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Temporary anion formation in diimines bearing §£€(CH)s, and Si(CH); substituents is studied by means

of electron transmission spectroscopy and ab initio calculations. The sizable reduction in the - HOMO
LUMO transition energy caused by silyl substitution is found to be due not only to destabilization of the
HOMO, as known from literature data, but also to stabilization of the LUMO, the maitjny empty
orbital.

Introduction combination of the nitrogen lone pairs of the azo group, in

Over the past decade, silicon-containing saturated molecular2dreement with the calculated negative Ch?‘rge density incr_ease
systems have attracted great attention owing to their interesting‘alt th? nitrogen atoms. Eleptron donat!on from the S'l_yl
mechanical and electronic properties. In particular, oligosilanes SuPstituents would thus constitute the main factor responsible
absorb in the UV region at sizeably lower energy with respect [0 the peculiar electronic spectrum, while the possibility of
to the corresponding alkanes, their behavior in this regard Incréased electron-acceptor properties, that is, stabilization of
resembling more that of unsaturated hydrocarbons. Moreover,the LUMO (%), was not considered. Experimental measure-
it had been previously noted that replacement of an alkyl group Ment of such a phenomenon is now possible using electron
adjacent to a chromophoric double bond with a trimethylsilyl transmission spectroscopy (ETS), which is one of the most
group causes a sizable bathochromic shift (see ref 1 and refssuitable means for measuring electron attachment energy (AE)
therein). This effect is particularly remarkable in kést-butyl)- values (that is, the negative of the vertical electron affinity, EA,
diimine, where the color turns to red and then blue upon Values)in gaseous samples. This technique takes advantage of
stepwise substitution of the twtert-butyl groups with isoelec-  the sharp variations in the total electremolecule scattering
tronic trimethylsilyl groups. The HOMGLUMO transition cross section caused by resonance processes, namely, temporary
energy is, in fact, reduced by about 1.8 eV in the disubstituted capture of electrons with appropriate energy and angular
derivative. A studyof the trans conformers of these molecules momentum into empty orbitals. We have systematically used
by means of photoelectron spectroscopy and CNDO calculationsETS for studying the electron-acceptor properties conferred to
has demonstrated that each silyl substitution causes a destabihydrocarbons by group 14, 15, 16, and 17 eleméniEhe
lization of about 0.5 eV of the HOMOng+), the symmetric spectra of saturatéd and unsaturatéd trimethylsilyl deriva-
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tives show thav*sic empty orbitals lie at lower energy with ~ TABLE 1. Experimental and Theoretical Values of Selected
respect to the correspondintjc—c orbitals. Mixing witho* si—c Bff;]d Distances (A), qc))f th_?] l\gl\:=N ?Oﬂg Angfjle (ﬁleg) and
orbitals causes a significant stabilization of tie LUMO of of the N-N—M—R (@) Dihedral Angle (deg) for the Trans

. Conformer of Bis(methyl)-, Bis(tert-butyl)-, and
ethene, benzerfefuran, and thiophen&. In the present Letter  gjgtrimethylsilyl)Diimine, R sM—N=N—=MR3, and for the
we extend the ETS analysis, supported by ab initio HF/6-31G** Corresponding Aniong!
and higher level calculations, to the above cited azo compounds™ /o Ao e A M—N=N @
in order to clarify whether the large reduction in the — * : M s MR

transition energy caused by silyl substitution can be traced back gg‘g @

only to its electron-donating gffects or also to an in(_:rease in Epp i;j?ﬁg; iﬁg‘zgg 1;18?% ﬁiggg
the electron-acceptor properties of they—y empty orbital. HF/6-31G**
neutral 1454 1212 1.084.085 113.72 0.0
Experiment and Calculations anion 1.440 1.344 1.0921.101 109.24 0.0
HF/6-31+G*

Our electron transmission apparatus is in the format devised neutral 1.453 1.210 1.0831.084 114.20 0.0
by Sanche and Schdland has been previously descrilfebo anion 1441 1.337 1.092.097 110.37 0.0
enhance the visibility of the sharp resonance structures, the MP2(6-31G*)
impact energy of the electron beam is modulated with a small ggi%t;al i'ﬁg %égg %'ggg'(l)gg ié%ig 8'8
ac voltage, and the derivative of the electron current transmitted ' ’ ' ' ' '
through the gas sample is measured directly by a synchronousg_(r(‘;;*g)3 @ 1493 1222 1537
lock-in amplifier. The spectra were obtained in the “high- | c/6 21gw ’ ' ‘
rejection” modé and are therefore related to the nearly total peutral 1.477 1.209 1528.533 116.13 0.0
scattering cross section. The electron beam resolution was aboutnion 1.454 1.332 1.538..540 110.53 56.2
50 meV (fwhm). The energy scales were calibrated with HF/6-3L+G*
reference to the (189 2S anion state of He. The estimated neutral l4rr 1207 1.5281.533 11645 0.0
accuracy is+0.05 or+0.1 eV, depending on the number of anion 1455 1328 1538541 11153 556
decimal digits reported. Si(CHy)s (4)

