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Evidence is being presented that F2 has a different type of electronic structure than have Cl2. Br2. 
as 2s. suggested by the quanticule theory. The internuclear distance, the vibrational force constant and 

ew changes on excitation for F2 do not agree with those expected for the structures Xt Z2 X” and 
x+E2 y+. which fit the 3 other halogen and interhalogen molecules respectively. 

1. INTRODtJCTION 

It is a well known peculiarity of F2 that its 
enthalpy of dissociation into atoms (-AI!) does 
not fit into the gradation valid for the other 
three halogen molecules, as is shown in table 1, 
line 1. Since AH is a relatively small difference 
of two more fundamental energies (see section 
2), this irregularity in itself is not conclusive 
evidence for a profound difference in binding 

? Present address: Research Institute for Catalysis, 
Hokkzido University, Sapporo. Japan. 

between F2 and the other halogens. Aowever, it 
has been possible to show for a series of sim- 
pler molecules, name@ of monohydrides [l] that 
the ex amination of internuclear distances and 
force constants allows one to distinguish for 
them two different types of intramolecular bind- 
ing. Applying and extending this approach in the 
present wcrrk, we can substantiate more firmly 
the implication that there must exist important 
differences between the eIectronic structure of 
F2 and those of the other halogen moIecules X2 
and XY. We finally wish to suggest that the ideas 
of the quanticule theory may point to the essence 

of these differences. 

Table 1 
Various measures of binding strength 

F2 b) CL2 Br2 I2 

1 -AH (kca I/mol) 37.5 57.2 45.4 35.5 

2 -I (kcal/mol) 803.4 600.0 546.0 462.0 

3 I,r a. A-l 0.7081 0.5030 0.4379 ‘0.3750 
e b. relat. 1.888 1.3413 l.L6i7 1.0000 

R a) a. md/A 4 4.752 3.28635 2.4578 1.7206 
e b. relat. 2.762 1.9100 1.4284 L.QOOO 

5 4b/3b 1.463 1.4240. 1.2232 1.0000 

6 ye (A) 1.411 1.988 2.2836 2.6666 

a) The dat3 for G&, from which k, is’catculated, as well as of re are. 
book, ref. [2]. This applies also to the data in section 3. 

if not differently stated, from Herzberg’s 

b) The data for Y, and we of F2 are estiated in ref. 131 on the basis’of rg ando, given in ref. (41. -. 
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2. DLFFERENT MEAS’URES OF BINDING the energy of dissociation into atoms, that F2 
STRENGTH has a different type of binding than its analogues. 

The binding strength (Bs) within the molecules 
will serve here as onE of the main criteria af 
their electronic structure. Jf the latter is ex- 
pressed correctly by formula (iH) (see section 
4). the AH values in table 1, line 1 are not an 
appropriate measure of BS, because the binding 
involves not the neutral atoms but Z@ and 28. 
Since the energy of ionization [eq. (l)] 

3. COMPARISON OF BS IN THE HALOGENS X2 
WITH INTERHALOGENS XY 

The following comparison proves definitely 
the partkularity of the binding type in F2. 

X-x++e (1) 

is exactly known, one can derive the energy of 
the process in eq. (2) 

3.1. Internuclear distances r, (A) 
The r values are known for the following XY 

molecules: 

X2’ 2x+ + 2E (2) 

and arrives at the energies of ioniza+ion, I, given 
iri table 1, line 2. They do not show the irregu- 
larity of line 1: the energy of the dissociation of 
F2 into the two positive cores and the two elec- 
trons, asstimed to be binding tiem according to 
(III), is by far the largest, 

In the lines 1 and 2 of table 1 the energy of 
the molecules is compared with that of their re- 
mote disruption products. We have two other 
criteria of BS which compare analogous mole- 
cules directly ‘in their r,ormal state. They are 
the reciprocal of the internuclear distance Y t 
and the vibrational force constant k. They are 
given in lines 3a and 4a of table 1. Again F2 ex- 
hibits the largest BS and does not show qualita- 
tively the anomaly of line 1. However, a more 
quantitative comparison leads to the following ir- 
regularity. 

