0'0 ST6TT000— TLGITOT'0— GST6LY O OF'€L 99800°0—  €8110°0 NV 1X—MeN
+¥2906 +0668%'c7089  +1¥ (9] 301
1GLL'O6788 118 ger 8°691¢ [ee] Jou

( NAV)0£ES8'CLI06  0£TSS'TLIO6  LL £68e°c— F¥9T000°0— £3S500°0— 79L60°0 TS66'0  CSF8T'ET  08°69TC  T89£00°0 0681°0 NV  +X(X—00
+1°820€ v8TTIST  +6 [velou
16V9ETT0E V1T L'9— a0 qVe— L3T'8  8.8T98 [ve] sou

( NAV)ES9°990€ £59°990¢ 9T 963969  TOTT FI— LTLS'6 8289'S  0S08'Tg—  8¥9T'S  08LG'T9E  SF9%0'0 ¥T600°0— NV +X40g—d1D
+7°886% v6°LGLE 1T igdREH
19GT6°L6LT 41T 01 9g— VL £2'19¢ [ve]Jou

( INEV)90°626T 90'6.6¢ 9T 82'9981¢  TL0S'ST— €90€°6C  SSVFLT—  OF9F'Gc— L0608 0E€TT9E V8VF'0  FLST'0— NV (Tg)V —d1D
+8'0F0°050T v296'TT9  yET (RS
1€0€9°CSTT  16€ 968L£°0— SOV0ZF'0  F00LTS 9700~  [¢]'y

( NAV)PSTIT €701 YSIT'EP0T I€  0869°9L— £6670°0  L18E0°0— GG6T0°0  GFGLE'0— €0L0ZF0  OF00LIS 910000  9570°0— NV JARTARRED
+08FC08VT vWTGE0T 4T [eT] 3oy
10226'CHILT 468 z€96°0— LTLLL  ¥TE9'TT  0SELLESS [cg] sou

(INAV)66008TT 66°0087T 9z 988°L0TT— 80L6'G  LTESCI— 9%96'GT 6981°0  G90F'T TOSEL'ESS TELE'S  9V690°0 NV +XX—HSO
<9 0FL VI8¢ vE9'68LE  yGE (1] Jou
104506907 19¢ Al ve— AN 011G [12]" o1

(INAV)0EL TTI8E 0€LVTISE 6  €CE8'898— L1460 TPILE— 88ST'9 0€€5°.—  TVE6'T 011 879%°0— 66770°0— NV (DIeV =101
‘(v+8"0F8'9820C vGGTOTVT 4TI [oz] Jou
+PQTL'850TC  18C 89— VAT'VE  S0S9°€T  VE90FT [oz] Jou

(NAV)1££°€9208 T€£°€920C €T 98T 0TE6T— 6CV6'L  L698°CT— 0S29°'S €0TL'6T TLVSV'€C  OFZ'90VT  S060°0— 17880 NV  +X(X—H'T
«08F0GLE vP9'8LVC  40€ [6T]720
1€606°'909 V€ 189270 G8LGT— 6685'T  F0L'T 10921 [61]30u

(INEV)992 08¢ 992°0SLC €V  SG9T'8LI— 9L8T°0  ¢8S%0— 9269°0— 99¢8°0  T6£Z'T  0TL0°9ZT 06£S0°0—  £30Z0°0 WV +XX—18H
«GFPSe vI8TVST  v&T [81]'30Y
41T98°67C  10¢ 8T'0 60— 2T9°0 L9°SC [81]'70u

(INAV)0L8Z V5T 0L8T¥SC  €¢  SLV6'€C—  $8850°0— 1£85°0 GGLY T— GLSV'T  TOELO 0L9°ST 6661°0 STST00— NV +XgX—I1geX
+G0FT'€0gT v0L0'€0Z  y6T [L1]'704
1296°€0C L1 130°0 9Fe0— 91690 918'CZ [L1]30u

