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COVER:

The Near Ambient Pressure
Photoemission (NAPP) end-
station set up at SLS allows
electron spectroscopic
analysis of solid-air, liquid-
air and solid-liquid inter-
faces at sample pressures
up to 20mbar and will
therefore be an ideal tool
also for environmental
chemistry studies. The NAPP
project is a collaboration
between PSI and ETH Zurich
and supported by the Swiss
National Science Foundation
(R’Equip) and the Center of
Competence in Energy and
Mobility (CCEM). The picture
shows the NAPP endstation
hooked up at the PHOENIX
beamline. The horizontally
mounted electrostatic lens
system is in the center, the
electron analyzer to the left
and the sample chamber to
the right. The X-ray beam
hits the sample from the
backside in the center of
the chamber in front of the
conically shaped entrance
cone into the lens system.
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EDITORIAL

Our unit continues to thrive and thus I am very
pleased to present the next issue of our traditional
annual report.

In 2012, all our large scale projects have matured to
the point of producing first results.

As the photograph on this years title page shows, the
new, near ambient pressure photoelectron spectro-
meter, a joint initiative of the surface chemistry
group of Markus Ammann and the heterogeneous
catalysis group of Jeroen van Bokhoven, was
successfully commissioned this year (pp 21-23). First
experiments off-line and on-line at the SLS were
conducted and surpassed expectations. This
instrument ideally complements other tools already
available to investigate gas phase-surface interactions
at conditions relevant for processes occurring on
aerosol particles in the atmosphere.

The assembly of the MICADAS at the Laboratory of
Ion Beam Physics (LIP) at ETHZ has been completed
and the instrument was thoroughly tested, so that first
"C measurements could be conducted (p 53). The
MICADAS is scheduled to arrive at Bern University
mid February 2013 and the official inauguration of
the instrument will take place on May 3 in the
framework of a half-day symposium. Meanwhile, the
LARA (Laboratory for Radiocarbon Analysis) under
the direction of Sonke Szidat has already been
founded and all the participating research groups are
eagerly waiting to get their samples analyzed in Bern.

The new joint radionuclide development group
between LCH and ZRW suffered from a set-back,
since the group leader, Konstantin Zhernosekov, left
us for a new position in industry. This gave us the
chance to slightly reorganise the activities in Bern
and at PSI. Therefore, I am very happy to introduce
Josue Moreno as new manager of the R&D
radiopharmaceutical laboratory in Bern. Josue
Moreno is a former employee of the Institute of
Radiochemistry in Munich and a radiochemist with
more than ten years of experience in the production
of radionuclides for radiopharmaceutical appli-
cations. Under his guidance, we are confident to
produce first diagnostic and therapeutic radiopharma-
ceuticals for patients of the Insel hospital in 2013.
The position of group leader radionuclide
development at PSI is currently vacant, but [ am very
optimistic to present the successor of Konstantin in
next years annual report. Nevertheless, our
collaboration with the Centre of Radiopharmaceutical

Sciences at PSI has already resulted in first, high
ranking publications (p. 52).

All groups of LCH continue to successfully publish
their results in renowned journals and special results
are highlighted with media releases, such as the
reconstruction of atmospheric lead concentrations in
Russia since 1680, a contribution of Margit
Schwikowski’s analytical chemistry group.

LCH also excelled again at the SOLA Stafette. A
team of avid runners exclusively staffed with
members of LCH finished as 83™ team out of 860
participating teams, an all time record which will be
hard to beat.

Also this years social event combined educational
aspects with a fun outing. First we visited the
company MB Microtec in Niederwangen which
produces tritium powered light sources for watch
dials, aircraft instruments and other applications. We
were greeted with coffee and sweets and immediately
felt at home scientifically. Afterwards, muscle power
was asked for, when we rented human powered rail-
cycles that brought us along an abandoned railroad
track to a barbecuing area, where we spent a relaxing
afternoon in the late autumn sun.

We concluded the year with a guided tour on foot
through nearby Brugg and Windisch, where we
followed the archaeological sites that our Roman
ancestors had left nearly 2000 years ago. To heat up
from the bitter cold we met in the “Rosti Farm” to
replenish the missing calories. To be honest actually
more than just that, because this was an “all you can
eat” offer.

The year 2013 started with very sad news. Our PhD
student Alexander Zapf was killed by an avalanche
while backcountry skiing. We lost a skilled and
enthusiastic young researcher, a great colleague, and
a good friend and we painfully miss him.

Ohectoeas Nt

Andreas Tirler
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PREDICTION OF THERMAL RELEASE RATES OF SUPERHEAVY ELEMENTS
D. Wittwer, R. Eichler, HW. Gdggeler (Univ. Bern & PSI)

INTRODUCTION

One promising connection between vacuum chroma-
tography and an accelerator based production setup
for superheavy elements is vacuum implantation of
recoiling nuclear reaction products and their fast in-
situ thermal release. Therefore, it is crucial to have
knowledge about the thermal release rates of super-
heavy eclements (SHE) from high-melting metallic
matrices. The release rates are expected to vary re-
garding the nature of interaction of the SHE with the
catcher metal matrix. Investigation of radiation dam-
age enhanced diffusion (RDED) velocities of various
tracer/host element combinations were performed [1]
allowing a preselection of the possible host materials.
Additional data were obtained from literature [2,3].
Release rates of SHE can be predicted on an extrapo-
lative basis. Here, the principle and the results of
these predictions are shown.

RESULTS

The release rate strongly depends on two kinetic
mechanisms: solid state diffusion and desorption from
the host surface. Predictions of diffusion properties of
SHE were made using a Miedema [4] based principle
refined by Bakker [5]. The volume of tracer atoms
dissolved in a host metal at infinite dilution is taken
as a criterion for the diffusion velocity of the tracer.
Desorption times of volatile elements, such as SHE
with Z > 112, from metal surfaces at the high release
temperatures are mostly negligible [1]. Therefore, it
can be stated that the diffusion of the tracer from the
bulk to the surface is the rate determining step of the
release process. An example of an extrapolative pre-
diction is shown in Fig.1. Dy and Dy, are the dif-
fusion coefficients of the tracers in the host matrix
and the self diffusion coefficient of the host matrix,
respectively. V. and Vi, are the molar volumes of
the tracers in a solid host matrix solution at infinite
dilution and of the host matrix atoms in the solid
state. On the basis of these extrapolated diffusion
properties, using volume data of SHE collected in [6],
it was possible to predict release rates of SHE. The
principle to calculate release rates from diffusion data
was established by Crank [7]:

800, 1 |:_(2n+1)z7r’Dt}

F[%]=100-
[%] T ~Z=:7(2n+1)2 d’

with D being the diffusion coefficient, d the thickness
of the host matrix and ¢ the annealing time. From the
release values it was determined that Zr appears to be
the best performing material in terms of release and
operation time at reasonably low annealing tempera-
tures, see Fig. 2. At higher temperatures (>2500 K) W
is a valid candidate as well. Re is also predicted to be
a suitable high temperature release matrix candidate.
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PREPARATION AND IRRADIATION TESTS OF INTERMETALLIC **Am/Pd HEAVY
ION PRODUCTION TARGETS

1 Usoltsev, R. Eichler, A. Tiirler (Univ. Bern & PSI), D. Piguet (PSI),
G.K. Vostokin, A.V. Sabel’nikov, O.V. Petrushkin, S.N. Dmitriev (FLNR Dubna)

INTRODUCTION

A preparation method for Pd-based intermetallic tar-
gets developed here at PSI [1] has been successfully
applied to produce two stationary “*Am/Pd targets at
the Flerov Laboratory of Nuclear Reactions (FLNR)
Dubna, Russia. Test irradiations of these targets have
been performed at the FLNR’s U-400 cyclotron using
high intensity beams (up to 15 pAge) of *Ca'™".
Both targets were characterized by alpha-particle
spectroscopy and by light microscopy before and af-
ter the irradiation. For comparison and for test ex-
periments a "Nd/Pd intermetallic target and a solely
electroplated **Am/Ti target were prepared, irradi-
ated, and characterized as well.

