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Abstract

Organic electroactive molecule Aldpas been investigated by means of Electron Capture Negative lon Mass Spectrometry (ECNI MS).
Only extremely long-lived parent molecular NIs were detected in the electron energy region 0—1 eV. Meantifefithese ions decreases
from ~800s at~0eV to 400us at 0.8 eV. The results af, measurement allow to estimate adiabatic electron affinky BA, < 3eV in
the framework of the model of autodetachment elaborated by Christophorou and co-workers.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction [6]. Christophorou et al. developed the theory of autode-
tachment and verified it at numerous number of lifetime

A large number of organic electroactive compounds (tz) measurementg—9]. Measurements of; may be used

suitable for thin film applications in optoelectronics for preliminary estimation of the value of electron affin-

[1] have been developed up to date. It is known that ity (EA) of the target molecules in the framework of this

electron-accepting molecules can make much easier elecimodel [8]. Nevertheless, only few works were devoted to

tron tunneling from the metal cathode in electric field. Thin long-lived molecular NI investigations and autodetachment

films made from such materials are supposed to have elecHifetime measurements last decddé-13]

tronic type of conductivity. As a rule, electron transporting

materials can form long-lived negative ions due to nondis- _

sotiative attachment of an additional electron to neutral 2 Experiment

molecule. Tris(8-hydroxyquinolinato)aluminum (Algis a

classical electroactive molecule widely applied in organic

electroluminescent devicg4—3]. Therefore, investigation

of its electronic structure, in particular interactions with

free low-energy electrons, is actual. Collisions of electrons

with energies up to 50eV with Algrevealed transitions

ECNI mass spectrum of Ajgwas measured using a mod-
ified [5] MI-1201 mass spectrometer under the following
conditions: accelerating voltage 4 kV, electron trap current
~1uA, FWHM of electron energy distributiodE1/» =
0.4 eV, energy of electrors varies in the range of 0-12 eV.
This type of instrument allows to measure NI curves of ef-

into singlet and triplet statejgl]. A small evidence of NI focti il ¢ ; ‘ol
formation is appeared in electron energy loss speida _ectlve yield (CEY) as a function o eeptror) energy. Focus-
ing magnet for the electron beam collimating is not shown

near elastic scattering peak, i.e., at thermal and near ther- = o ) .
mal energies. On the other hand, Electron Capture Negative'! F|g._]_ Typical ion source potentlgls were Fhe following:
lon Mass Spectrometry (ECNI MS) is a powerful tool potential of the anode chamber (#1Fiy. 1), defined the en-

for investigation of electron structure of negative id6k ergy of the electron beam, is varied in the range < Ue| <

Long-lived molecular NI formation is known since sixties +13V; the first and the second electron focusing lens (#4)
-1 < Uef < OV, and O< Uzet < +2V, respectively; the

repel potential (#7)-0.8 < U, < —0.2V, the ion extraction
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Fig. 1. Schematic view of the ECNI mass spectrometer. Notations: 1, heating reaction chamber (anode chamber, staifiles86t200°C); 2, tungsten
filament; 3, electron beam; 4, electron optics; 5, heating inflow system (stainless steel rod); 6, sample under investigation (evaporatinglectraeeg!

8, electron collector; 9, interaction region; 10, ion extraction and focusing lens; 11, first free-drift region; 12, magnet analyzer; 13, sedofid free
region; 14, deflection plates; 15, ion optics; 16, secondary electron multiplier; 17, pulse multiplier; 18, detection system; 19, control asystecord

varied in the wide range for the proper adjustment of the
ion source. It is possible to measure mean autodetachment
lifetime 74 of NI according to the method developed by
Khvostenko et al[5] for static magnet mass spectrometer
measurements. Deflection plates (#14Fig. 1) allow to
deviate charged species from the multiplier entrance and to
measure the neutrals’ signal only. When there is no deflect-
ing voltage on the plates #14, then the multiplier detects total
particle (ion+ neutrals) currenfy = kg1 N~ + koNO; other-
wise, when deflection voltage is switched dry(~ 1kV), Despite Alg is a chelate molecule, it is rather stable. The
then the neutrals, formed in the second free-drift region (#13 temperature of thermal decomposition threshold is about
in Fig. 1), are detected onlylp = k2N; k1 andk; are the  310°C. Vaporization of Alg was reached at the tempera-
amplification factors for the ionk~ and neutrals® of X, ture ~150°C of the rod. The temperature of the ion source
respectivelyN~ andNC are the number of IN and neutrals. was kept~80°C. Molecules under investigation multiple
Ta May be calculated according to appropriate fornjla collide with the ion source walls before ionization event due

to special construction of the ion source. Therefore, the in-
Mx ternal vibration energy of the target molecules corresponds

MSFB*
wheret(Sks™) = 5.95pus is the time-of-flight of S~ in

1(Sks7)
In[1 + (k1lo/ k2(Ip — 1o))]

