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Desorption yield for valine as induced by fast heavy ions
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The dependence of the desorption yield for the amino acid valine on the energy of different MeV
primary ions has been measured. The primary-ion energies cover a relatively large range with cor-
responding energy losses between 2 and 55 keV/(ug/cm?). The observed energy dependence can be
understood in the framework of a simple macroscopic model.

I. INTRODUCTION

The desorption of fragile and otherwise involatile mol-
ecules by MeV heavy ions, as observed first by Macfar-
lane and Torgerson,! has been the subject of several in-
vestigations,? which besides the applied aspect had the
aim to elucidate the reaction mechanism. The present
paper is an extension of previous studies.’~¢ In Ref. 6 we
proposed a macroscopic model of the desorption process
which could be checked against data from numerous ex-
periments performed for different ions and target sub-
stances to study the dependence of the desorption yield
on the primary-ion energy. While the energy dependence
could be rather well reproduced in all cases, an overall
comparison was not yet possible because an overall nor-
malization of the data obtained for different projectiles at
different accelerators and different times was lacking.
The aim of the present investigation is to obtain a con-
sistent set of data for a number of different projectiles.

II. EXPERIMENTAL PROCEDURE

The Erlanger EN tandem accelerator was used to pro-
duce projectiles of '2C (35 MeV), '°0 (44 MeV), 28Si (50
MeV), *’S (58 MeV), and ®*Cu (60.9 MeV) ions. As de-
scribed in Refs. 5 and 6, scattering of these projectiles on
a thick Pb target produced ions with a continuous energy
distribution, which were used to desorb molecules depos-
ited on a thin foil. After passage through this foil the ion
energy was measured in a surface barrier detector which
also delivered a start signal for a device to register the
time of flight of the desorbed molecules. Thus, it was
possible to obtain mass spectra of molecules and frag-
ments for different ion energies in a simultaneous mea-
surement. Primary ions with energies smaller than the
maximum energy of the recoiling Pb ions were excluded
from the measurement. It should be noted that the ions
impinging on the desorption target exhibited an equilibri-
um distribution of charge states.

A crucial point for the kind of measurements per-
formed in this work is the efficiency of the channel plate
used to register the desorbed molecules. It depends on
the operating mode of the detector. Special care was
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therefore taken to maintain constant efficiency during the
whole experiment in order to get comparable data.

Among the substances investigated in Ref. 6, valine
was chosen for comparison with the model predictions,
since the set of thermophysical parameters required as in-
put was most complete for this compound. Available pa-
rameters refer to L-valine, however, while previous exper-
iments® were performed with DL-valine. To check for
possible effects in the present study both DL-valine and
L-valine were investigated.

III. SAMPLE PREPARATION

The amino acid valine (DL- and L-valine) was deposit-
ed on a thin aluminized mylar foil (290 pgcm 2 Mylar,
30 ugecm ™2 Al) by the electrospray method’ or by vacu-
um evaporation. The sample thickness was in the order

of 30 ugem 2.

IV. EXPERIMENTAL RESULTS

The measured yields of [M +H]" and [M —H]"
secondary ions desorbed from L-valine and DL-valine
samples are displayed in Figs. 1-3 as a function of the
primary-ion energy; [M +H] and [M —H] denote the
protonated and deprotonated molecular ions, studied in
this work.

It should be noted that all yield data were accumulated
in one experimental run, i.e., with identically the same
experimental setup and the same respective target.
Therefore the absolute yield values obtained with
different primary ions can be directly compared. It is ob-
vious from Figs. 1-3 that the absolute yields increase
with increasing atomic number of the projectile, i.e., with
increasing energy loss of the primary ions. The decrease
of the yields observed for increasing projectile energy also
reflects the dependence on the energy loss. Moreover, the
different slopes observed for the yield functions of posi-
tive (as well as negative) secondary ions are related with
the change of the energy loss occurring in the energy
range studied (the energy loss for Cu ions is almost con-
stant whereas that for C ions changes by a factor of 2).
Nevertheless, the secondary-ion yield is not proportional
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FIG. 1. Yields of [M +H]* secondary ions from L-valine as
a function of projectile energy, projectiles as indicated.

to the energy loss as can be seen from Figs. 4-6, where
the yield data of Figs. 1-3 are displayed as a function of
the primary-ion energy loss dE /dx, which was calculated
according to the Bragg additivity rule from the dE /dx
data of Ref. 8. From these figures it is clear the
[M —H] ™ ions exhibit a much more pronounced depen-
dence on dE /dx than the [M +H]" ions. Furthermore
it should be noted that there may be a threshold for the
energy loss to induce desorption, which is emphasized by
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FIG. 3. Yields of [M —H]~ secondary ions from DL-valine
as a function of projectile energy, projectiles as indicated.
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FIG. 2. Yields of [M +H]"* secondary ions from DL-valine
as a function of projectile energy, projectiles as indicated.

