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We consider polyatomic molecules containing peripheral chains of valence groups, which slide 
along crystallic surfaces at grazing incidence. The periodically located Coulomb centres of the 
crystallic surfaces interact with the moving valence group dipoles like a t ime-dependent oscillation 
potential. This interaction can lead to multiple resonant vibrational excitations of the peripheral 
valence group dipoles. Accumulation of such collective excitations in the valence group chains 
(excimols) eventually can lead to the cleavage of particular bonds (trap bonds) inside the molecule. 
A model for this complex process is presented including a parameterised formula for the dissociation 
probability of polyatomic molecules scattered by a surface at grazing incidence. The model is 
supported by the experimental observation of dissociation energy thresholds. 
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Introduction 

Quantum processes of polyatomic molecules caused 
by interactions with surfaces are an important part of 
fundamental solid state and molecular physics. The 
current interest in such processes is indicated by a 
growing number of publications [1-20]. Most papers 
on the problem are devoted to the elastic and inealas-
tic interactions of two-, three- and four-atomic mole-
cules with surfaces at different incidence angles and 
initial velocities v < vB, where vB % 108 cm/s = 1 m/ps 
is the atomic unit of velocity or Bohr velocity. Analy-
sis of experimental results presented in these papers 
permits to conclude that the probability P0 1 for ex-
citation of the first vibrational level of diatomic 
molecules with a normal-to-surface velocity compo-
nent v± < 105 cm/s is very small (P01 ~ 10" 2 - 10" 3 ) 
[15,16]. P0 1 is getting noticeable, however, if the veloc-
ity component V\\ parallel to the surface reaches the 
Bohr velocity vB [8, 9]. This was shown for grazing 
incidence of biatomic molecules using the model to 
energy exchange between the molecules and surface 
phonons or electrons. 

The literature related to molecule-surface collisions 
for molecules consisting of more than four atoms is 
rather limited and well reviewed in [18]. 
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There is experimental evidence for deposition of a 
considerable amount of internal energy by molec-
ular collisions with surfaces [18]. This accumula-
tion of energy depends on the initial molecular veloc-
ity and on the internal molecular structure. New dis-
sociation channels for polyatomic molecules sliding 
along surfaces can be opened with an increasing t^ 
[17-21], 

To our knowledge, no consistent theoretical de-
scription has been published on the whole complex of 
processes connected with the grazing incidence of 
polyatomic molecules on surfaces with velocities 
vT < < vB, where vT is a thermal velocity. Never-
theless, there are some phenomenological models de-
scribing the dissociation of polyatomic molecules in-
duced by collisions with surfaces. For instance, the 
thermo-kinetic model is based on the assumption that 
the normal component of the kinetic energy can be 
transformed into internal vibrational energy [17]. In 
another model [10] a mechanism for the transforma-
tion of translational energy into rotational energy is 
suggested for rigid atomic clusters sliding in a surface 
potential field. 

In this paper we present theoretical and experimen-
tal investigations of excitation and dissociation pro-
cesses involved in the grazing scattering of poly-
atomic, organic molecules at crystallic and metallic 
surfaces. We limit our considerations to molecular 
velocities within the interval vT < t^ < vB. In particu-
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lar, we focus on activation energy thresholds for disso-
ciation. 

Polyatomic molecules incident upon a smooth sur-
face at grazing angles less then one degree do not 
penetrate into the surface but are subjected to a pre-
dominantly specular scattering by the first layer of 
surface atoms. This fact permits us to exclude from 
our considerations a number of complex phenomena 
associated with molecular penetration into a surface. 
When f|| vB, a large excitation probability for poly-
atomic molecules can be observed, eventually leading 
to dissociation due to their interaction with the sur-
face potential. 

Small values of incidence angles <P < 1° and inci-
dence velocities of v± < 104 cm/s, t^ < vB make negli-
gible such phenomena like molecular thermal defor-
mation and energy exchange between molecules and 
surface electrons or phonons. We believe that under 
these circumstances the excitation and dissociation of 
polyatomic molecules can occur as a result of their 
interaction with the surface potential field, which de-
creases along the surface normal and, more impor-
tantly, has a periodical structure due to the regularity 
of the surface lattice. 

