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be of similar magnitude. Although there are no experimen­
tal data available for these particular systems, the results of 
our ab initio molecular orbital calculations largely support 
the notion that a effects here are not of primary impor­
tance. 
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smaller in molecular size than corresponding methyl silanes 
of the same chain length, n, in general numerous bands 
overlap in their PES and often render difficult unequivocal 
assignments9-12 as well as comparative discussion.12 The 
PES of silanes S i n H 2 n + 2 (« = I,9'17-18 2,9 3, 4, 5) have been 
recorded, because increased PE band separation and conse­
quently more obtrusive assignment were expected, shedding 
more light also on the applicability of bond orbital models 
to both methyl silanes as well as alkanes. 

Experimental Section 

Preparation and Purification of Silanes. The silanes Si„H2n+2 (" 
= 2, 3, 4, and 5) have been prepared—in the course of investiga­
tions to determine their molecular properties2—by a technical 
scale hydrolytic decomposition of 160 kg of Mg2Si19 with diluted 
phosphoric acid,20 yielding 5 1. of a mixture containing, among 
other isomers as well as higher silanes, 5.5% disilane, 34.8% trisil-
ane, 29.2% n-tetrasilane, and 15.5% n-pentasilane. The rather dan­
gerous mixture of the gaseous hydrolysis products, monosilane, hy­
drogen, and uncondensed disilane was cautiously blown off via a 
water siphon. Separation and purification of the liquid silanes were 
achieved by fractionate distillation over a 1.5-m column filled with 
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Figure 1. Correlation between <rsiSi ionization potentials, IPn (eV) of 
permethylated silanes and Huckel orbital eigenvalues «JH M O . 

4-mm metal spirals and preparative GC21 with a final purity 
>99%. 

Recording of the Photoeiectron Spectra. With regard to the ex­
treme oxygen sensitivity of silanes, all samples were handled using 
a special technique;22 the reagent flasks were sealed with plastic 
caps and the liquid silanes transferred under normal pressure using 
syringes with needles covered with sliding plastic protection caps. 
All glassware including the small vacuum line connected to the 
spectrometer was repeatedly evacuated and flushed with prepuri-
fied nitrogen. After injection into the photoeiectron spectrometer 
vacuum line the liquid silanes were frozen out by cooling with liq­
uid nitrogen, the system was evacuated by the spectrometer 
pumps, and the samples were allowed to warm up. The vapor pres­
sure at room temperature, e.g., for /i-pentasilane 3 Torr at 2O0C,23 

permits recording of the PES. Gaseous disilane was directly fed 
into the spectrometer from a steel cylinder via a vacuum-tight 
depressurizer valve and the evacuated vacuum line. Excess silane 
condensed at the spectrometer cooling trap (-1960C), which—to 
avoid collection of larger silane quantities—was exchanged from 
time to time and allowed to warm up, thereby permitting a harm­
less burn-off of the silanes. All PES were calibrated using argon 
(15.76 eV), the half-bandwidth has usually been 20-25 meV. 

Calculations. A modified CNDO version24 without 3d orbitals in 
the basis set25 was used, reparametrized to improve correlations 
A/£i,j * AcijSCF between differences in PE ionization potentials 
and differences in orbital energies.6 To examine the conformation­
al dependence of ionization potential differences, a PES simulation 
program3 has been developed on the following assumptions, (i) A 
reasonable reproduction of silane PE bands can be achieved by 
placing Lorentz curves26 around the calculated eigenvalues, if the 
half-bandwidths are adjusted according to 

Aj / ! — Xi/2(PE) 
AIEi j 

(D 

X] /2(PE) being the experimental half-bandwidth of the isolated 
first PE band of disilane (Figure 2). The procedure was tested with 
good results for /i-trisilane.3 (ii) Only staggered conformations 
need to be taken into account (rotational barrier of disilane 1.1 
kcal/mol; see ref 27). (iii) The ratio of individual conformers, i.e., 
anti:gauche, for «-tetrasilane (Figure 7) may be approximated 
judging from best fit of a simulated to the experimental PES, 
achieved by "trial and error" composition of weighted contribu­
tions of individual conformer spectra.3 The conformer ratio thus 
obtained is not changed on inclusion of 3d orbitals into the basis 
set 3.27 