EXPERIMENTAL

The target material (***Am with traces of "*Nd) was
quantitatively electroplated stepwise from nitrate so-
lution in isopropanol on a previously polished 3 um
Pd foil. The electrochemical cell used for the electro-
deposition is depicted in Fig. 1.

]( : Teflon housing
Pd electrode

Backing material

O-rings

Screws

/‘/ Aluminium base

Cathode connection slit

Fig. 1: Electrodeposition cell.

Afterwards, the electroplated target was heated up in
a quartz apparatus on an alumina support slab in a
flow of pure hydrogen reducing the target material in
a so called “coupled reduction” process. Alpha-
particle measurements allowed for quantification of
the material loss after irradiation. Overall stability of
the targets was additionally monitored by means of
light microscopy.

RESULTS AND CONCLUSIONS

In Table 1, irradiation parameters are summarized for
all **Am targets. The stability of the targets was
evaluated by measuring the target material loss after
irradiation by alpha spectrometry. From this meas-
urement all the investigated targets appeared to be
rather stable. Although the **Am/Ti target experi-
enced a three times higher integral beam dose it
showed a similar stability. A direct comparison be-
tween the targets is still possible due to the fact that
the higher beam dose is counterbalanced by a factor

of 1.5 higher maximum beam intensities applied to
the intermetallic targets.

Tab. 1: Irradiation parameters and measured stability
for the investigated targets.

Target 48Ca:;sl;eam cul:'/f'zfl’t,b::l:m Stability
O'Z;An‘l‘;/ifnz 1.1x10" 15 95%
1%:’:;:;‘;;‘312 6x10" 14 97%
lfﬁé‘g}z 3.2x10" 10 95%

Additional information on target stability came from
the nuclear reaction product yields. "*Hg produced in
the ™Nd(*Ca,xn) fusion reaction and *’Rn from
2 Am(**Ca) transfer reactions were measured in a gas
chromatographic setup connected to the target cham-
ber. Intermetallic targets showed constant production
rates, whereas the > AmO,/Ti target showed a con-
siderable decline of production yields starting ap-
proximately six days after the begin of the irradiation.
Microphotographs of the *** Am/Ti target after irradia-
tion (Fig. 2) indicate that a significant part of the tar-
get backing material (Ti) is missing. Hence a consid-
erable part of all the reaction products are implanted
into the walls of the target chamber — an effect that
jeopardises moth-long transactinide experiments [2].
The described method of target preparation will be
applied to ***Pu and ***Pu isotopes in future chemical
investigations of element 114 (F1) in spring 2013 at
FLNR in Dubna.

Fig. 2: Optical microscopy image of the **Am/Ti
target after irradiation.
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ATTEMPTS TO PRODUCE Rh-BASED INTERMETALLIC TARGETS FOR HEAVY
ION IRRADIATIONS

L. Usoltsev, R. Eichler, A. Tiirler (Univ. Bern & PSI), D. Piguet (PSI)

INTRODUCTION

Up to now, the electrodeposition method proved to be
the only adequate approach towards an effective
preparation of actinide targets [1]. Quantitative deposi-
tion yields of often very expensive isotopes and suffi-
cient homogeneity of the obtained target material layer
thickness are crucial advantages of the molecular plat-
ing procedure. Intrinsic disadvantage of the method,
however, is that the obtained layer of the target mate-
rial is deposited in the form of an oxide. Besides poor
electrical and thermal conductivity, the oxide layer
proved to be an aggressive agent towards the widely
used titanium backings. Therefore, we suggested in-
termatallic actinide targets based on high melting, no-
ble metal backings [2]. The high atomic number of
platinum prevents its use as a backing material due to
the unacceptably high attenuation of the incident beam
and the production of undesired fusion products. The
stability of Pd based intermetallic targets is still limited
due to the relatively low melting point [3]. The best
alternative to Pd could be its neighbour in the periodic
table — Rh, which is also known to form stable inter-
metallic alloys with actinide metals [4]. Lower atomic
number, outstanding chemical stability and higher
melting point make Rh superior to Pd, and therefore an
attractive candidate as backing material for high inten-
sity production targets. However, the high inertness of
Rh is a serious obstacle when it comes to the reduction
of the actinide oxide material in hydrogen atmosphere.
Sometimes temperatures of up to 1550°C are required
to complete the reduction in two- to three days [4].

EXPERIMENTAL

Several thin layers of an actinide/lanthanide target ma-
terial were stepwise electroplated from nitrate solu-
tions in isopropanol on previously polished 2 or 12 pm
Rh foils. Afterwards, the electroplated target was
heated up in a quartz apparatus in a flow of pure hy-
drogen either on an alumina support slab in a standard
resistance oven or on a Ta susceptor ‘brick’ by means
of RF induction source (NovaStar® 3LW, Ameritherm
Inc.). Alpha-particle measurements allowed the char-
acterisation of the target material distribution in the Rh
backing after the reduction step.

RESULTS AND CONCLUSIONS

Due to the simplicity and quickness of operation, first
experiments were conducted with the induction heat-
ing source. A 0.73 mg/cm’® Eu target with **' Am tracer
on 2.2 um Rh backing was reduced within 15 h at
~1300°C. The final distribution of the target material
after the reduction was deduced from the correspond-
ing alpha-particle spectra, taken from both sides of the
target (Fig. 1). The segregation enthalpy of Am in Rh
matrix was calculated as -60 kJ/mole using Miedema’s

model. This explains the observed segregation of
! Am towards the surface of the Rh backing foil. Un-
clear, however, remains the ratio of Am activity be-
tween the front side (where the electrodeposition took
place) and the back side, with a two times higher al-
pha-particle count rate on the back side.

1000

Backside

————— Frontside

800

600

Counts

400

200

0

4 4.2 4.4 4.6 4.8 5 5.2 5.4 5.6
E, MeV

Fig. 1: Alpha-particle spectrum of **' Am/Rh target.

