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We present the design of a versatile gas aggregation source that allows producing molecular beams of charged clusters con-
taining a controlled amount of chosen impurities. Several examples of clusters production’using this source characterized by
time of flight mass spectrometry are presented here. We demonstrate the source*ability“tg produce homogeneous clusters,
such as pure protonated water and alcohol clusters, as well as inhomogeneolis ongs such,as water clusters containing a few
units of uracil, glycine, sulfuric acid or pyrene.

[. INTRODUCTION

Clusters are assemblies of a few units up to several{thousand atoms or molecules. Atomic clusters (rare gas, metallic)
have long been studied and led to the discovery of gedmetrie-ar electronic shell structures for instance?. One of the interests
of studying clusters resides in the possibility to observe.the size evolution of matter properties. It is then possible to study the

emergence of macroscopic properties out of mie/escopie,properties’™,

Molecular clusters are interesting in several“aspects. In atmospheric chemistry, water clusters and clusters containing
atmospheric relevant molecules, suth as*ammonia or sulfuric acid, are of particular interest for nucleation of water droplets
and ion induced chemistry in the atmosphere’®. Hydrogenated aromatic polycyclic molecules (HAP) are also present in the
atmosphere as a result of jmperfect combustion of fuel in cars or domestic heating. Furthermore, grains formed from HAP

and water are also expéGted to bewf importance for the chemistry of interstellar medium’™>.

Doping watér clusters.enables to study the influence of solvation on molecular conformation or dissociation'®. Nano-
solvated molecules can ths be seen as prototypes for experimental and theoretical studies of biochemical processes, which

generally take place In aqueous environment™,

Its therefore desirable to be able to produce molecular clusters containing impurities or mixed clusters, and more spe-
cifieally’hydrogen bonded clusters such as water clusters. A wide variety of sources were developed since the early 1980s in

order tovproduce clusters™*?, Clusters have been produced using seeded supersonic nozzle sources™*

, gas-aggregation
15-17 H H 18 H 19 ; H H 20 21
sources ", laser vaporization sources™, ion sputtering sources, liquid-metal ion sources™ or electrospray“". Among these

devices, gas aggregation sources have been widely and successfully used for the production of large clusters®®. Originally
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Alilgwed for the production of metallic clusters'®, it has since also been used to produce molecular clusters®? The success of
PUinl§b lja& ggregation source comes from its great simplicity of operation, the ease of production of charged species and, as
will be demonstrated with our design, its versatility. Moreover, they are used advantageously whenever one wants to thermal-
ize the clusters just after their production: a second cooling stage attached directly to the source benefits from the already
present buffer gas therefore available for thermalization. Furthermore the ability of these saurces to produce charged clusters
prior to thermalization is also an advantage when one is interested in mass selecting the*clusters while preserving the control

over their temperature, such as in nanocalorimetry experiments® 2,

The principle of operation of this type of cluster source is rather simplé:“an overheated vapor condenses in a cold at-
mosphere created by a buffer gas. The source itself usually consists in a.chamber whose walls are refrigerated with water or
liquid nitrogen. Inside this chamber a crucible allows one to vaporize the,condensable material from which clusters are to be
formed. A buffer gas, usually a rare gas, is introduced in the chamber.-This.buffer gas is cooled by collisions with the wall of
the chamber and creates the cold supersaturated environment neeessary=for the vapor to undergo nucleation. Clusters are

formed and exit the source transported by the buffer gas stream, thus pfoducing a continuous cluster beam.

Clusters can be ionized in situ by using the grucible“ag a cathode for creating a discharge in the source. A voltage ap-
plied to the crucible is generally sufficient to cfeate a‘discharge in this type of source owing to the relatively high pressure in

the source (typically 1 mbar).

We present here a gas aggregation source that has been initially optimized for the production of water clusters. This
source is also well suited for the preduction of alcohol clusters and virtually any molecular species with a sufficiently high
vapor pressure. Atomic or melecular clusters are generated by nucleation of their supersaturated vapor that can be either
injected in the source from ouiside, seeded in an inert carrier gas, or produced by heating a crucible embedded in the source,
which contains the figuid ,or solid condensable element; using these two possibilities simultaneously allows us producing
mixed clusters.4One innovative feature of our source is its special ability to produce a variety of mixed clusters of compo-
nents that have an extended range of vapor pressures. This will be demonstrated with the production of mixed clusters con-
tainingeboth water molecules and either sulfuric acid, glycine, uracil, or HAP. These mixed clusters (H,0),X, are produced

over a rather extended size range and with controlled stoichiometry.