PES of Silanes and Assignment 

The PES of silanes Si„H2„+2, recorded under precautions 
as specified in the experimental section, are shown in Figure 
2; their observable vertical ionization energies are summa­
rized in Table I. Starting with the PES of monosilane 
SiH**9'17'18 (Figure 2), for its eight valence electrons four 
ionization energies are expected and found, split according 

io ' i2 K is! IE(M 

Figure 2. PES of SiH4
9-17-'8 and linear silanes SinH2n+2 (n = 2, 3, 4, 

5). 

to the Td molecular symmetry into a threefold "t2" and a 
single ai band. The triple degeneracy of the molecular or­
bitals is removed on ionization, i.e., the resulting T2 radical 
cation states are split by a Td —- Did Jahn-Teller distor­
tion,9 and therefore the first PE band between 11.5 and 14 
eV appears considerably broadened. The other PE band 
centered at 18.16 eV is assigned to electron removal from 
the ai molecular orbital with predominant 3ssi contribution, 
in accord with the observed vibrational fine structure.9,17 

Comparison with the PES of the higher linear silanes 
(Figure 2) results in an immediate classification of ioniza­
tion regions. Thus by analogy to SiH,*, the more or less 
structured band humps between 11.5 and 14 eV are readily 
assigned to ionization from orbitals with crsiH main contri­
bution. At higher energy other PE bands are visible, the low 
intensity of which is partly spectrometer dependent and 
partly can be explained by a smaller helium(I) cross-section 
of 3ssi electrons. Particularly interesting are the PE band 
splitting patterns below 11 eV: extending in front of the 
'VsiH mountain" n bands are observed for the higher silanes 
H3Si(SiH2)nH with n = 2, 3, 4 (Figure 2); thereby the 
maxima for « = 3 ,4 have to be extracted by deconvolution 
(Table I). Following the above argumentation, these bands 
have to be assigned inevitably to electron explusion from or­
bitals with predominant o-siSi contribution. 
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Table I. Vertical Ionization Potent ia ls" of Linear Silanes S i„H 2 / J + 2 

Compound 

Si2H6 

Si3H1 0 

"-Si 4 H 1 0 

"-Si5H1 2 

CTSiSi 
1 2 3 4 

10.53 
9.87 10.72 
9.62 (10.3) 10.85 
9.36 (10.1) (10.6) (10.9) 

(n=2,3,4,5) 

"SiH 

(11.9) (12.1) 12.73 13.08 
(11.65) (12.02) (12.17) (12.8) (13.02) 
(11.6) (11.8) (12.0) (12.4) (12.92) 
(11.8) (12.2) (12.5) (12.7) 

"Si38" 

16.5 
15.7 
15.3 16.3 
15.3 

"Parentheses ( ) connote strongly overlapping bands. 

H. M Lj 

\ 

^-iL <w*v c'^'-'1 

6* (1a„) 

^ S - 3s*.«o,9) 

Figure 3. CNDO orbital sequence and orbital sketches for disilane. 

Disilane. According to electron diffraction28 the prepon­
derant conformer is the staggered one, and for D^d molecu­
lar symmetry the seven occupied molecular orbitals are pre­
dicted to belong to the representations r = 2a ig + leg + 
leu + la2u- The orbital sequence may be gathered from 
Figure 3, which summarizes results of a modified CNDO 
calculation. 

Judging from the "3ssi" ( la i g ) CNDO eigenvalue (Fig­
ure 3), the corresponding highest valence electron ioniza­
tion energy is expected near the helium(I) measurement 
border line of 21.21 eV. It can be approximated from the 
silane ai ionization at 18.16 eV assuming symmetrical split 
into both l a i g and la2U orbitals by /-E(Si2H6)IaIg) = 
/£(SiH 4 :a , ) + | /£(SiH 4 :a , ) - /£(Si2H6 :a2 u) | = 18.16 + 
(18.16 - 16.48) = 19.84 eV. The other occupied orbital of 
same symmetry, 2aig, obviously corresponds to the lowest 
IE = 10.53 eV and represents largely the <rsiSi bond. Be­
cause of the considerable distance la i g -2a i g the <rsiSi orbit­
al should contain only small 3ssi contributions and the 
CNDO calculation suggests prevailing 3psi character. The 
mean valueof theremainingionizations| IE{ 1 eg) — IE( 1 eu))| / 
2 = 12.46 eV (Table I) may be taken as coulomb parameter 
^SiH3 for pseudo TTSiH3 orbitals25 (but cf. Figure 9). 