Furthermore, in contrast to Pd [2], the quartz apparatus
used at temperatures higher than 1000°C appeared to
have a deteriorating effect on the integrity of the Rh
foils. So-called hydrogen induced embrittlement (HIE)
of the Rh backing is caused in this case by volatile Si-
containing compounds, formed at high temperatures in
hydrogen atmosphere. Therefore, we conclude that by
avoiding silicon containing materials or/and by keep-
ing them colder than 1000°C the desired reduction
with Rh foil becomes feasible. Different approaches
have been tried to preclude HIE with no success:
shielding of the sample with Pd and Pt membranes,
and pre- and post-annealing in vacuum and He. Fi-
nally, a boron nitride slab was chosen as support mate-
rial for the target and the quartz apparatus was re-
placed with a nickel one. This combination of materi-
als allows using temperatures up to 1300°C. Despite
being effective against HIE, the described approach
failed due to the interdiffusion process between BN
and the Rh foil, which takes place even at temperatures
lower than 1300°C. Therefore, further investigations
are needed to optimize the reduction process.
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PRELIMINARY STUDIES WITH A DIAMOND DETECTOR FOR ISOTHERMAL
VACUUM CHROMATOGRAPHY EXPERIMENTS

P. Steinegger, R. Eichler, A. Tiirler (Univ. Bern & PSI), R. Dressler (PSI)

INTRODUCTION

Standard silicon PIN-diodes or PIPS-detectors are
broadly used for a-spectroscopic measurements. The
small band gap of Si, which is only 1.1 eV prevents
their operation under the influence of incident IR,
visible and UV light or at ambient temperatures above
40°C. Therefore, their use for high temperature gas
chromatographic investigations or their operation in
the vicinity of heat sources is limited. Alternatives are
needed to perform experiments at elevated tempera-
tures. Diamond, as a large band gap material (5.5 eV),
is regarded as a quasi-semiconductor [1]. Single-
crystal chemical vapour deposition (CVD) diamonds
are commercially available. Due to their electronic
characteristics, diamonds allow spectroscopic meas-
urements under broad daylight conditions and ele-
vated temperatures of theoretically up to 1000°C.
High purity single crystals e.g. ultra nitrogen-pure
grade (< 50 ppb [2]) are required for achieving a rea-
sonable a-spectroscopic resolution. Especially, vac-
uum chromatography setups would profit from this
detector development.

HEATING STUDIES

Fig. 1 shows a possible coupling of a diamond detec-
tor to a high temperature isothermal vacuum chroma-
tography. It is of utmost importance to place the de-
tector as close to the column exit as possible in order
to reach a high deposition efficiency. In this rather
harsh environment, the detector gets heated up by IR
radiation emitted from the end of the isothermal oven.

3

Fig. 1: Test setup for isothermal vacuum chroma-
tography with carrier-free 2''Pb; 1 isothermal oven,
2 quartz column exit, 3 ceramic carrier, 4 wire
bonds, 5 CVD diamond detector.

Test runs without a thermal shield showed that the
temperatures exceeded 300°C at the detector position,
requiring all included parts to be resistant to these
high temperatures. Former investigations [3] showed
that even direct heating of the detector up to 200°C
had no severe effects on the quality of the spec-
troscopy. In order to simulate a more realistic situa-

tion in a vacuum chromatography experiment, we
tested the spectroscopic behaviour of a diamond de-
tector in vacuum close to a resistively heated Ta wire
(Twire > 1000°C) and compared the recorded spectrum
under these conditions to the reference spectrum
measured at room temperature (see Fig. 2).

250
250 room temperature
Pu ~70°C

2004 ~
%
£
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Fig. 2: a-spectra of a three-line source at room tem-
perature and with a resistively heated Ta wire in
10 cm distance (T > 1000°C, Ty = 70°C); the en-
ergy resolution remained at ~ 80 keV (FWHM).

The shift of the a-peaks towards higher energies in
case of the measurement recorded under thermal irra-
diation was tentatively attributed to a temperature de-
pendent kinetic effect in the charge collection proc-
ess. To further investigate this effect, these measure-
ments will be repeated including a '**Gd source with
a 3.4 MeV a-line at different temperatures.

CONCLUSION AND OUTLOOK

This study showed that the immediate vicinity of a
heat source does not affect the spectroscopic behav-
iour of a diamond detector, which is consistent with
earlier observations [3]. We achieved a satisfying
energy resolution of 80 keV in a rather harsh envi-
ronment. In a next step, we will proceed with iso-
thermal vacuum chromatography experiments of car-
rier-free 2''Pb. Furthermore, a diamond detector as-
sembly has to be designed that provides higher detec-
tion efficiencies for future studies with super heavy
elements.

ACKNOWLEDGEMENT
This work was supported by the Swiss National Sci-
ence Foundation (SNF).

REFERENCES

[1] Pomorski et al., Phys. Stat. Sol. 203, 12 (2006).

[2] http://www.eb6cvd.com

[3] Steinegger et al., Ann. Rep. Lab. of Radio- &
Environ. Chem., Univ. Bern & PSI p. 6 (2011).



7

DECOMPOSITION STUDIES OF TRANSITION METAL CARBONYLS AT A Cf-252
SPONTANEOUS FISSION SOURCE

L. Usoltsev, R. Eichler, A. Tirler (Univ. Bern & PSI)

INTRODUCTION

Metal carbonyls are compounds consisting of a transi-
tion metal atom coordinated by several CO molecules.
It was shown recently at the TRIGA reactor of Mainz
University, Germany, that carbonyls can be rather eas-
ily produced under ambient conditions simply by
flushing a CO/N, mixture (4:1) through the recoil
chamber of a Cf-249 fission source at a flow rate of
500 ml/min [1]. This allowed the measurment of ad-
sorption enthalpies (AH,4) of the corresponding car-
bonyl species of Mo, Tc, Ru, and Rh on quartz surface
in gas adsorption chromatographic investigations. Fur-
ther experiments at the TASCA separator at GSI
Darmstadt, Germany, observed efficient carbonyl for-
mation also for W and Os. Within the limits of uncer-
tainty the carbonyls Mo(CO)s, W(CO)s, and Os(CO);s
were found to have the same AH,4 on quartz. In inves-
tigations of relativistic effects, it would be desirable to
design a chemical experiment that can discriminate
homologues in a group of the periodic table. There-
fore, we propose another approach involving the
investigation of the thermal stability of transition metal
carbonyls.

EXPERIMENTAL

In Fig. 1 a scheme of the experimental setup used for
production and decomposition of carbonyls is shown.
A CO/He (1:1) mixture was flushed through the recoil
chamber of the “Ms. Piggy” *>Cf SF source at Bern
University at a flow rate of 1.5 1/min. The formed tran-
sition metal carbonyls are transported afterwards
trough the decomposition column and finally reach a
charcoal trap. The decomposition column (1 m) with
exchangeable inner surface was heated up by means of
a self-made resistance oven and its temperature was
controlled with a K-type thermocouple. By performing
a gamma spectrometric measurement of the charcoal
trap decomposition curves were obtained (See Fig. 2).

M(CO),
—>

CO/He Charcoal trap
Decomposition |_|
column
2Cf source

y-detector

Fig. 1: Experimental setup for carbonyl decomposition
studies.