{Jhe manuscript is organized as follows: in the next section the source design is described in details. The next two sec-
tions will be devoted to the demonstration of the source ability in producing various clusters, pure (section 1) and containing

impurities (section V). The last section will draw conclusions.


http://dx.doi.org/10.1063/1.4979639

! I P | This manuscript was accepted by Rev. Sci.Instrum. Click here to see the version of record.

PublishifghescripTioN OF THE SOURCE
A schematic of the gas aggregation source is presented in FIG. 1(a). The source consists in a cylindrical double wall
stainless steel chamber that is placed under vacuum. This chamber has an inner diameter of 10 cm and is 18 cm long. Liquid
nitrogen is circulated in the double wall in order to cool down the source.

Outside the source a glass reservoir contains the liquid material from which cIuste(au\Kbe formed. The temperature

hw ck wall of the source. This tube

is used to bring into the source the carrier gas, helium, seeded with the condénsable vapor from which clusters will be

of this reservoir can be controlled in order to adjust the vapor pressure.

A 6mm external diameter, 4mm internal diameter stainless steel tube goe,

formed. The amount of condensable vapor is adjusted with the help o needlesva e above the reservoir and connected to
the helium pipe. Inside the source, the tube is connected to a 50m@ng an m inner diameter oven. It is made of stain-

less steel due to its corrosion resistance to a broad range of chemicals, ;_u_t? as sulfuric acid . The exit hole of this oven is 4

mm in diameter. The tube that brings in the carrier gas :d condensable vapor is heated, at typically 20°C, so that no

condensation nor freezing can occur in the tube. Fin rce is closed by an aluminum cover extended by a 20 mm

inner diameter cylinder, 6.5 cm long, that is con aed>to the. thermalization chamber. Sealing of the source is done with
-~

indium wires. The exit hole diameter of the so is generally 7 mm. The choice of aluminum for this part is motivated by

the good thermal conductivity of aluminu$\ d to stainless steel.
/\
/\ /
£
ﬂ /
- :
w ~
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FIG. 1: (a) Schematic of the gas aggregation source. (b) Zoomed via;?of the oven in the source with the attached minia-
ture electron gun which is used to ionize the clusters. The aluminum heusing of the tungsten filament is 20mm high and has a

16 mm external diameter (12mm inner diameter).

e
A coaxial heating element allows to control &%en erature in the source Tywen , Which can be varied from -150°C
up to 150°C. Temperatures are measured in thxlrce tth?a\e different places. One measure is done close to the back wall of
the source, with a platinum resistance th eqet\ ther platinum resistance thermometer records the temperature at the
end of the cylindrical extension, at the source exit. Under typical operation conditions, the temperatures recorded in the
source are -120°C at the back f%and -180°C at the end of the source. The third temperature is measured in the
oven with a type T ther éﬁle; ted with the help of a proportional-integral-derivative controller. The oven tem-
n-2

n?
perature is usually kept M@\ and +20°C when pure hydrogen bonded clusters are produced. For the production of

water clusters contaifiing impurities, depending on the nature of the impurity, the oven has to be heated up to 120°C in order

to have a suffici ntlyyigh or pressure of the material of interest.

i~ 4

In order, to ioniSe the clusters, a discharge can be produced inside the oven by applying a voltage to a small stainless

steel gﬂglec%)de placed 5 mm towards the oven entrance. Typical voltages applied range from 300 to 900 V, leading to
cha%e t on the order of few tens of pA to several hundreds of pA. Alternatively, a miniature electron gun depicted

in FI 1(Eplaced just outside the oven can be used for clusters ionization. It consists in a filament mounted on a ceramic

plate, usually used for electron microscopy (Kimball ES-020), and housed in small aluminum cylinder. Typical working

current and voltage are 1=2.7A and V=-100V, respectively.
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AI pns Je the oven is placed, if desired, the material to be added to the condensable element injected with the carrier gas. So
PUbliéh\m& ve tested sulfuric acid, glycine, uracil and pyrene onto water. Varying the oven temperature also allows controlling
the stoichiometry of the mixed clusters produced.