Trisilane. Assuming C2r molecular symmetry, the ten oc­
cupied molecular orbitals of trisilane are distributed among 
the following symmetry species: T = 4ai + Ia2 + 2bi + 
3b2. To facilitate comprehension, sketches of the CNDO or­
bitals are presented in Figure 4. Within the MO model 
(Figure,4), the SiSi bonds can be identified to some extent 
with the two upper orbitals 3b2 and 4ai. However, due to 

H - ^ * -Si=*"/ ^ * Si -H 
I H / 
H _ H C 2v 

tev) 
- iS^i . e,.,. (=>i»i> 

--^a-e,,.,(*a,) 

-«•» \s, n^i V 

A ft a.) I 

(-IU1I 

--^3- 3ss.ao 

• ^ S , f l lo- l 

xF 

^Y 
f^¥* 3ss. (1a,) 

Figure 4. CNDO orbital sequence and orbital sketches for trisilane. 

(TSiH orbitals of same symmetry the admixture of SiH con­
tributions has to be taken into account. The five CTSJH type 
orbitals are calculated quite close to each other; in the trisil­
ane PES (Figure 2) the corresponding bands overlap 
strongly to form the "CTSJH mountain". 

n-Tetrasilane and n-Pentasilane. Expectedly, the asiSi/ 
asm mixing increases with molecular size, i.e., an increas­
ing number of orbitals of same symmetry, and with decreas­
ing orbital distance. Mixing reaches a maximum in confor­
mations of low molecular symmetry. In the case of n-te-
trasilane, rotation around the central silicon-silicon bond 
leads to two energetically favored rotamers with staggered 
bonds. Schematic CNDO orbital diagrams (Figure 5) dem­
onstrate increasing crsiH admixture to the csiSi type orbitals 
with increasing negative orbital energy. The CNDO corre­
lation diagram (Figure 5) also illustrates the considerable 
(TSiSi orbital shifts depending on changes in bonding or anti-
bonding interactions between silicon-silicon bonds with 
varying dihedral angle w. Analogous, though less transpar­
ent, orbital shifts are calculated for rotations around the 
two central SiSi bonds of w-pentasilane (Figure 6). For a 
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Figure 5. CNDO correlation diagram for the trsisi orbitals of staggered 
n-tetrasilane rotamers. 

rationalization of the individual orbital movements in Fig­
ure 6, one starts advantageously from the Ci conformation 
with one SiSi bond twisted by a> = 120° out of the molecu­
lar plane, which is crossed in both rotations, Civ — Ci as 
well as Civ -* Cs, respectively (Figure 6). Again the orbital 
sketches illustrate that <rsiH admixture increases with in­
creasing negative eigenvalue and particularly in conforma­
tions of low symmetry. Thus on rotation Cs ~* C\ numerous 
changes in orbital sequence take place, traceable to the non-
crossing rule between correlation lines of the same symme­
try, and further illustrating the strong mixing of all orbitals 
in the C2 conformation of n-pentasilane. 

Alkanes and their derivatives probably exist in conformer 
mixtures as proven, e.g., for pent-1-yne by a microwave 
study,29 according to which the gauche methyl form is 
slightly more stable than the trans methyl form. Inferring 
from the smaller rotational barrier of disilane2 ' (~1.1 kcal/ 
mol) relative to that of ethane30 (~2.88 kcal/mol), n-te-
trasilane and n-pentasilane might exist in conformer mix­
tures under measurement conditions. If so, then the PES 
(Figure 2) are superpositions of the spectra of the individual 
conformers. This speculation is at least in accord with a 
PES simulation, which starts from CNDO eigenvalues of 
the different staggered conformers, circumscribes Lorentz 
curves, and sums up according to weighted contributions of 
the conformers (see experimental section). Figure 7 shows 

t«v> 

- « • 

î -

Figure 6. CNDO correlation diagram for the crsiSi orbitals of staggered n-pentasilane rotamers. 
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Figure 7. Simulated PES (8.5-11.5 eV) of anti and gauche n-tetrasil-
ane conformers and their 1:1 superposition compared to the experimen­
tal PES. 

H 3 S i - < S i H 2 ) n - H 

n . 1 Jt 
(Jf' lio.n 

n=$ 3 6 2 1 10.3 <° «5 
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Figure 8. crsiSi ionization splitting patterns of silanes. 

for the crsiSi ionization region of «-tetrasilane the simulated 
spectra of both anti (C2A) and gauche (C2) conformers 
(Figure 5) and their 1:1 superposition, which gives a reason­
able fit to the recorded PES (Figure 7). Although confor­
mational ambiguity possibly must be taken into consider­
ation for both Si4Hio and SisH^, nevertheless, the above 
detailed assignment further confirms the initial approxi­
mate classification into <rsisu ^SiH, and 3ssi ionization re­
gions in the silane PES. 