(INEV)0L0°€0g 0L0'€0z 6T  LLLY'L6L— 7€S5°0  6T0TT— 6L9T'T 6096'0—  TLLE'0 09182 8LGT0'0— 0LVS0°0— NV +XgP— MeN

°q ¥eWag  xewq, 242m 10T 252m 0T 22°2m.01 222m.01 °2fi2m 01 2X°m °m 02m om 21eg

.?IEU ur oxe Xeun

Inq sorjryuenb [[e) s9je)S OIUWOIRIP ILS[ONUOILISY SWOS 10] XTWa sIoqUINU wnjuenb [RUOIIRIGIA WNUWIXRW PUER ‘SJURISUOD WNI10ads [euorjeIqia "MQ so181ous UOIYRO0SSI(] T O[qe],



No.6 Studies on heteronuclear diatomic molecular dissociation energies using ... 1645

Table 2. The vibrational energies for some heteronuclear diatomic electronic states (energies are in cm™1!) cited from
literature and calculated by using the AM.

NaK XeBr Hgl LiH

adst X225+ X2yt Xyt
) EEXP' E{)AM ngp E{)\M ngp- E{}%M EEXD E{)&M

Ref.[7] Ref.[18] Ref.[19] Ref.[20]

0 11.20 11.200 12.754 12.7540 62.72 62.720 698.12 698.120
1 32.82 32.820 37.234 37.2340 186.29 186.282 2058.01 2058.010
2 53.22 53.225 60.347 60.3467 307.42 307.420 3372.78 3372.780
3 72.39 72.390 82.123 82.1230 426.14 426.144 4643.54 4643.540
4 90.29 90.292 102.574  102.5743 542.44 542.448 5871.27 5871.260
5 106.91 106.910 121.699  121.6985 656.30 656.300 7056.74 7056.740
6 122.22 122.218 139.485 139.4850 767.65 767.650 8200.60 8200.606
7 136.19 136.190 155.920  155.9194 876.43 876.430 9303.32 9303.320
8 148.79 148.799 170.988  170.9880 982.56 982.553 10365.19  10365.183
9 160.02 160.023 184.681 184.6812 1085.92 1085.920 11386.35  11386.350
10 169.84  169.847 196.997  196.9970 1186.42 1186.419 12366.78  12366.814
11 178.27  178.270 207.943  207.9435 1283.93 1283.931 13306.30  13306.371
12 185.33 185.309 217.541 217.5413 1378.33 1378.335 14204.55  14204.550
13 191.04  191.005 225.825  225.8250 1469.50 1469.507 15060.494
14 195.47  195.428 232.844  232.8438 1557.33 1557.330 15872.789
15 198.69 198.676 238.662  238.6630 1641.71 1641.691 16639.233
16 200.86  200.883 243.360  243.3628 1722.53 1722.494 17356.517
17 202.19  202.215 247.032  247.0383 1799.72 1799.655 18019.842
18 202.87  202.870 249.786  249.7979 1873.20 1873.112 18622.417
19 203.07  203.070 251.743  251.7615 1942.93 1942.824 19154.884
20 253.032  253.0575 2008.88  2008.775 19604.600
21 253.792  253.8203 2071.05  2070.980 19954.820
22 254.163  254.1857 2129.48  2129.480 20183.724
23 254.287  254.2870 2184.24  2184.345 20263.331
24 2235.41  2235.679
25 2283.16  2283.613
26 2327.66  2328.307
27 2369.14  2369.944
28 2407.90  2408.730
29 2444.27  2444.885
30 2478.64  2478.640
31 2510.224
32 2539.862
33 2567.755
34 2594.076
35 2618.948
36 2642.431
37 2664.506
38 2685.048
39 2703.810
40 2720.393
41 2734.225
42 2744.522
43 2750.266
Dg*P 203.140.5 25442 2750480 20286.84-0.5

