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On the basis of the perimeter model for 4/V-electron [rc]annulenes, algebraic expressions for the B 
values of perturbed four-membered rings (n = 4) with four ;r electrons (N = 1) have been derived. The 
results are used to interpret the MCD spectrum of l,3-di-fm-butyl-2,4-diethyI-1,3,2,4-diazadiboreti-
dine. 
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1. Introduction 

Michl extended the perimeter model of cyclic ^-elec-
tron systems, which was originally developed by Piatt 
[ 1 ] and Moffit [2], to the interpretation of absolute signs 
in magnetic circular dichroism (MCD) [3-5], A set of 
rules was derived by him that accounted for a large num-
ber of MCD signs in the spectra of all kinds of aromatic 
JTsystems, i.e. those derived from a (4/V+2)-electron pe-
rimeter. 

More recently the model was also applied to 4A-elec-
tron perimeters [6-9]. In the first paper of this series, per-
fect biradicals at their most symmetrical D„h geometries 
were treated. Especially interesting for the present work 
are the results for the 4-electron [4]annulene with D4h 

symmetry. 
In the following papers Michl and coworkers treated 

perturbed 4/V-electron [n]annulenes with N > 2 and 
n > 7 [7-9]. Tractable analytical expressions for the B 
values of these molecules could be obtained if at least 
a symmetry plane perpendicular to the molecular plane 
was present and when the number of configurations 
which were used to study the parent perimeter was re-
duced. 

To interpret the MCD-spectrum of a diazadiboretidine 
derivative, which was recently measured by us, we de-
rived formulas for the B values of perturbed four-mem-
bered rings. The results are rather different from those 
for N > 2 and n > 7 because the number of parameters is 
smaller. In contrast to Michl et al. we therefore needed 
not to reduce the number of basis functions to get tract-

able expressions. As is the case for the investigated mole-
cule we assume one symmetry plane perpendicular to the 
molecular plane and passing through diagonally oppo-
site atoms. 

2. Theory 

In the perimeter model the four atoms of the 4-elec-
tron [4]annulene are located on a circle (Figure 1). 

The complex molecular orbitals of the four-membered 
ring are 

3 zikp 

1 e ~ x ß , { k = 0 , ± 1 , 2 ) . (1) 

The xM are orbitals which have been constructed from 
nonorthogonal atomic orbitals 2pzß by an explicit 
Löwdin orthogonalization [3], In contrast to the gen-
eral case, the HOMO (!/j0) and the LUMO (t/'±2) a r e 

not degenerate. The one electron energies are £(HO) 
for the HOMO, £(LO) for the LUMO and E(SO) for 
the SOMO. A perturbation is described in this 
model by five parameters hD, ID, As and the phase 
angle o: 

h D = { i p o \ a \ i p o ) , (2) 

'D=(V+2HV+2) . (3) 

= ( v + i | fl|V+i) = ( V - i | f l | V ; - i ) . ( 4 ) 
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Fig. 1. Left, the coordinate system 
and the assumed geometry of a regu-
lar [4]annulene perimeter. Right, the 
electron occupancy of the unper-
turbed ground state. The complex or-
bitals are labeled by the subscript k of 
the irreducible representation ek in 
the C 4 symmetry group. 

^ - e i a = (v']|Ö| V ' - i )*(Aj>0,0<cr<2;r ) . (5) 

a is a one electron operator. Its matrix elements in the 
chosen basis are 

«// = ( X / M X I (6) 

The symmetry plane 2, which shall be present and which 
is perpendicular to the molecular plane, shall pass 
through the atoms 0 and 2 (Figure 1). As is shown in [8] 
and [9], the phase angle o can then only have the value 

JT 0 or jt (if 2! passes through bonds, o can only be ± —, 

as is easily seen by looking at the integral (ip+] \äl\ip+l) 
and recognizing that ä and 2 commute). 

In the following CI calculation, two-electron repulsion 
integrals 

J J V * 0 ) V ' . v O ) d t ! d r 2 (7) 

have to be evaluated. For symmetry reasons they are non-
zero only \i s - r - t - u mod 4. They are denoted by [/], 
where / = min(|s - r |,4 - \s - r |) [6]. For the four-mem-
bered ring the only nonvanishing integrals are the cou-
lombic repulsion integral [0] and the two exchange inte-
grals [1] and [2] (for details see [6]). Following Michl 
and coworkers [7-9] we will use for the perturbed 
systems real molecular orbitals: 

+ e V - i 

and 

V 2 
e 2 ip+ i ~ e 2 V-

(8) 

(9) 

The HOMO h = % and the LUMO / = ip2 are al-
ready real. The one-electron energies of these orbitals 
are 

£(/) = £(LO) + /D , 

£(•*+) = £(SO) + sD + » 

E ( S _ ) = £ ( S O ) + s D 

E(/I) = £(HO) + /ID . 