The helium flow into the source is usually on the order of 5 mbar.l.s™* (extreme values go from 2 to 7 mbar.l.s™), leading
to a pressure inside the source on the order of 1 mbar. The helium flow is controlled by a mass flow controller (Tylan 2900).

Condensation occurs spontaneously in the cold source environment. Although the principle of operation of this source is
quite simple, we cannot provide a clear detailed understanding of the nucleation precesses at play in this source. However,
we can still observe the influence of the various source parameters, such as helium“low, eondensable vapor amount, oven
temperature, discharge current, exit hole diameter on the cluster production“and mere, specifically on the size distribution
obtained from the source.

After the source, the clusters enter a thermalization chamber. It consists“in a 20 cm long, 2 cm inner diameter copper
piece, which is attached to a closed-cycle helium cryostat whosetemperature is controlled within 1 K and can be varied from
25 K to 340 K. Thermalization of the clusters is assumed4hrough colliSions with the helium carrier gas. Efficient thermaliza-
tion is insured by the large amount of collisions (of the«grderaf 10°) between clusters and carrier gas atoms®. In most of the
results presented here the cluster temperature is at'25K., The“ion current exiting the thermalization chamber has been meas-
ured by collecting the ions onto a +/-30V biased metal plate. The currents measured are of the order of few tens of nA (which
corresponds to about 10* ions/s), both for pegitively and negatively charged clusters.

Time of flight mass spectrometry.is used to*characterize the size distribution of the ionized clusters produced in the
source. Cluster size distribution’ can“ke varied by adjusting the source parameters. Obviously, the amount of condensable
vapor introduced in the heliumsflow plays a direct role: the more vapor is introduced, the bigger the clusters. Another im-
portant parameter is the-helium«flow: large flows tend to reduce the residence time of the clusters in the source and favor the
production of smaller<sizes. Conversely, small flows tend to increase the residence time and thus produce bigger sizes. We
have also noticetkthednfluence of the oven temperature and discharge intensity on the size distribution, although the origin of
these influences are guite unclear. Higher oven temperatures favor the production of smaller clusters. Similarly intense dis-
charges favor as'well small cluster production.

Using this’various parameters, one can quite easily tune the size distribution, going from size distribution centered

arounda few units up to few hundred molecules per cluster.
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l & I pn the following we will first give some examples of the influence of source parameters for the production of water clus-

PUb“t%Rm\g will then give several example of clusters production for different species, going from pure hydrogen bonded clus-

ters (methanol, ethanol, pyrene) to water clusters containing impurities (sulfuric acid, glycin, uracil, pyrene).

IIl. PRODUCTION OF PURE HYDROGEN BONDED CLUSTERS

A. Water clusters 3\

Wlat?rcuntelntl ——————1 .4,\\“
D
—
(~
I -

~aullll, H||
0 20,40 “60 80 100 120 140 160 180 200
\ Sizen
\

FIG. 2: Evolution of the TO Nrotonated water clusters as the amount of water introduced in the source is in-

creased, from top to bottom.

In order to produce cluste the reservoir outside the source is filled with 99.99% H,™°O (Sigma Aldrich). We use

isotopically enriche ate in order to limit the number of isotopic peaks in the mass spectra, in particular those due to the

presence of 2 Isotope whose abundance is far from negligible in large clusters: in (H20)100 Natural water clusters for in-
stance, the probabilit find one 80 atom is about 20%. This reservoir being at room temperature, the vapor pressure of
water inside is«about 20 mbar. The amount of water introduced in the helium flow is regulated with the help of a needle
valve. .2 phsents the influence of the variation of the amount of water on the size distribution of protonated water cluster
(HZ\HB‘.AS the needle valve above the water reservoir is opened more, the quantity of water entering the helium flow is

increased. More water is then available in the source for the production of clusters, and bigger sizes are formed. As illustrated

in FIG. 2, the size distribution can be easily varied from a distribution centered around n=30 to n=110.
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l s I\/Iaave estimated the water flow used to produce water clusters to be of the order of 1.3 10* mol/min (0.053 mbar.l.s™). For

PUb“aS\t}bﬂ:g! nelium flow of 5 mbar.l.s™, we have thus about 1% water in helium entering the source.