Bis(methyl)diimine (), bisert-butyl)diimine @), and 1-tri- £ 1808 LAl 18961855 1200 190
r_nethylsinI-Z{ert—butyldiimine @) were prepared according to  {r/6.31G** ' '
literature procedure’’® neutral 1.809 1231 1.88a.884 11691 0.1

Calculations. The ground- and anion-state geometric pa- anion 1.715 1.364 1.9071.908 109.49 57.6
rameters for the trans azoderivativesMRN=NMR3 (MR3 = HF/G'?ilJFG*

Ch (1, C(CH), (2 and SICH) (9) have been opimized  TeWfal 1812 1220 Lesmess wie or

at the HF/6-31G** level using the Gaussian 94 series of

programst! To investigate the effect of the inclusion of diffuse 2 Ffofm ref 12.* From ref 13.° Fromh ref 14.9 From ref 15.° From
functions and of electron correlation energy on the geometry :ggolr?é dFrt%rg Ir(?\fv :;-gigr?eTat;eJ 307-”:’6\’:;” bt‘(’)"r? dd’\{ll';;t VI?elgeisn at‘rr]ee
of the negative species, HF/6-8G* and (o.nly forl) MP2 (6- _ Mo—N=N plane.

31G**) calculations have been also carried out. The vertical

(AE,) and adiabatic (AF attachment energy values have been TABLE 2: Computed Bond Distance (A) and Bond Angle

obtained with theASCF procedure at the HF/6-31G*1,(2, (deg) Variations between the Neutral and the Anion States
and4) and HF/6-3%-G* (1 and2) levels from the total energy ~ for Trans Diimines RgM —N=N—MR
differences between the anion and neutral species by optimizing MR; Adv-n Adn—n AM—N=N
the anion geometry (Agor at the neutral-state geometry (AE CHs (1)
HF/6-31G** —0.014 0.132 —4.48
Results and Discussion HF/6-314-G* —-0.012 0.127 —3.83
MP2/6-31G** —0.017 0.122 —4.08
Table 1 compares the &N, N=N, and M—R; bond ce )
distances and the MN=N bond angles computed at the HF/ (thlzss-(sl)G** 0023 0123 560
*%k * *% ) : )
6-31G**, HF/6-31-G* (1, 2, and4), and MP2/6-31G** {) HF/6-31+G* —0.022 0.121 -4.92
levels for the ground and ionic states of trans diiming®R SiI(CH)s (4)
N=N_MR3 (MRgZ CHg, C(Cl‘b)g, and Sl(CI"!)g) Wlth available HE/6-31G** —0.094 0.133 —7.42
experimental data. The three levels of calculations reproduce HE/6-31+-G* —0.092 0.128 —6.43

fairly well the experimental geometric parameters and their
variation with substitution. The largest discrepancy is with
respect to the length of the=xN double bond ird for which

the computed value is significantly longer (0.06 A) than that compared. In all the cases, the-Ml=N—M skeleton is planar,
deduced from X-ray diffraction data. The latter value (1.171 and one of the HX) or C (2 and4) atoms of the substituent

A), however, is not in line with the average experimental value lies in the main molecular plane (the dihedral angke N—N—
(1.222 Ay5 and is outside the reported range (1.219-1.258A) M—R = 0°, see Table 1).

for trans diimines. On the other hand, the computed bond Table 2 summarizes the variation of the-™ and N=N bond
distance is close to the remaining computed and experimentaldistances and of the MN—N bond angles on going from the
data (see Table 1). We therefore conclude that on going from neutral to the corresponding anion species. A negative value
the methyl to thetert-butyl and trimethylsilyl derivatives the  indicates that the geometric parameter decreases in the anion
M—N=N bond angle and the &N bond distance slightly = with respect to the neutral compound. The different levels of
increase. The best agreement between experimental ancalculations provide equivalent results. In particular, the double
computed data occurs farfor which reliable gas-phase electron  bond lengthens in the anions by 04213 A in accordance
diffraction (ED) data and the results of MP2 calculations are with the N—N antibonding character of the singly occupied MO

a A negative value indicates that the geometric parameter decreases
in the anion with respect to the neutral compound.
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TABLE 3: Experimental Vertical and Computed Vertical T T T T T T T T T 7
(AE,) and Adiabatic (AE;,) #*n—n Attachment Energy Values
(eV) for Trans Diimines RsM —N=N-M'R;

MR, M'Rs AE2 AED §
CHa, CHs (1) 8
ETS 0.83 <
HF/6-31G** 2.69 2.01 E
HF/6-31+G* 2.12 153 E
C(CHy)s, C(CHy): (2) 2
ETS 0.63 2
HF/6-31G** 2.45 1.59 E
HF/6-314G* 2.08 1.26 s
. -
C(CHg)s, Si(CHy)3 (3) s
ETS <0.3 e
Si(CHa)s, Si(CHg)s (4) 2
HF/6-31G** 1.64 0.51 g
HF/6-314+G* 1.27 0.33

a2 The calculated AEis the difference between the anion energy at
the neutral-state geometry and the neutral-state en&§¢CF).? AE,
is the calculated energy difference between the geometry optimized
anion and the neutral state.

