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Abstract 

The well regions of the weakly bound ground states of 

Be 2 ~ 1 ca 2 and were analyzed terms of the parameters 

c potential functions. From this analysis, 

s shown that bonding in these molecules is qualitat ly 

from that found mo 

Bonding in is shown to 

di 

ing 

at 1.4, probably by substantial 

wi 2s2p 

similar 

abruptly 

xing 



Be2 u Mg are ly 4 to 
2 g 

ns con£ tion the ground state atoms. The t excited 

configurations, nsnp and/or ns(n-l)d, 1 considerably 

in energy than# instance, rare atoms. These 

configurations are of importance to description of 

bulk meta 6 We clusters atoms 5 and 

inquire 

Our 

·terms of the 

functions 

verted the 

Mg 2 and ca2 

ro in diatomic 

9 is to analyze the interatomic potential 

accurate, f analytic potenti 

readily interpretab parameters. We have in­

copic constants2 ' 3 of the ground s 

the potential constants of Thakkar function10 

(1} 

where A = (R /R)p and p is a positive nu~ber. We have so e 
obtained the Huffaker~Morse potential 7 ' 11 constants for these 

two molecules. These various potentials are plotted in Fig.'s 

1 and 2 for Mg 2 and ca 2 , respectively. Also shown in these 

s are the precise RKR potentials2
u

3 The parameters of 

the Thakkar potentials are given in Table I. 

The Thakkar functions overestimate the dissociation energies 

of both molecules and fail to recover the correct long range 

behavior. Huffaker~Morse functions are somewhat better 

qualitative agreement with the RKR potentials. (The artif al 

maximum7 in the analytic potentials at R ca 2 is of ss 

concern here). In contrast, we have found the Thakkar function 

to be quite accurate not near Re but also at long range 



for wi ssoc 
7 

( (NaAr, 

4 2 em 1 ) u 

,D ~4500 em e 
~1 

(Ar 2 , D ~100 em and XeF, e 
D ~"1175 cm~ 1 ) 

e of and 

We turn now to Be 2 . There are no high resol 

troscopic ta on Be
2

; , we have used 

ca 
~~-.~ 1 

of ground state by Liu and McLean • 

is good reason to lieve 

accurate. A s lar calculation i 

is 
13 

is in with the 1 

The qualitative the ab ini 
--~ 

are striking. The depth, 800± 

nearly twice Mg2 • 

2.49R, is remarkably to the nearest-neighbor 

inBe(s), 2.245(. 

We have fit. the ab ~i t.l2, points for Be 2 to Thakkar potentials 

in two ways. The first used a spline interpolation among the 

~ points from whi vibration and rotation constants 

and Bv) were obtained. Mechanical spectroscopic constants 

were derived from these values, and the usual Thakkar invers 

method was applied. This fit accurately reproduced the lower half 

of the potential well, but at: R/Re >1. 25, the Thakkar function ex­

hibited an arti al maximum and slowly declined at larger R to 

an asymptot:ic value which was about one half true well depth. 

A simpler fit was attempted in which the 'l'hakkar well depth and 

ini 

were constrained to the ab initio 

temati ly varied until a best leas 

was obtained. 

, and p 

to 

A comparison of this fit to the initio points is shown 

. 3. in, the lower portion of the well is reproduced, 

the tail at R/Re;;:; L 4 is decidedly fferent shape. As 

must be the case 5 the tio at large R re 



c 6 at. 

of this 

What s 

as small as ca 

is the persistence 

L 5. Near this 

d tance, the of the of the 

To emphasize this behavior, potential changes abruptly. 

dashed curve in Fig. 3 is a 
~1 

p=5.69u e =D 30 em , and o e 

very simple 'I'hakkar function with 

R =3.7 R which was squares e 
fit to the points beyond R/R • 4 • 

e 

Is this behavior the manifestation a 1 physical 

effect or simply an arti of the functions used to 

t potential? 

the curve is, 

We lieve 

, due to a 

the changes in shape 

change in the bonding 

of Be2 at R/R ~ .4. 
e· 

character is change can be 

brought about if, at some stance, the ground state inter~ 

action finds it energetically favorable to admix a large 2s 

character to the otherwise 2s 2 interaction. The 2s2p 

action is decidedly bonding, but only at the expense of what 

would be called promotion energy in a valence bond description. 

That such an enhanced binding could occur in alkaline earths 

h b d . d . 5,6,15,16 b 0 t as een ~scusse prev1ous ut no accurate est1ma·e 

of its magnitude had been available. 

In Fig. 4, we plot the diatomic versus the bulk 

nearest neighbor dis Be, Mg, Ca and Sr. The 

relatively short Be 2 bond is evident from this diagram. Extra­

polation from the Mg, Ca, and Sr points would indicate that 

the Be 2 bond should be ca. 3.4 to 3 5 R, a range close to 

3.7 R R of the fit to the ab ~nitio tail in Fig. 3. (The 
e ---~ 

R somewhat uncertain. Bergeman and Liao4 es 
e 

R ( )=4.50±0.2 R. The limit, 4.3 R, is the nearest e 
neighbor distance14 in Sr(s), but, as Fig. 4 indicates, 

is in accord with the trend set by Mg2 and ca2 .) 

