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Summary. The adsorption interaction of various astatine
species with quartz and gold surfaces was investigated by
gas chromatography methods. Due to variations of the redox
potential of the carrier gas elemental astatine, astatine oxide
and hypo-astatic acid have been produced. The identification
of the astatine compounds is based on the analogy assumption
to the gas phase chemistry of the closest homologues in group
17 of the periodic table, iodine and bromine. The deposition
temperatures as well as enthalpies of adsorption have been
determined for the astatine species. The enhancement of the
metallic character within group 17 towards higher Z is clearly
confirmed. Macroscopic properties (sublimation enthalpy) of
previously unstudied AtO, and HAtO were estimated. The
determined data for elemental astatine were compared to
available literature data. Based on the obtained experimental
results possible designs of experiments for studying of chem-
ical properties of the recently discovered element 117 can be
suggested.

1. Introduction

Astatine is a radioactive element, which can be found in
three natural radioactive decay series. However, only the fol-
lowing short-lived isotopes can be detected: ?®At (T, =
1.55) from the #%2%®U-decay series; *°*At (T,, = 0.1 ms)
as well as ??At (most long-lived isotope with T;,, = 565)
occur in the 2°U-decay series. Astatine is claimed to be the
rarest naturally-occurring element. The first confirmed dis-
covery of astatine was made in 1940 by Dale R. Corson
and co-workers during the irradiation of bismuth with alpha
particles [1]. This new element in the periodic table was re-
ported by several researchers as “eka-iodine” and names like
alabamine, dakin, helvetium, and anglohelvetium were sug-
gested [2]. The existence of astatine in the uranium-decay
series was discovered in 1943 by Karlik and Bernert [3, 4].
The half-life of its longest lived known isotope with the mass
number 210 is 8.3 h. This isotope is accessible only by artifi-
cial production methods and is well suited to investigate the
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chemical properties of astatine. It can be produced in com-
plete nuclear fusion reactions or in multi-nucleon transfer
reactions accompanying the latter [5, 6]. Nowadays, astatine
is attracting attention mainly for two reasons. The first one
is based on practical application of some astatine isotopes
in radiopharmacy for the treatment of micro-tumors. Several
publications are available on this topic and the authors of
these works are optimistic to implement the astatine-based
cancer-treatment methods in the near future [7, 8]. The sec-
ond reason to investigate the behavior of astatine is purely
fundamental and deals with the chemistry of newly syn-
thesized superheavy elements, i.e. elements with Z > 110
(SHE), where astatine is a chemical homologue of element
E117 in group 17 of the periodic table. So far, the inves-
tigation of the chemical properties of these artificial elem-
ents was only possible after successful synthesis of rela-
tively long lived isotopes of elements Rf, Db, Sg, Bh, Hs
(see for review [9,10]), Cn, and E114 [11-14]. The elem-
ents with atomic numbers Z larger than 112 possess several
chemical and physical characteristics making the design of
chemical experiments extremely challenging: Half-lives are
typically below one second; Production rates are in the order
of several atoms per week if recently available heavy ion
accelerators are used [15]; Relativistic effects in the elec-
tron structure directly affect valence electrons, especially for
the SHE [9, 10, 16-18]. All these specialties limit signifi-
cantly the applicability of chemical methods and techniques
to the investigation of the chemical behavior of the SHE. The
main approach to final experiments with SHE is based on
the investigation of the chemical properties of their lighter
homologues in the same groups of the periodic table at the
one-atom-at-a-time level. Finally the most suitable experi-
mental conditions have to be selected from the results ob-
tained with the homologues under the assumption that SHE
should behave similar. This working principle turned out to
be crucial for designing and tuning of experimental set-ups
to investigate new elements.

The successful synthesis of the so far missing element
with the atomic number 117 was recently reported at the
JINR, Dubna, Russia [19]. In preparation of a chemical in-
vestigation of element E117, the main goal of the present
research was the investigation of the formation of volatile
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astatine species and their adsorption interaction with quartz
and gold surfaces. Using the methods of isothermal gas
chromatography and thermochromatography the adsorption
interactions of different astatine species on quartz and gold
surfaces were investigated. The microscopic model of gas
solid adsorption chromatography implemented into a Monte
Carlo simulation code [20] was used to deduce the standard
adsorption enthalpies at zero surface coverage (AH,;) of
these astatine species on gold and quartz from the experi-
mental observations.

