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Experimental investigations of the interdependence between the ion yield and the static sample 

temperature at a fixed laser irradiance. between the ion yield and the laser irradiance at different 
static sample temperatures and between the ion detection threshold irradiance and the static 
sample temperature are reported. Laser wavelengths of 532 nm. 355 nm and 266 nm have been 
used to obtain the data. The laser pulse duration was 10 ns. Experimental results for alkali 
halides and metals are reported and compared. A strong dependence of the experimental param-
eters mentioned above on the static sample temperature has been observed for alkali halides. In 
the case of metals only minor effects have been found. In any case the different laser irradiation 
wavelengths do not significantly effect the experimental results. 

Introduction 

Various studies on ion formation by pulsed laser 
irradiaton of metals and inorganic and organic sub-
stances have been publ ished [1, 2, 3]. A variety of 
ion formation models has been suggested [4, 5, 6]. 
These models do not explicitly contain parameters 
such as laser pulse durat ion or laser wavelength, the 
temperature, however, is one common feature of all 
the models. With this general situation in mind we 
started experimental investigations on the effect of 
the static sample tempera ture on the mass spectra 
of metals and alkali halides. We expected this to 
provide a good test of theoretical models of the ion 
formation process. 

Three types of measurements have been per-
formed: the dependence of the ion yield i) on the 
static sample tempera ture at fixed laser irradiances, 
ii) on the laser i rradiance at fixed static sample 
temperatures, and iii) the dependence of the thresh-
old irradiance for ion detection on the static sample 
temperature. 
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2. Experimental 

The experimental set-up used in the investiga-
tions is the LAMMA K 1000 instrument, as de-
scribed in [7], The laser used is a Q-switched 
TEMoo-mode N d - Y A G laser with a pulse durat ion 
of about 10 ns and 1064 nm wavelength. By means 
of frequency mult ipl icat ion it is also possible to 
operate at the wavelengths of 532 nm, 355 nm and 
266 nm. The laser i r radiances used to obtain the 
mass spectra were between 108 and 109 W / c m : . 

High resolution sample observation with light 
and dark field i l luminat ion is possible by position-
ing a 0.6 numerical aper ture (n. a.) microscopic 
objective in front of the sample (Figure 1 a). In this 
position the sample spot to be investigated can be 
selected. Figure 1 b shows the L A M M A 1000 sample 
stage in the position for laser i rradiat ion (sample 
il lumination), and low resolution sample observa-
tion at an angle of 30° to the spectrometer axis. 
A few micron spot on the sample is i r radiated by 
the laser beam through a 0.2 n. a. ultraviolet 
corrected monochromate objective. The ions pro-
duced are extracted perpendicular ly to the sample 
surface by a 3 kV acceleration voltage of the first 
element of the ion lens, and the ions are mass 
separated by a linear t ime-of-f l ight detection sys-
tem. The positioning accuracy between the two 
positions of the sample stage is better than 1 pm. 

In order to record mass spectra of samples at 
different static sample tempera tures (F s) a special 
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Fig. 1. The LAMMA® 1000 sample chamber in (a) the 
observation position and (b) the analysis position, a) high 
resolution observation, b) high resolution microscope 
objective, c) selected sample spot, d) axis of translational 
movement, e) sample, 0 optical axis of the uv-mono-
chromate, g) spectrometer axis, h) irradiated sample spot 
(=c), i) low resolution observation, k) incident laser beam. 

3.1. Dependence of the ion yield on the static sample 
temperature at fixed laser irradiance 

In a first set of experiments the mass spectra of 
positive ions of alkali halides and metals have been 
recorded for fixed laser irradiances at various static 
sample temperatures (7"s). In order to provide low 
statistical deviations of the ion yield obta ined in 
different mass spectra and to opt imize cluster ion 
detection, the laser i rradiance was always chosen to 
be twice the threshold i rradiance for ion detect ion 
at room temperature , i.e. about 10 9 W/cm 2 . T h e ion 
yields (y+) have been determined by averaging the 
yields of at least ten mass spectra. 