(10) 

(11) 

(12) 

(13) 

With these real orbitals we form seven CI basis functions 
[7-9]: 

I/JR = hhs_s_ , (14) 

+ (15) 

=1 hhs+s+1, (16) 

= j {l S_s_hs+ I + | s_s_s+h 1} , (17) 

ipl
s = j {| hhsj | +1 hh Is. |}, (18) 

= ( 7 7 = ) {l S+S+HS. I +1 S+S+S.H 1} , ( 1 9 ) 

(20) ipli_ =\^){\hhs+I\ + \hhls+\} 
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and obtain the following CI matrix: 

v r ri: ¥h v ' . 

y/R E(YR) —7=̂  sin 2a ^ ( 1 - cos 2a) 0 0 0 0 

- P I 121 iys* —7^sin2cr £(y/;v+) -^=sin2a 0 0 0 0 

^ ( 1 - C O S 2 a ) ^ sin 2 a E( WS;_S;_ ) 0 0 0 0 

y/sh+ 0 0 0 E(V'h ) [1]sina 0 [l]cosa 

i 0 0 0 [1] sina E{yl
s_) - [ l j cosa 0 

y/x*s* 0 0 0 0 - [1] cosa £( ) [l]sina 

Vvv 0 0 0 [1] cosa 0 [1] sina ) (21) 

with is decisive in predicting the signs of the # values. From 
m ^ all the diagonal elements, E = 2/in + 25n + 2£(HO) 

EiVR) - " A* + Y 0 + c o s 2 a ) , (22) + 2 £ ( S Q ) + ~ 6 [ 0 ] _ 2 ( , , h a $ b e e n s u b s
D

t r a c t e ° 

The CI matrix is blocked into a 3 x 3 and a 4 x 4 
E(ips*) = _ [ 2 ] cos2cr, (23) matrix. The 3x3 block is diagonal for o = 0 or ;r. 

The solution of the 4 x 4 block is also easily done be-
E(ips+s*) = As + — (1 + cos2cr), (24) cause for o- 0 or n it decomposes into two 2 x 2 ma-

- trices. 
A HSL As /D - /ip n w 9 c . Whether ipR or is the ground state ipc will de-

> ~ c + ~ Y + 2 + L U ; pend on whether As > 2[2] (ipc = VR) or As < 2[2] 
(V'G= t l - ) - P a r e n t molecule [6], is the 

E(w[ ) = c- ^HSL _ A,s_ + Ip - hp + [ j j ? (26) ground state. For the perturbed systems we will look 
4 2 2 here at both cases. Table 1 gives the energies and wave 

A//S/, As /p - hp functions for the 3 x 3 block of the CI matrix. Table 2 
E ^ . / h ) = c + ~ + ~ 4 2 + ^ ' shows these properties for the four higher excited states 

(27) for a = 0 and O = JT. 

I ^ If the ground state is not degenerate and if one ignores 
E i t ^ l ) = c ~ + — + D ~ 'D + [1]. vibrational fine structure, the dipole strength ( D G ^ F ) and 

4 ~ ~ the B value ( ß G ^ F ) of a transition from the ground state 

The quantitiy c is related to the one-electron energy 
difference of the HO and LO levels and is defined by Table 1. Energies and wave functions of the 3x3 matrix for 

c = E ( L O ) - E ( H O ) 
2 

As will be seen later, the sign of the quantity 

A HSL = 2(2£(SO) + 2% - E(HO) 

a - 0 and JI. 

Energy" Wave function 

- [ 2 ] tx-
-As+ [2] V'R 
As + [2] Wx+x + 

h0 E(LO) /p) a The order of the two lowest energies depend on whether As > 
= 4.vD - 2hD - 2/d (30) or < 2[2], 
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Table 2. Energies and wave functions of the 4 x 4 matrix for o = 0 and jr. 