2. Experiment
2.1 Astatine production
2.1.1 ?'At production for online experiments

The nuclide At (T, = 89.0's) was produced in the heavy
ion induced nuclear fusion reaction **Tm(*°Ar, 4n)?®Fr
(T, =3.9s, ) — *At. The target was prepared by elec-
troplating of Tm,O; with a target thickness of 450 g cm—2
on a Be thin foil backing (12 jum thickness). The target was
irradiated with an “°Ar beam with energy of 180 MeV in
the center of the target at the PSI PHILIPS cyclotron ap-
plying beam intensities between 101 —10* particles per sec-
ond. From HIVAP calculations [21] applying a code adapted
in [22] the production cross sections of francium isotopes
in the nuclear fusion reactions of “°Ar and 'Tm were esti-
mated to be in the 1-10 microbarn region (see Fig. 1). The
primarily produced 2®Fr a-decayed to 2 At, which was used
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Fig. 1. Production cross-section of different Fr isotopes in the reaction
B Tm(“°Ar, xn), calculated with HIVAPSI code [21,22]. The energy
range of “°Ar in the target material is indicated.
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for the on-line isothermal gas chromatography experiments
(Sect. 2.2).

2.1.2 At production for offline experiments

The long-lived ?°At (T, = 5.4 h) was produced in nuclear
transfer reactions via irradiation of a **Bi target with “°Ar
at the PSI PHILIPS cyclotron. Therefore, a 0.1 mm thick
metallic bismuth target was irradiated with “°Ar entering the
target with an energy of 220+ 3 MeV. The products of this
reaction were completely stopped in the target. The irradi-
ated Bi samples were introduced into a thermal gas phase
separation setup made of quartz (see Fig. 2). The apparatus
was flushed with a gas flow of 200 mImin~* of pure He for
20 min to remove the traces of oxygen and water. Afterwards
the sample was heated up for 30 min to 1000 °C. The asta-
tine was evaporated and transported by 25 ml min—! pure He
into the colder part of the apparatus, where it was deposited
on a gold foil. The evaporation time of 30 min was found
sufficient for a full separation of astatine from bismuth. The
obtained gold foil was used as a source for the off-line ther-
mochromatography experiments (Sect. 2.3).

2.2 Onlineisothermal chromatographic experiments

The fast online gas phase chemical separation technique —
in-situ volatilization and online detection system (IVO) as
it is described in [11, 23] — was modified to be suitable to
perform isothermal gas chromatography experiments with
astatine. The schematic experimental setup is depicted in
Fig. 3. Heavy ion induced nuclear fusion products recoiling
out of the target were thermalized in an argon gas flow. The
inner surface of the newly designed recoil chamber of IVO
was covered by a quartz insert to prevent any losses of as-
tatine on the chamber walls. Under these conditions only
volatile and aerosol-particle bound products were swept out
of the recoil chamber through an open quartz column. These
products were transported with almost no losses through
a Perfluoroalcoxy (PFA®) Teflon™ capillary (1.56 mm in-
ner diameter) at room temperature to a quartz wool filter
placed in a quartz tube and heated up by an oven to 850 °C.
Aerosol particles produced during beam induced sputtering
processes in the target material or in the beam dump were
stopped by this filter. Only volatile products such as chlorine
and astatine isotopes proceeded further through a 6 m long
Teflon™-capillary to a tantalum foil mounted in a quartz
tube and heated up to 1000 °C thus acting as a getter for trace
amounts of water and oxygen in the carrier gas. Several ex-
periments were performed without this getter to investigate
its efficiency. After passing the getter the volatile products
entered the chromatography column with an inner diameter

Fig.2. Experimental set-up used

7 8 for separation of astatine from the
¢ irradiation bismuth target: 1 — car-
wlv rier gas (He), 2 — quartz column,

3 —volatilization oven (1000°C),

l—bc—ﬁj}\;\ TP? :
2/ o:/,nuvgs/

4 —irradiated bismuth target, 5—
niobium boat, 6 - quartz wool
plug, 7-gold foil, 8- charcoal
trap.
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Fig.3. On-line isothermal gas
chromatography set-up: 1 —“Ar-
beam; 2 - Tm,0;/Be target; 3 -
12 dried Ar as carrier gas; 4 —re-
coil chamber lined with quartz;
5 — quartz column; 6 — filter oven
(850°C); 7-quartz wool plug;