3_\

Normalized intensity

iy Ao

0 10 20 30 40 50 60 70 ,80. 90 100 110120 130 140 150

Size n ‘)
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FIG. 3: TOF-MS showing the size distribution obtainedyvith the same source conditions for protonated water clusters
(red) and deprotonated water clusters (blue).
%‘[

ion source under protonated (H,0),H" and deprotonated

Charged water clusters are produced in our g\
(H,0),..OH" form. Both species are produced si ois\ by the discharge taking place in the oven. Under the same
source conditions, the size distribution obtaine negatively charged clusters are centered around bigger sizes as shown in
FIG. 3 which gives an example of two TOR: YSﬁed for the exact same source conditions for deprotonated and proto-
nated water clusters. The protonate ters size distribution is centered around n=25 whereas it is centered around n=70 for

the deprotonated ones. The T

ave Peen normalized by dividing by the maximum intensity in FIG. 3 and the time

acquisition is the same. Ong'ca I{arl)yee that the noise level is much better for protonated water clusters. Although the ion
current measured at the.exit of'the thermalization chamber is of the same order for positively and negatively charged clusters,

Qt the transmission in the TOF mass spectrometer for the negatively charged clusters is poorer than

tivély

(yr ed. We have traced back the origin of this phenomenon to a different transmission through the
skimmer pl% n the source chamber and the high vacuum part containing the TOF-mass spectrometer. Negatively
charged species ore likely to release their excess electron than positively charged ones are expected to catch an electron

M&r. The electrons released by anions contribute to build up electrostatic charging of the skimmer and neigh-

from

borhjr'fa'ees and thus alter the transmission of ions.

FIG. 4 shows the effect of helium flow on the size distribution of clusters. The discharge current is kept constant at

300uA. As the helium flow is increased, the voltage required for the same discharge current diminishes from 900 to 540V.

7
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l & Ilrmsir g the helium flow favors the production of smaller clusters. This tendency can be explained by the fact that the resi-

PUb“&Jﬂ&ﬂg le in the growing region in the source is diminished as the gas flow is increased.

These few examples have shown how the source parameters can influence the water clusters size distribution. We have
at hand more parameters to influence the cluster production. As already mentioned one can as well vary the discharge intensi-

ty, the oven temperature or change the exit diameter of the source. /
To summarize, we report here our observations about the influence of these vari ug‘ﬁ%{s:

- Helium flow : Increasing the helium flow favors the production of small clusters. As.a side effect, for a given voltage

on the electrode in the oven, this increases the discharge current and the sou tMr .

—-—

- Discharge current : Increasing the discharge current favors the pro ctionbf small clusters.

G

- Amount of water : Increasing the amount of water introw @elium flow favors the production of big clusters.

Side effect: for a given voltage the discharge current increqi\
\

- Oven temperature : Increasing the oven t gatu favors the production of small clusters. Side effect : discharge
current diminishes, source temperature rises. B

- Exit diameter : bigger diameters fa Xtion of small clusters.

As can be seen, varying a soufce“parameter often led to a change in the others. This mutual dependence of the source
parameters makes it sometimes/trick e-‘!"brate. Nevertheless, we have found the operation of the source reliable enough to

£
perform complicated and lengt expepiments. Furthermore, once a set of parameters have been found to obtain the desired

size distribution, the s sMbution can be obtained from day to day using the same parameters.
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FIG. 4 Evolution with the helium flow of the TO rotonated water clusters. As the helium flow is increased,
from top to bottom, the size distribution shifts to r(%
~

B. Alcohol clusters \

For the production of alcohol clusters we have simply replaced the water in the reservoir by methanol or ethanol. We

used 99% pure alcohols. Howeve

ispmy is not high enough to get rid of impurities in clusters mass spectra, and in order

to reduce the water content oliserved in the.mass spectra, molecular sieves are placed together with the alcohols in the reser-

voir. / /
S N\

obtained with ethanol and methanol. We can see on these mass spectra that despite the efforts to reduce the

-
watericontent, one can still clearly see alcohol clusters containing water, especially for ethanol. In the case of methanol one
can also see a peak at +14 amu from the pure methanol clusters that could originate from ethanol contamination. For both

alcohols, the positively charged clusters have an excess proton.

9


http://dx.doi.org/10.1063/1.4979639

| This manuscript was accepted by Rev. Sci.Instrum. Click here to see the version of record. |
l & I por alcohols, we have noticed that the discharge created in the oven was not optimal: indeed, after few hours, the

PUbhé‘r\hUM& f clusters tends to diminish. We noticed that the oven interior and the electrode used for the discharge were covered

by a black powder. For alcohols, the discharge may create some cracking reactions inside the oven. To circumvent this issue,

we used instead for the ionization of the clusters the miniature electron gun.

