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The UV spectra of N,N’-phenylcyclodisilazanes, N-trimethylsilylaniline and 
NJV-bistrimethylsilylaniline have been investigated with the aid of UV and 
quantum mechanical calculations. The main difference between the spectra of 
N,N’-phenylcyclodisilazanes and that to aniline-like molecules is a strong batho- 
chromic shift of 20-30 nm of the p-bands. This is explained in terms of signifi- 
cant through-space interaction between the N atoms and conjugation of in-plane 
phenyl groups. 

Introduction 

In our previous papers we have studied the molecular structure of some 
cyclodisilazanes with the help of X-ray diffraction [l-3] and IR and Raman 
spectroscopy [4] _ We have now examined the UV spectra of some phenylcyclo- 
disilazanes with the aim of studying the conjugation of the two opposite in- 
plane aniline-like parts of the molecules. The analysis was made with the help 
of CNDO/S quantum mechanical calculations. 

Experimental 

Cyclodisilazanes I-VII (Table 1), the N-trimethylsilylaniline (VIII) and N,N’- 
bistrimethylsilylaniline (IX) were specially made for these studies. Compounds 
I, III, VI and VII were prepared by pyrolysis from the corresponding bis-organo- 
amino-diorganosilanes [ 5,6]. Cyclodisilazanes II, IV, V, VIII and IX were ob- 
tained from organo-lithium compounds [ 5,7-9]. 

The UV spectra were recorded with a SPEKORD UV-VIS spectrometer in 
i-octane using 1 cm quartz cells at the concentrations of 10-3-10-5 mol/l. The 
spectra are shown in Fig. 1, and the maxima and the intensities of the absorp- 
tion bands are listed in Table 2. 

0022-328X/82/0000-0000/$02.75 @ 1982 Ekevier Sequoia S.A. 
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TABLE 1 

EXAMINED CYCLODISILAZANES 

Rt 

Compound R Rl R2 R3 R4 

(1) C6H5 CH3 CH3 CH3 CH3 

<II) C6Hs C6H5 CH3 CH3 CH3 
(III) C6H5 CsHs CH3 C6HS CHij 

(IV> C6H5 C6HS C6HS CH3 CH3 
(V) C6HS C6H5 C6HS C6H5 CH3 
<VI) C6HS C6HS C6HS C6H5 C6H5 

(VII) oCH3C6H4 CH3 CH3 CH3 CH3 

TABLE 2 

UV SPECTROPHOTOMETRIC DATA FOR CYCLODISILAZANES 

Compound CTb: fl(Si) I-G0 CT, Q 

s log E a log E AE log E AE log 6 

0=0 c-1 <nm) <mm) 

I 205 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

201 

198 

198 

200 

197 

210 

4.57 221 3.75 260 

4.53 220 4.00 259 

4.92 221 4.52 256 

5.00 222 4.40 256 

4.95 223 4.48 254 

5.05 225 4.53 254 

4.80 - - 245 

235 4.07 287 

234 4.02 272 

4.57 282 

288 

301 

4.35 273 
280 
291 

4.64 291 
300 

4.62 290 
300 

4.50 275 
291 
314 

4.38 266 
274 

4.18 269 
276 
285 

296 

3.55 

3.55 
3.36 

3.60 
3.55 

3.38 

3.78 
3.60 

3.70 
3.52 

3.87 
3.63 
3.19 

3.89 
3.71 

3.28 
3.32 
3.22 

3.08 

3.25 

3.57 
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L 

200 250 300 A, (nm) 

Fig. 1. UV spectra of phenylcyclodisilazanes. 

Results 

The UV spectra of cyclodisilazanes can be interpreted by analogy with the 
spectrrlm of aniline as analysed by Nagakura [lo]. The a-band appears between 
270-300 nm as a relatively wide shoulder. On the basis of X-ray diffraction 
data [1,21 the four membered ring and the phenyl groups are situated in the 
same plane so there is a possibility of a conjugation between the phenyl groups 
through the N atoms. Since two a-type transitions are expected in the long wave 
range of the spectrum, the breadth of the peak in this is understandable. 

The most significant peak in the spectra is the charge-transfer band (CT, ) 
between 250-260 nm. This band shows a bathochromic shift of 20-30 nm 
compared with that of aniline. We thus assume that the ionization potential of 

(continued on R. 168) 
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the nitrogen lone pair has decreased, indicating a strong through space inter- 
action between the two nitrogen atoms. This is possible, because of the rela- 
tively short N---N’ distance (the N --- N’ distance in I is 237 [ 11, and in VI is 
236 pm [2])_ Although the Si--- Si’ distance is also rather small (the Si ---Si’ 
distance in I is 256 [l] and in VI is 259 pm [a]), the phenomenon cannot be 
explained in terms of Si-Si bonding; not only would the transition be of the 
(J + u* type, and conjugation between the phenyl rings would be impossible, 
but the interpretation of the data for compound VII presents difficulties, The 
next CT-band lies between 195-205 nm. Its position is more or less invariant, 
but its intensity increases with the number of phenyl groups. The reason for 
this is that the P-bands of Si-Ph groups also appear in this range. The p-bands 
@(Si)) of the phenyl groups joined to silicon are shifted slightly, in a hypso- 
chromic direction, as the number of phenyl groups is decreased. The intensity 
of the peaks falls, as expected, with the decreasing number of the phenyl 
groups. Surprisingly I has a weak band in the range of the p(Si) band which is 
also probably of the CT-type, and in this compound only methyl groups are 
connected to the silicon. 