Discussion 

SiSi Bond Ionizations. The PE spectroscopic splitting 
patterns of the silanes SinH2n+2 in the rrsiSi ionization re­
gion below 11.5 eV, partly determined by band deconvolu-
tion (Figure 2 and Table I), are compared in Figure 8. 
Overlapping bands were deconvoluted (cf. experimental 
part: calculations) using the shape of the well-separated 
bands of di- and trisilane (Figure 2). The asiSi ionization 
energies of silanes Si„H2„+2 (Figure 8) demonstrate that 
there is no symmetrical split around the disilane value 
/Ei(Si2H6) = —aHsiSi as observed for the methylsilanes 
Si„(CH3)2„+2 around /E1(Si2(CH3J6) = -«CHssiSi (Fig­
ure 1); the center of gravity /£„(ffsiSi) (Figure 8: O) moves 
to lower energies instead. The compression becomes espe­
cially evident for w-pentasilane with /E2 — /Ei = 0.7 eV » 
IEi ~ IE3 = 0.35 eV. For «-tetrasilane IE2 = 10.3 eV de­
viates not only from the mean /£„((rsisi) but also from 
/Ei(Si2H6) = 10.53 eV (Figure 1). No doubt concerning 

^Si S i ^ H 

/ V 
.Si —.Si­

te 
(eV) 

' • • * " " 

^»I*J . . •««.»* « e u 1 ' . . 

" \ ^StH , ' ~~~~- * « * * » » e g '' - -

/ \ „4-. «*- --

• • * • • ' • ' - • ( « " 1 3 

Figure 9. Complete LCBO MO model of disilane (for Si2H6 orbital 
sketches see Figure 3). 

ambiguous deconvolution of overlapping bands remains for 
the well-separated ones of trisilane and disilane (Figure 2). 
From their spectra two different interaction parameters 
/?HSiSi/siSi would result within an LCBO MO model analo­
gous to the one for methylsilanes (Figure 1), /Ei(Si3H8) -
/Ei(Si2H6) = 9.87 - 10.53 = -0.65 eV and /E1(Si2H6) -
/E2(Si3H8) = 10.53 - 10.72 = -0.2 eV, respectively. On 
the other hand, relative to the shifted trisilane center of 
gravity /£„(<rsiSi) = 10.3 eV an interaction parameter (/E] 
- /E2)/2 = -0.43 eV = /3Hsisi/siSi is obtained, which cor­
responds reasonably to /3CH3siSi/siSi = 0.5 eV for the meth­
ylsilanes (Figure 1). Summarizing, the "crsiSi ionizations" 
of silanes are compressed with increasing energy, and there­
fore an LCBO MO model considering only <rsisi bond orbit-
als must fail in the interpretation. Obviously, any expansion 
of the model including unoccupied orbitals cannot explain 
the compression on the higher energy side of the 'Vsisi ion­
ization" region. On the contrary, the adjoining asm ioniza­
tion humps in the PES (Figure 2) suggest—supported also 
by the results of the CNDO calculations (Figures 3-6)— 
that o-siH bond orbitals have to be included. A complete 
LCBO MO model for the simplest member of the series, 
disilane, and its parametrization using PE spectroscopic 
ionization energies justifies the above assumption. 

PES Parametrization of LCBO MO Models for Disilane 
and Ethane. A complete LCBO MO model for disilane can 
be easily constructed from S1H4 group orbitals and one SiSi 
bond orbital (Figure 9). The MO model construction and 
also its PE spectroscopic parametrization proceeds via join­
ing of two SiH3 units (Figure 9). Starting point is the asm 
bond orbital parameter (rsiH = —14.1 eV, corresponding to 
the mean of the SiH4 ionizations. For a SiH3 fragment one 
deduces—assuming the same geminal interaction parame­
ter /3gemsiH/SiH = —l-4 eV—the group orbital energies 
aeSiHj ** -12.7 eV and aaisiH3 * -16.8 eV. Comparison 
with the disilane PE spectroscopic ionization energies 
(Table I) leu, leg, and la2u leads to two internal parame­
ters /?esiH3/siH3 ~ -0.5 eV and /3a>SiH3/siH3 0.3 eV. 
Using the latter, one obtains for the symmetric combination 
of six SiH bonds in H3Si- • -SiH3 an internal coulomb pa­
rameter aa,8H3si---siH3 ~ —17.1 eV. Judging from the ai 
ionization of silane and assuming a symmetrical split la2u/ 
laig for disilane, the laig ionization of Si2H6 might be 
found near 19.8 eV, corresponding to a stabilization of the 
H3Si—SiH3 linear combination aig on SiSi bond ad­
mixture by about 2.7 eV. Subtracting this 2.7 eV difference 
from the first ionization energy of disilane /£i(2aig) = 
10.53 eV leads to the internal SiSi bond orbital parameter 
asiSi = —13.2 eV. Finally, for the interaction between the 
only two disilane orbitals of aig symmetry, which represents 
within our model the admixture of SiH contributions to the 
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H3XXH3 