() [®) 3\ '
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FIG. 5: TOF-MS of protonated ethanol usteerhole size distribution. (b) Zoom on the size distribution showing

ethanol clusters containing on@l . The peaks structure is due to the presence of isotopes.
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FIG. 6: TOF-MS of protonated methanol clusters. (a) Whole size distribution. (b) Zoom on the size distribution. The
peaks structure is due to the presence of isotopes.
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FIG. 7: Evolution of the population of clusters as the, temperatureiof the oven is increased. At low temperature only pure
protonated water clusters are observed. At the highest temperature, water clusters containing up to 6 sulfuric acid molecules

are observed. ~

\ 7S

Sulfuric acid has a quite low vapor pressq room temperature, namely about 3.10°° mbar at 20°C. In order to produce
water clusters containing one or more su W cules, 99.99% pure sulfuric acid is put in the oven in the source. A
few ml of sulfuric acid is deposited in-a small on tank placed in the oven. Once the optimal conditions are achieved for

the production of water clusters: i %ed size range, the oven temperature is increased until the appearance of water

clusters containing sulfuric 2tid. As the temperature increases, small peaks of (H,0),(H2SO4)H" first appear. At 50°C, the
vapor pressure of sulfurzw t 5 10 mbar. At this oven temperature, the peak intensity of (H,0),.1(H,SO,)H* and
(H,0),H* become comparable. As the temperature further increases, the amount of pure water clusters diminishes as more
and more clustefs arepro d with one or more sulfuric acid molecules. This is illustrated in FIG. 7 where the amount of
pure water €lusters a (Water clusters containing from one up to 6 sulfuric acid molecules is plotted as a function of the

oven temperatuie. A)a given cell temperature, the population of clusters plotted as a function of the number of sulfuric acid

molec follo§/s a poissonian distribution. This suggests that the mixed clusters are formed by successive attachment of the

sul hckimolecules on preexisting water clusters. In FIG. 8(a) is displayed a time of flight mass spectrum where the dis-

tributions of pure water clusters and water clusters containing up to 3 sulfuric acid molecules are highlighted. The maximum

11
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l & Iop different distributions are shifted due to the much higher mass of the sulfuric acid molecule, about 98 amu, compared

Publighing. o water, about 18 amu.
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FIG. 8: TOF-MS of protonated water clusters dope M acid. The oven temperature in the source is 50°C. (a)
The size distributions for different clusters composition, from pure water clusters to water clusters containing up to 3 sulfuric
acid molecules, are highlighted. (b) A closer look at the - ows the different clusters species.

In FIG. 8(b), we take a closer look at the OF-hrsu,n the n=37 water cluster. We can clearly distinguish the differ-
ent species and assign unambiguously the Iuste}s.z{i of the type (H,0),(H,SO0,)H" : clusters are always produced with
an excess proton carrying the charge. For tmintense peak, (H,0)3(H,**SO,)H" in this part of the TOF-MS, we also

observe small peaks at +1 and +2

Lﬁﬂﬁe peaks originate from the isotopes in H,SO,, in particular the isotope **S which

has a relative abundance of 4.5%.

£
The size distributiozﬁf the 'ffep(nt clusters species have been extracted from the TOF-MS presented in FIG. 8(a). In

FIG. 9, these size distfi

bm')ons aresqpormalized and plotted as a function of the number of water molecules in the clusters. The

size distributiong‘of vyte usters containing sulfuric acid closely follow the one of pure water clusters: everything happens

as if sulfurigfaeid m culés attaches to already formed water clusters. This is consistent with the above mentioned poissoni-
an distribution of the clusters as a function of the number of sulfuric acid molecules. However, one can observe a slight shift

l\
of the size distSbution as the number of acid molecules increase, together with an increase in width towards the bigger sizes.

=~

h'ﬂsless ese effects remain quite small and thus the adjunction of sulfuric acid does not deeply perturb water clusters
production.

12
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FIG. 9: Normalized size distributions extracted from the peaks area in FIG. 8: TOF-MS of protonated water clusters
doped with sulfuric acid. The oven temperature in the source is 50°C«(a) size distributions for different clusters compo-
sition, from pure water clusters to water clusters containing up to sulfuric.scid molecules, are highlighted.