RESULTS AND CONCLUSIONS

Four transition metal isotopes forming carbonyls were
particularly interesting '**Mo, '®Tc, 'Ru, and '''Rh.
Having only short-lived precursors, the detected

y-lines relate only to the behaviour of the correspond-
ing carbonyls. The decomposition of metal carbonyls
on hydroxylated surfaces (SiO,, Al,O3) is accompa-
nied by side reactions e.g. formation of different ox-
ides. Inert (Teflon® PFA) or metal (Au, Ag, Pd) sur-
faces minimize possible side reactions. A steel surface
was found to be reactive towards metal carbonyls.
Therefore, all steel parts in the setup were replaced
with polymeric materials and a PFA Teflon® column
held at room temperature was used as a 100% refer-
ence for all the performed measurements. As follows
from Fig. 2, a PFA Teflon” column cannot be used for
decomposition studies, since 100% of the carbonyls
stay intact up to 300°C - the m.p. of the material. On a
gold surface, already 40% of '"*Mo carbonyl is de-
composed at ambient conditions; the other carbonyls
are decomposed completely. Complete decomposition
of '%T¢, 'Ry, and '''Rh carbonyls at room tempera-
ture was observed as well on Ag and Pd surfaces. Tc
and Rh carbonyls (M(CO)s) have an unpaired electron
and for that reason might be much more reactive than
Mo. Monomeric carbonyls are also not characteristic
for Ru normally forming carbonyl clusters. Mo forms
obviously the most stable Mo(CO)s carbonyl decom-
posing only at elevated temperatures. The apparent
differences between the examined surfaces can be fur-
ther explained by surface coverage with CO (carrier
gas). The adsorption of CO on both PFA Teflon” and
Ag surfaces is weak with —AH,4s~ 20 kJ/mol. Thus Ag
appears as an extension of the PFA Teflon” curve. Pd
and Au surfaces are partially covered with CO at 25°C
and are thus interfering with the decomposition by
superimposed adsorption and desorption of CO. We
conclude that silver is the most appropriate surface for
future decomposition studies of group 6 element car-
bonyls including Sg(CO)s.

——Au
—=Pd

—A—Teflon

25 125 225 325 425 525 625

Fig. 2: Decomposition curves for '“Mo carbonyl on
different surfaces.
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GAS PHASE CHEMISTRY OF W AND Os CARBONYL COMPLEXES FORMED AT
A HEAVY ION ACCELERATOR WITHOUT PRESEPARATION

Y. Wang, Z. Qin, F.-L. Fan, F.-Y. Fan, S.-W. Cao, X.-L. Wu, X. Zhang, J. Bai, X.-J. Yin, L.-L. Tian, L. Zhao, W. Tian,
Z. Li, C.-M. Tan, J.-S. Guo (IMP), H.W. Gdggeler (PSI)

INTRODUCTION

Formation of carbonyls in hot atom reactions has re-
cently been pioneered as a powerful tool for future
study of some transactinide elements [1]. It was postu-
lated that synthesis of carbonyls at heavy ion accelera-
tors is only possible behind a preseparator. In this
study we have investigated carbonyl formation at a
heavy ion accelerator without any preseparator, hence,
by adding carbon monoxide directly to a carrier gas in
which the products were stopped (gas-jet technique).

EXPERIMENTAL

Fig. 1 depicts the set-up used at the IMP sector field
cyclotron for our study. Tb or Ho targets of about 0.7
mg/cm’ thickness on a 19 pm Be foil were bombarded
by a cot 101 MeV ""F’* beam with about 450 nA (cor-
responding to 64 pnA) intensity. At the exit of the
chamber the volatile products were transported with
the carrier gas through a 5 m long Teflon capillary to
an isothermal chromatography device. In this device
2 m long and 2 mm dia. Teflon columns could be kept
at temperatures between 0°C and -80°C. Behind the
column the products were transported along a 1 m long
Teflon capillary to an activated charcoal trap posi-
tioned in front of a HPGe detector to assay y-decaying
nuclides.

Mass flow

Cooling controller

gas

« Water
== "cooling

1 Outlet

Target
Fig. 1: Set-up used for the synthesis and transport of
carbonyls at the IMP cyclotron.

RESULTS

Fig. 2 shows the yield of '*W as a function of beam
intensity. Clearly, a saturation is observed at an inten-
sity of about 1 pA (equivalent to 143 pnA). It was then
decided to run the experiments with about 450 nA.

Fig. 3 shows the yield curve for '*W as a function of
temperature along the Teflon chromatography column.
Fig. 4 shows a similar chromatogram for '*Os using a
"Ho target. The resulting adsorption enthalpies de-
duced from the measured breakthrough curves resulted
in -4742 kJ/mol and -43£2 kJ/mol, for W(CO)s and
Os(CO)y, respectively.
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Fig. 2: Yield of "W, formed in the "’F + "Tb reac-
tion as a function of beam intensity.

T T T T
Experimental Data of "W on Teflon surface
100l ® 458keV

® 130keV

A 175keV

80 - ——AH__=-47% 2kJ/mol

Relative Yield %

0 70 60 50 40 0 20 10 0 10 20
Temperature (C )

Fig. 3: Yield curve for "W in an isothermal Teflon
column.
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Fig. 4: Yield curve for "Os in an isothermal Teflon
column

It is important to note, that the yield curves do not drop
to 0% at low temperatures but to about 10% and 50%,
respectively. We interpret this observation by aerosol
transport of '*W and '"*Os by carbon clusters formed
via interaction of the beam with CO in the collection
chamber or according to the Boudouard equilibrium.
The higher break through in the case of the '*Os curve
may be caused by an increased contamination of the
recoil chamber with black carbon in the later experi-
ment with Os. To conclude, though model studies with
carbonyls seem possible with the gas jet technique, the
clear drawback is the aerosol formation and the beam
limitation that prevents application of this approach for
studying transctinide carbonyls.

REFERENCE
[17 J. Even et al., Inorg. Chem. 51, 6431 (2012).



STABILITY OF CHEMICAL COMPOUNDS OF THE
SUPERHEAVY ELEMENTS Cn AND Fl

N.M. Chiera, R. Eichler, A. Tiirler (Univ. Bern & PSI)

Since the 1960’s several successful experiments dem-
onstrated that transactinide elements behave chemi-
cally similar to their lighter homologues in the corre-
sponding group of the periodic table [1]. However,
with increasing nuclear charges, the influence of
relativistic effects on the electron structure causes de-
viations from the periodicity of chemical properties
[1]. Gas adsorption experiments of ***Cn on a noble
metal surface such as gold, revealed its noble metallic
behaviour, similar to the nearest lighter homologue
Hg, but, due to relativistic effects and spin-orbit cou-
pling, Cn revealed also high volatility almost like a
noble gas, and a higher chemical inertness than mer-
cury [2]. For Flerovium, modern relativistic calcula-
tion methods predict higher chemical inertness com-
pared to Pb, the lighter homologue, but still
pronounced metallic properties [3]. Since these super-
heavy elements are characterized by short half-lives
and low production rates, their chemical behavior has
to be explored on a single atomic scale. For this pur-
pose gas chromatography is used, allowing for effi-
cient studies of the interaction of volatile gas-phase
species with stationary surfaces [1,2,4]. In preparation
and design of such experiments extrapolative predic-
tions of the expected transactinide behavior in various
simple chemical systems are possible by correlating
thermochemical state functions mutually [1]. Figures
1-3 show correlations of the standard formation en-
thalpies, Angm(M), of the monoatomic gaseous ele-
ments with the standard formation enthalpies of their
oxides, hydrides and sulfides in gaseous or solid states,
AH, MO/ MH,/ MS) [5,6].
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Fig. 1: Stability trends for group 12 and 14 sulfides.

In contrast to oxide and hydride formation the decreas-
ing enthalpy of sulfide formation along the homo-
logues of group 14 permit us to predict that element
114, F1, may form stable sulfides. For Cn the forma-
tion enthalpies of sulfides, hydrides, and oxides are
higher than those of the homologues. However, even if
the formation of Astzgs(CnS) is endothermic, its sta-
bility is higher than A;H,”**(GeS), which has been ob-
served experimentally [7].
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Fig. 2: Stability trends for group 12 and 14 hydrides.
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Fig. 3: Stability trends for group 12 and 14 oxides.