We consider polyatomic organic molecules consist-
ing of regularly chained identical valence groups (for 
instance C = 0, N = 0 , C —H) with relative distances 
larger than the mean free path of electrons in the 
surface electron gas. Thus the polyatomic molecule is 
characterised by a set of chains or rings of valence 
groups. The following two main interaction mecha-
nisms can be analysed on the base of the above men-
tioned assumptions about surfaces and polyatomic 
molecules: 

(i) vibrational excitation of separate valence bonds in 
the polyatomic molecule by the averaged surface 
potential field; 

(ii) resonant vibrational excitation of separate valence 
bonds by periodic surface potential fields [22], 
The basic resonance condition is a>01 = to1 — cu° 
= 2nv\\/d, with eigenfrequency co° for the ground 
state and co1 for the first vibrational excited state 
of a valence bond and d is the lattice constant of 
the periodic potential. This resonance excitation 
of a valence bond in a molecule sliding along the 
periodic surface field is similar to the well known 
resonance perturbation of gas-atoms channelling 
inside a crystal [23,24] or to coherent atomic inter-
actions with light [25]. 

The probabilities for these two mechanisms depend 
on the kinetic energy of the molecule, the geometry of 
the experiment and the structures of molecules and 
surfaces. In general, the excitation probability for the 
averaged field acting on the grazing molecule is esti-
mated to be small compared to the resonance excita-
tion probability. 

Our approach to polyatomic dissociation is based 
on our excimol theory [26]. We consider trigger excita-
tions of one or more bonds in valence group chains or 
rings. The spectral analysis of energy operators for 
quantum systems (molecules and surfaces) allows to 
treat excited states in valence groups as quasi-station-
ary excited states (excimols). The excitation energies of 
these quasi-stationary states have complex values per-
mitting to take into account relaxation processes and 
the inharmonic character of bond vibrations. 

It was shown that the excimol life time is several 
orders of magnitude longer than the life time of trigger 
excitations [27]. The energy of one excimol is not suf-
ficient to destroy any internal bond, but excimols can 
accumulate in certain bonds inside the polyatomic 
molecule, which do not belong to the chain and can 
serve as t rap bonds. If n excimols arise in the poly-
atomic molecule, a total energy E (n) can concentrate 
in the trap. Dissociation of this t rap bond can occur, 
if E(n) > ED, with ED being the t rap bond's dissocia-
tion energy. 

Theory 

Valence groups of a polyatomic molecule experi-
ence the interaction with N1 • N2 surface ions located 
on the square LL • L2. We assume that a molecular 
valence bond is a quantum oscillator with the dipole 
momentum 

D = D0 S• — , S={SX,SY,S2}, (1) 
ro 

where D0 is a value of dipole momentum, S a unit 
vector along the oscillator's axis from the negative 
charge to the positive one, r 0 an equilibrium distance 
between the atoms of the valence group and r its 
variable length. 

For a given part of surface with N : • N 2 centres on 
the square L 1 • L 2 the potential of dipole interaction 
with all centres denoted by n , e { l , 2 , . . . , N j , i = 1, 2 
can be represented in the form 

V (R, D) = D • grad V (R). (2) 
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The surface potential V (R) is taken as 

V(R)= I I V{\RHlH2\), 
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Then we obtain 

V(R,t,D) = j:Kmn(Rxy,Rz,t,D), (9) 
»1 = 1 «2=1 

Rnin2 = R + Qnin2, R = {Rx,Ry,Rz}, (3) 

where R is the radius-vector of a dipole c.m., corre-
sponding to surface ion (00), and Qni„2 is the vector 
directed from ion (00) to surface ion (Hj n2). If we 
denote the lattice vectors as bl and b2, then we have 

Qn in2 = n l b l + n 2 b 2 , (4) 

We approximate the potential of surface ion (n1 n2) 
by Moliere's representation of the Thomas-Fermi po-
tential, e.g. [28]: 

V n l n 2 i R n l n 2 ) = - j T - X { R n l n 2 , * r F) with 

3 

X = Z a , e x p ( - ^ K n i n 2 / a X F ) , (5) 
i = 1 

where Z is the atomic number of the surface ion, 

{a} = {0.1; 0.55; 0.35}, 
{A} = {6.0; 1.2; 0.3}, 
a T F = 0.8853 Z~1/3 a 0 , 

and a0 is Bohr's radius. 
We introduce a coordinate system (xOy), which co-

incides with the surface plane. The axis (Oz) is a sur-
face normal. The coordinate origin coincides with the 
position of the ion (00). If the dipole is moving along 
the surface with the velocity v = {vx,vy, 0}, the c.m. 
coordinate is a time-dependent function: 