The salts investigated have been cesium hal ides 
and lithium fluoride, electrosprayed on Ni-wires. 
A strong dependence of v+ on Fs has been observed 
for all salts measured. An increase of Fs gives rise to 
an increase of v+ as shown in Figure 2. Initially the 
ion yield of the salt cation increases only slightly up 
to Ts % 500 K. At higher Ts a very steep increase in 

is observed. The ratios of the ion yields at the 
max imum Fs 800 K) to those at room temper -
ature are about ten. 

The plots in Fig. 2 are based on exper iments 
performed at 355 nm laser wavelength. They also 
represent the general t empera ture dependence of 
the cation yield of salts taken at 532 nm and 266 nm. 

In the mass spectra of alkali halides ob ta ined 
under the above conditions, cluster ions (e.g. Cs2l+) 

sample holder has been constructed. T h e metal 
samples (wires or meshes) to be analyzed are 
mounted on the sample holder and are contacted 
electrically. Ts was varied by resistive heat ing of the 
samples. Sample tempera tures above 800 K were 
measured pyrometrically. Lower Ts were l inearly 
extrapolated f rom the electric power appl ied to the 
samples. 

The salts are first dissolved in water, then di luted 
with ethanol and electrosprayed [8, 9] onto the 
metal target, in this special case Fe and Ni-wires 
mounted in the heating stage. The electrospray 
technique was used because this me thod is capable 
of producing homogeneous dis tr ibut ions of micro-
particles of salt (size about 2 n m ) on metal targets. 
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Fig. 2. Dependence of the salt cation yield from LiF (o), 
CsF (A), CsCl (•), and Csl (•) on the static sample 
temperature TS at fixed laser irradiances. The error bars 
shown for Csl are representative of the other samples. The 
ion yield for any substance is normalized to its value at 
room temperature. 



have also been detected. The dependence of the 
cluster ion yield y\ on Ts is rather different f rom 
that observed for y+. For Ts up to 500 K, y+ does 
not change significantly. For higher Ts it decreases 
to values below the detection sensitivity of the mass 
spectrometer. The Ts at which y\ vanishes is also 
the temperature at which a noticeable increase in y+ 

is observed. 
If the sample tempera ture af ter heating is lowered 

to room temperature , cluster ion format ion does not 
recommence. To verify this, Csl samples have also 
been treated through a tempera ture cycle outs ide 
the sample chamber under ambient conditions. The 
results resembled those described above, i.e. 
annealed samples exhibited a drastically d iminished 
yield of cluster ions. 

In the case of metals a very similar qual i ta t ive 
dependence of the metal m o n o m e r ion yield y+ on 
Ts is observed. As shown in Fig. 3 for Pt, Cu, Fe, 
and Ni, y+ also increases with increasing Ts. How-
ever, when approaching the melting point of the 
metal, the increase in y+ is not as steep as the cor-
responding yield increase observed with alkali 
halide samples. It is observed that there is no inter-
dependence between the 7>behaviour of the metal 
ion yield and the laser wavelength. 

An important difference is found for the temper-
ature dependence of the ion yield for metal cluster 
ions compared to that of alkali hal ide clusters 
(Figure 4). The yield of metal cluster ions does not 
disappear with increasing Ts but increases with 
increasing y+ of the metal monomer ion. 

Fig. 3. Dependence of the normalized metal monomer ion 
yield on TS at fixed laser irradiances for Pt (x), Cu (•), 
Fe (o), Ni (•), A = 532 nm. 
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Fig. 4. Dependence of the normalized metal cluster ion 
yield on TS at fixed laser irradiances for Cu (•), Fe (o), 
Ni (•), A = 532 nm. 

3.2. Dependence of the ion yield on the laser 
irradiance at fixed static sample temperatures 

The dependence of the ion yield on the laser 
irradiance (A+) for various fixed static sample 
temperatures was also investigated. The ion yields 
reported are averages over at least ten mass spectra. 
A+ was varied by means of filters placed into the 
laser optical beam path. Every laser shot was energy 
monitored. 