The affinity of mercury towards sulfur is well known,
and the formation of HgS() is thermodynamically
favored [8]. Therefore, first model experiments are
envisaged concerning the investigation of the kinetics
and thermodynamics of the adsorption and reactive
interaction of elemental Hg with sulfur surfaces. This
model will prepare further chemical investigations of
the superheavy elements Cn and Fl.
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BROADENING THE DYNAMIC RANGE IN PGAA

S. Sé6llradl, A. Tiirler (Univ. Bern & PSI),
L. Canella, P. Kudejova, Z. Revay (Forschungsneutronenquelle Heinz Maier-Leibnitz), H. Liihrs (Univ. Bremen)

INTRODUCTION

Prompt Gamma Activation Analysis (PGAA) is a nu-
clear analytical technique, which allows the non-
destructive, simultaneous measurement of most chemi-
cal elements. PGAA is insensitive to the form and the
shape of samples. It is highly sensitive for elements
with high cross sections like boron. However, if boron
is present in the sample on the percent level, the high
count rate and the self-shielding become significant.
Our sample contained approximately 8% boron (o =
763 barn [1] emitting a single y—ray with an energy of
478 keV) in a matrix of oxides of aluminium (¢ =
0.231 barn [1]) and silicon (¢ = 0.172 barn [1]). The
strongest y peaks of Si are emitted at 3.5 MeV and
4.9 MeV, while Al has its strongest peaks above the y
energies of 1.7 MeV.

The count rate of a y peak in a spectrum is determined
by its partial y—ray production cross-section c,, the neu-
tron flux, the efficiency of the detection system and the
mass of the element in the activated sample. In our
case, boron gives the dominating part of the recorded
spectrum, leading to a count rate almost saturating the
detector. To lower the counting efficiency in the low-
energy part of the spectrum, lead sheets were intro-
duced in front of the detector.

METHODOLOGY

The sample is a mixture of ALO; (59.62%p1), SiO,
(32.69%m01), and H3BO3 (7.69%y,01). It was milled for
one week resulting in a fine, homogeneous, white
powder. It was irradiated in the cold neutron beam at
the PGAA facility at FRM II in Garching with a flux
of 4x10° cm™ 5. To modify the low-energy efficiency
of the detection system, the experiment was performed
with 0 mm (no attenuator), 5 mm, and 10 mm of Pb in
front of the HPGe-detector to selectively attenuate the
low-energy y-rays (Fig. 1). The PGAA spectra, which
were acquired using different-thicknesses of
attenuators, are shown in Fig. 2.

St \ Tobewn viog =8
—
v [ .
J (=i
— .
HWiCe —

Fig. 1: Schematic view of the used PGAA setup

RESULTS
Boron —— O0mm Pb Attenuator
—— 5mm Pb Attenuator
—— 10mm Pb Attenuator
100 A
Aluminium
0 e
S 104 Silicon
° Hydrogen
®
o 14
o
0.1

T T T
1000 1500 2000 2500 3000

Energy (keV)

T
500

Fig. 2: Low-energy part of the measured PGAA spec-
tra

The count rates were significantly reduced for the en-
ergy range around the boron peak, whereas the y peaks
with energies above 1.5 MeV were less attenuated.
The ratios of the count rates for the 478 keV boron
peak and of the 3033-keV aluminium peak were found
as follows:

e  Without attenuator: 1346 + 3.2%
e Using 5 mm Pb: 680+1.3 %
e Using 10 mm Pb: 343+ 1.1 %

Comparing peaks at different energies with attenuation
to those without it, a function could be derived, which
agreed well with the attenuation curve.

CONCLUSION

The experiment has proven that modification of the
counting efficiency using lead attenuators broadens the
dynamic range of PGAA measurements.
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ADSORPTION OF HNO; ON ICE
S. Schreiber (ETHZ & PSI), M. Ammann (PSI)

INTRODUCTION

Nitric acid (HNO3) is an important reservoir species
for reactive nitrogen oxides in the upper troposphere
and is the carrier of removal of nitrogen oxides via wet
deposition. Yet, global atmospheric chemistry models
tend to overestimate the HNO; abundance, which
implies a missing sink. Aircraft based field measure-
ments have shown that a significant fraction of HNO;
partitions to cirrus cloud ice particles [1], yet the na-
ture of the ice uptake and its influence on upper tropo-
spheric NOy and ozone is not well understood.

EXPERIMENTAL

We used a Knudsen cell flow reactor in combination
with the short lived radioactive tracer °N (decay con-
stant A=0.0011s™") [2]. The tracers are produced at the
PROTRAC facility at PSI [3] and transported to the
lab in the form of NO. HNO; is synthesized online in
the lab. The molecules are fed into a reaction chamber
that is kept at free molecular flow conditions, where
they can either interact with the ice sample, or leave
the reactor through a calibrated orifice. These mole-
cules are collected in a chemical trap afterwards. We
have two pairs of scintillation detectors in coincident
counting geometry that detect the decays of HNOj; in
the reaction chamber (and thus on the ice) and in the
trap. These count rates are denoted as Ric and Rygy,.
After allowing the tracer molecules into the reactor for
a distinct time, we can calculate the net probability that
a N labelled HNO; molecule is lost to the ice surface
upon collision, i3y, from the ratio of Rxc and Ryyp.

RESULTS

After correction for wall uptake, we have found y3y =
0.03 for HNO; at 205 K. This value needs careful
interpretation, because the radioactive decay is an
additional loss process in the experiment that prevents
a direct extrapolation of y;y to the real atmosphere.

Assuming Langmuir adsorption [4] and low surface
coverage, the steady state uptake of labelled molecules
is a function of the surface accommodation coefficient
o, and the desorption rate constant kg:

Aa

S

Yisn Ak, )
Though our experiment is sensitive in determining the
tracer uptake y3n, no distinct values for the kinetic
parameters can be obtained from Eq. (1) alone. This
problem can be addressed by considering the response
of the detector signal Rgc to changes in the tracer
flow. This response is approximately exponential
exp(-?»efft) with

k, A

_— 2
a A+ A, @

ﬂ,eﬁr:i+

Here, A and 4., are the geometric areas of the ice
sample and the escape orifice. Combining the infor-
mation about y;3y and A now allows retrieving the
kinetic parameters and also the surface partitioning

coefficientK,, . =a,w/4k,, where o is the mean

thermal velocity. This is demonstrated in Fig 1.

Al A
eff
Fig. 1: Interpretation of y,;y. For the measured value
v13n =0.03, the accessible parameter space is shown.
For example, if the effective response was A =1.5 A,
a, =0.08, k=2x10" s and, calculated from these,
Klin,C:3X105 cm”. The shaded areas represent the
uncertainty in yyy.