(SOMO), while the M-N bond distance is reduced only slightly
(about 0.015 A) in the alkyl derivatives and more significantly
(0.09 A) in the silyl derivative. In agreement, the calculated
localization properties predict the participation of the carbon
atoms to the SOMO ofl and 2 to be very small, while the
SOMO of4 is predicted to possess a sizable-Ni (bonding)
character.

It was pointed out in the literatute'°that the use of diffuse
functions in the 6-3+G* basis set leads to a complete
breakdown in the correlation of experimental (first) AEs and
LUMO eigenvalues. The inadequacy of diffuse functions for
reproducing AE trends from the difference between the total
energies of the anion and neutral states was also pointéd out.
It is to be noticed that according to the HF/643&* calculations
in the neutral states of the present moleculesthen MO is
not the LUMO, but the fourth or fifth unoccupied MO, in
disagreement with the 6-31G** and with (not reported) 3-21G*
and semiempirical MNDO results. However, even the 6-Gt
calculations predict that in the most stable anion state the extra
electron is accommodated into the =y antibonding MO.
Moreover, for the present molecular systems, the results of the
6-31+G* and 6-31G** calculations are quite similar with

Electron Energy (eV)

Figure 1. Derivative of the electron current transmitted through gas-
phase bis(methyl)diiminelj, bisgert-butyl)diimine @), and 1-trim-
ethylsilyl-2-tert-butyldiimine @) as a function of the incident electron
energy. Vertical lines locate the most probable AE values.
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Figure 2. Correlation diagram of the AE and ionization energy values
in bis(methyl)diimine {), bistert-butyl)diimine @), 1-trimethylsilyl-
2-tert-butyldiimine ), and bis(trimethysilyl)diimine4). (a) Evaluated,

respect to both the geometry (as mentioned above) and thesee text. lonization energy values taken from (b) ref 22, (c) ref 1.

energy (see Table 3) variations on going from the neutral to
the first anion state.

The calculated M-N=N angle is significantly smaller than
12 in all the neutral compounds and is further reduced in the
anions, where its value (in the 187111° range) approaches
the tetrahedral value. As a consequence, the bulky G¢CH
and Si(CH); groups rotate around the N bond @ = 60°)

when M = Si confirms the significant localization of the*

LUMO at the substituents in the silyl derivative (duedtts;—-
c/* mixing), in line with the calculated AE trend and
localization properties.

Figure 1 reports the ET spectra of the diimirtes3 in the
0—5 eV energy range. The measured vertical AE values are

to relieve the steric hindrance between their hydrogen atomsgiven in Table 3 and in the correlation diagram of Figure 2,
and the nitrogen atom bound to the other substituent. Thus, intogether with the first ionization energy (IE) values. The ET
the anion of2 and 4 one of the carbon atoms of the methyl spectrum of bis(methyl)diimine displays a single distinct
groups lies in the main molecular plane anti to the double bond. resonance, centered at 0.83 eV, associated withsthen

The charge distributions calculated in the neutral molecules LUMO. This resonance presents a progression of vibrational
at the HF/6-31G** level indicate that the negative charge at structures spaced by about 125 meV (ca. 1000%nprobably
the nitrogen atoms increases on going from the carbon deriva-due to NN stretching. Owing to the antibonding character of
tives1 and2 (g = —0.234) to the silicon derivativet (g = the LUMO, the frequency of this vibrational mode in the first
—0.40%), in line with the larger electron-releasing effect of anion state is expected to be sizeably lower than in the neutral
the silyl substituent and with the results of CNDO calculatibns. state (1580 cmt).2® Comparison with the ET spectrum oéins
In the anions the negative charge at the nitrogen atoms becomeg-buteneé’! where thesr* c—c resonance is located at 2.10 eV,
about—0.50ein 1and2 and—0.5%in 4. The smaller increase  reveals that the electron affinity of the=AN double bond is
of negative charge at the double bond upon anion formation about 1.3 eV higher than that of the etherredouble bond.
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Electron capture in the LUMO of bisrt-butyl)diimine @) HOMO—-LUMO transition energy on going from bisft-butyl)-
occurs at 0.63 eV; that is, replacement of the methyl groups diimine to bis(trimethylsilyl)diimine is therefore to be ascribed
with tert-butyl groups causes an electron affinity increase of to the concomitant energy perturbations produced on both the
about 0.2 eV. The calculations closely reproduce this effect filled and empty orbitals involved.

(see Table 3 and Figure 2). A similar stabilization of tite

resonance was observed on going from the methyl tdette Acknowledgment. The authors thank the Italian Ministero
butyl derivative of etheng. This effect was interpreted in terms  dell'Universita e della Ricerca Scientifica e Tecnologica for
of lower energy (and consequently largefz* mixing) of the financial support.
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