659 

Energya Wave functionb 

o=0 0= 71 

A + V[l]2 + (As/2 + AHSL/4)2 i//4 = sin ßwl+Js - cos ßy'x ¥3 = cosßy/'l+l* +sin^v/'.( 

A + -J[\]2 + (As/2 - AHSL/4)2 ¥2 = sinai//^ - cos ays*[ 

A - ^/[l]2 + (As/2- AHSL/4)2 
y 2 = s i n a ¥ h * - cos ayl+l ¥\ = coscti//^+ + sinayrv+(. 

A--sj[l]2 + (As/2 + AHSL/4)2 ¥i=cos ßyfs
s*_'h* + sin ßyl ¥4 = sinß¥l:'h - c o s ß y l 

lA = c + [\] + (lD-hD)/2 
b a = (1/2) tan- {- [\]B/(As/2 - AHSL/4)}; / 
0 otherwise. 

3 = (1/2) tan"1 {- [ 1 ]B/(As/2 +AHSL/4)} \ B = ÖQa- Ö^, 6w>aequals 1 if 0= OJ, and 

iI>Q to a final state ipF can be calculated, from the expres-
sions [10] 

D G ^ F = | ( G | A / | F ; ' 2 

and 

BG F = X ^ I F + X 

(31) 

(32) 
I * F 

where 

BFIF= IM (F\A\I)-IG\M\F 

x(7 M\G)/(EL -EF) 

and 

B\Q = IM(7 \M\G) -(GLMLF 

x (F\ MIL)/(EI - EG). 

(33) 

(34) 

In these expressions, Im stands for "imaginary part of ' . 
The summation runs over all electronic states besides 
F resp. G. EK is the energy of the A'-th electronic state. 
M= w, is the total electric dipole moment operator 
and Ä = 2,- is the total magnetic dipole moment op-
erator, where the summation is over the four ^-elec-
trons. 

The only nonvanishing matrix elements of the electric 
m and magnetic [i one-electron dipole moment operators 
in the complex MO basis are [3] 

(V*HV*±i) = m(n,\2k±\\)(x ±iy)/(35) 

and 

(V* | £ | V j k ) = (36) 

Analytical expressions for the negative quantities 
m(n, \ 2k ± 11) and ji(n, k) are given in [3], For the non-
vanishing matrix elements of M and M between the CI 
basis functions one then gets 

VR | M\ip[_ ) = V2 m (4,3)[ J c s i n | - y c o s | ] , 

(37) 

^ R | M | ^ + ) = V 2 m ( 4 , l ) [ x c o s | - y s i n | ] , 

v/rJ: \M 

v K r l ^ k i 

v / : \MWsA_ 

= ~J2 m (4,1) JC sin — + y cos 

(38) 

o , o \ 
— + y cos 
2 2) 

(39) 

= V2 m (4,3) x cos —b y sin — 1 2 2 
(40) 

= m (4,3) [ JC cos y + y sin y ] (41) 

= - m (4,1) I JC sin — + y cos — 1 2 2 
(42) 

= - m (4,1) x cos y sin — 1 2 2 

= m (4,3) [ x sin ~ - y cos y 

(43) 

(44) 
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Table 3. Dipole strengths D and B terms for transitions from the ground state ipG = (As < 2[2]) 

Wave 
function 

Da- B< 

H>1 

y 4 

0 

0 

m2 ( c o s a ± sina)2 

m (cosa -+- s ina) 

m2 (cos/3 -+- sin/3)2 

m2 (cos/3± sin/3)2 

0 

0 

2 pm2(cosa ± sina) c o s a - s i n a 
- As + 2[2] As + 2[2] 

+ jucos(a - ß) m2 (cosa ± s i n a ) (cos/3 + s i n ß ) / ( £ 3 - E]) 

+ yUsin(a - ß) m2(± co sa + s i n a ) (± cos/3 + sin/3)/(£4 - Ex) 

2 pm(sina + c o s a ) s i n a c o s a 
- As + 2[2] As + 2[2] 

+ ^ s i n ( a - ß) m2 (sin a + c o s a ) (sin ß + cos/3)/(£3 - E2) 

+ / / c o s ( a - ß) w 2 ( s i n a + c o s a ) (sin/3 ± c o s ß ) / ( E 4 - E2) 

2 pm2 (cosß + sinß) ± sin ß 
- As + 2[2] As + 2[2] J 

- pcos(a-/3)w2(cosa±sina)(cos/3 + sin/3)/(£3 - Ex) 

- ps'm(a-/3)m2(sina + cosa) (s in /3 + cos/3)/(£3 - £ 2 ) 

2 p722(± cosß + s inß) 
+ cos/3 sin ß 

- As + 2[2] As + 2[2] 

± psin(a - /3) m 2 ( ± cosa + s i n a ) (± cos/3 + sin/3)/(£4 - £ ! ) 

- pcos(a - ß) m 2 ( s i n a + c o s a ) (sin/3 ± cos/3)/(£4 - £ 2 ) 

m = m(4, 1) = m(4, 3); p = p(4, 1); b The upper signs are for o= 0 and the lower signs for o= ic. 