Si 
e 
C " 

<*XX 

-13.2 
-15.4 
-15 .6 

°<XH 

-14.1 
-16.4 
-16.4 

0g e mXH/XH 

-1 .4 
-2 .2 
-2 .2 

0eXH3/XH3 

-0 .5 
-1 .2 
-1.3<* 

0a 'XH3/XH3 

-0 .3 
-0 .4 
- 0 . 2 " 

0XX/XH 

-1 .7 
-2 .4 
-2 .3 

3 Calculated from the parameters /and g given by Murrell and Schmidt'2 according to /3 exH /XH = / - . ? a n d / a i x H /XH =f+2g. 

SiSi bond, the resonance integral /3siSi/SiH is calculated con­
sidering a normalization factor I / A / 6 as shown below (eq 
2). Interesting results from the PE spectroscopic parametri-

a SiSi 

_6_ 

Ye' 
f . /^PSiSi /S iH 

Ve ^ S i S i / S i H a a ' B H , , S i ••• SiH3
 e 

= 0 

(2) 

0» 
/ (13 .2-10 .5) (17 .1-10 .5) 

SiSi/SiH = - 1 . 7 eV 

CpS 
ill 

8 

,A, 

9 

0.7«V ' O.SJe/|o.JS«Y 

\*S: 
_,\ 

IO IE («& 

Figure 10. PES region 7-10 eV of /i-S'5(CH3)n with band deconvolu-
tion. 

zation of the complete LCBO MO model for disilane are 
the estimated SiSi bond parameter asiSi = —13.2 eV and 
the relatively strong SiH admixture as suggested by the in­
teraction parameter /?siSi/siH ~ —1-7 eV. In this connection 
a comparison seems useful with the corresponding parame­
ters of the iso(valence) electronic molecule ethane (Table 
II), determined analogously (Figure 9) from the PE ioniza­
tion energies9"12 of methane and ethane. Table II includes 
also the parameters evaluated independently by Murrell 
and Schmidt12 from the PES of a larger number of alkanes 
based on ab initio calculations and on the LCBO MO model 
approach by Hall13 and Brailford and Ford.15 The agree­
ment is almost perfect, and therefore lends some credit also 
to the disilane values. These reflect the smaller effective nu­
clear charge of silicon |asiSi| < |«cc | and the longer bond 
distances in disilane |/3x=Si| < |/?x=c|- ' n addition it should 
be mentioned that the missing silicon bond interaction pa­
rameter /3siSi/SiSi ~ —2 eV3 has been estimated in a way 
similar to Figure 9, but rather cumbersome from a trisilane 
LCBO MO model because the number of terms to be con­
sidered increases rapidly with molecular size. Anyhow, the 
(SsiSi/SiSi is of no use in the discussion of «-tetrasilane and 
M-pentasilane because of their conformational ambiguity 
discussed above (Figure 5-7). 

Some Remarks on Bond-Bond Interaction Models for 
Homologous Series of Compounds. To rationalize molecular 
properties of chemically related compounds MO models are 
often helpful: those which have been parametrized using PE 
ionization energies31 and among others—especially for ho­
mologous series—those which incorporate chemical intu­
ition by combining bond orbitals; see, for example, ref 5, 
12-14, 25, 31-33. Therefore, the failure of a simple SiSi 
bond-bond interaction model for the silane series Si„H2„+2 
stimulates the question why for linear and cyclic methylsil-
anes - [ S i ( C H 3 ^ ] n - the first ionization energy of hexa-
methyldisilane can be used as an internal standard aCH3siSi, 
around which the csiSi ionization are split by /^"'siSi/siSi ~ , 
—0.5 eV according to the topology of the individual silicon 
skeleton (Figure 1). For /i-Si4(CH3)io, however, deconvolu-
tion of overlapping bands already reveals a deviation from 
the regression line (Figure 1) with differences in ionization 
energies IEi — IE] = 0.7g eV and IE3 — IEi = O.54 eV, re­
spectively.5 The PES of/J-Si5(CH3)I2 (Figure 10), recorded 
in the meantime, further substantiates a "compression ef­
fect" also for the higher methylsilanes with n ^ 4. On the 
other hand, the first two separated PE bands of octamethyl-

trisilane show—within measurement accuracy—an equidis­
tant split relative to the first one of hexamethyldisilane 
whereas for the corresponding silanes the center of gravity 
is shifted by —0.2 eV. Furthermore, the trsisi ionization po-