Ta(X7) = 1)

to the temperature of the ion source.
the second free-drift regioM x is the molecular mass o
Msp,~ = 146 amu. Amplification factors werg = 8 x 10°
andk, = 4.74 x 10° in our measurements. At the first step
we measure §F /SF; lifetime with the aim to findk, /ko ra-
tio from Eqg. (1) It is assumed that autodetachment lifetime
of SF™/Sks 14 = 685 [14]. At the second step, we mea-

sure the particle and neutral current of the ion under inves-

tigation, and calculate,(X™) using formula (1) in supposi-
tion that the ratidki/ko = constant for the different masses.
Time-window ofta measurements is about 5-5Q0%)

Algsz was synthesized and purified by manifold sublima-
tion. The chemical structure of Adgis presented below:

3. Results and discussion

The results obtained are presented Rig. 2 Only
long-lived molecular NI (main isotopa/z 459 amu) are de-
tected in the NI spectrum of Ajg The shape of the AlT
CEY shows clearly that there are more than one long-lived
resonant states in the energy region 0-0.9eV. Really, the
full weight of Algz~ CEY in the half-maximum FWHM>
0.6 eV, and FWHMSF;™) ~ 0.4-0.45eV (se€ig. 2. It is
obvious that the anion, living some thousand microseconds,
exists in the ground electron state, independently from its
initial electron state and primary mechanism of its forma-
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Fig. 2. Curves of effective yield $F/SFs, Algs~/Algs, and Alg®/Algs, left axes, together with mean autodetachment lifetime (right axes) as a function
of electron energy. Marks show lifetime energy dependence.

tion, either the nuclear excited Feshbach resonance or theThe main equation is as following:
shape resonance. Mean lifetime of molecular NI, relative

; X . 1/2
autodetachment, practically linear decreases with the eIec-T,l _ 0(8i)8i/ m (e +de )N“/ZI
tron energy. Such kind of the energy dependence,ab " [ei + EA+ag V-1 | 723" z ’
very strange because of typical behaviorgfas a func- (2)

tion of the incident electron energy should by exponential

[7,8]. It is known that the calculated, function always  Whereo(s;) is the electron capture cross-sectienjs the
decreases much faster with the energy than experimentafnitial electron energym is the electron mass;; is the
one. This effect has been explained by Christophdgju  Zero-point energy of the molecula,anda’ are known cor-
and is attributed to the poor electron energy resolution in rection factor,N = 3n — 6 is the number of vibrational
the experiment £ E1/2 ~ 0.45€eV in our measurements). degrees of freedom. _

Possible, this effect may lead to distortion of the observed For the sake of the main case of AlqV = 150, oc(ei)
ta(¢) shape right up to the linear dependence. So, measurednay be fitted by Gaussian function:

linear decrease of the autodetachment lifetime is an artifact Aﬁe(z(g_gcﬁ/u@)
of the low-energy resolutiof?]. oc = , 3)
wa/7
with the following parametersd = 83.6, ec = 0.26, w =
4. EA estimation 0.7. Other necessary parameters are the following:0.85;

ad = 1.0; EA = 1eV: oc(ec) = 95A2. The last value has

Measured decreasing of with the energy, in principle,  been estimated from quantum chemical calculations of the
may be considered in the framework of a statistical model optimal geometry of the neutral molecule. This is the pa-
elaborated by Christophorou et §8]. However, this theo-  rameter set #1. The value of EA was chosen for the best fit
retical approach requires knowledge of the dominant param-with the experimental value of autodetachment lifetime. The
eter of the model, the EA of the target molecule. Unfortu- results of estimation of the autodetachment lifetime are pre-
nately, up to now there are no available data on EA ofAlg sented inFig. 3. Comparison of the experimental measure-
So, only qualitative consideration of AJg formation and ments oft, (Fig. 2) and its theoretical evaluationEi{. 3)
autodetachment decay is possible. On the other hand, as ishows reasonable agreement at the peak maximues
has been pointed out previougk], the value of EA may be  0.26 eV. The calculated function decreases much faster with
evaluated by this model if we accept certain initial assump- the energy than experimental one, the same as in the case
tions. Therefore, let us try to solve the inverse problem of of the original theory7,8]. This effect has been explained
EA estimation by known lifetime energy dependence. by Christophoroy9], and is attributed to the poor electron

Generally speaking, Christophorou’s model has two basic energy resolution in the experimemk £y ~ 0.4-0.45eV
parameters which define the value of autodetachment life-in our measurements). So, if our parameter set #1 for calcu-
time: EA and number of effective degrees of freedbim lation of 74 is reasonable enough, then the adiabatic EA of
participating in the sharing of the ion’s excess endijy Algs is about 1eV. It necessary to point out that such kind
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150 — 1000 of the low-energy resolutiof®]. Autodetachment molecular
- (0.26)=684 ps | NI I|fe_t|me measurements;, = 700@_5 at _0.26 eV, allows
120 o2 to estimate, as a preliminary, the adiabatic EA of the target
750 molecule as 1-3 eV in the framework of the autodetachment
“c 90 " model proposed by Christophorou et [a,8].
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Fig. 3. Calculated autodetachment lifetime as a function of electron energy Refer ences
(circles) together with Gaussian fitted electron capture cross-section (line).
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