6-8 m PFA capillary; 9 - getter
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Fig.4. External chromatograms of At adsorption on the stationary
gold surface (black squares) together with Monte Carlo simulation
data: The solid lines represent the simulations using the best fitting
value of the adsorption enthalpy; The thin dashed lines represent the
simulations at the upper and lower value of the given error interval
of the adsorption enthalpies, respectively. Experimental conditions are:
(a) argon flow rate 1.8 L min—t, column length — 10 cm, without getter
oven; (b) argon flow rate 1 L min—t, column length — 10 cm, with getter
oven; (c) argon flow rate 1 L min=?*, column length — 20 cm, with getter
oven.

of 4mm and placed into an isothermal oven (10). The in-
ner surface of the isothermal part of this column was covered
by a gold foil on a length varied between 10 and 20 cm.
The astatine, which was able to pass this isothermal part,
was further transported through a short PFA capillary to
the Cryo On-Line Detector (COLD) [11,23]. COLD sys-
tem was modified to contain only 8 pairs of detectors in-
stead of 32. The astatine isotopes passing the isothermal
chromatography were deposited on these gold covered de-
tectors held at room temperature and the alpha decay of
LAt was registered. Thus, an external chromatogram rep-
resenting the yield of transported At detected in the COLD
in dependence on the temperature of the isothermal col-
umn was measured (see Fig. 4). The length of the isother-
mal stationary gold column used in different experiments
is detailed together with all other important experimen-
tal parameters such as gas flow and carrier gas treatment
in Table 1.

oven with Ta foil (1000°C); 10—

isothermal oven (10); 11 - gold;

12 — detection system COLD at
11 room temperature.

Tablel. Experimental conditions of the isothermal chromatography
experiments.

Carrier gas flow Ta-getter Temperature  Column material
rate in the loop ranges (°C) (length)

A: Ar, 1.8 L min™? No 650-25 Au (10cm)
B: Ar, 1L min™t Yes 800-200 Au (10 cm)
C: Ar, 1L min™t Yes 800-200 Au (20 cm)

2.3 Offline thermochromatogr aphic experiments

The experimental set-up used for the thermochromatogra-
phy is schematically shown in Fig. 5. The chromatographic
column was located inside a hermetically sealed Inconel®
steel tube. The carrier gas inlet and outlet were connected
by Swagelok® components. Such a system is effective to
maintain high carrier gas purities during the experiment by
excluding diffusion of oxygen and water into the mobile
phase. Additionally, at the beginning of the column a Ta foil
was placed acting as a getter for remaining traces of wa-
ter and oxygen as this zone was heated up to T =950°C
prior to the experiment. The second Ta-getter was located
downstream adjacent to the sample at about 980 °C within
the temperature gradient to ensure the elemental state of
astatine evaporating from the source. The gold foil contain-
ing 2At as obtained by the separation procedure from the
irradiated bismuth target (described in Sect. 2.1.2) was posi-
tioned inside the start oven at the startup of the experiment.
After the temperature gradient was established and the get-
ter oven was at 900 °C the start oven was heated up rapidly
within about 5 minto T = 1000 °C. To investigate the chem-
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Fig. 5. Offline thermochromatography set-up. 1 — Carrier gas (He, H,,
O, or mixtures with water), 2 —starting oven (1000°C), 3 -2°At
source on gold foil surface, 4 — getter oven (1000°C), 5- Ta chips,
6 — gradient oven, 7 — chromatographic column (quartz/gold), inner
diameter 4 mm, 8 — cooling system (down to liquid nitrogen 77 K tem-
perature).
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Table2. Experimental conditions of thermochromatographic experiments.

Carrier gas  Stationary  Flow rate Experiment  Expected Species assigned

phase (mL min-?) duration species to the observed
(min) deposition pattern

H, Gold 15 60 At At

He Gold 25 60 At At

He/H,0? Gold 25 60 HAtO At

0O, Gold 25 60 AtO,AtO, AtO,

0,/H,0? Gold 25 60 HAtO AtO,

H, Quartz 15 60 At At

He/H,02 Quartz 25 60 HAtO AtO,

0O, Quartz 25 60 AtO, AtO, AtO,

0,/H,0? Quartz 25 60 HAtO AtO,, HAtO

a: Water content was estimated as several volumetric percent.