In our HNO; experiments, we see that Rgc decreases
with A even slightly more slowly than A after the
tracer flow to the reactor was stopped. This slow re-
sponse could be caused by delayed HNO; transport
into the reactor (after switching off) and desorption
from the walls. We therefore cannot specify a value
for A Despite that, we can specify a lower limit for
as=0.03, an upper limit for k=4x102 s and a lower
limit for K1in,c=2><105 cm’l. With changes in reactor
geometry (4 and A.) and less wall uptake, one would
become more sensitive to Agg.
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DOES H,0; DIFFUSE INTO ICE?
T. Ulrich (PSI & Univ. Bern), M. Ammann (PSI), S. Leutwyler (Univ. Bern), T. Bartels-Rausch (PSI)

INTRODUCTION

The exchange of atmospheric trace gases with the
cryosphere can significantly alter the concentration of con-
taminants both in snow or ice and in the air [1]. H,O, is of
particular concern as it is a powerful oxidant both in the
atmosphere and in surface snow or ice [2]. Here we discuss
results from laboratory-based experiments about the ex-
change of gas-phase H,O, with ice.

RESULT: DIFFUSIVE LOSS

The experiments were done in ice-coated wall flow tubes
(CWFT). Upon exposure to the ice surface at 258 K, the
H,0, gas-phase concentration drops, as the ice takes up the
molecules (Fig. 1). Then, it starts to recover as the uptake
equilibrium is approached. Notable is that the gas-phase
concentration of H,O, does not return to its initial level
within 1h. Other trace gases, such as HNO,, have shown a
complete recovery in similar experiments [3].
x 10"

Conc (molec/icmd)

0 500 1000 1500 2000 2500 3000 3500
Time (s)

Fig. 1: Gas phase concentration of H,O, (blue line, left

axis) and HNOy (black line, right axis) with time. Between

t=0s and 3560 s the H,O, is passed over the ice. Also

shown is an asymptotic fit (red line) to the later part of the

uptake data (green line) for H,O,.

} D
[Hzoz ](t) = [HZOZ]il1llial : exp(Acxp -H E] (Eq 1)

Fig. 1 shows a fit to the data at long interaction times based
on Eq. 1 that parameterizes the uptake as diffusion in the
ice with time (f) and experimental parameters (4c). The
excellent fit to the data indicates that slow diffusion might
limit the uptake of H,O, to ice in this experiment. This fit
also gives a value of 0.92 cm s'? for the term H-D'? that
combines solubility (H) with diffusivity (D).

DISCUSSION: RESERVOIR IN THE ICE

This diffusive uptake can occur into two reservoirs: into the
ice crystal and into the grain boundaries (GBs) [2]. Here,
we will discuss the feasibility of both.

Diffusion of impurities into the ice crystal is slow and dif-
fusivities are typically ~10™" cm® s [2]. With this diffusivity
and the experimentally derived HD", a solubility of H,0,
in the ice crystal, similar to other trace gases, is derived
(Table 1). This would indicate that diffusion of H,O, into
the ice crystal explains our observations. However, this

rough calculation and the fit in Fig. 1 do not take the vol-
ume of the ice into account. Further calculations that con-
sider volume-limited capacity show that the amount that
diffuses into the ice is much smaller than the observed loss.
Thus diffusion into the ice crystals is not the dominating
process.

Diffusion into GBs is more uncertain, as neither solubility
nor diffusivity is well known. Based on values for the diffu-
sivity of water in GBs [4] and a GB fraction of 0.4 vol-%o,
reasonable solubilities are derived (Tab. 1). However, for
GBs the diffusion is too fast, so they would be saturated too
early to explain the observed long-lasting uptake. This
rough estimate thus rules out diffusion into GBs as domi-
nating process. Clearly, the volume of grain boundaries
needs to be precisely known to derive sound conclusions.

In summary, diffusion into the ice crystal does not explain
our observations. Diffusion into GBs needs further investi-
gation.

Tab. 1: Solubilities (H) and diffusivities (D) in ice crystals
(sc), GBs and water (liq). Results from this study (*) and
literature values [#] are compared.

D (cm®/s) H (M/M)
H.0, sc 230107 [5] 1.8410°  *
H.0. GB  2.0010° [4] 9.9510° *
HCl sc - 8.31:10° (5]
H, 0, liq - 1.7510"  [6]
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A DRILLED FLOW-TUBE TO STUDY THE ROLE OF GRAIN BOUNDARIES ON THE
AIR-ICE EXCHANGE OF TRACE GASES

E.S. Thomson, J.B.C. Pettersson (Univ. Gothenburg), F. Riche, M. Schneebeli (SLF),
M. Ammann, T. Bartels-Rausch (PSI)

GRAIN BOUNDARIES IN SNOW

In winter, snow covers substantial parts of the land
surface. This cryosphere is a highly dynamic medium
that impacts fluxes of chemicals between the atmos-
phere and the subnival ecosystem [1].

A current question in cryospheric and atmospheric
science is the role that grain boundaries, and snow/ice
microstructure in general, play as reservoirs for impu-
rities during transport through the snow and for chemi-
cal reactions on timescales that matter for exchange
processes [2].

Here we present results from an on-going collabora-
tion between PSI, SLF, and the University of Gothen-
burg that resulted in a new approach to study the im-
pact of grain boundaries on chemistry and transport
processes.

A UNIQUE FLOW TUBE

Two approaches are widely used to derive kinetic and
thermodynamic information of trace gas - ice interac-
tions in controlled laboratory studies. Coated wall flow
tubes offer the advantage that trace gases are exclu-
sively exposed to ice surfaces and thus the results are
not disturbed by interactions with the wall material of
the sample holder. Alternatively, in sample holders,
planar ice samples can be exposed to trace gases and
ice thin sections can be cut and analysed for their crys-
tal structure.

i

Fig. 1: The new ice flow tube shown with the precool-
ing loop attached.

Figure 1 shows a new set-up that combines the advan-
tages of both approaches. A flow tube is drilled into an
ice block and directly attached to the gas delivery
system. In this set-up the trace gas is only in contact
with ice, and inert sample tubes. The ice tubes can be
analysed for their grain structure and boundary area
under a polarized microscope (Figs. 2 and 3)[3].

CONTROL OF GRAIN BOUNDARIES

At SLF the production of two types of such flow tubes
has been developed. By soaking ice powder with cold
water under low pressure, highly ploycrystalline ice
samples can be grown (Fig. 2). Slowly freezing water
results in single crystalline ice blocks (Fig. 3).

For

Fig. 2: A flow tube (blue-grey circle) drilled in to a
polycrystalline ice block.

Fig. 3: The edge of a flow tube (blue-grey) drilled into
a single crystalline ice block (greenish).

STATUS AND FUTURE WORK

The interaction of H,O, with ice in a single crystal ice
block was successfully probed in a preliminary ex-
periment. Currently, the production of single crystal
ice blocks is being optimized to prevent small grain
nucleation from drilling damage at the ice’s edge

(Fig. 3).
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IDENTIFYING INERT MATERIALS FOR LABORATORY EXPERIMENTS WITH ICE
T. Ulrich (PSI & Univ. Bern), M. Ammann (PSI), S. Leutwyler (Univ. Bern), T. Bartels-Rausch (PSI)

INTRODUCTION

Heterogeneous chemistry and surface adsorption are of
great interest in atmospheric science, as these proc-
esses can significantly alter the environmental fate of
pollutants and of greenhouse gases [1]. In the labora-
tory, these processes are commonly investigated by
exposing a gas of interest to a solid sample. To unam-
biguously assign observed changes in the gas-phase
concentration to processes on the sample surface, it is
crucial that interactions with the walls of the sample
holder can be neglected. This is of particular concern
when interactions with ice surfaces are investigated, as
wall interactions tend to increase at lower tempera-
tures.