FIG. 4. Yields of [M +H]" secondary ions from L-valine as
a function of projectile energy loss, projectiles as indicated. The
solid line represents results of model calculations with U =1.69
eV, R.=10 A, and the energy-loss-dependent fragmentation ra-
dius R from Eq. (3). The dashed line represents results of mod-
el calculations with U =1.19 eV for the integration parameter
R <30 A and U =1.69 for R > 30 ;\, and the same parameters
R, and R,. For details see text. The inset shows the data ob-
tained at small energy losses on a linear scale. The solid line is a
guide to the eye.
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FIG. 5. Yields of [M +H]" secondary ions from DL-valine
as a function of projectile energy loss, projectiles as indicated.
The lower solid line represents results of model calculations
with U=1.69 eV, R,=30 A, R,=30 A. The upper solid line
represents results of model calculations with U=1.69 eV,
R.=10 A, and the energy-loss-dependent fragmentation radius
R; from Eq. (3). The dashed line represents results of model
calculations with R, =R,=10 A. For details see text. The in-
set shows the data obtamed at small energy losses on a linear
scale. The solid line is a guide to the eye.

the linear plots in the insets of Figs. 4-6. This threshold
is approximately 3 and 4.2 MeV/mgcm 2 for [M +H]*
and [M —H]~ secondary ions, respectively. This obser-
vation is in accordance with the results that a particles
are not able to desorb molecular ions from a valine sam-
ple (see Ref. 9). The maximum energy loss for a particles
is 2.3 MeV/mgcm 2 in valine.

V. COMPARISON WITH THE MACROSCOPIC MODEL

The basic features of the model, described in detail in
Ref. 6, are as follows: It is assumed that desorption takes
place only at the very surface, and that the desorption
probability is proportional to e ~Y/%, where U denotes an
effective binding energy of the surface model and E is
that portion of the enérgy deposited by the primary ion
along its parth which reaches the surface at the site of the
molecule. There will be a more or less cylindrical region
around trajectory of the primary ion which is character-
ized by a high temperature (“hot core”). The radial ex-
tension of this region R, will be defined by the range of
low-energy (<100 eV) electrons which originate from
collisions between ion and target electrons and which car-
ry approx1mately 95% of the deposited energy of the ion,
and is of the order of R,=10-40 A (see Ref. 9). In the
model the energy E (7, t) available at the time ¢ at a sur-

FIG. 6. Yields of [M —H] "~ secondary ions from DL-valine
as a function of projectile energy loss, projectiles as indicated.
The solid line represents results of model calculations with
U=4¢eV,R.=10 A, and the energy-loss-dependent fragmenta-
tion radius R, from Eq. (3). The dashed line represents results
of model calculations with U =3.69 eV and the same values of
R, and R;. For details see text. The inset shows the data ob-
tained at small energy loss on a linear scale. The solid line is a
guide to the eye.

face point with distance r from the primary ion trajectory
is calculated according to an expression given by
Mozumder!°

— (1)
R;.+45t

-1
E(r,t)=kT exp

|4t
+R2

c

Summing up all times ¢, all distances r and all annular
zones on the sample surface with R, R + AR one obtains
a quantity which is proportional to the desorption yield
Y.

_—u

)
<k ;)

Y « EEER AR exp

where T =L /mpc,R] is the effective temperature of the
hot core. It is related to the linear energy tansfer L. The
quantities k, 8, p, and C, are the Boltzmann factor, the
thermal diffusivity, the density, and the specific heat (at
constant volume) of the sample material. The diffusivity
is connected with the thermal conductivity « by
6=k/pC,.

While for desorption of atomic ions the sum had to be
performed from R =0 upward, for molecular ions a cer-
tain inner region had to be excluded from the summation,
to obtain a good fit. This is seen as an indication, that in-
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side this region the molecules were fragmented and there-
fore not detected as such. The radial extension of this re-
gion is characterized by a “fragmentation radius” R,
which may be used as a free parameter. It is expected
that this radius varies monotonously with the specific en-
ergy loss.

The separation energy U may be used as a further free
parameter to account, for instance, for the additional en-
ergy required to detach a proton in the formation of the
[M —H] ion, and also to take care of possible Coulomb
attraction and repulsion effects.