R (t) = {Rx + vx t, Ry + vy t, Rz} . (6) 

Thus, the surface potential is also a function of time 

V(R(t))= I I Vnin2(\R(t) + Onin2\). (7) 
"1 = 1 «2 = 1 

To factorize the time dependent function in expres-
sion (2), let us expand the potential over the surface 
vectors Gmn: = 27r(na1 -I- ma2), where ax and a2 are 
reciprocal vectors of bx and b2\ 

OO OO 
V{R,t)= I I Vmn(R,, f)exp {iGmn • Rxy}, 

m = — oc n = — oo 

Rxy={Rx>Ry} (8) 

e x p { ; G m n - v t } b t J n
 b? 

with 

Vmn(Rz,t) = 
bi b : 

j dR x J dRy 
0 0 

N I N I 

Kmn = D-V(Vmn(Rz)exp{iGmn-Rxy})exp{iGmn-vt}, 

Kmn = Kmnexp{iGmn • vt} , 

Km „ = ^ ( S2 A Vm „ (RJ + iVmn (Rz) {m SJb, 
r0 \ dz 

+ nSy/b2})Qxp{iGmn-Rxy}. (10) 

From (10) one can see that the valence group feels 
a time- and velocity-independent component K00 of 
the potential and time- and velocity-dependent peri-
odical potential components Kmn(rn^ 0 or n / 0) 
with frequencies comn = (Gmn • v), where v is the paral-
lel component of the molecule velocity. 

Let us first estimate the vibrational excitation prob-
ability for the valence bond induced by the interaction 
with potential K00. The interaction potential has the 
form 

D0r 5 
Koo — Sz — V00 (Rz), 

RN OZ 
(11) 

where V00 (R,) is the average surface potential, which 
has the form 

V00 (*-) = 
2nZeaTT: * a,-

Z ^ e x p i - ß t R J a r r ) . (12) 
bi b2 ; = i ßi 

• e x p { - i G m n - R x y } I Z V{\Rni, 
ni=l n2=1 

Valence groups are assumed to orientate by the sur-
face field like diatomic molecules during adsorption 
[29]. The dipole vector of the valence bond is orientated 
parallel to the Oz axis at a c.m. distance Rz>3a0 

from the surface. For a distance a0 < R: < 3 a0 the 
valence bond is orientated parallel to the surface. 

The valence bond vibrational excitation by interac-
tion with the component K00 of the surface potential 
can be considered in the frame of the first order time-
dependent perturbat ion theory. By this the different 
braking forces for the different valence group atoms 
are taken into account. The contribution of this mech-
anism to the excitation probability of the first vibra-
tional state by our estimation is about 7 - 1 0 % and 
does not depend on the molecular velocity in the con-
sidered energy range. 

Let us now consider the resonant vibrational exci-
tation of a valence bond and the subsequent molecu-
lar dissociation caused by Kmn, with m ^ 0 or n ± 0, 
part of the interaction potential between surface and 
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valence groups. The molecular valence groups are as-
sumed as quantum oscillators, and the vibrational 
transition inside is possible only from the ground to 
the first excited state. Resonant excitation is expected, 
when the valence group eigenfrequency co01 of the first 
vibrational state coincides with one of the field fre-
quencies comn. The relation a>r

mn = a>01 defines the 
value of the molecular resonance velocity vr

mn by the 
equations 

or = (Gm„ • Vmn) = (Gmn • v0)vr
mn, 

CO 

(Gmn • ®<>) 

2TCE01 2 . 4 • 1 0 6 

(GMN • ®o) 
c m / s , (13) 

where v0 is the dimensionless unit vector in the direc-
tion of vr

mn and a0 1 is the energy of the first vibrational 
state expressed in eV. The value of Gmn is 

Gmn\ = 2n{(rn/bl)2+(n/b2)2y>2. (14) 

where bx and b2 are the surface lattice constants ex-
pressed in [Ä] and m, neN. The lowest ofol we define 
as the fundamental resonance frequency, and the cor-
responding molecular grazing velocity vr