Si2R6 

Si3R8 

R = CH3 

8.69 eV 

R = H 

10.53 eV (3) 

8.I9 eV 9.I4 eV 9.8 eV 110.7a eV 

tentials of the cyclic methylsilanes (Si(CH3)2)„ with n = 5, 
6 fit in satisfactorily with the regression5 in Figure 1. 

The unsymmetrical <rsiSi ionization patterns of 
Si4(CHa)io and especially of Sis(CH3)i2 can be explained 
to some extent assuming a conformer mixture as for the 
higher silanes Si„H2„+2 with n > 4, although the larger in­
terference radii of methyl groups probably counteract twist­
ing around the SiSi axes. Nevertheless, additional effects 
must be considered to interpret the different splits (3) of in­
dividual conformers. An indication seems to be given by the 
different half-widths of the asic and <rsiH ionization regions, 
Si3(CH3)S ~ 1.4 eV5 and Si3H8 ~ 2 eV (Figure 2), respec­
tively. This observation suggests for LCBO MO models dif­
ferent SiR-SiR interactions, i.e., |/feic/Sid < |/3siH/siH|- An 
analogous assumption, that interactions SiSi-SiC are also 
smaller than those between SiSi and SiH bonds, and there­
fore can be neglected in a simplifying approximation, would 
help to explain, why the center of gravity of trsisi ionizations 
is shifted differently (3) in the methylsilane and in the sil­
ane series. 

Summarizing, simple bond-bond interaction models are 
a better approximation the more the molecules under con­
sideration are structurally fixed, the higher their overall 
symmetry, and the better they can be subdivided into char­
acteristic subunits—specifications, largely fulfilled for 
methylsilanes (Figure 1), but not for alkanes or silanes. 
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length dependence of the decay curves and time-resolved 
spectra of the complex we have formulated the following set 
of selection rules for radiationless transitions in the mole­
cule: Air* *-*~-»- dir*; 7T7T* <-~v* 7nr*; dx* *4t* TTT*. That is, 
there is a tendency toward retention of orbital parentage 
during radiationless deactivation of the complex. 

The formulation of a set of symmetry-based selection 
rules for radiationless transitions in polyatomic molecules 
has been attempted by several authors.4,5 Although these 
selection rules are of some utility, particularly in the case of 
small molecules with vibrational deficiencies,53 they are dif­
ficult to apply to large molecules. This difficulty arises from 
two major sources. First, the symmetry of the various excit­
ed states of large molecules is often not known with suffi­
cient certainty to apply symmetry selection rules with confi­
dence. Second, the abundance of vibrational modes of all 
possible symmetries in polyatomic molecules usually pro­
vides for a vibration of the right symmetry to make the ra­
diationless transition between any two electronic levels al-
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Nonequilibrated Levels in the Luminescence of 
cis- Dichloro( 1,10-phenanthroline)(4,7-dimethyl-1,10-
phenanthroline)iridium(III) Chloride 
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Abstract: The multiple emissions of m-dichloro(l,10-phenanthroline)(4,7-dimethyl-l,10-phenanthroline)iridium(III) chlo­
ride, [IrCl2(phen)(4,7-Me(phen))]CI, have been resolved by analysis of luminescence decay curves as a function of emission 
wavelength. The data are best fit by a model which views the luminescence as the result of three sets of thermally nonequili­
brated levels with lifetimes of 6.0, 8.7, and 22 MS. The levels all lie within a 400-cm~' energy region. The 22-MS set of levels 
arises from a mixed d7r*-7T7r* orbital parentage localized around the 4,7-Me(phen) ligand. The 6.0 and 8.7 /JS levels arise 
from d7r* or d-d orbital parentage. The orbital parentage of the levels produced by excitation is retained to some degree dur­
ing radiationless deactivation of the complex. The origin of this unique behavior in the heterobischelated complexes of Ir(III) 
is attributed to the combined effects of charge localization and vibrational deficiencies. 
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