In the lines 3b and 4b the relative l/r and k 
values are given, choosing those of I2 as 1. One 
sees that the corresponding values of Br2, Cl2, 
F2 are lsrger for k than for l/r, e.g., for Cl2 
1.91 and 1.34 respectively. This expresses 
numerically the well knowntt greater sensitiv- 
ity of k than of r for molecules of closely analo- 
gous structure. Hence, the increase of the ra- 
tio, given in line 5, of the values in lines 4b/3b 
from 1-O for 13 to 1.42 for Cl2 is also under- 
standable. Contrarjr to this regular behavior of 
the heavier halogens, the ratio for F2 (1.46) is 
only insignificantly larger than that for Cl2_ This 
indicates more strongly than the irregularity of 

FCI 1.6281; FBr 1.7556; FI 1.9089: 
ClBr 2.138; Cl1 2.3207. 
The ?- values in molecules of analogous elec- 

tronic structure can be expected to show approx- 
imate additivity. This is tested in table 2 form- 
ing the differences A, e.g. I-Cl, for molecuoles 
containing one common atom. It results in A: 
FI-FCl 0.2808, C&Cl2 0.333, 12-Cl1 0.3459, 
leading to the average 0.317 * 0.027. For the 5 
other A, not involving F2 and given in column 3, 
the deviations in column 4 are even smaller and 
their average is l 0.016. 

On the other hand, comparing the values in 
column 6 for the A’s involving F2 with the corre- 
sponding ones in column 3, one sees that the dif- 
ference between them, given in column 7, is on 
the average 0.202/0.016 = 12.6 times larger than 
the average deviation in column 4. Thjs means 
that r = 1.141 of F2 is larger by 0.20 A than 
would correspond to additivity when compared 
with FCl, FBr, FL Since the r of the latter 
three molecules shows approximate additivity 
when combined with the values of ClBr, ClI, BrI, 
Cl2, Br2, 12, one can conclude that F2 has a 
different electronic structure than the other 9 
molecules. 

t Here and in tbe following text the symbols Y and k 
mean.re and k-e. The same,applies to ‘W. 

ttbccarding to ref. [5] k i,o”approdmately propor- 
Lional &o (l/32 for Clz, ‘BrZ.‘Iz and 6XY interhalo- 
gen molecules. F2 does not fit into.t.be correspond- 
ing straight-line in fig. 1 but no attention has been.. 
paid to this irregularity. . 
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3.2. Force constants ke 
The peculiaritp of F2 can be demonstrated by 

the k values of the X2 and XY halogen molecules 
in the following way. For the XYmolecules not 
containing F, 

&WI = V&J) W#/2 (3) 

applies closely$ . .This &in be seen in table 3. In 
line 4 is given the ratio of the values at the left 
(line 2) over those at the right side (line 3) of 
eq. (3) -&d they are close, to 1 for ClBr, ClI, 
Bri, the average being~0.982.. Contrary to this 
the.values ia~line g for_ FCL, FBr, FI are dls- 

:I The geometric mean applies better-than @mple ‘addi: 
eivfty also in ;some other cases. See ref..-[6.. p.:821. 
: :- ..; : 
. . _I. .’ ._ ..,:’ 

.” ._ I. .:, 
; ., ‘. : .:-._ ._’ ‘_ - ,. . :’ 



Volume 9, number 2 CHEMICAL PRYSICS LETTERS 

Table 2 

L5 Aprit 1971 

Are (A) behvean moIecuIes with one common a&m 

Not involving F2 
3 

Aver. 

1nvotviog I?2 
4 5 6 7 
* A A 3 Illlcl6 

Cl-F 2 0.371 0.011 
Br-F 2 0.519 0.009 
I-F 2 0.775 0.025 
13r-Cl 2 0.14l 0.009 
I-Cl 2 0.317 0.027 
I-Br 2 0.168 0.015 
Averege 2 zkO.016 

F&F2 0.217 0.254 
FBr-F2 0.345 0.lf-l 

FI-F2 0.496 6.277 

0.202 2 0.050 

Table 3 
Testing of eq. (3) 

I XY FCl FBr FI ClBr CII BFI 
2 &XI) 4.562 4.071 3.600 2.674 2.383 2.064 
3 W(X)2 W1211/2 3.952 3.418 2.859 2.842 2.378 2.057 
4 2/3 1.154 1.190 1.259 0.941 1,002 1.003 

- 

tirmIy Iarger than 1, they increase with the po- 
tarit,’ of the molecule and the deviation from 1 
can 1: ? characterized by their average 1.20 kO.04. 

