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Summary 
The adsorption/desorption behavior of carrier-free W on quartz-
glass surfaces in dry and moist oxygen was studied by off-line 
thermochromatography in the temperature ränge 330—1480 K. 
In dry oxygen W could not be volatilized. In moist oxygen the 
deposition temperature varies significantly with the humidity of 
the carrier-gas. The transport can be described by W02(0H)2(g) 

W03(.d,) + HzOjg) analogous to the lighter homologue Mo. 
Evaluation of the experimental data was carried out by means 
of the new Computer code TECPROF which allows to consider 
real temperature profiles. 

Up to an admixture of 60 ng MoOj-carrier the formation of 
heteropolynuclear complexes was not observed. However, the W 
was deposited at higher temperatures compared to experiments 
without a homologous carrier. Isothermal on-line gas chromatog-
raphy experiments were carried out with short-hved W isotopes 
to model future Sg experiments and to optimize the experimental 
conditions. 

1. Introduction 
The Clement 106, seaborgium (Sg), is available only 
in quantities of short-lived, Single atoms like all trans-
actinide Clements. Fast mcthods which guarantce a 
high yicld at a high sclcctivity are ncedcd for the 
chemical characterization of this class of Clements. 

Gas chromatography of oxychlorides in quartz-
glass colunms has akeady been applied successfully to 
study seaborgium [1]. Altematively wc chose the O2-
H20(g/Si02(s)-system for the physico-chcmical charac-
terization of seaborgium by gas-chromatographic tech-
niques. 

To characterize a transactinide dement its chemi-
cal properties have to be compared with those of other 
Clements, first of all its supposed lighter homologues. 
The chemical behavior of trace amounts of the Cl-
ements considered for this comparison is often known 
only incompletely and must be studied under the same 
conditions as the transactinide dement. On the other 
hand in preparatory experiments the homologues can 
be used to model the transactinides. 

The behavior of trace amounts of molybdenum as 
a homologue of seaborgium in the system oxygen-wa-

ter vapor/quartz-glass has been already studied earlier 
by off-line thermochromatography [2] and high-tem-
perature on-line isothermal gas chromatography [3]. 
Molybdenum was found to be transported via reaction 
gas chromatography govemed by the basic reactions 
dissociative adsorption and associative desorption: 
Mo02(OH)2(g) ^ MoOjcads) + H20<g). The enthalpy of 
dissociative adsorption was determined to be 

= - 5 0 ± 9 kJ/mol [2] and - 5 4 kJ/mol [3], 
respectively. The studied chemical system seemed to 
be wcll-suited for a chemical characterization of sea-
borgium, especially on account of the high selectivity 
to heavy actinides and the Ughtcr transactinides ruther-
fordium (Rf) and dubnium (Db). 

However, in contrast to the gas chromatography of 
oxychlorides the reaction gas chromatography of 
group 6 Clements in the 02-H20(g/Si02(s)-system is 
characterized by relativdy slow kinetics making it dif-
ficult to achieve over all retention times in the order 
of magnitude of the half-life of ^^Sg = 21 s [4]) 
or 2«Sg (ty, = 7.4 s [4]). 

In this work, as a further stcp towards the charac-
terization of seaborgium in the 02-H20(g/Si02(s)-sys-
tem the behavior of tungsten in this system was stud-
ied. According to semi-empirical calculations of Subli-
mation enthalpies for the transition Clements [5] and 
extrapolations within group 6 in this system [6, 7] sea-
borgium should resemble mostly tungsten. Tungsten 
was studied by off-line thermochromatography and 
on-line isothermal gas chromatography to establish Op-
timum experimental conditions for studying seaborgi-
um and to determine thermodynamical State functions 
useful for the evaluation and Interpretation of future 
seaborgium experiments. 

2. General considerations 

2.1 High-temperature chemistry of oxide 
and hydroxide species of tungsten 

Mo and W behave very similar due to the only slightly 
different ionic radii. However, the stability of the high-
est oxidation State increases from Mo to W and W 
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Compounds are mostly less volatile than the corre-
sponding Mo Compounds. 