ical properties of different astatine species in several experi-
ments various carrier gases and carrier gas mixtures were
used (see Table 2). In case of oxidizing carrier gases the Ta
getters were omitted. The He/H,O mixture was produced
by passing the He gas flow through a water reservoir held
at room temperature. Thus, water content can be estimated
as several volumetric percents. At the end of the experi-
ment the column was removed from the temperature gradi-
ent oven through the cold end. A screening of the activity
distribution along the column was performed by a dose me-
ter to roughly identify the position of the astatine activity in
the column. Subsequently these positions were measured by
gamma spectroscopic measurement using a lead collimator
(window size 1 x 1cm?, lead thickness 0.7 cm) in front of
a standard high purity Ge (HPGe) y-detector with 2.13 keV
resolution at 1.33 MeV in conjunction with an acquisition
and analysis system based on Canberra’s Genie2k®. All
other experimental parameters such as gas flow, stationary
phase material, and experiment duration are compiled in
Table 2. For the experiments with gold as stationary phase
the gradient part of the quartz column was entirely covered
inside with rolled gold foils.

3. Resultsand discussion

3.1 Onlineisothermal chromatography with gold
asstationary phase

It was observed that at high flow rates increasing amounts
of astatine passed the gold column already at room tempera-
ture and were detected in the COLD. We assume that at these
flow rates the aerosol particle filter was not efficient leading
to an aerosol particle transport of astatine. Furthermore, it
was found that a 10 cm long gold column is too short for de-
positing all transported astatine on the gold surface at high
carrier gas flow rates. The increase of the length of chro-
matographic column up to 20 cm resulted in a more effective
deposition of astatine on the column material. The optimal
flow rate was found as 1 L min=t. The results of the isother-
mal gas chromatography experiments with 2**At using gold
as stationary phase under three different experimental condi-
tions are shown in Fig. 4a—c together with the Monte Carlo
simulation data. Experiments without the tantalum getter re-
vealed the retention of the astatine species at significantly
lower temperatures compared to the experiments where the

tantalum getter was introduced (Fig. 4a). The most probable
explanation is related to the oxidation of astatine by trace
amounts of oxygen and water in the carrier gas. This as-
sumption is supported by the observations in the off-line
experiments (see Sect. 3.2). Since a speciation of the com-
pound is difficult we refer to it preliminarily as AtO,H,. The
determined adsorption enthalpy of this species on gold is
—AHAU(AtO,H,) = 100733 ki mol .

The series of experiments including efficient removal of
the main oxygen and water contaminations by the hot tan-
talum getter results in an adsorption enthalpy of astatine
presumably in its elemental state on gold as —AHZ:!(At) =
147 + 15 kI mol=* (Fig. 4b,c).

3.2 Offline ther mochromatogr aphy
3.2.1 Interaction of astatine species with gold surface

The deposition temperature determined for the astatine
species on the gold surface using either purified hydrogen
or helium as carrier gas was Ty, = 387 =20 °C (Fig. 6a,b).
Taking into account extremely dry and oxygen free con-
dition in the purified helium and the reduction potential
of pure hydrogen this deposition was assigned to asta-
tine in its elemental form. The enthalpy of adsorption of
elemental astatine on the gold surface was deduced as
—AHZ!(At) = 153+ 5kImol~*. This value is within the
error bars in good agreement with the data obtained dur-
ing the online investigation of astatine interaction with gold
surface —AHZ:(At) = 147 + 15 kImol . It should be men-
tioned that despite astatine is supposed to be a halogen
no formation of HAt was observed following the trend
of decreasing formation enthalpies of the HX (X =F, ClI,
Br, I) within group 17. This observation is in good agree-
ment with theoretical calculations predicting low stability
of HAt [27]. The non-formation of HAt also explicitly
demonstrates the increasing metallic character of the elem-
ents within group 17 from fluorine down to astatine. An
attempt was performed to form hypoastatic acid (HAtO)
using a He/H,O mixture as carrier gas, as it was de-
scribed with bromine and iodine in [24]. However, the
determined deposition temperature Ty, = 387 =20 °C indi-
cates that astatine remains in the elemental form at these
conditions (see Fig. 6¢). The calculated adsorption enthalpy
—AHAY(At) = 154 £ 5 kJmol~! is in agreement with the re-