R ""'4. 5 R e 



The D to 
~~.~~ e 

corresponding t.he 

is L 96. Be 

first excited 

D e 
is L 86. 

L46, 

states de~ 

s 

corresponding 

'rhese comparisons further of 

ly. 

stant~ 

i igurational mixing near 

return ·to Mg2 lure the We now 

Thakkar to reproduce 

The 

RKR ls Mg2 
and Ca 2 due to a tatively di type 

weak bonding that for tance, rare 

dimers. If 
----~-~~~~--~~~--~~~~----~-----~~~~~~~~~ 

to the 
. 9 expans1.on. 

near 

ading 

R, and p .in 

an 

• (1) will 

R long 

Being a property of the equilibrium position of the 

t t . 1 1 d. t . 9 Q 10 po en l.a_, one can p va ues any 1.a om1.c. 

For chemically bound diatomics, 17 p 1.92±0.46. 

The smal st are for hydrides .29 ±0.21}, the st are 

for halogens (2.52±0.22), and t of these is for 

I 2 (2.89). In contrast, p ne rare con-

taining diatomics range from 4 31 (NaAr) to 5.62 ) to 

~6.5 (XeF), values which are typical of each homologous 

From Tab 

These 

I, p=3.59 and 3.56 for Mg2 and ca2 , respective-

ate values p are measures of the diff-

erences equilibrium bonding in those 

to other molecules of similar D • We so note e 
Huf function (empirically) a 

in comparison 



at ion 1 chemically c s 

measure 

a 1 near 

As me as 

are not uenced by e to the extent 

Be 2 is, but 
18 s 

parti 

'rhis analysis so re 

u whi s 11 0 will 

length to wi low lying 6s 

igm:ations. Due to the numerous isotopes of Ba a 
-1 0 constant 0. 013 em for Ba2 with Rerv 4. 4 A 

(the Ba(s) contact distance), spe 

of prediction will be ly dif 

4 Although the spectroscopic constants are s 

than those for Mg
2 

and , these constants 

that the bonding S is not very different near 

that of Mg2 or ca2 . Bergeman and ted 

photoluminescence terms of a simple Morse function 

the state potential. One can obtain a value 

the reduced curvature at 

e 

. 9 
Their data yield K= 38±4. For a Morse function 1 

K ~ 2(p+l) 2
u in1plying p=3.35±0.23, in wi 

and ca
2

. (The reduced of Mg2 and ca2 are .65 

and 41.92, ively). 

In conclusion, we have 

fits to demonstrate the 

analytic potential 

dif s in bond 



among the alkaline earth diatomics themselves. In 

vicinity of Re, Mg2 , ca2 S to have 

simi , implying a common mechanism bonding 

which is somewhat enhanced over found in rare con~ 

taining (with the ly exception12 of XeF) . 

These molecules are to be contrasted to where, even 

at dimer level 1 a noticeab shortening and abrupt 

in shape of the function indicates te 

ly the sig:ni cant ro state 

in what is nevertheless a very weak bond. 

It is at t as difficult to apply the term "van der 

Waals bond" to a molecule as it to apply terms "ionic 

bond'', ov covalent bond 10
, or any of a host other terms. It 

clear bond energy alone is an insuffic criterion 

by which to make such classifications and even the weakest 

of interatomic bonds show considerable diversity when these 

bonding interactions are fully analyzed. 

This research was supported by the Division of Chemical 

Sciences, Office of Basic Energy Sciences, U.S. Department of 

Energy under contract w~7405-Eng~48. thank Dr. B. Liu 

sending us his ab initio potenti 
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Table 1. Thakkar potential constants 

. Standard errors re to 

Mg2 

-~ 

Re 3.88941(15) ~ 4.2785227 (46) ~ 
545.6 ( 2. 9) 

~1 
1812.74 (.52) 

-1 
em em 

p 3,5897 ( 9 5) 3855688 (51) 

1 0 0 

0.0620 ( 48) -0.25518 ( 31) 

e3 0.0777 ( 9 2) ~0.39506 ( 33) 

e4 ~0.1 ( 13) 0.43 5 ( 45) 

e5 ~0.104 ( 20) 1.0613 (75) 

e6 0.052 ( 25) ~1.14370 (96) 

D (Function) 528.7 (42.2) 
~1 

1274.9 (33.3) 
~1 

em em 
e b 

430 
~1 

1095±0.5 em 
~1 

D (expt) em e 

a e
1 

is identically zero by our for p. See Ref. 7-10. 

b Experimental values from Ref.'s 2 and 3 1 respectively. 



1. 

Pig. 2, 

Pig. 3, 

Pig, 4. 

1 

function (~~) 

tion (-~ 

9 

Potential functions 

from Ref. 2. 

ts are 

is the RKR potential from Ref. 3. The 

ytic functions are denoted as Fig. 1. 

Ab initio points ( Be 2 (from 

Ref. 1) compared to a Thakkar function to 

the well region (solid line) and the long-range 

1 (dashed 1 

The Be
2

, Mg,
2 8 

plotted versus 

and sr2 bond lengths 

neares 

solid Be, Mg, Ca, and Sr (R ) • m 
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Figure 3 XBL 8010-12590 
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Figure 4 XBL 8010-12589 