0l as the fun-
damental resonance velocity, which has the form 

e 2.4 • 10 6 b : . 
v0 1 = max < cm/s , 

i = 1, 2 (_ (*{•»<>) 
(15) 

where e, is a unit vector in direction bt, i = 1, 2. 
From this it is clear that for the valence group with 

eigenfrequency co01 the resonance process can occur 
only for velocities in the half interval / (cu01) = (0, Uoi]-
Resonance velocities in this interval have discrete val-
ues. The maximum resonance velocity is tf0 1 . Other 
resonance velocities can be expressed as 

, ( G oi • ®o) 
»mn = Vol 

(Gmn • ®o) 
(16) 

The amplitudes of the periodical surface field compo-
nents are defined by Vmn. F rom this it is clear that for 
m, n P 1 the spectrum of frequencies a>r

mn can be con-
sidered to be continuous. The corresponding veloc-
ities vr

mn for m, np 1 are smaller than the value of the 
fundamental velocity vr

01, which is well separated 
from the other resonance velocities. 

If one is interested in the excitation probability due 
to the fundamental field harmonic, it is possible to use 
the well known two-level approximation of nonsta-
tionary perturbation theory. To calculate the total 
action of the periodic surface field on molecules one 

has to use the first order time-dependent perturbation 
theory: 

= E 

( C W - s i n 2 j ( co m „ -co 0 1 ) -

K , „ - e o 0 1 ) 2 
. (17) 

Now we infer the probability of vibrational mole-
cular excitation as a function of velocity v in the inter-
val, which corresponds to the "nearly continuous" 
spectrum of cor

m„. To do this one has to sum the tran-
sition probabilities defined in the first order time-
dependent perturbation theory over all values m 
and n. Starting from the periodic field frequency 
com„ = 2n{vxm/bl + vyn/b2), we can make the transi-
tion from summation to integration over continuous 
variables using the relations com = 2nvxm/bl and 
o\ = 2nvyn/b2. 

Then we get the considered probability per time unit 

P01 (Rz, v ) = ^ ] dcon J dcom (K 0 1 K , com, Rz))2 vxvv o 

sin2 ( K + c o m - co01) - f /2) 
(18) 

K + c o m - o ; 0 1 ) 2 - t ' 

where K 0 1 is a matrix element calculated in the ap-
proximation of a constant trajectory: 

K01(con,com,Rz) 

(19) 

<*>o(r) 

r0 I dz 

+ [Sx a)Jvx + S cojv ] V (co„, com, Rz) 

Here are the oscillator functions for the states 
0 and 1 respectively. 

Now we integrate (18) over frequency com. Taking 
into account that the time-factor in (18) has a pole at 
cbm = co°1 — con, we extract the factor [K01 (con,com, RJ ] 2 

from the integrand by atm = cbm and average over Rz: 

Po 1 = 
2nblb2 

{R{2) - R^ico01 h)2 vxvy 

R<2) 

\ dR z j dco„ { X 0 1 (cu„, com, Rz)}2 , (20) 
R[l) 0 

where R^ and R{2) delimit a distance interval for 
adsorbed atoms at a given surface. This formula is 
analogue to the well known Fermi's second golden 
rule. 
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We consider polyatomic organic molecules, which 
contain chains of valence groups of the type C = 0 , 
N = 0 , C—H and so on. The characteristic frequencies 
of these valence groups are between 1000 - 3000 c m " 1 

and the corresponding energies of first vibrational 
states are between 0.15-0.38 eV. By sliding movement 
of these molecules along crystallic surfaces resonant 
excitation of the first vibrational states can be ex-
pected at velocities v̂  < 3 • 106 cm/s. At these veloc-
ities the braking excitation probabilities of the first 
vibrational states in the considered valence groups do 
not exceed 10%. The resonant vibrational excitation 
is the main mechanism for valence group trigger exci-
tations with a life time of 10" 1 2 — 10~ 1 3 s . Each trig-
ger excitation of one valence bond leads to the appear-
ance of an excimol with an energy Eexc and a life time 
of 10" 1 0 — 10" 1 1 s [26, 27], The excimol is a vibra-
tional excitation, which is transferred from one va-
lence group to the next one within a valence group 
chain induced by the interaction between parallel ori-
ented valence group dipoles. 