The variation in y+ with A+ is shown in Figs. 5 a - c 
for Csl at three Ts values. The dependence of y+ on 
A+ can be empirically approximated by log {y+/yo} ~ 
{A+}~] for irradiances above the threshold irra-
diance Ath for ion detection. The decrease in the 
slope of the fitting lines for increasing Ts only 
results f rom the normalizat ion of the irradiances to 
Ath for ion detection at Ts = 600 K, because 
depends on r s as described in more detail in 
section 3.3. When compar ing the dependence of 
log {/Vvol on {Ath (Ts)/A+}, the slopes are about the 
same (Figures 5 a - c ) . It is also derived f rom 
Figs. 5 b and 5c that the dependence of y+ on A+ 

can be described by the same approximat ion . At 
Ts = 600 K no cluster ions could be detected. Thus, 
the yield ratio y+/y\ for salt cations and cluster ions 
is not affected by A+ but strongly influenced by 
changes in Ts. The laser wavelength used to obta in 
the data was 266 nm, but this general behaviour was 
also observed at 355 nm and 532 nm. 

The dependence of the Fe + - ion yield on A+ is 
shown in Fig. 6 for three static sample temper-
atures. Again the results are very similar to those 
obtained with salts. 
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Fig. 5. a) Dependence of log{y(Cs+)} for Csl at the laser 
wavelength of 266 nm on the inverse laser irradiance 
obtained at Ts = 300 K (•), 400 K (•), and 600 K (o). The 
laser irradiance are normalized to the threshold irradiance 
for ion detection at TS = 600 K. b) Dependence of the 
Cs+ (o) and Cs2I+(«) ion yields on {zl+h (TS = 300 K)}A4+ 

obtained at TS = 300 K. c) Dependence of the Cs+ (o) and 
Cs2I+ (•) ion yields on {ATH (TS = 400 K)}/A+ obtained at 
TS = 400 K. 

3.3. Threshold irradiance for ion detection as a 
function of the static sample temperature 

In this set of experiments the threshold laser 
irradiances (,4th) for ion detection were de te rmined 
at various static sample temperatures . of the 
substance in question is def ined to be the laser 
irradiance leading to a 50% probabi l i ty of ion detec-

tion in the mass spectra. The experiments were per-
formed at the laser wavelengths of 532 nm, 355 nm, 
and 266 nm. Every laser shot was energy moni tored . 

The dependence of the normalized A\h of cesium 
iodide on T and for the three laser wavelengths 
mentioned above is shown in Figure 7. T h e ion 
detection threshold decreases with increasing Ts. 
The laser wavelength used in the exper iments does 
not significantly influence the Aih - T& in terdepen-
dence. A\h is generally lowered by about a factor of 
ten at the max imum Ts in comparison to its value at 
room temperature. 

The situation is comparab le for metals where a 
decrease of A,£ for ion detection is also observed. In 
the case of iron, at F S = 1 0 0 0 K the threshold 
irradiance is about half the value at room temper -
ature. N o wavelength dependence can be observed 
as mentioned for alkali halides. 

The laser irradiances are normalized to the ion detection 
threshold irradiance at room temperature. 

Fig. 7. Dependence of the normalized threshold irradiance 
{Ath (Fs)}/Mth (300 K)} for ion detection of Cs+-ions out of 
Csl on Ts at three different laser wavelengths: 532 nm (o), 
355 nm (•), and 266 nm (•). 



4. Discussion 
It has been shown by Jost et al. (e.g. [4], [10]) that 

ions created in gasphase reactions (decay of larger 
molecules, ion-molecule-reactions) are not expected 
to be significant in the mass spectra obtained under 
the experimental conditions used. Thus, the 
"thermal aspects" of fast ion format ion induced by 
pulsed uv-laser i rradiat ion will be discussed in 
terms of a solid state ion format ion process. O n e 
interesting question is whether the action of the 
laser irradiation on the sample is simply a rapid 
temperature increase A Tmd at the i rradiated sample 
region. If a quasi-reversible isothermal process is 
responsible for the ion format ion f rom the solid, the 
ion yield y+ of one ion type is given by: 

y+(T) - exp {-AH/RT}, 
where AH is the enthalpy of format ion and T the 
temperature. Compar ing the dependence of y+ on T 
with Figs. 5 and 6, a very similar dependence of v+ 

on Ath (}1+ ~ exp { - BAtJA^i ) is found, suggesting a 
laser induced tempera ture increase A Tind ~ Ath/A+. 
From this dependence of y+ on A+, a laser induced 
temperature increase A Twd can be est imated as 

v+(A th) 