In order to produce protonated water clusters ¢ ai-m'wil C4H4N,0, (U), uracil powder is introduced in the oven.

In FIG. 10 we show a TOF-MS showing the prod t*ien7of r clusters containing up to 3 uracil molecules. The source was
e

here operated so that quite small clusters wer duced. The oven was heated to 120°C and even with such a high tempera-

ture, the source is still able to produce w. Nu,tQ e size distribution is centered around n=13 for the protonated water

clusters. Under these conditions we are able to seesoth the bare ionized uracil molecule U™ and its protonated from UH". For

the solvated uracil, the main speeies<are in the protonated form (H,0),(U),H".
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FIG. 10 TOF-MS of protonated water clusters containing uracil.
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Publishig lycine

Protonated water clusters have been produced with glycine powder introduced in the oven. The TOF-MS presented in
FIG. 11 has been obtained with an oven temperature of 105°C. At this temperature we can clearly observe clusters containing
up to three glycine molecules. The main prominent peaks correspond to cluste7n the protonated form, that is

As one can see from FIG. 11b the mass spectrum is quite rich, with peaks Kevery 1 amu. This might be due to
)ﬁ\

(H20)n(Gly),H".

the discharge taking place in the oven that fragments the glycine molecule.

The fact that the magic numbers at n=21 and n=28 for protonated water clusters are so clearly visible comes from the

fact that these data were recorded with a relatively high thermalizeCempe re of 168K.

I x=2 1k J
%3
(H,0), 1"
4k (H,0), H" o

(1,0),GlyH"

Normalized intensity

(H,0),(Gly) H'

/ 0 2 0 800 1000 1200 1400 s‘lm 5.;5 5&0 sés 56!!]
mass (a.m.u.) mass (a.m.u.)
Q

rotonated water clusters containing glycine.

FIG.11: TO
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FIG. 12: (a) TOF-MS of pure pyrene clusters. (b) Detail o%@cture around n=2.

‘\

Pyrene powder ( 98% pure, Sigma-Aldrich) is pﬁ%wen which is heated up to 80°C. We were able to produce
pure pyrene clusters over an extended size range a n in"RIG. 12. It is then possible to introduce a little amount of water
to produce pyrene clusters with few units of Iti Is:raossible to start with pure water clusters and by heating progres-
sively the oven, as for sulfuric acid, glyci Nbe produces water clusters with an increasing number of pyrene mole-
cules.

In the case of the production of Brene clusters, it can be difficult to have a stable discharge in the oven. We have

once again tested succes?ﬂlyt iniﬁfure electron gun presented above to ionize the clusters. Alternatively, we can intro-

duce a minute quantit vmhat a discharge takes place. The amount of water introduced is so small that the presence

of water in the mass speetrum is hardly noticeable.
£
FIG. 12(h) pr nts,tfetails of the peak corresponding to (Py),". Multiple peaks separated by 1 amu are present. The

main peak is\due to tfy)z+. Peaks at +1 amu and +2amu mainly come from the isotopic abundance. We cannot exclude com-
‘\

pletelyithe pro*ction of pyrene clusters in the protonated form (Py),H". The peaks at -1 and -2 amu correspond to the loss of

1 W n atoms respectively.
~
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“ONCLUSION
Publishing

We have demonstrated the ability of our source design to produce easily pure hydrogen bonded molecular clusters (wa-

I p | This manuscript was accepted by Rev. Sci.Instrum. Click here to see the version of record.
¢ s L

ter, ethanol, methanol). Hydrogen bonded charged clusters are produced with both positive and negative polarity, essentially

in their protonated or deprotonated forms, respectively. Other species can be produced as well as demonstrated with pyrene

clusters. /
Our source is well suited for the production of clusters containing a controlled Objheected impurities. These im-
purities can have very different vapor pressures from the molecules forming thésclusters, The cluster size distributions ob-
Nm

tained with this source can be tuned easily and extend over a broad range, ron‘b its up to tens or even hundreds of

"‘"‘\
molecules, which is of particular interest when the size evolution of clusters‘properties is investigated.

We have demonstrated that atmospheric or biological relevant.molecules can be added to water clusters.
This source has been effectively used to carry experiment on size s ed‘c"nsters, for instance we have measured the at-

tachment cross-section of molecules onto ethanol and methaol\clus“ 5% we have studied the collision induced fragmenta-
to

tion of solvated uracil** and ongoing experiments are perfor

\
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