Each valence bond trigger excitation in the chain 
can produce an excimol. The interexcimol interaction 
is as small as the interexciton interaction in solids. The 
possibility of the independent existence of many ex-
cimols in a chain is an explanation for the energy 
accumulation E(n) inside a molecule, which contains 
a chain of n valence bonds. The average accumulated 
energy can be defined as 

E (n) = Hexc £ e x c with nexc = n P0l (v). (21) 

If a chain of identical valence groups with eigenfre-
quency co01 and dipole momentum D l is connected 
with another valence group with w"1 > an<^ 
/>! D2, COS y ± 1 (y is the angle between Dy and D2), 
then the latter valence bond can be a trap for the 
excimols arising in the chain. It means that the prob-
ability P(t) for excimols to be collected inside the trap 
is much higher than the probability for excimols to be 
collected inside a valence group of the chain. Using 
the two-level time-dependent quantum theory, by 
which one can take into account a diagonal disorder 
co i 1 / co01 i n valence group chains, it is possible to 
obtain the excimol transition probability to the trap 
similar to the case of an exciton trap [30]: 

PlW = 1 - A2Blm ' Sln2 r + ' W A + t> 

where A2 = 1/41 co01 — co®112, and B2 is a matrix ele-
ment depending on y,Dl,D2, and the distance be-

tween the c.m. of the two valence groups. It follows 
that for A P B a total energy of n excimols E (n) can 
concentrate in the t rap and dissociation of this trap 
bond can occur if E (n) > W, with W being the trap 
bond's dissociation energy. 

Let us define the excimol accumulation energy £ t h r e s 

which satisfies the relation £ t h r e s = W. From this rela-
tion and (21) one can define the threshold velocity 
f l h r e s of the grazing molecule for which the dissocia-
tion channel is opened. Then the dissociation proba-
bility of the t rap bond Pd (u) as a function of velocity 
has a threshold behaviour: 

Pd(i>)% 0 for v<vthTes and 
Pd (v) *[P01{V)-P0l (l>thres)] f o r ^ »thres • (23) 

From numerical analysis of (20) it follows that the 
probability P0l(v) depends on the velocity in the fol-
lowing way. It increases for v < co01 aTF, decreases for 
v P co01 aTp and has a plateau behaviour around 
u « c o 0 1 a T F . This permits the conclusion that the 
function Pd (i>) increases with increasing v in the inter-
val [uthres, co01 aT F]. The steepness of the increase and 
the threshold velocity t?thres depend on the parameters 
of the molecule-surface system, in particular on co01 

and cj-pp. 
We now consider a molecule containing k differ-

ent trap bonds with the dissociation energies Wt, 
i e ( l , . . . , k) and 

Wl > W2 > ... > Wk, leading to 
r( l) r(2) > > r (k) (241 ^thres "̂ thres • • • ' ^thres • 

To dissociate one of the trap bonds it is necessary to 
accumulate the excimol energy E(n)>E^res. Ac-
cording to (21) the energy accumulation is depending 
on the number n of valence bonds, which are part of 
the chain closest to the surface, on the excimol energy 
£ e x c and on velocity v. As the excitation probability 
P01(v) is increasing in the threshold velocity range 
ythres < t^01 aTF> the threshold excitation probabilities 
for the different t rap bonds are satisfying the inequal-
ity 

P(n ( C s ) > ^oi « ] J > • • • > Poi « D , 
with v™s>v™„>...>v}*>eM. (25) 

Thus, for a given molecule we have different threshold 
velocities for the dissociation of trap bonds with differ-
ent dissociation energies. 

The above presented theoretical model of surface 
induced dissociation (SID) for grazing incidence takes 
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into account the internal chain like structure of the 
polyatomic molecule and thus is essentially different 
from the well known R R K M theory, see e.g. [31]. 
R R K M is based on thermo-dynamic statistics, does 
not take into account the influence of the molecular 
structure on the dissociation process and applies to an 
energy range 100 times higher than typical energies 
considered here. 

Experiment 

To test our grazing incidence SID theory, we inves-
tigated experimentally the dissociation of the organic 
complex ion M ^ = [Bu1 4Ac7 - ß - C D + Cs2I] + 

into the channel Mx
+ -»• M , 4- Bu + and the complex 

ion M2
+ = [ P e 1 4 A c 7 - ß - C D + Cs2I] + into the 

channel M 2 -> M 2 + Cs + by their grazing collision 
with an aluminium oxide surface. The molecular ki-
netic energy £y parallel to the surface was varied in 
the range: 100 to 1000 eV. The fourteen peripheral 
hydrocarbon valence group chains (butyl or pentyl) of 
the molecular ions served as the accumulators for ex-
cimol energy. The bonds, which connect the butyl 
groups with M'j and the Cs with M'2, were regarded 
as the t rap bonds for the accumulated excimols. 