Si.\ce in the ratio 2/3 the value of k(F8) is in 
the dt.lominator, this comparison shows that the 
actual k(F2) is smaller than one would expect by 
comparison with the other molecules. This and 
the excessively Iarge value of Y (section 3.1) 
prove that the BS within F8 is smaller than it 
would be if F8 had the same electronic structure 
as the other X2 and XY halogens. 

3.3. Comparison of the ground with excited 
states 

This comparison offers the simplest and most 
direct proof #at F2 differs from the following 
molecules for which the Y and w values are 
known for the ground (X) and the excited A states: 
FCl, FI, Cla, CII, 12; this is true also,for FBr 
and Br8 for which only w is known?. For all 
these ? molecules the X state is 1 C, the A state 
is 877 and the BS is smaller for the A state than 
for the X state. For instance for FI the changes 
on excitation are [‘?I: for r from 1.9089 to 2.1189 
A, for w from 608.2 to 466.5 cm-l. This unpair- 
ing and Ioosening is understandable if one con- 
siders the structure of the X state as X%,Y’+, 
that of the A state as X&P?. The excited elec- 
tron e* is farther away from the positive cores 
and binds them less effectively. 

f These data can be found in [Z, p. 512-5421. 

The changes of properties of F2 on excitation 
are quite different from those just described for 
the other motecules, White the ground state and 
a C state are ix, a B state is Iv_ Comparable in 
magnitude with the other molecules are tie 
changes from the X to the B state. These changes 
amount from 1.4?1 to I.282 A for Y and from 
921.7 to 1139.8 cm-* for W. They both show an 
increase of BS, contrary to the decrease on ex- 
citation of the other 7 mofecules. The excitation 
of F2 to the C state causes the much smaUer in- 
crease of oto 8111.4. 

4. THE PROBABLE QUANTKZULE STRUCTURE 
OF F2 

The evidence presented above is in agreement 
with the assumption, arrived at on the basis of 
the quanticule theory, that F2 has a different 
electronic structure from Ci2, Br2, 12. While 
Lewis represenled all 4 molecules by formula 
(I) and the mcfecuiar orbitsi theory uses [8] for 
them (Ii), the quanticule theory 

*. .- 
:XxX: . . *. n2yr2,2,%4 X%,x+ 
0 rrr) (W 

N’%i10N5+ 2112(Og+)122L 22~2(Pg3iZ~O(F9f)1222 
0 m 0 

&&es the following &&nctionr the 3 heavier 
molecules are represented by (III) which expres- 
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se8 the binding farces not indicated.in (I). In ccm- 
trast, formula ‘(VI) follows logiklly from for- 
mula (IV). The latter has been proposed f.n order 
to explain [9] the spectacular difference in tJle 
external fields of the N2 and P2 molecuies, a 
fact that is not clear on the basis of their ana- 
lugous representation in the molecular orbital 
theory [2]. Starting with form*& (IV) as the 
structure of N2> it is logical to represent [lo] 
02 m formula (V). The latter bas the merit that 
the two unpaired 2l electrons explain at once the 
paramagnetism of 02 t. One step further leads 
to formnla (VI) as the structure of’F2. While tke 
binuclear quanticule $0 is responsible for the 
ve?y strong binding of the cores N5+ in N2, the 
mononuclear electrons 2l or 22 ‘Ln 02 and F2 
respectively are antibinding. This shows up in 
the pronounced decrease of the BS in the series 
N2 (23.84), O2 (11.78), F2 (4.752), the numbers 
in parentheses representing k in md/k 

Encouraged by the consistency or’ these corre- 
lations we examined the large amount of spec- 
troscopic data involving other molecules and 
molecule ions which can be suspected to contain 
the El0 quanticule, namely NF, 05,. NO, NO+, 

q, a, co, co+, CF. The correlatioris found 
are somewhat less straightforward than those 
presented above for the halogen and interhalogen 
molecules and cannot be included in this brief 

t Other consequences of the i$O quanticule are dis- 
cussed in ref. [ll]. 

letter. It can only be stated here that the elec- 
eronic structure of F2’appears to be closer to 
that of the just mentioned molecules containing 
only elements of the first octave than to the other 
halogen molecules. 
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