W forms many stable oxides. In an excess of oxy-
gen WO3 should be the main component, which subli-
mates below its melting point (1745 K). In the gaseous 
phase Over WO3 the polymers (WOj), (n = 2-4) have 
been identified with the trimer and the tetramer as the 
major species analogous to Mo. Below the boillng 
point of WO3 (2215 K) the gaseous monomer was ob-
served only in negligible amounts [8]. However, in 
contrast to this predominant formation of polymers for 
macroamounts, short-lived, carrier-free W isotopes at 
concentrations excluding a coUision of two or more 
molecules can only be volatilized as monomeric WO3 
in dry oxygen. 

In moist oxygen species such as W02(0H)2 can 
be formed which should be more volatile than WO3 
[9-13]. 

Thermodynamic data for W, its oxides and hydrox-
ides are compiled in Table 1. 

2.2 High- t empera tu re gas chromatography 
of oxide and hydroxide species 
of ca r r i e r - f r ee tungs ten 

The fundamental processes governing gas adsorption 
chromatography change essentially at the transition 
from macroscopic to trace amounts (= particles/ 
cm'). In case of macroscopic amounts the column sur-
face is covered by a Condensed phase and chromatog-
raphy is a multiple sublimation-desublimation process. 
Trace amounts cannot be characterized as pure Con-
densed phases nor can they form extended monolayers 
on an adsorbing surface. Therefore the chromatogra-
phy of trace amounts is govemed by adsorption-de-
sorption reactions of Single molecules with the column 
surface. 

Up to now the behavior of trace amounts of W 
in the 02-H20(g/Si02(s,-system has been studied only 
incompletely. In dry oxygen carrier-free W could not 
be volatilized at a temperature of 1430 K [19]. In pres-
ence of moist oxygen W is much more volatile which 
has been explained by formation of W02(0H)2 [19, 
20]. Information about the basic reactions and 
thermodynamic State functions are not available. 

As mentioned above, the formation of polymers 
can be mied out owing to the low particle concen-
tration. WO3 and W02(0H)2 should be the most stable 
species in the studied chemical system. W02(0H)2 is 
not known in the sohd State. Nevertheless, an adsorp-
tion of this species has to be taken into account: 

Table 1. Standard enthalpies and entropies of Clements and Com-
pounds in the system tungsten-oxygen-water vapor (T = 298 K)* 

W03<,, 

W02(0H)2(„ 

W02(0H)2(,) 

w o '3(acls) 

W 0 2 ( 0 H ) 2 ( ^ , 

W03(ads) + H20(,, . 

(1) 

(2) 

(3) 

Species AH° 
[kJ • mol"'] 

S° 
[J • mol"' • K"'] 

Literature 

H20(„ -241.83±0.04 188.73 [18] H20(„ 
-241.86 188.82 [8] 

02(g, 0 205.15 [8] 
205.04 [18] 
205.15 116] 

0 32.6±0.4 [14] 
32.66 [15] 
32.68 [16] 

W(g) 849.9±12.6 173.96 [14] W(g) 
854.1 173.96 [15] 

- -

w o « 422.58 245.80 [8] w o « 
(427.0) (247.0) [15] 
425.38 245.77 [16] 

w o ^ « -589.69 50.53 [8] w o ^ « 
-590.1+6.3 50.6 ±1.7 [14] 

-590.09 50.58 [15] 
-590.09 50.58 [16] 

wo, , , , 76.57 285.50 [8] wo, , , , 
(62.8) (284.7) [15] 

76.62 285.54 [16] 

W0,<,, -842.91 75.90 [8] 
-843.4±2.9 75.95 ±1.256 [14] 

-843.43 75.95 [15] 
-843.47 75.95 [16] 

W03<„ -292.88 286.44 [8] W03<„ 
(-293.1) (284.7) [15] 
-293.08 286.38 [16] 

(W03U, -1163.99 415.60 [8] (W03U, 
(-1159.7) (414.5) [15] 
-1164.77 415.75 [16] 

(W03)3(g, -2022.91 504.67 [8] (W03)3(g, 
-1958.0 [17] 