ads

sults obtained in the experiments with hydrogen and purified
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Fig.6. Thermochromatograms of 2°At (dark grey bars, left hand
axis) on gold surface using as carrier gas: (a) 25mlmin~ He; (b)
15mImin=t Hy; (c) 25 mImin~t He/H,O mixture. The solid stepped
lines represent the results of the Monte Carlo simulations applying the
adsorption enthalpies given on the panels. The temperature gradients
are indicated (dashed line, right hand axis).
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Fig. 7. Thermochromatograms of 2°AtO, (grey bars, left hand axis) on
gold surface using as carrier gas: (a) 25 mImin—t O,; (b) 25 ml min—!
0,/H,0O mixture. The solid stepped lines represent the results of the
Monte Carlo simulations applying the adsorption enthalpies given on
the panels. The temperature gradients are indicated (dashed line, right
hand axis).

helium. This fact indicates the instability of low oxidation
states of astatine species at these experimental conditions.
The oxidation of astatine and the adsorption of AtO.H,
on gold surface were studied in pure oxygen as well as
in mixed oxygen/water gas atmosphere (Fig. 7a,b). Only
one deposited species was observed in both series of ex-
periments with a deposition temperature of Ty, = 272+
20°C on gold. The enthalpy of adsorption was calculated

AHZ(AtOH,) = 124 £ 5kImol~*. This value is in
good agreement Wlth —AHAY(AtOH,) = 10073 kI mol*
obtained in the online experlments with 2L At (see Sect. 3.1).
Based on a presumed chemical similarity of astatine to the
lighter halogen homologues bromine and iodine we tenta-
tively attribute this AtOH, species to the astatine oxide
AtO,, but we cannot exclude that the compound is AtO,
which would be a preferred compound for a more metallic
element.

Column length, cm

Fig. 8. Thermochromatograms of ?°At (dark grey bars, left hand axis)
and ®°AtO, (grey bars, left hand axis) on quartz surface using as
carrier gas: (@) 15mlmin= H,; (b) 25mImin~ O,; (c) 25 mImin~!
0,/H,0. The solid stepped lines represent the results of the Monte
Carlo simulations applying the adsorption enthalpies given on the pan-
els. The temperature gradients are indicated (dashed line, right hand
axis).

3.2.2 Interaction of astatine specieswith a quartz surface

Using pure hydrogen as carrier gas, astatine in its elemental
form was observed to deposit at Ty, = 272+ 20 °C, yielding
AHZO2(At) = 123+ 10 kImol~* (Fig. 8a). In pure oxy-

gen and O,/H,0 mixture astatine behaved similar as in
the experiments with gold as stationary surface under the
same conditions. Only one species was formed and de-
posited at temperature Tg, = 73420 °C (Fig. 8b,c). From
this observation the enthalpy of adsorption was estimated
AHZ2(ALO,) = 83+ 5 kImol-*. However, the behav-

ior of astatine in He/H,O gas mixture was different from the
experiments with gold as stationary surface. On SiO,, two
deposition peaks were located in the thermochromatogram
with the following deposition temperatures: Tge,(1) = 63 £
20°C and Tgep(2) = —79£20°C (Fig. 9). The first depo-

: : : ; . . 1200
1004 I Exp. AtO,
904, oc [ Exp. HAtO - 1000
\ dep(AtO) =63°C —— MC simulation
80- . —AH_5°(At0,)=80 kJ mol o~ L
” AP AO, T, (HAIO)=79°C 800
i —AH,, S*(HAt0)=47 kJ mol 500
<2 60- e
] =
32 501 . - 400
> 40, \ 200
30
20 -0
104 L-200
0O+——r
0 10 20

Column length, cm

Fig. 9. Thermochromatogram of AtO, (gray bars, left hand axis) and
HAtO (light grey bars, left hand axis) on quartz surface using as carrier
gas 25mlmin~! He/H,O. The solid stepped lines represent the re-
sults of the Monte Carlo simulations applying the adsorption enthalpies
given on the panels. The temperature gradient is indicated (dashed line,
right hand axis).
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sition temperature corresponds to the previously observed
AtO,, whereas the second one we tentatively assign to
HAtO. The enthalpies of adsorption were calculated as
—AH (ALO,) =80+ 5kImol! and —AH > (HALO) =
47 £5kJmol~?. The non formation of HAtO during the ex-
periment under the same condition with gold as stationary
surface shows a significant influence of the hydroxo groups
on the surface of quartz promoting the formation of hydroxo
compounds, especially at lower temperatures.