( f R i M I ipi:)=u*: I M I ̂  > « V 2 ^ ( 4 , i > , ( 4 5 ) 

and 

) = (<t )= iz p (4,1). (46) 

With these transition moment integrals and the wave 
functions in Table 1 and 2 one can now easily evaluate 
the dipole strengths and B values for the different transi-
tions from the ground state. In Table 3 these properties 
are given for ipG = and in Table 4 for i/>G = t/'R. The 
mixing angles a and ß are 

and 

a - — tan" 
2 

ß = — tan" 
2 

-U]B 
AS/2 - AHSL/4 

-[1 ]B 

AS 12 + AHSL/4 

(47) 

(48) 

Table 4. Dipole strengths D and B terms for transitions from 
the ground state tpG = t/;R (As > 2[2]). 

Wave 
function 

D a ßa.b 

VR - -

0 0 

0 0 

fi 2m 2 cos 2 a 2 ̂ m2cos a (cos a ± sin a)/(As - 2[2]> 
± pm2cos(a- ß) • 2cosasin/3/(£3 - £,) 
± /Jm2s\n{a-ß) • 2cosacos/3/(£4 - £,) 

2w 2 s in 2 a 2 p « 2 s i n a (sina + cosa)/(As - 2[2]) 
± /y?!2sin(a- ß) 2sinasin/3/(£3 - £2) 
+ /Jm2cos(a- ß) 2sinacos/3/(£4 - £2) 

% 2m2sin2/3 2 p m 2 s m ß ( ± cos/3 -sin/3)/(As - 2[2]) 
+ |Wi2sin(a - ß) • 2sinasin/3/(£3 - £2) 
+ /jm2cos(a- ß) • 2cosasin/3/(£3 - £ , ) 

V'4 2 m2 cos2 ß 2pm2cos/3 ( + sin/3 - cos/3)/( As - 2[2]) 
+ fim2s,\n(a- ß) • 2 cos a cosß/(EEx) 
± fjm2 cos (a - ß) • 2sinacos/3/(£4 - £2) 

a ffl5m(4,l) = m(4, 3); p = p(4, 1); b The upper signs are for 
O= 0 and the lower signs for O= JI. 
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a-±f. 

Table 5. Energies and wave functions of the 3 x 3 matrix for where B = d0a- <5Ta. <5w a equa l s 1 if o~ CD, and 0 oth-
erwise. 

For completeness we give in Tables 5,6, and 7 also the 

results for the case o = ± — , in which the perpendicu-

lar symmetry plane passes through bonds. 

Energy 

- V W + ( A s ) 2 

[2] 

+ J[2]2 + (As)2 

Wave function" 

t//G = sincoy/R - cos coy/ *+** 

Ys = vi: 

i//D = cos coy/R +sin (üys*s* 

a The mixing angle OJ is — tan (— [2]/ A^). 

3. Results 

For both cases (y.iG = and \pG = \ps
s
+_) the dipole 

strengths and therefore also the B values of transitions 

Table 6. Energies and wave functions of the 4 x 4 matrix for a = ± ~ . 

Energy" Wave functionb 

<J = ' 2 a = K 
2 

A + As 
2 W m 2 + (AHSL/4)2 

¥4 = cos ay/'+l+ + sin ay/1*I ¥T> = sinayrv+£+ - cosay/s*[ 

A + As 
2 - V m 2 + (AHSL/4)2 = sin ay/s**h+ - cosayrs*[ ¥4 = cos ay/'l*^ +sinay/l+[ 

A - As 
2 W i n 2 + (AHSL/4)2 ¥i -cosay/s

h* + sin ay/[ ¥\ = sin ay/]* - c o s a y ( 

A - As 
2 - V m 2 + (AHSL/4)2 ¥\ = s'\nay/s

h* - c o s a i / / ' ¥ 2 = cosay/s
h* + s\nay/', 

I A = c + [ 1 ] + ( / d - / J d ) / 2 ; 
b a = (1/2) tan {4B[\]/AHSL}-, B = ö K-ö _K ; Sa a equals 1 if a = co, and 0 otherwise. 

ff-2 ' 

Table 7. Dipole strengths D and B terms for transitions from the ground state ipG, = ± -y j . 