(-2026.4) (506.6) [15] 
-2024.74 504.93 [16] 

(W03).« -2804.12 605.27 [8] 
(-2809.3) (607.1) [15] 

2805.99 605.41 [16] 

WO,(OH),<,> -1131.89 144.77 [8] 
-1130.44 (138.2) [15] 
-1131.0 144.77 [17] 
-1132.53 144.86 [16] 

WO.(OH)„„ -905.84 352.00 [8] 
(-908.5) (351.7) [15] 
-906.44 351.69 [16] 

An indirect evidence of the formed species is possible, 
if data predicted on the basis of thermodynamic argu-
ments and model calculations correspond with data 

Values in italics are used for calculations in the present work. 

evaluated from experimental results. For simple re-
versible adsorption reactions the Standard enthalpy of 
adsorption AHl̂ ^ on quartz-glass and the deposition 
temperature To in a thermochromatographic column 
can be calculated from the Standard enthalpy of Subli-
mation AH29s.subi on the basis of semi-empirical re-
lations between these quantities found for oxides (hy-
droxides) on quartz-glass surfaces [21]. The mobile 
adsorption model was used to estimate values of the 
Standard entropy of adsorption AS^, [22, 23]. 
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Table 2. Calculated thermodynamic functions for relevant transport processes 

Reaction To 
(adsorption) (kJ • mol-'] [J • mol"' • K"'] [K] 

simple reversible adsorption 

W02<g, ^ WO«..., -476.6±36.2 -162.2±0.2 1956±200 
-396.4±31.3 -162.7±0.2 1789±174 

W02(0H)2<g, ^ WO^COH) ,̂.̂ , -172.9±17.7 -164.5±0.2 765 ±99 

dissociative adsorption 'S'diss.ads 
WO^COH)«,, ^ + H A . , -25.3±31.3 -39.5±0.2 
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Fig. 1. Standard formation enthalpies of the oxychlorides 
MOzCUcg) and oxide hydroxides M02(OH)2(g) for all group 6 el-
ements. SgjA, was calculated with JN°Sg(g) = 897 kj/mol [26], 

Sg<B, with /)H°Sg,g, = 1030 kJ/mol [27], 

Thermodynamic State functions for the more complex 
reaction (3) were calculated in the following way: 

= + (4) 
- JH?W02(0H)2(,) + ^H^WO, 

^SLsms = 5°W03(g) + (5) 

Table 2 gives the Standard enthalpies, entropies and 
deposition temperatures for the reactions ( l ) - ( 3 ) 
calculated from the thermodynamic data listed in 
Table 1. The given error limits result from the errors 
of the correlations and of the literature data. However, 
the error limits of literature data are often not avail-
able. The real errors may therefore be much greater 
than those given in Table 2. 

Standard formation enthalpies of the oxychlo-
rides MOzCUcg) [8, 2 4 - 2 7 ] and oxide hydroxides 
M02(0H)2(g) [8, 18, 2 6 - 2 8 ] for all group 6 Clements 
are compared in Fig. 1. The values for Sg were calcu-
lated with = 897 kJ/mol [26] (S&a,) and 

= 1030 kJ/mol [27] (Sg(B)), respectively. As 
can be deduced, within this group the Compounds be-
come more stable with increasing atomic number from 
Cr to W. The trend is expected to be continued for Sg. 
First Sg experiments confirm the formation of a stable 

oxychloride [1]. The oxide hydroxides are generally 
more stable than the corresponding oxychlorides. 

2 .3 Eva lua t i on of the e x p e r i m e n t s 

The starting point of the evaluation of thermochroma-
tography experiments with trace amounts is the trans-
port equation derived under simplified assumptions 
[29]. 

dt 1 -K k, 
(6) 

where z is the length coordinate in the column, and t 
is the time. The velocity u and the corrected partition 
coefFicient it, are temperature-dependent functions. 