3.2.3 Validation of presumed speciation

To confirm the elemental state of astatine the correlation plot
between sublimation (macroscopic) and adsorption (micro-
scopic) enthalpies for elements on gold surfaces was used
(Fig. 10, adapted from [26]). The enthalpy of sublimation
for astatine with an corresponding adsorption enthalpy on
gold of —AHZ(At) = 153 +5kJmol™ should be 133+

20 kJmol=?, which is larger than AHg, (At) = 113 kI mol—*
reported in [25]. There is another even smaller value of

2504 :
= Experiment
least square fit:
= 95% C.i.
2004
S
S 1504 O
2 At / \
N 1 (AH,,,[25]) (aH At )
] [this work]
T 1004 subl
4 Hg—
O' Ak -AH, M=(1.08+0.05)AH, , +(10.36.4), kJ mol”
T T T T T

0 50 100 150 200 250
AH_ . kd mol™

subl’

Fig. 10. Correlation of the adsorption enthalpy AH,4 of the elements
on gold surface with their respective macroscopic property of sublima-
tion enthalpy A Hgy, [26]. The value for astatine obtained in this work
is shown.
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Fig. 11. Correlation of the adsorption enthalpy AH,g of the elements
on quartz surface with their respective macroscopic property sublima-
tion enthalpy AHgy [9]. Value for astatine obtained in this work is
shown.
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Fig.12. Correlation of the adsorption enthalpy AH,s of oxides and
hydroxides on inert surfaces with the macroscopic property of subli-

mation enthalpy AHg, [9]. Values for astatine oxide and hypo-astatic
acid obtained in this work are shown.

subl’

—97 46 kI mol~! given as sublimation enthalpy for astatine
in [28].

The correlations between the adsorption enthalpy on
quartz and the sublimation enthalpy for elements in their
elemental state and for oxides and oxohydroxides adapted
from [9] are shown in Figs. 11 and 12, respectively. The
sublimation enthalpy deduced from the adsorption enthalpy
of astatine on quartz (—AH 2 (At) = 124 +5kImol-1)
IS AHgu(At) = 164 £10kImol~* which is significantly
higher compared to the values given in [25, 28]. We sug-
gest from averaging of our obtained data a new value for
the sublimation enthalpy of astatine as A Hg, (At) = 148 +
25 kJmol=t. From the respective empirical correlation for
oxides and oxohydroxides (see Fig. 12) the sublimation en-
thalpies for AtO, and HAtO were estimated for the first time
as AHg (AtO,) = 106 430 kimol! and A Hgy, (HALO) =
56 430 kI mol !, respectively, indicating a higher volatility
of these oxidic species of astatine compared to its elemental
state.

4. Conclusions

The interaction of astatine species with gold and quartz
surfaces was studied by the methods of isothermal gas
chromatography and thermochromatography under varied
experimental conditions. The tentative speciation suggests
elemental astatine, AtO, and HAtO formed at varied car-
rier gas compositions. It was observed that already trace
amounts of oxygen and water oxidize “hot” astatine ions
recoiling from a heavy ion target. Hence, it can be con-
cluded that the presence of a Ta-getter in the experimental
set-ups for the investigation of element 117 E117 in its elem-
ental state might be crucial. The obtained oxidized astatine
species are more volatile than elemental astatine and are not
strongly interacting with gold. It was also established that
astatine in atomic state is less reactive compared to other
halogens and forms volatile species such as AtO, in con-
tact with both gold and quartz surfaces only under strongly
oxidizing conditions, e.g. with oxygen being a major com-
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ponent of the gas phase. The formation of HAtO was ob-
served only with water being a major component of the gas
phase and in contact with quartz surfaces. The experimental
results suggest a sublimation enthalpy for astatine as 148 +
25 kJmol=t. The sublimation enthalpies for AtO, and HAtO
were estimated for the first time as AH,, (AtO,) = 106 +
30 kJmol~* and A Hg,(HAtO) = 56 £ 30 kJmol~?, respec-
tively. The formation of HAt was not observed at high tem-
peratures and in pure hydrogen.

The volatility of elements of group 17 (halogens) is de-
creasing from fluorine to astatine. On the other side metallic
character of the elements is increasing. Both trends were
confirmed by the present work. These trends suggest a lower
volatility of element E117 compared to astatine. The results
of these model experiments can serve for the design of an
experimental set-up, which is suitable for the investigation
of chemical properties of the newest member of the periodic
table — element E117.
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