Ref.[7] Ref.[1§] Ref.[19] Ref.[20]
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Table 2. continued
ICl1 CsH CIF
A3TI(1) Xzt A(3TI,) B0t (310)
v Eg® EAM Eg® EAM Eg® EAM EJ® EAM
Ref.[21] Ref.[23] Ref.[24] Ref.[24]

0 104.83 104.830 438.7 438.70 178.6 178.60 179.20 179.200
1 311.48 311.480 1297.4 1297.40 523.3 523.30 524.60 524.600
2 513.67 513.733 2131.5 2131.55 849.5 849.50 851.72 851.722
3 711.24 711.350 2941.5 2941.50 1155.6 1155.60 1159.64 1159.640
4 904.05 904.148 3727.7 3727.66 1440.1 1440.14 1447.59 1447.590
5 1091.92 1091.977 4490.4 4490.40 1701.9 1701.90 1714.90 1714.900
6 1274.70 1274.700 5230.2 5230.11 1940.0 1939.92 1960.89 1960.890
7 1452.21 1452.175 5947.2 5947.11 2153.6 2153.52 2184.77 2184.779
8 1624.30 1624.250 6641.7 6641.70 2342.4 2342.25 2385.62 2385.620
9 1790.78 1790.750 7314.2 7314.14 2505.9 2505.90 2562.28 2562.280
10 1951.48 1951.480 7964.7 7964.70 2644.4 2644.40 2713.500
11 2106.18 2106.220 8593.6 8593.60 2757.9 2757.90 2838.046
12 2254.66 2254.734 9201.1 9201.07 2846.77 2934.986
13 2396.68 2396.772 9787.3 9787.30 2911.70 3004.100
14 2532.08 2532.080 10352.4 10352.40 2953.91 3046.470
15 2660.59 2660.407 10896.33 2975.33 3065.250
16 2782.01 2781.517 11418.83 2979.06 3066.653
17 2896.12 2895.200 11919.23
18 3002.66 3001.284 12396.29
19 3101.47 3099.642 12847.99
20 3192.39 3190.208 13271.24
21 3275.32 3272.982 13661.49
22 3350.20 3348.039 14012.37
23 3417.22 3415.537 14315.17
24 3476.62 3475.716 14558.33
25 3528.90 3528.900 14726.73
26 3574.69 3575.497 14800.99
27 3614.93 3615.988
28 3649.79 3650.921
29 3680.12 3680.890
30 3706.52 3706.520
31 3729.26 3728.436
32 3748.75 3747.236
33 3765.16 3763.451
34 3778.72 3777.498
35 3789.63 3789.630
36 3799.875
37 3807.972
38 3813.286
39 3814.730
DZP: 3814.7+0.6 14805£30
Dlitx 2988.4 3078.7

Ref.[21] Ref.[23] Ref.[24] Ref.[24]