Eichler-Zvara approach 

In the Eichler-Zvara approach the main approximation 
for a Solution of Eq. (6) was the assumption of a linear 
temperature profile T = Ts — g • z with g — const. > 0. 
An approximative Solution of Eq. (6) was possible in 
Order to get the enthalpy using a modified exponential 
integral function of x, Ei*(x), with the asymptotics 
exp(jc)/x. 

The following equations derived by Eichler et al. 
[23, 30, 31] can be used to evaluate the adsorption 
enthalpies from the parameters of thermochromato-
graphic experiments: 

fiEi*) = 

m * ) = 

with 

tr- Vo-g 

a • To • (1 cm) • e * 

tr- Vo-g- Cg^CHzO) 
^ -̂diss.ads 

a-To- c°,,(W03) • 

^ for (1,2) (7) 

for(3) (8) 

/(£/*) = Ei* 
(-AH'L 

RTn 

-Ei* 

\ 

ads/diss.ads 

\ RTs 
where t̂  is the retention time (= exposure time), Vo 
is the gas flow rate under Standard conditions, g is 
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the temperature gradient, a is the surface area per unit 
of column length, Tg is the Standard temperature. 
CgasCHzO) is the concentration of H2O in the gaseous =< 
phase, cSfcOiVOj) is the Standard concentration of WO3 
in the adsorbed State according to [23, 31], 
^ ^ ads/diss ads is the Standard entropy of adsorption/disso-
ciative adsorption, To is the deposition temperature, Ts 
is the starting temperatare, and is the Stan-
dard enthalpy of adsorption/dissociative adsorption. 

The Eichler-Zvara approach was used to visualize 
experimental data and to compare these data with 
model calculations (Fig. 6). 

TECPROF 

The Eichler-Zvara approach is a very convenient tool 
to determine Standard enthalpies. However, the tem-
perature profile is assumed to be linear, which is often 
not realizable. The more the temperature gradient de-
viates from a constant value the greater is the error of 
the calculated enthalpy value. 

An exact Solution of Eq. (6) needs the temperature 
profile of the tube T = /(z). The inverse function z = 

or shorter z = z{T) exists, if the temperature 
function is monotonous in the relevant region. 

Eq. (6) can be rewritten without any approxi-
mations to: 

1300 

0 = tr+f 
1 + k, dz(r) 

dT 
dT. 

Td U 
(9) 

From Eq. (9) results that for each enthalpy the deposi-
tion temperature depends on the "temperature history" 
during the transport through the tube. The calculation 
was performed with the FORTRAN program TEC-
PROF [32, 33, 38]. The function dziT)/dT was assign-
ed with high accuracy from the measured profile by 
means of a spline procedure. 

The Computer code TECPROF allows the fast cal-
culation of exact enthalpy values considering real tem-
perature profiles. 

Fig. 2 shows the influence of the temperature pro-
file of the tube on the deposition temperamre of a giv-
en species in dependence on the enthalpy of the ad-
sorption reaction. 

From Fig. 2 one can also deduce the difference 
between the exact enthalpy value and the enthalpy de-
termined assuming a linear temperature profile. The 
deviations depend on the real temperature profile. For 
the given data the mean error is in the ränge of 5— 
10%. 

All thermochromatography experiments carried 
out in this work were evaluated by means of the Com-
puter code TECPROF. 

Monte Carlo Simulation 

Monte Carlo Simulation of chromatography by means 
of the models described in detail in [34, 35] is a further 
method to evaluate experimental data. These models 

60 80 100 

-AH°diss.ads [kJ/moI] 
Fig. 2. Dependence of the deposition temperature on 
for W02(0H)2,g) ^̂  W03(«„) + HjOfg,; solid: real temperature 
profile, see Fig. 3, dashed: ideal linear temperature profile. 
Ts = 1450 K, f„p = 30 min, Vo = 750 ml/min, pCH^O) = 
780 Pa, d, = 3.5 mm. Points of corresponding mean temperature 
gradients are marked by auxiliary lines: Note that the resulting 
enthalpies differ from each other in dependence on the deviation 

of the real from the linear profile. 

allow to simulate gas chromatography experiments 
and to calculate either zone profiles in thermochroma-
tography or expected yields of a chemical species for 
a given adsorption enthalpy and temperature in iso-
thermal chromatography. Experimental conditions 
such as temperamre profiles, different carrier gas flow 
rates, injection profiles, and the radioactive decay of 
species can easily be considered. 

