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MINDO/3 Calculations, Valence Isomerization 
The degenerate rearrangement of P? 3 - has been studied by means of the MINDO/3 

method. The calculated enthalpy of activation (A H + = 59.12 kJ/mol) is in good agreement 
with results from 31P NMR studies at different temperatures. The bond switching process 
starts with a bond rupture leading to a transition state with C2v symmetry. Possible 
rearrangements in PßS2- and PßCH2 - are discussed. 

In connection with our interest in the possible 
fluctional behaviour of compounds containing no 
carbon atoms [1] the recently synthesized LiaP? [2] 
is of particular relevance. The investigation of the 
31P NMR spectrum has revealed that all P centers 
of the P73- system (1) become equivalent above 
room temperature ( + 80 °C) which is in line with the 
existence of fluctuating bonds. In this process say 
1 a -> I b two basal (b) P atoms (PXP2) are transferred 
into equatorial (e) positions, one basal center (P3) 
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moves to an apical (a) position. On the other hand, 
two of the equatorial atoms, P4 and P6, are trans-
ferred to a basal position together with P7, the 
apical center in la. This fluctuation, new for in-
organic systems [2], leminds to bullvalene, a system 
with a degenerate Cope rearrangement. In the case 
of bullvalene and related systems extensive experi-
mental [3, 4] and theoretical investigations [5, 6] 
have been carried out. For 1, however, a theoretical 
investigation concerning its fluctional behaviour is 
missing although the electronic structure and photo-
electron spectra of substituted derivatives P7R3 
have been analyzed [7]. 

In the following we report on our studies of the 
potential surface of 1 using the MINDO/3 method [8]. 
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For the twodimensional hypersurface (—1,2/+4,6) 
three extreme rearrangement mechanisms are sepa-
rable from the infinite ensemble of possible con-
version processes [9]: 
a) one synchronous route where the distance be-

tween the centers 4 and 6, R4,e, decreases as the 
distance between the centers 1 and 2, Ri,2, 
increases. 

Two stepwise mechanisms: 
b) the P1?2 bond is first ruptured and subsequently 

the bond P4P6 is closed or 
c) the P4P6 bond is closed first followed by a 

breaking of P1?2. 
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Fig. 1. Calculated geometries and net charges of the 
equilibrium geometry of 1 (a) and the transition state 
(b) of P 7 3 - according to MINDO/3. 



The optimized MINDO/3 geometry of 1 together 
with the calculated net charges are displayed in 
Fig. la. 

The calculated PP-distances of 2.19, 2.12 and 
2.15 Ä are close to the X-ray data obtained for 
vaiious P73- derivatives [10, 11]. The corresponding 
PP separations of the P73- moiety in Sr3Pi4 are 
found to be 2.25, 2.17 and 2.21 Ä [10] which means 
that the P73" geometry is predicted by MINDO/3 
with sufficient accuracy. The calculated net charges 
indicate a charge of —0.85 at P4, P5 and P6, 
respectively, while the three P centers of the basal 
triangle P1P2P3 have a net charge of—0.20; P7 at 
apical top is slightly positivated. 

In Fig. 2 we have plotted the heat of formation, 
A H/, of P73- as a function of Ri,2 and R-i.e varying 
from 2.1 Ä to 3.4 Ä (A H/ is given relative to the 
energy minimum, A H/ = 998.93 kJ/mol). According 
to Fig. 2 the paths of lowest activation energy 

bridged by an anion with three P atoms, with the 
negative charge accumulated at the center of the 
bridging unit. 

The calculated activation energy of 59.12 kJ/mol 
is in line with the NMR results leading to a A H+ 
value between 42 and 62 kJ/mol [2]. It is interesting 
to notice that in the case of bullvalene a similar 
mechanism is discussed and that the activation 
enthalpy is close (A H* = 53.53 kJ/mol) [12] to that 
found for P73". 

For the synchronous transformation (path along 
the diagonal in Fig. 2) an activation energy of 
78.81 kJ/mol is predicted while the two step 
mechanism b) requires 67.89 kJ/mol. This value is 
only 8.27 kJ/mol above the path of minimum 
energy. As anticipated the highest energy of activa-
tion is predicted for the two step mechanism c) 
(ZlH* = 194.34 kJ/mol) which is a "forbidden" 
reaction [13]. 
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Fig. 2. Two-dimensional energy hypersurface of the 
P 7 3 - rearrangement. The equilibrium geometry cor-
responds to the zero of A Hf. The energy separation 
between the counter lines is 10 kJ/mol. The path of 
minimum energy between 1 a and 1 b is indicated by a 
dotted line. 

leading from one minimum (la) to the other (lb) 
can be described as a lengthening of the bond 
between PXP2 without modifying the P4P6 distance 
until the separation Ri,2 exceeds 2.8 Ä. At this 
point both motions (lengthening of Ri,2 and short-
ening of R4.6) begin to couple leading to a transition 
state with equal bond lengths for Ri)2 and R4,6 
(3.15 Ä) belonging to point group C2V. In Fig. l b 
the geometry of the transition state and the com-
puted net charges are shown. The transition state 
is best characterized as a rectangular dianion 
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Fig. 3. Correlation diagram between the highest 
occupied MO's of l a and the transition state of (1). 
Several PPc-bonds have been omitted. 

In Fig. 3 we have correlated the highest occupied 
orbitals of 1 with those of the transition state of 
reaction (1) derived from a MINDO/3 calculation. 
It is seen that four lone-pair combinations (la2, 
6ai, 6e) are placed on top of three Walsh type 



In PeCH3- (3) three different isomers are possible, 
3a, 3b and 3c. Our MINDO/3 [8, 15] calculations 
on 3 indicate that only 3 a and 3 b correspond to 
stationary points (A H/ = 1100.74 kJ/mol and 
1100.75 kJ/mol, respectively) while no minimum 
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can be detected for 3c. From our results a dissocia-
tion of 3 into P42- (A H/ = 416.47 kJ/mol) and P2CH~ 
(AHj — 347.06 kJ/mol) seems likely. This dissocia-
tion has its origin in the short PC distance leading 
to a decrease of the P4P5 separation. A SiR fragment 
instead of CH should allow a fluctuation process 
where SiR is distributed over the three different 
sites. The calculated charge distribution of the 
transition state of P73- indicates that the P2SiR 
bridge is best stabilized if Si is substituted by 
electron attracting groups (e.g. -CF3, -CN). 

orbitals (3e, 5ai). The lengthening of one PP bond 
in the threemembered ring is accompanied with the 
rise of two niveaus belonging to the symmetric linear 
combination of the 6e and the 3e set and the 
lowering of three niveaus belonging to the anti-
symmetric linear combinations of 6e and 3e as 
well as to the 6ai orbital. As a net result of lowering 
and rising of orbitals the activation energy predicted 
for (1) (59.12 kJ/mol) is far less than the breaking 
of a P-P single bond in P2H4 which is predicted by 
MINDO/3 to be an endothermic process consuming 
195.76 kJ/mol. 

If one Pe-center is substituted by an isovalence-
electronic fragment (say O, S, N e , CHe) the degen-
eracy of the bond fluctuation is lifted. In the mono-
sulfur derivative PeS2- (2) only a single bond shift 
pathway is possible as indicated in (2). This is in line 
with recent findings on P7H2- [14]. 

The P3S5P7 unit acts as a bridge while bond 
formation and rupture exclusively takes place be-
tween P^P2 and P4P6. 
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