*Dlt is a fitted value cited from other theoretical studies in references.
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Table 2. continued
KRb CO NaK
211 X1zt Aot
v ESP EAM ESP EAM ESP EAM
Ref.[5] Ref.[6] Ref.[7]
0 25.699 25.6990 1081.77097 1081.77097 36.59 36.590
1 76.546 76.5460 3225.04215 3225.03853 109.02 109.024
2 126.518 126.5180 5341.83337 5341.82950 180.49 180.490
3 175.593 175.5925 7432.21043 7432.20813 250.98 250.981
4 223.747 223.7470 9496.24084 9496.24084 320.49 320.492
5 270.959 270.9585 11533.99385 11533.99610 389.02 389.017
6 317.204 317.2041 13545.54043 13545.54460 456.55 456.550
7 362.461 362.4610 15530.95326 15530.95860 523.08 523.083
8 406.706 406.7061 17490.30668 17490.31250 588.61 588.612
9 449.917 449.9170 19423.67665 19423.68240 653.13 653.131
10 492.072 492.0710 21331.14065 21331.14570 716.63 716.632
11 533.147 533.1459 23212.77766 23212.78170 779.11 779.112
12 573.119 573.1190 25068.66794 25068.67080 840.56 840.563
13 611.967 611.9670 26898.89302 26898.89480 900.98 900.980
14 649.6652 28703.53547 28703.53620 960.35 960.356
15 686.1868 30482.67875 30482.67880 1018.69 1018.687
16 721.5010 32236.40702 32236.40650 1075.97 1075.966
17 755.5721 33964.80492 33964.80430 1132.19 1132.187
18 788.3569 35667.95734 35667.95670 1187.35 1187.345
19 819.8026 37345.94912 37345.94880 1241.44 1241.434
20 849.8438 38998.86480 38998.86480 1294.45 1294.447
21 878.3992 40626.78827 40626.78860 1346.38 1346.380
22 905.3675 42229.80246 42229.80300 1397.23 1397.225
23 930.6227 43807.98895 43807.98960 1446.98 1446.978
24 954.0095 45361.42760 45361.42800 1495.63 1495.631
25 975.3371 46890.19610 46890.19610 1543.18 1543.180
26 994.3728 48394.36958 48394.36890 1589.62 1589.619
27 1010.8347 49874.02009 49874.01860 1634.94 1634.940
28 1024.3837 51329.21615 51329.21370 1679.14 1679.140
29 1034.6149 52760.02219 52760.01900 1722.21 1722.210
30 1041.0477 54166.49803 54166.49420 1764.15 1764.146
31 1043.1154 55548.69831 55548.69420 1804.95 1804.942
32 56906.67185 56906.66790 1844.60 1844.592
33 58240.46101 58240.45760 1883.09 1883.090
34 59550.10102 59550.09860 1920.44 1920.430
35 60835.61922 60835.61800 1956.61 1956.609
36 62097.03427 62097.03430 1991.62 1991.620
37 63334.35530 63334.35620 2025.458
38 64547.58089 64547.58210 2058.119
39 65736.69808 65736.69890 2089.600
40 66901.68108 66901.68110 2119.895
41 68042.48990 68042.48990 2149.003
42 69159.07200 2176.920
43 70251.35860 2203.644
68 88978.00170 2505.804
69 89329.15160 2505.973
76 90660.75150
7 90672.88230
ES*P 1050.040.8
Elit 90674 2508
Ref.[5] Ref.[6] Ref.[7]
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It shows that the AM spectrum can reproduce not
only the limited known experimental energies in [E,]
but also all missed high-lying vibrational energies of
the full spectrum {F,} for those electronic states
whose known spectra are incomplete. The correct
values of these high-lying vibrational energies are dif-
ficult to obtain experimentally or quantum mechani-
cally for many electronic systems. Figure 2 shows all
known experimental vibrational energies [ES*P'] and
the full vibrational spectrum {E4M} obtained by us-
ing the AM for the X'+ state of CO molecule. For
a further comparison, we analyse the maximum vi-
brational energies for two typical electronic states.
Coxon and Hajigeorgioul® have obtained only 42
vibrational energies experimentally with E(vmax =
41) = 68042.48990 cm~! which is far smaller than
the correct D.(= 90674) cm~! for the electronic state
X3+ of CO molecule, while our AM has 78 vibra-
tional energies of the full energy spectrum {E,} with
correct Ean (Umax = 77) = 90672.88230cm 1. As the
second example, Kasahara et all5) have obtained only
14 vibrational energies experimentally with E(vpax =
13) = 611.967 cm ™! which is far smaller than the cor-
rect D.(= 1050cm~1!) for the electronic state 2'II of
KRb molecule, while our AM has 32 vibrational en-
ergies of the full energy spectrum {E,} with correct
EaM(Umax = 31) = 1043.1154cm~1. Therefore, the
AM makes it possible for one to use correct high-lying
vibrational energies and Eﬁn{\gx when necessary, and
one may use the AEM to obtain a reliable value for
the molecular dissociation energy D, of an electronic
state.
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Fig.1. Percentage errors of energy differences AD%,
AE®% and AE™P%: AD% = 100 x |D. — DAEM|/D,,
AE®% = 100 x |D. — ES! |/D., AE™P% = 100 x
|D. — EP