Wave 
function 

D a . h ß a .b 

¥G - -

¥s 0 0 

¥D 0 0 

VI 2 sin2 ojm2 (1 + sin 2a) - 2 gm2 sin co (sin OJ + cos co) cos 2cd(Es - EG) 
- 2 /um2 sin co cos co cos 2a (I + sin 2a)/(Ej, - E]) 
+ 2 /jm2 sin co cos co sin 2a/(E4 - Ex) 

¥2 2 sin2 com2 (1 ± sin 2a) 2 /.im2 sin co (sin co + cos co) cos 2a/(Es - EG) 
2 jum2 sin co cos co sin 2a / (£ 3 - E2) 

+ 2 /jm2 sin co cos co cos 2a (1 ± sin 2a)/(E4 - E2) 
2 cos2 OM2 (1 ^ sin 2a) - 2 /urn2 cos co (sin co + cos co) cos 2a/(£s - £G) 

+ 2 [im2 sin a> cos co cos 2 a (1 + sin 2a) / (£ 3 - £ , ) 
± 2 fjni2 sin co cos OJ sin 2a/(£3 - E2) 

¥4 2 cos2 com2 (1 ± sin 2a) 2 pm2 cos co (sin OJ + cos OJ) COS 2a/(Es - EG) 
± 2 p/n2 sin co cos co sin 2aJ(E4 - E\) 
- 2 jjm2 sin OJ COS OJ COS 2a (1 ± sin 2a)/(E4 - E2) 

a m = m(4, 1) = m(4, 3); ji = /LL(4, 1); b The upper signs are for a = — and the lower signs for o = —- . 



662 J. Fleischhauer 

R ' 

R ' 

Fig. 2. 1,3-di-rm-butvl-2.4-diethyl-1,3,2,4-diazadiboretidine 
(R' = E t , R = tBu) [11]. 

from the ground state into one of the other two states re-
sulting from the 3x3 block should be zero and can pos-
sibly get some intensity if vibronic coupling is taken into 
account. This result is in accordance with what Michl and 
coworkers discussed already in the general case (N> 2 
and n > 7) for (t/'G = ipR [7-9], 

Let us first look at the unperturbed parent four-mem-
bered ring with As = /D = hD = sD = 0 ([6], Table 4). Be-
cause As = 0, the results have to be independent of the 

et al. • MCD of Four-membered Rings with four ^-Electrons 

value of the phase angle o. Let us take o = 0. The mixing 
angles a and ß are then both ^ because As = A HSL 

= 0 (see (47) and (48)). The lower one, to which the wave 
functions t/'2 and T/'3 belong, has the energy c and the 
higher one, with the functions ij.̂  and t/>4, the energy 
c + 2[l]. These are the energies of the Efu(c) and of the 
Efu states (c + 2[1]) of the parent ring [6], 

From Table 3 one recognizes that the dipole strength 
for the transition into the (t/»,, t/>4) state is 4 m2, whereas 
the dipole strength to the lower (ip2, i/'?) state is 0. The 
B values for both states are 0. 

These findings are identical with those of Michl et al. 
for the parent ring [6]. We will now try to interpret the 
MCD spectrum of l,3-dwerf-butyl-2,4-diethyl-l,3,2,4-
diazadiboretidine ([11], Fig. 2) which was recently meas-
ured by us (Figure 3). The MCD spectrum was taken on 
a JASCO J41 spectropolarimeter equipped with an elec-
tromagnet JASCO MCD-IB (1.5 T); solvent: isooctane; 
c = 4.14 10"3 mol/1. d = 0.1 cm. 