3. Experimental 

Produc t ion of the r a d i o n u c l i d e s 

The W isotopes " ' W (r,^ - 34 min), (f,,^ = 
2.5 h), " 'W (ty2 = 2.25 h) were produced by bom-
barding a Stack of 15 Hf foils (15 um) with 49 MeV 
a-particles at the PSI PHILIPS cyclotron. 

The short-lived W isotopes ' ^W {ty2 = 18.8 s), 
'««W {t̂ n = 51 s), " ' W {t,a = 76 s) were formed in 
the ^̂ ^Gd (^°Ne, xn) reaction at a beam energy of 
120 MeV. The target, containing 0.5 mg/cm^ of ' "Gd 
(enriched: 26%) was prepared by electrodeposition on 
a 15 |j,m Be foil. 

' 'Mo {tin = 65.94 h) was produced by fission of 
with thermal neutrons at the PSI SAPHIR reactor. 

It was used as a tracer to study the influence of ^g-
amounts of M 0 O 3 on the transport and deposition be-
havior of trace amounts of W. 

A He/C- and a He/MoOj-jet were used to trans-
port the reaction products through a capillary from the 
target Chamber to the experimental setup. The gas-jet 
was operated with a He-flow rate of 1.0 1/min. Carbon 
aerosol particles were obtained by means of a spark 
discharge generator. M 0 O 3 aerosol particles were gen-



Gas Chromatographie Studies of Oxide and Hydroxide Species of Tüngsten 47 

quartz quartz-glass 
W activity wool plug column copper Inconel glass fibre filter 

waste 

02/H20,g) I 
heating heating 

section 1 section 2 

1400 

^ 1000 

Fig. 3. Experimental arrangement for thermochromatography experiments and temperature distribution along the thermochromato-
graphic column. The fumace was operated vertically, the gas passes from bottom to the top. 

quartz wool plug quartz-glass column deposltlon Chamber (80 mbar) 

coolant 

gas-jet 
(He/MoOa) 

ROMA wheel 

HPGe 
detector 

02/H20(g) 

^ gasoutlet 

0 10 20 30 40 50 
s [cm] 

Fig. 4. Experimental arrangement for on-line isothermal gas chromatography experiments and temperature distribution along the 
isothermal column. 

erated by Sublimation of M0O3 at 900 K into flowing 
He. 

Thermochromatography 

Basically, the experimental setup corresponds to the 
arrangement described in detail in [2], Fig. 3 shows 
the experimental arrangement for the thermochromato-
graphic studies and the temperature distribution along 
the Chromatographie column. The 70 cm long oven 
consists of a 15 cm long preheating section, which was 
operated at a temperature of 1450 K and a 55 cm long 
Chromatographie section. A medium temperature 
gradient of 25 K/cm was adjusted by means of the two 
heating sections and the water coolant at the end of 
the fumace. 

Empty quartz-glass tubes with a length of 85 cm 
and an inner diameter of 3.5 mm were used as chroma-
tography columns. The substance to be studied was 
placed into the starting position where the highest tem-
perature could be estabUshed and was separated from 
the Chromatographie zone by a 20 mm long quartz 
wool plug. A mixture of 500 ml/min Ar and 250 ml/ 
min O2 was used as the carrier gas. The oxygen or the 
total gas was moistened by bubbling through water. In 
dry oxygen the remaining water vapor pressure was 
3 Pa, but could not be measured exactly. Thermochro-
matography was Started by opening the gas supply. 

Species leaving the column were collected on a 
glass fibre filter. The exposure time in all experiments 
was 30 min. To finish an experiment and to fix the 
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"inner thermochromatogram" the quartz-glass column 
was removed from the oven and cooled down by rins-
ing with cold water. Then the nuclide distribution 
along the column was measured by y-ray spectroscopy 
of 2 cm column sections with a Ge(Li) er a HPGe de-
tector. 