vns|/De, where D, is an experimental dissoci-
— AM cal
= E ES

Umax’ max

ation energy, D?EM is calculated us-

ing the vibrational constants cited from literature, and
Einp

vmax 15 an input maximum vibrational energy available

in literature. The 11 electronic states are: NaK—a3Xt:
XeBr—X2¥t; Hgl-X2?2%+; LiH-X!St; ICI-A3TI(1);
CsH-X'S+; KRb—2'TI; CIF-A(3Il;); CIF-B0T(3I);

CO-X1xt+; NaK—-c3x2+.
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Fig.2. vibrational energies ES*P* and in the poten-

tial well of the XX state of CO molecule. The experi-
mental energies E5P" are cited from Ref.[6], and the EAM
is the full AM vibrational spectrum.
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For diatomic molecules, the intermolecular po-
tential energy can be approximated using the Morse
potential model, and the accurate potential energy
curves of the diatomic molecules are obtained from
the calculation of accurate spectroscopic constants,
vibrational energy spectrum and the molecular disso-
ciation energy D.. The so-called accurate vibrational
energy spectrum { E,, } may be the measured values, or
the ‘experimental’ energies evaluated using the well-
known expansion formula for the term values and the
vibrational constants (we, WeZe, Wele, - + *), Or the exact
theoretical energies calculated using a highly accurate
quantum mechanical method. As the vibrational spec-
trum {EAM} obtained by using the AM and the dis-
sociation energy D2FM obtained by using the AEM
can represent the correct physical appearance for di-
atomic molecules, the potential energy curves can be
obtained by using the above AM parameters, which
may be superior to the frequently used Morse poten-
tial. For discussion of this subject see Ref.[15].

4. Summary

In this study we use the AEM to generate reli-
able values of diatomic molecular dissociation energy
DAEM for 11 heteronuclear diatomic molecular elec-
tronic states based on the algebraic method (AM).[*2]
Since the accurate experimental energies in the sub-
set [E,] contain nearly all important quantum effects
and vibrational information, and the AM does not use
any mathematical approximations and physical mod-
els, the AM vibrational spectrum {E>M} reproduces
not only those known limited experimental values, but
also all high-lying vibrational energies in a dissociation
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region by using a set of known energy subsets [E,]. Of
course, it is a complicated object to study the molec-
ular high-lying vibrational energies in a dissociation
region. An example indicates that the electronic po-
tential energy cross lines maybe arise from the change
of electronic energy when molecular vibrational energy
is very high. The object appears as a special study
topic in <Principle and Study of Molecular Vibra-
tional Spectroscopy>> written by Wu.l'®! As our theo-
retical model is based on the Born-Oppenheimer ap-
proximation, the problem about the electronic poten-
tial energy lines crossing over high-lying vibrational
energy levels has not yet been solved for most di-
Therefore, in all the high
vibrational energies obtained by using the AM, the
The

atomic electronic states.

electronic potential energy lines do not occur.

AEM does not rely on a set of high vibrational en-
ergies near the molecular dissociation which are hard
to obtain experimentally. One may easily generate a
correct molecular dissociation energy, and the molec-
ular dissociation energy D2FM obtained by using the
AEM has a smaller error than E,_ _  obtained from
The AEM can be taken as a useful

alternative to the evaluation of reliable dissociation

other methods.

energies for those electronic states whose D. may be
difficult to obtain experimentally or quantum mechan-
ically. Besides, this method provides a potential and
simple way to accurately evaluate molecular dissocia-
tion energies for many diatomic molecular electronic
excited states, which is unavailable in the existing lit-
erature.
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