From an MCD spectrum the B value of a transition 
G F can be obtained from the magnetically induced 
molar ellipticity [0]m per unit magnetic field in deg L 
m"1 mol"1 G_I by 

B = - 33,53-' f ^ k , (49) 
1/ 

X [ nm] 

Fig. 3. MCD spectrum of l.3-di-rm-butyl-2.4-diethyl-l,3,2,4-diazadiboretidine (Fig. 2. R' = Et. R = tBu). 
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Fig. 4. Molecular formula of a cyclobutadiene, symmetrically 
substituted by an acceptor group (A) and a donor group (D). 

where v is the wavenumber and the integration is over 
the MCD band. From (49) it follows that a negative [0] 
curve means a positive B value and vice versa. For our 
example (D2h symmetry) we have two perpendicular 
symmetry planes. This means that for the matrix elements 
of the perturbation operator ä the following relationships 
should be valid: a00 = a22, an = a^ and a0l=al2 = 
a23 = «30- W i t h (2)-(5) and (30) one then gets 

A HSL = - 4 (a02 + ax 3), 

A s 
- ( f l o o - " i i ~ a o i 

(50) 

(51) 

üqo and aX] should be proportional to the electronegativ-
ity difference between nitrogen and carbon, and boron 
and carbon, respectively, and therefore a00~-au should 
be a large negative quantity (Figure 2). 

According to Linderberg [12] the resonance integrals 
a02 = ßo2 and a1 3 = /3^3 between next nearest neighbors 

are proportional to (Xo 
dx X2 and xi dx 

X3 • In 

atomic units the resonance integral fy between Löwdin 
orbitals x, and X/ is 

Ay = (xi ~ xj)"' \Xi 
d_ 
dx X./ (52) 

Xj and Xj are the x-coordinates of atoms i and j. In con-
trast to benzene, for which the resonance integral between 
next nearest neighbors is positive [ 13], we found for cy-
clobutadiene a negative resonance integral between 0 and 
2 and 1 and 3. Using Slaterorbitals (£ = 1.625) for car-

bon and a bond distance of 1.4 Ä we obtained - 0.09 eV 
for cyclobutadiene, whereas for benzene we found a val-
ue of 0.05 eV. The main reason for this is that the dis-
tance between atoms 0 and 2 in cyclobutadiene is much 
smaller than the corresponding value in benzene. It fol-
lows that A HSL should be positive and small, whereas 
the positive As will be rather large. Therefore the ground 
state \pG for our molecule will be \pR. The phase 

A v angle O should be JT because — e'a < 0. It would be 

interesting to study also the MCD spectra of four-mem-
bered rings of the kind shown in Figure 4. 

Here the electronegativity difference between two 
neighboring carbons can be much smaller, so that per-
haps the ground state t/'G will be ijj'l*. The dipole 
strength and B values for the low lying transitions of 
these rings can be evaluated with the expressions 
given in Table 3. 

Because for our molecule A HSL > 0 and a= Jt, the 
lowest excited state of the 4x4 block will be described 
by the wave function ip4, and the next higher one by 
(Table 2). The other two states will be very much high-
er in energy because As is large. 

The mixing angles a (47) and ß (48) will be small 
and are nearly equal (a~ß~ 0). ip4 is therefore nearly 
identical (see Table 2) with the configuration tpl

s_, and 
ips*h+ contributes nearly nothing. The same is the case 
for the next higher wave function i/', is nearly iden-
tical with and the contribution of ip'l-x- is negli-
gible. This is in accordance with the fact that Michl and 
coworkers [7-9] neglected in the general case, where 
one has two LUMOs (/_ and /+) and two HOMOs 
(h_ and h+), the configurations ipip'1-x-, ty'l-l-, 
and ipl+X-

From this it follows (Table 4) that the dipole strength 
of the lower ip4 state should be rather large (= 2 m2) with 
a large positive B value. The dipole strength of the 
state is also large (= 2 m2), but the B value should be neg-
ative. 

For both transitions (t/'R -»• y4 , -* yj{) the magnet-
ic mixing of the ground state with the intermediate 
state i/r^, which is proportional to (As - 2[2])_1, is de-
cisive, whereas the magnetic mixing of the ip4 state with 
t/'2 and ip] and of the tp] state with t/'3 and ip4 is negli-
gible (Table 4). These theoretical findings are in accor-
dance with the observed spectrum of the diazadibo-
retidine derivative (Figure 3). The first small positive 
B value (at A = 235 nm) should belong to the first for-
bidden transition t/'R —» ty**. 
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The large positive B value at about 205 nm is in agree-
ment with the predicted large positive B value of the tran-
sition t/'R T/-4. 

The predicted negative B value for the t/'R -» i/>, tran-
sition occurs apparently at a too small wavelength and 
could not be observed by us. 
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