VI. COMPARISON WITH EXPERIMENTAL DATA

The model calculations were performed with the values
for «, C,, and p given in Table I. It should be noted that
the C, value (specific heat at constant pressure) measured
for L-valine!! was used instead of C, both for L- and
DL-valine. This is justified since it is known (see Ref. 12)
that C, values and C, values are very similar for these
materials. The heat conductivity « used is that of cellu-
lose, which is known to be comparable with k values of a
number of organic compounds similar to valine (see Ref.
13). The actual « value for valine is not known. The C,
and « values were assumed to be temperature indepen-
dent to simplify the calculations. In fact the actual
values do not change significantly in the temperature
range between room temperature and melting-point tem-
perature. '

For the fragmentation radius and the hot core radius
we chose Ry;=R.=10 A (dashed curve in Fig. 5) and
R,=R ;=30 A (lower solid curve in Fig. 5). Both calcu-
lations already reproduce the general trend of the data.
A calculation with an energy-loss-dependent fragmenta-
tion radius R, and R, =10 A improved the agreement
significantly. The dE /dx dependence of R, was chosen
to be

R,;=10 A+0.25 A(dE /dx) , (3)
where (dE/dx) has to be taken in wunits of
MeV/mgem 2,

A. Positive secondary ions

1. L-valine

In the calculations we used the sublimation energy of
L-valine (E;=1.69 eV, Ref. 15) as effective binding ener-
gy U. In Ref. 6 it is shown that this is an appropriate
choice.

With R, =10 A and the energy-loss-dependent values
for R, of Eq. (3) the data for medium- and high-energy
losses are rather well reproduced, while the calculated
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curve lies below the measured data at small dE /dx values
(solid line in Fig. 4). To correct for this we tried a varia-
tion of the effective separation energy U based on the fol-
lowing reasoning: The high positive charge density in the
cylinder around the primary-ion track will slightly reduce
the separation energy U for positive secondary ions. This
effect is expected to be more pronounced in the neighbor-
hood of the track, i.e., for small distances from the track.
As for increasing energy losses the radius of the area con-
tributing to the desorption process will increase, it fol-
lows that a decreasing fraction of desorption events will
be under the influence of the reduced U.

, With a reduced value of U =1.19 eV for radii below 30
A and U =1.69 for larger radii, one obtains an energy
dependence which gives indeed a good fit over the whole
range (dashed curve in Fig. 4). This may be indicative
that the described effect may be real.

2. DL-valine

For the calculations we used the sublimation energy of
L-valine, which is suggested by the results of Ref. 6. A
core radius R,=10 A and the energy-loss-dependent
fragmentation radius R, of Eq. (3) yielded already
sufficiently good data (see Fig. 5), so that a variation of U
was not esteemed to be necessary in this case. For com-
parison we show in Fig. 5 plots calculated with
R.,=R;=30 A and with R.=R,=10 A.

B. Negative secondary ions

In order to reproduce the general trend of the yield
data for the [M —H]~ secondary ions by means of the
model calculations one has to use a U value which is
roughly 2 eV larger than that used for [M +H]™ ions.
An increase of the separation energy U compared to the
[M +H]" case is justified since an additional amount of
energy is needed to separate the proton from the mole-
cule. Here we use U=3.69 eV (dashed curve in Fig. 6)
and U =4 eV (solid curve in Fig. 6) together with
R, =10 A and the energy-loss-dependent fragmentation
radius of Eq. (3). Both calculations reproduce the overall
features of the data quite reasonably (see Fig. 6).

VII. CONCLUSION

Desorption yields for [M +H]" and [M —H]~ secon-
dary ions desorbed from valine samples by different pri-
mary ions are compared with the predictions of a simple
macroscopic model which needs only the thermophysical
properties of the sample and the effective surface binding
energy as input parameters. It is possible to reproduce
the data in the framework of this model using reasonable
values for the core and fragmentation radii.

TABLE 1. Physical parameters of valine.

P C, K
Compound (g/cm?) (J/ggrd) Ref. (J/cmsgrd) Ref.
L-valine 1.23 1.45 (25°C) 5 2X107% (30°C) 13

DL-valine 1.32
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There have been a number of papers (Refs. 16-18)
which describe the desorption process in a much more
detailed manner by microscopic models, with more ad-
justable parameters. The most recent one by Lucchese'®
also incorporates a fragmentation radius.

One may say that the much simpler macroscopic mod-
el reproduces the experimental data obtained in the
present paper in a similar way. These data are, on the
other hand, more detailed than, e.g., those of Hedin
which are used by Lucchese for comparison with his
model.
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The range below 10 MeV/mgcm? is not covered by
Lucchese; also there are no data in this range given by
Hedin. It would therefore be of great interest whether
the microscopic models are able to reproduce these data
as well as the macroscopic model does.
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