The aim of our experiments was to measure the 
expected kinetic energy thresholds for the dissociation 
of the above characterised complex ions by using a 
modified 2 5 2Cf-plasma desorption mass spectrometer 
(PDMS). A beam of the primary ions Mj1" or M 2 

was deflected towards a tilted converter (Figure 1). 
Depending on the polarity of the applied converter 
potential Ucon, the primary ions were postaccelerated 
or decelerated in the homogeneous electrostatic field 
of the converter. After impacts of primary ions at the 
flat converter surface the secondary electrons or the 
secondary ions were accelerated and detected after 
having passed a short drift path to the micro channel 
plate detector (MCP). For a defined decelerating 
converter potential Ucon = UCTii the fully accelerated, 
intact primary ions collide with the converter surface 
at grazing incidence and low kinetics energies 
(^impact = E\\ = £acc - Econ)- B y variation of the accel-
eration voltage Uacc and the converter potential Ucon 

accordingly, the setup allows to study the dissociation 
efficiency depending on the grazing velocity or energy. 
Details of the experimental setup have been described 
earlier [19]. 

converter 

Fig. 1. Scheme of the modified plasma desorption mass spec-
trometer with deflection plates for accelerated ions, converter 
foil acting as scattering surface and micro channel plate de-
tectors (MCP) for start and stop signals used in time-of-flight 
mass spectrometry. 

As expected, threshold impact energies are ob-
served, which have to be exceeded to produce sec-
ondary fragment ions. These activation energies are in 
the order of a few hundred eV depending on the types 
of primary and secondary ions. The generation of the 
low mass fragments (Bu + , Pe + ) of the molecular ions 
[ B U 1 4 A C 7 — ß — C D + Cs 2 I ] + and [Pe1 4Ac7 - ß 
— C D + Cs 2 I ]+ obviously needs higher impact ener-
gies than necessary for Cs +-secondary ions, and Cs + 

is easier released by [M + Cs]+ than by [M + Cs2I] + -
primary ions. 

The measured fragment ion intensities, which are 
proport ional to the dissociation probabilities Pd{E) of 
the corresponding dissociation channels, are pre-
sented in Figure 2. 
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1200 

molecular kinetic energy / eV 

Fig. 2. Experimental dissociation p r o b a -
bilities PD{E) for molecule M x in the chan-
nel Mj^ - » M ' , + B u + (dots) and molecule 
M 2 in the channel M ^ M'2 + C s + (tri-
angles) as funct ions of the grazing kinetic 
energy. The curves represent the fitted 
functions (26) with co01 = 2n • 0.9 • 10 1 4 s " 1 

corresponding to the C —H valence b o n d 
and = 0.4 a0 as an average value for 
a luminium and oxygen. 

Discussion 

The experimental data have been analysed by using 
(23) for the t rap bond dissociation probabili ty. This 
formula can be presented in a parameterised form: 

Pd(v) = F-P01(co01,v,aTF)-C, (26) 

where P01 is the integral par t in (20), averaged over the 
dipole momenta directions S and velocity v (see Ap-
pendix). Obviously it depends on the molecular veloc-
ity or energy, the characteristic frequency cu01 for the 
valence bond in the chain and the Thomas-Fermi ra-
dius aTF of the surface ions. The parameters co01 and 
a T F are known for each system consisting of a given 
molecule and surface. Consequently, the probabili ty 
Pd as a function of the molecular kinetic energy de-
pends on two parameters F and C. The parameter F 
is the same for any dissociated t rap bond in a given 
molecule, but it depends on the surface potential and 
the valence bond chain, in which the excimols are 
collected. The constant C is defined by the dissocia-
tion threshold probability and depends on the neces-
sary number of collected excimols and t rap-bond 
properties. 