V+ (nAth) 
exp 

-AH 

R 

1 

ind nATl ind 

ind is the laser induced t empera tu re 
increase at the laser irradiance >'+M th) the cor-
responding ion yield and nAT®nd and y + ( n A ^ ) the 
temperature increase and the ion yield at A+ = 
nAth• For salt cations f rom Csl (at any static sample 
temperature) a ratio of {y + Mfh)}: [y + (10^ t h)} ~ 10 
is derived f rom Figure 5. Using z l / / ( C s + ) ^ 
600 kJ/mole, this yields a laser induced t empera tu re 
increase at the ion detection threshold i r radiance of 
A T?nd (Csl) % 9500 K. 

Applying the same arguments to the dependence 
of the Fe+- ion yield on A+ (Fig. 6) and using 
AH(Fe+) ^ 100 kJ /mole . j r i n d ( F e ) is found to be 
about 20000 K. 

However, if the laser i rradiat ion of the sample 
really induces tempera ture j u m p s A T\nd as men-
tioned above, static heating of the sample should 
simply give rise to an addit ional contr ibut ion Ts to 
AT m d , thus leading to a "total evaporat ion temper-
a ture" r t o t = A Tmd + Ts. Therefore it should be 
possible to fit the dependence of y+ on 7"s at a f ixed 
A + by a straight line dependence of In {y+} on Tlot. 

When applying this description to the experi-
mental data for alkali halides (Fig. 2) and using 

ATm d as fitting parameter , it is found that the best 
approximat ion to the experimental values is ob-
tained for A Tmd ^ 4000 K. This tempera ture , how-
ever, is just half the value of AT^a de termined f rom 
the dependence of v+ on A+. 

The situation is similar for metals, where a A Tmd 

of about 6000 K is suggested for Fe, again lower 
than the laser induced tempera ture j u m p derived 
above. 

The dependence of Ath on Fs may be used as a 
fur ther test for the thermal ion format ion model. 
Following similar a rguments as above, sample 
irradiation with Ath gives rise to a certain m i n i m u m 
temperature increase ATm = A Tind -I- Ts, high 
enough to enable ion detection. The increase of Ts 

would therefore decrease the laser induced temper-
ature increase ( ^ / I fh ) necessary to obtain the fixed 
value AT m . This expected decrease of Ath with 
increasing Fs is in qual i ta t ive agreement with the 
experimental results (Figure 7). As shown in Fig. 7 a 
ratio of {Ath (Ts = 300 K}/Mth (Ts = 800 K} % 10 is 
observed. This, however, would be equivalent to 
[A 7?nd ( T s = 300 K}/{A 7?nd ( T s = 800 K) } * 10. As 
the total " threshold t empera tu re" AT m should 
always be the same, this rat io yields: 

A Tfnd (F s = 300 K) i ( ) 

{A T̂ nd (Ts= 300 K)} - 500 K ' 

and thus A T^nd(T,= 300 K) % 550 K. For iron, the 
ratio of the threshold irradiances has been deter-
mined to be MS,(300 K)}/M,+

h(1100 K)J % 2, thus 
implying a A T^nd ( T s = 300 K) of about 1600 K. Both 
temperatures determined in this section are in sharp 
contrast to the A 7tnd determined before. 

The results show clearly that the fast ion forma-
tion process induced by pulsed laser i r radiat ion 
cannot be simply related to a heating process. This 
can also be stated by the analysis of total evapora-
tion rates, charged-to-neutral ratios and absolute 
evaporation rates as discussed in [11. 12]. 

The influence of the static sample tempera ture on 
the mass spectra of alkali halides, especially the 
irreversibe breakdown of the cluster ion detection 
at higher static sample tempera tures indicates that 
the physical and chemical propert ies of the sample 
itself are important for the ion format ion process. 
For all materials investigated the action of the laser 
irradiation on the sample seems to be fundamen-
tally different f rom and independent of static heat-
ing of the sample. 
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