For experiments with carrier-free W isotopes the 
nuclides attached to graphite aerosol particles were 
collected on a small paper filter for 1 - 2 h. Then the 
filter was inserted in the starting position of a quartz-
glass column, fixed with quartz wool and bumed in a 
dry oxygen stream (50 ml/min) at a temperature of 
<900 K. In test experiments it was proven that <10% 
of the W activity were lost without any contaminations 
of the Chromatographie column. 

Experiments with a homologous carrier were pre-
pared by collecting M0O3 aerosol particles loaded with 
fission product nucUdes on a paper filter for at least 
12 h. The filter was bumed as described above to-
gether with a filter loaded with W nuclides attached to 
graphite aerosol particles. The Mo amount was deter-
mined by neutron activation analysis comparing the 
''Mo activity of samples and Standards (10 |ig and 
100 |ig Mo as M0O3). 

Isothermal o n - l i n e gas chromatography 

The experimental setup is shown in Fig. 4. The chro-
matography fumace consists of five heating sections 
which can be operated independently. Differentiy 
shaped chromatography columns with outer diameters 
up to 18 mm can be used at isothermal temperatures 
up to 1375 K. 

The columns used in this study were straight open 
tubulär quartz-glass columns with the following speci-
fications: (a) 3.5 mm inner diameter, (b) 6 cm long 
preheating section, (c) constriction for positioning 
quartz wool as a high temperature reaction zone, (d) 
38 cm long isothermal zone, (e) capillary outlet. The 
temperature of the reaction zone was 1350 K, the iso-
thermal column temperature was varied between 800 
and 1350 K, whereas the temperature at the outlet was 
hold above 950 K. The nuclides attached to M0O3 
aerosol particles and transported by the He gas flow 
were continuously injected into the chromatography 
column. The gas-jet was operated with a He-fiow rate 
of 1.0 1/min. At the column entrance, 0.5 1/min O2, 
moistened with H2O at 323 K were added to form vol-
atile oxide hydroxides. The partial pressure of water 
was measured to be 2.5 kPa in the gas mixture. 

To replace the time consuming reclustering step 
between chromatography and detection [39, 40], the 
volatile W species leaving the chromatography colunm 
were directly deposited on AI foils mounted on the 
circumference of the rotating wheel of the GSI ROtat-
ing wheel Multidetector Analyzer ROMA which was 
operated with a cycle time for collection and detection 
of 20 s. To establish an Optimum pressure for the direct 
deposition of about 80 mbar and at the same time a 

pressure below 5 mbar in the detection positions of the 
ROMA Chamber a separate deposition Chamber was 
placed between column and rotating wheel. Further-
more, the deposition Chamber was connected to a coo-
ling thermostat and cooled the wheel. At a coolant 
temperature of 283 K the temperature of the rotating 
wheel at the first detection position did not exceed 
298 K. The activity of the foils was measured either 
by y- er ß-spectrometry. To measure the activity of the 
gas-jet the aerosol particles passing through an open 
unheated column were collected on glass fibre filters. 

4. Results and discussion 
4 . 1 O f f - l i n e thermochromatography 

W was not volatiUzed in case of using dry oxygen 
as reactive admixture to the carrier gas. TTiis result 
corresponds to the observations of Bayar et al. [19]. 
On account of the similarity of Mo and W it is to 
assume that WO3 has been formed. Unfortunately, the 
predicted deposition temperature (Table 2) for WO3 is 
higher than the maximum fumace temperature. It can 
be proven only by experiments at higher temperatures 
that W is transported via reaction (1). However, at 
T > 1450 K quartz cannot be used as column material. 