In the present case, the surface consisted of alu-
minium and oxygen ions and the chains consisted of 
C—H valence groups. The corresponding parameters 
were cu01 = 2n • 0.9 • 1041 s _ 1 and a T F = 0.4 a0 as an 
average value for aluminium and oxygen. The dissoci-
ation probabilities for the channels Mj1" + Bu + 

and M 2 M'2 + CS+ are presented in Fig. 2, calcu-
lated by (26) with parameters F and C chosen by the 
best fit to the experimental data. We calculated the 
function P01 by expanding the integrand in a series. 
The fitted F-values occurred to be the same for the 
different t rap bonds in the given molecule and C is 
proport ional to the dissociation energies of the t r ap 
bonds. The different dissociation energy thresholds for 
molecule in the channel Mj1" -> + B u + and 
molecule M 2 in the channel M 2 -> M'2 + CS+ are 
reflected by the different fit values of the constant C. 

The sensitivity of our model for variations of the 
parameter co01 was tested by calculation of P01 for the 
dissociation channel M ^ 4- Bu + using (26) with 
cu01 =2TC-0.5- 1014 s _ 1 and co01 = 2n • 0.6 • 101 4 s " 1 

corresponding to C = 0 and N = 0 valence bonds, re-
spectively. F r o m the curves displayed in Fig. 3 one can 
see that the model clearly can distinguish different 
composit ions of the valence bond chains. Also the 
influence of the surface parameter a T F , determined by 
the nuclear charge of the surface ions, was checked 
by calculation of P01 for a gold surface (aXF = 0.2 a 0 ) 
and for a carbon surface (aT F = 0.5 a0). The curves 
calculated by (26) with parameter C equal to zero also 
demonstrate the high sensitivity of the model for 
the chemical composition of the crystallic surface 
(Figure 4). 

The analysis shows that the suggested model is well 
describing the experimental data and can be used for 
the investigation of surface and molecular propert ies 
by grazing collision experiments. 
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Fig. 3. Dissociation probabil i ty PD (E) for 
molecule M j in the channel M + M j 
+ Bu + as a funct ion of the molecular ki-
netic energy: 

(1) experimental da t a and fitted funct ion 
(26) with co°1 = 2 7t • 0.9 • 10 1 4 s " 1 ( C - H); 

(2) same funct ion with <y01 =271-0 .6 
• 101 4 s~ 1 ( N = 0 ) ; 

(3) same funct ion with a»01 = 2n • 0.5 
• 10 1 4 s " 1 ( C = Q ) . 

molecular kinetic energy / eV 

• Bu+ f ragments of M 

1000 1200 

250 -

molecular kinetic energy / eV 

1 0 0 -

1000 1200 

200 -

150 
Fig. 4. Excitation probabil i ty P0L(E) F°R 

valence bond C—H in molecule M t as a 
funct ion of the molecular kinetic energy: 

(1) experimental da t a for dissociat ion 
channel Mx

+ M' t + B u + and fitted 
funct ion (26) with a1F = 0.4 a0 a n d con-
stant C equal to zero; 

(2) same funct ion with a T F = 0.2 a0 (gold); 
(3) same funct ion with a T F = 0.5 a0 (car-

bon). 

• Bu+ f ragments of M 
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Appendix 

In order to calculate the dissociation probability 
Pd{v) for polyatomic molecules as a function of the 
kinetic energy E or the velocity v, (23) is rewritten in 
the form 

Pd (®) = A • (P01 (r) - P01 (®thres)) for v > vthies. (23 a) 

Here A does not depend on v. The excitation probabil-
ity P01(v) given in (18) was integrated over Rz. After 

averaging P01 as specified in (19) over the unit-vector 
S of the dipole momentum and over the velocity v of 
molecules grazing along the surface, the excitation 
probability will have the form P01(v) = B • P0l(v), 
where 

/cu0 1 / l \ 2 +0° 
^ - J • S dco„ (K °1 (a>„,d)m,Rz))2, 

X01 = M(r) • ^ • Vmn(con, cbm, Rz) 
ro 1^/3 öz 

V 2 co01
 n ) 

v ^ ü i 

M(r) = < $ 1 ( r ) | r | 0 o ( r ) > . 
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Here Kz°e(Kz
(1), Rl2)) and B does not depend on v: 

2nblb1 B = 
(co01h? 

Using the expression of P01 as given above, we obtain 
Pd (i?) in the following form: 

Surface Induced Dissociation of Slowly Grazing Molecules 

where F = A B and C = A • B • P01 (r thres). The disso-
ciation probabilities of polyatomic molecules pre-
sented in Figs. 2 and 3 have been calculated numeri-
cally using (26). 

Pd(v) = FP0l(v)-C, 
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