In this study we tested several fluorinated polymers
with respect to their uptake of common trace gases to
find the most inert and thus best suited material.

RESULT

CHIC, )

—PVDF
—PTFE
PFA
—FEP
—PFA coating

—2‘0 (I) 2‘0 4‘0 éO éO 160 1‘20 1“10 16‘30 1é0 260
Time (s)

Fig. 1: Relative gas-phase concentration of acetic acid

with time upon exposure to different fluorinated poly-

mers. At t=0s the trace gas was exposed to the sample
at 223 K.

Figure 1 shows how the gas-phase concentration of
acetic acid in a flow of nitrogen drops when the trace
gas is exposed to a 80 cm long 0.4 cm inner diameter
tube of different types of fluorinated polymers. Fluori-
nated ethylene propylene (FEP) and polytetrafluoro-
ethylene (PTFE) show an ideal behaviour with a very
fast recovery. Perfluoroalkoxy copolymer (PFA) and
polyvinylidene difluoride (PVDF) adsorb significantly
more acetic acid and are thus less suited as sample
holder for experiments with this organic acid. Figure 1
also shows that the processing of fluorinated polymers
is critical, as a coating made from PFA powder shows
an infinite uptake, very different from tubes used for
the other experiments.

In summary, FEP showed little uptake of acetic acid.
In Fig. 2 the uptake of other trace gases to FEP is
compared at low temperatures. Clearly, FEP does not

significantly adsorb hydrogen peroxide (H,O,) at
242 K, nitrous acid (HONO) at 253 K, methanol, ace-
tic acid, nor acetone at 223 K.
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Fig. 2: Relative gas-phase concentration of various

trace gases with time upon exposure to fluorinated

ethylene propylene (FEP). At t=0s low concentrations

of the sample gas were exposed to fluorinated poly-

mers at 223 K to 253 K.

In summary, FEP is very inert to several trace gases of
atmospheric relevance. This becomes particularly
evident, when the uptake behaviour to the polymers is
compared to the uptake to ice. Figure 3 shows that the
uptake of H,O, to ice continues for hours.
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Fig. 3: Comparison of the uptake to ice and FEP. At t=0
traces of H,O, were exposed to the samples at 243 K.
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VISIBLE LIGHT INDUCED DECOMPOSITION OF NITRATED PROTEINS AND
PRODUCTION OF NITROUS ACID

Y.F. Cheng, Y. Elshorbany (MPIC), T. Bartels-Rausch (PSI), K. Selzle,
J. Lelieveld (MPIC), M. Ammann (PSI), U. Péschl, H. Su (MPIC)

INTRODUCTION

Proteins have long been recognized as important com-
pounds in the biogeochemical cycles of terrestrial
ecosystems. Airborne proteins account for up to ~5%
of urban particulate matter, and soil proteins provide a
source of nitrogen for plants and soil microorganisms.
Proteins can be nitrated by NO, and O; during their
residence or exposure in the atmosphere. The airborne
nitrated-proteins have been proposed as an explanation
for the promotion of allergies by traffic related air
pollution, which was supported by immunological
experiments with cells, mice, and human sera [1].
Though the formation of nitrated-protein has been
intensively studied, there are very few studies looking
at their fate, i.e. transformation processes.

In this study, we investigated the reaction of nitrated-
proteins in the presence of visible light. The results
show a clear light induced decomposition of nitrated-
proteins with nitrous acid as the main product, which
suggests a shortening of the lifetime of nitrated pro-
teins during daytime. Through HONO, an important
OH precursor, nitrated-proteins on aerosol and ground
surfaces may also influence the atmospheric chemistry
and oxidation capacity.

EXPERIMENTS

The decomposition of nitrated proteins was analyzed
by online and offline analytical methods in a flow tube
experiment [2]. The nitrated proteins were prepared by
mixing Ovalbumin (OVA) with a liquid solution of
tetranitromethane (TNM) in methanol and by cleaning
using size exclusion chromatography. The sample was
dried with a freeze-dryer.

The nitration degree was 1.57 nitrated tyrosine resi-
dues per protein molecule, as analyzed by liquid
chromatography (LC-DAD) [3]. Each OVA consists of
10 tyrosine residues. The nitrated OVA was used to
coat the quartz flow tube (~0.5 m), typically with ~2-3
mg nitrated OVA on each tube.

We exposed the nitrated-protein coated tubes with
visible light of variable intensity, both in absence and
in presence of 15 ppb gaseous NO, The gas-phase
NO, and HONO concentrations at the exit of the flow
tube were measured continuously during the experi-
ment. After each experiment, the reacted proteins were
extracted from the tube by deionized water (Milli-Q)
and the nitration degree was analyzed by the LC-DAD
system.

RESULTS

Figure 1 shows the observed HONO emissions from
one typical sample. Clearly, HONO emission from
nitrated-proteins was only observed in the presence of
light and the resulting HONO concentration is propor-
tional to the light intensity.

4
-o- The first loop from dark to 7 lamps

The second loop from 7 lamps to dark
in presence of 15 ppb NO2

1.5; - The third loop with 7 lamps

+15 ppb NO2

HONO Concentration [ppb]

0.5r

0 20 40 60 80 100 120 140 160

Light Intensity [W m™2]

180

Fig. 1: HONO emission from nitrated OVA. The S1
to S8 represent results on the same sample: S1, dark
condition; S2, 1 lamp on; S3, 3 lamps on; S4, 7 lamps
on; S5, 7 lamps on + NO,; S6, 3 lamps on + NO,; S7,
dark condition + NO,; and S8, 7 lamps on.

This indicates a light induced decomposition of ni-
trated proteins. In presence of both NO, and light, the
HONO formation is additionally increased. Finally, we
found a significant decay of HONO production with
time, implying significant loss of nitrated proteins
through light induced decomposition. This is also
confirmed by LC-DAD results, showing reduced nitra-
tion degree for proteins taken from the end of the ex-
periments.

Our results indicate that the decomposition of nitrated
proteins is enhanced by light exposure. Additionally,
HONO was identified as one of the major products of
the decomposition.
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WATER UPTAKE TO A SINGLE SHIKIMIC ACID PARTICLE
S. Steimer (ETHZ & PSI), A. Huisman, U. Krieger, C. Marcolli, T. Peter (ETHZ), M. Ammann (PSI)

INTRODUCTION

It has recently been shown that organic particles are
capable of forming amorphous solids or semi-solids
under atmospheric conditions [1]. Since water acts as a
plasticizer, changes in relative humidity can alter the
physical state of the particle. In turn, water uptake and
diffusion are heavily influenced by the physical state.
Shikimic acid is a plant metabolite and a possible
component of biomass burning aerosol [2]. In the
following study, water uptake by single shikimic acid
particles was studied using an electrodynamic balance
(EDB) to determine physical state and particle radius
as well as concentration as a function of humidity.