It can be seen from Fig. 1 that the spectrum of compound VII differs from 
the others. The reason for this is that the phenyl groups are not in t.he same 
plane because of the steric effect of the ortho-methyl groups (as proved by X- 
ray diffraction studies [ 31) and the conjugation is weakened. This is the cause 
of the hypsochromic shift of the CT-band and the lower intensity. The p-band 
is shifted to the red and the CT-band is observed. 

TABLE 4 

CALCULATED EIGENVALUES AND TRANSITIONAL WAVE FUNCTIONS 

Compound Orbital Ei ieV) Lin_ coeff. Transi- q 
of lone pair iion 

CgHsNHz (X) 4 -0.155 

4 --0.388 

“3 -8.777 

*2 -9.834 

R -12-568 

C&50H (XIII) s 

G 

"3 

"2 

n 

-0.457 

-0.536 

-9.469 

-9.971 

-16.166 

qjH5Cl(XIV) z; -0.687 

2 -0.773 

"3 -9.995 

=2 -10.118 

R -13.315 

0.20 

- 

0.47 

- 

0.65 

0.14 

- 

0.32 

- 

0.75 

0.09 

- 

0.26 

- 

0.85 

Q 0.85$3a -00.511$~~ 

P o-95*= + 0_3ot&4 

P 0.52fi3-q + 0.85$2_5 

P’ 0.2893+ -00.93$12-4 

Q 

P 

P 

PC 

Q 

P 
P 

P’ 

0.78$3+ -0.62$2_5 

0.88$3j + 0.47Q2+ 

0.58$3_4 + 0.72@2_5 

0.42tJl3-5 -0.82$2_4 

0.71*3* -0_70*2+ 

0.81QiM •t 0.59$2-4 

o.70g3_4 + O_Tl&-.5 

0.589~ -Oo.Sl$, 
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In order to throw light on the UV spectra, quantum chemical calculations 
were carried out by a modified CNDO/S method [ 111. The electronic transition 
energies of I, VIII, IX and, for comparison, the aniline (X), N-methylaniline (XI) 
and N,N’-dimethylaniline (XII) were calculated. Experimental geometries were 
used where possible, and in the case of compounds VIII and IX the esperimen- 
tal geometry for HN[Si(CH,),], [12] was used. The results are summarized in 
Table 3. For convenience Table 3 shows the polarization directions (cu), and 
also in the case of Czv and DZh symmetry the group-theoretical designations. In 
the coordinate system, the N-C,, direction coincides with the z axis and the 
phenyl groups are in the .uy-plane. 

The first three MOs of aniline have x character. Calculations and experimen- 
tal analogies show that the third refers to the lone pair [ 13]_ For the first two 
virtual orbitals the order and the symmetry are as follows: n(b,), ~~(a,), rITg(bl), 
~$(a,), 7r$( b,) of which only the b, type orbit& can have lone electron pair 
character with the next linear-coefficients: n: 0.65; x3: 0.47; TV: 0.20. In the 
configuration interaction (CI) the transitions are mixed and the first four tran. 
sitions (after CI) always have n character by virtue of the 7rs and 7rITg orbitals 
regardless of the symmetry of the transition. The situation is very similar to 
that in other benzene derivatives, as it can be seen from Table 4. Thus there is 
no reason to distinguish the spectra of aniline and its derivatives from other 
benzene derivatives. The considerable shift in its spectrum compared with e.g., 
that of phenol (XIII) or chlorobenzene (XIV) does not imply a different excita- 
tion mechanism. The main reason is the low ionization energy of the nitrogen 
lone pair. Thus the first four bands can be designated as (Y, p, fl, 0’. The same 
conclusion was reached by Kaito and Hatano [ 141 on the basis of CNDO/S 
calculations. 

The progressive substitution of the hydrogen of the aniline by methyl 
groups causes a bathochromic shift of the p-band but a weak shift of the other 
bands is also observed. From the calculations this can be attributed to the 
destabilization of the n3 orbital by about 0.2 eV. The introduction of a tri- 
methylsilyl (TS) group causes a similar but a slightly stronger effect, reflecting 
the dominant +I effect of the TS group. For compound IX there is an un- 
expectedly strong hypsochromic effect which cannot be regarded as a d orbital 
effect. The steric effects of the two TS groups are evidently responsible for 
this phenomenon [ 153. 

Compound I can be compared to IX. The main differences can be associated 
with the unusually short atomic distance between the N atoms. There is an 
interaction between the phenyl groups through the nitrogens, as confirmed by 
the coplantir dispositions. In consequence the bands are duplicated and further- 
more fi- and /3’-type transitions are produced by the configuration interaction. 
Because of the DZh symmetry some transitions are forbidden, e.g. that of the 
b&-type band. While the oscillator strength of the allowed band is also small, 

_ - the transition b, may cause the broadening of the a-band. Similarly the weak 
maximum at 5.611 eV is probably the forbidden p(a,) band. The intensive 
band, appearing at 6 eV, probably arises from several transitions, and those of 
the p- and /I’-type are the strongest. 

The electron transitions for the other cyclodisihtzanes were not calculated 
because of the large number of atoms, but the interpretation of the spectra is 
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easy on the basis of the discussion above. The peaks of phenyl groups joined 
to silicon are independently superimposed on the spectrum of I. 
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