EXPERIMENTAL

The shikimic acid particle was generated from a
2.5 wt-% solution of shikimic acid in Milli_ Q water
via injection with an ink jet cartridge. The charged
particle is levitated in the electric field of the EDB
(Fig. 1), with the balancing DC voltage being propor-
tional to the mass to charge ratio of the particle.
Changes in particle mass are therefore reflected by an
accompanying change in DC voltage. The particle is
illuminated by a HeNe laser, with its image detected
by CCD 1 and its phase function by CCD 2. The latter
can be used to monitor physical state and give an esti-
mate of size changes. A more precise size measure-
ment can be obtained from the Mie backscatter spectra
of a LED point source [3]. A bulk measurement of
water activity and density of a 20.0 wt-% shikimic acid
solution helped in parameterizing the concentration
dependence of water activity and density using the size
data obtained by Mie scattering.
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Fig. 1: Electrodynamic balance

RESULTS

The particle was found to stay spherical throughout
the measurement, indicating that no crystallization
occurred at any humidity. At low humidity levels
(<32% RH), the particle is not in thermodynamic
equilibrium anymore as hysteresis loops are apparent
when cycling RH, see Fig. 2. This suggests the forma-
tion of a semi-solid or glassy state, with strong imped-
ance to water uptake and release. Over the complete
humidity range, the particle grows from 8.3 um for the
dry particle to 10.2 um at 90 % RH. Accordingly, the
concentration ranges from 8.6 M to 4.8 M.

10.0
9.8
9.6 /‘
9.4

9.2 1

radius [um]

9.0 1

887

0 20 40 60 SIO
RH [%]

1
100

Fig. 2: Shikimic acid humidogram (measured EDB
data). The particle is in thermodynamic equilibrium
above ~32 %RH.

OUTLOOK

A kinetic transport model will be used to calculate
water diffusion coefficients from the obtained data.
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PROCESSING OF SHIKIMIC ACID PARTICLES CAUGHT IN THE ACT
VIA MICROSPECTROSCOPY

S. Steimer (ETHZ & PSI), A. Huisman, U. Krieger, C. Marcolli, T. Peter (ETHZ), E. Coz (CIEMAT),
G. Grzinic (Univ. Bern & PSI), M. Lampimdki, M. Ammann (PSI)

INTRODUCTION

It has been shown that organic compounds may be-
come solid or semi-solid under atmospheric conditions
[1]. The chemical aging of aerosols changes their
physical and chemical properties and therefore their
environmental impact [2]. It is therefore important to
understand how the physical state of aerosol com-
pounds might affect chemical ageing. Shikimic acid is
a plant metabolite, which has been found to be present
in biomass burning aerosol [3]. In the present work we
study the chemical aging of shikimic acid particles.
Their reaction with ozone was investigated at four
different humidity levels. The process was monitored
in situ using scanning transmission X-ray microscopy
(STXM) and near edge X-ray absorption fine structure
spectroscopy (NEXAFS).

EXPERIMENTAL

Shikimic acid particles were generated from shikimic
acid solution via ultrasonic nebulisation. The particles
were dried with a diffusion drier, and a differential
mobility analyzer (DMA) was used to select particles
of a specific electrical mobility. These were then im-
pacted on a silicon nitride membrane. A temperature
controlled environmental micro reactor [4] was used to
adjust relative humidity during the experiment (13%-
83% RH) and facilitate in situ exposure to ozone. All
STXM and NEXAFS experiments were conducted at
the Pollux beamline at the SLS.

RESULTS

The carbon K-edge spectra for shikimic acid particles
before and after oxidation show a clear decrease of the
optical density (OD) at 284.5 eV for oxidized particles.
This peak is associated with the carbon double bond of
shikimic acid. As can be seen in Figure 1, the oxida-
tion depends on humidity, with particles showing
increased oxidation at higher humidity levels. Consid-
ering that water acts as a plasticizer for shikimic acid,
this result can be seen as an indication of the relation
of physical state and chemical ageing. Chemical maps
however, show that the oxidation proceeds homogene-
ously at all humidity levels; no gradient is observed in
response to increasing viscosity at higher humidity
levels. This either indicates that a gradient being
formed is below the spatial resolution of the micro-
scope, or that no radial gradient is formed. Combined
with the size dependence of the oxidation (Figure 2)
this points to either a shallow gradient or a surface
limited process.
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Fig. 1: Humidity dependence of the progress of oxida-
tion after 211 min exposure to 2.5 ppm ozone. Differ-
ent symbols mark particles of different total carbon
optical density, which is a measure of particle thick-
ness.
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MICROSTRUCTURAL CHANGES OF INDIVIDUAL ORGANIC PARTICLES FROM
COOKING EMISSIONS DURING ATMOSPHERIC PROCESSING

E. Coz (CIEMAT), I. El Haddad, S. Platt, J.G. Slowik, A.S.H. Prévot (PSI/LAC), S. Steimer (ETHZ & PSI),
G. Grzinic (Univ. Bern & PSI), M. Lampimdki, M. Ammann (PSI)

INTRODUCTION

Cooking activities are an important source of organic
aerosols in the atmosphere frequently overlooked in
source apportionment studies. The parallel develop-
ment of the aerosol mass spectrometer (AMS) together
with advanced laboratory facilities that simulate the
photochemical degradation of particulate compounds
in the atmosphere (smog chambers) in the last decade
have recently provided the key to a systematic identifi-
cation and quantification of sources during ambient
studies [1]. The present study went further by adding a
microstructural analysis of the particulate emissions
during cooking, so far absent in the literature, and key
to understanding atmospheric processing in detail.

EXPERIMENTAL

A set of experiments were designed and conducted at
the PSI mobile smog chamber to investigate emissions
from meat (chicken) grilling and vegetable boiling. All
experiments were carried out in the presence of NOx
and samples were irradiated with UV light to simulate
atmospheric aging. Emissions were generated from
cooking inside a steel housing and injected into the
smog chamber via a heated inlet system. Dilution
ratios between the sample air and the chamber were
determined by measuring CO,, CO, and CH4 concen-
trations in the sample air and at the chamber (cavity
ring down spectrometer, Picarro). Two different sam-
ples were collected at different stages during each
experiment to study the microstructural variations on
the individual particles at the PolLux beamline in the
Swiss Light Source. Four different types of samples
were analyzed during the beamtime: vegetable boiling
at a primary stage of aging and after the aging process,
and primary and aged grilled chicken samples. All of
them had replicas. Additional FESEM analyses were
conducted on the samples to study morphological
features which STXM cannot reach.

RESULTS

The analysis at the carbon edge of the fresh aerosols
emitted by the boiled vegetables was associated with
highly distinct particle-to-particle variations. Specific
tests were done to check that these variations were not
mainly a consequence of beam damage during the
analyses. Furthermore, a later FESEM analysis cor-
roborated this heterogeneity, which was mainly de-
rived from a great variety of primary organic aerosols
exhibiting very different morphologies ranging from
nearly spherical to very needle-like elongated shapes.
The organic particles were frequently accompanied by

nanosalts (i.e. K,SO4, KCI). At a higher degree of
photo-oxidation, these primary features tended to be in
minority and the carbon fraction was dominated by
carboxylic groups.

Very different results were obtained for the experi-
ments with grilled chicken. Particles were more homo-
geneous in terms of the relative contribution from
different carbon functional groups and their spatial
distribution within the particle microstructure. A major
contribution from aromatics was found in slightly aged
samples. These aromatics were nuclei for carboxylic
groups produced during sample aging, which formed
coatings of different thicknesses (Fig. 1). This was
consistent with the results from the AMS analysis.
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Fig. 1: Top: Optical density (O.D.) images of a parti-
cle from the sample 7 measured at 284.0 ¢V and
287.45 eV (images from C-stack). C K-edge spectra of
the regions 1 and 2 from the same particle (bottom).
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