With moist oxygen as a reactive gas admixture, W 
was volatilized. Typical thermochromatograms mea-
sured at different water vapor pressures are shown in 
Fig. 5. That is interpreted with the formation of 
W02(0H)2. The Position of the observed deposition 
zone depends significantly on the vapor pressure of 
water indicating a dissociative adsorption of 
W02(0H)2 according to reaction (3) 

W02(OH)2(,) ^ W03<ads, + H2O,,,. (3) 

The Variation of the water vapor pressure in the gas 
mixture in a wide ränge from 40 Pa to 2.3 kPa corre-
sponds to a shift of the deposition temperamre of near-
ly 200 K and a shift of the peak position, but only 
of 4 cm. The resulting enthalpy for reaction (3) was 
evaluated to be ^HSssads = - 6 2 ± 1 3 kJ/mol. The un-
certainty results from the Standard deviation (1 <t) and 
the experimental error which is relatively large on ac-
count of the relation between deposition temperature 
and enthalpy. Uncertainties of the literature data used 
for the calculation of ^Säss ads are not available. That 
means, that the uncertainty may be even higher than 
the given 13 kJ/mol. 

As can be also seen in Fig. 5 the W nuclides were 
partly transported out of the fumace where they were 
collected on a glass fibre filter. This effect was ob-
served in all experiments and is a result of the reaction 
of the colunm surface with water at high temperatures: 

Si02,s) + n H20(g, S i 0 2 • n H20(g). (10) 

At lower temperatures the silicic acid is deposited on 
the column surface according to reaction (10) or 
formes aerosol particles. W nuclides, which are not yet 
deposited at this temperatures may be attached to the 
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10 20 30 40 50 60 70 
Column Position [cm] 

Fig. 5. Thermochromatograms of "'W in trace amounts at dif-
ferent water vapor pressures. = 30 min, '̂»(Ar) = 500 ml/ 
min, foCOj) = 250 ml/min. The dashed line is an auxiliary line 

to guide the eye. 

aerosol particles and transported out of the Chromato-
graphie section. The transported amount of SiOa and 
so the number of aerosol particles grows with increas-
ing humidity of the carrier gas. That's why the part of 
the W activity leaving the column increases with high-
er water vapor pressures. 

In Fig. 6 experimental data are compared to model 
calculations. Assuming reactions (1) and (2), the 
experimental data are plotted according to Eq. (7) and 
are compared to £i*-functions calculated with data 
from Table 2. Unfortunately, as mentioned above un-
certainties of the literature data used for the determi-
nation of AH^^^,^ and are not avail-
able. The uncertainties of the £i*-functions for reac-
tions (1) and (2) result from the correlation between 
the enthalpies of Sublimation and adsorption and 
should be regarded as a lower error limit. Neverthe-
less, it seems to be evident, that a simple adsorption 
of W02(0H)2 or even WO3 can be excluded. The 

JtL 0 
® 600 700 800 900 1000 1100 

Deposition Temperature [K] 
Fig. 6. Evaluation of the adsorption enthalpy of W in trace 
amounts on a quartz surface in moist oxygen from the experi-
mental deposition temperatures To- (a) The solid line is calcu-
lated for WO,(„ ^ with Eq. (7) using AHZ,. = -396 
kJ/mol, dashed lines give the uncertainty of ±31 kj/mol. (b) The 
solid line is calculated for W02(0H)2(g, ^ W02(0H)2(.d,) with 
Eq. (7) using ^ H L = -173 kJ/mol, dashed lines give the un-
certainty of ±18 Ü/mol. (c) The solid line is calculated for 
W02(0H)2<„ ^ W0,<^, + H20<„ with Eq.(8) using 

= - 2 5 kJ/mol, dashed line gives the one-sided uncer-
tainty of - 3 1 kJ/mol. 

experimental data better compare with the f(Ei*)-
values calculated for a dissociative adsorption of 
W02(0H)2 according to Eq. (8). 

4 . 2 I n f l u e n c e of a h o m o l o g o u s ca r r i e r 

With respect to the physico-chemical characterization 
of Sg we studied the influence of macroscopic 
amounts of Mo as a homologous carrier in form of 
M0O3 on the transport and deposition behavior of W. 
A modification of the column surface or formation of 
heteropolynuclear Compounds can result in a com-
pletely changed transport behavior. In case of forma-
tion of heteropolynuclear Compounds Mo and W 
should be deposited at the same position in the Chro-
matographie column and would allow to demonstrate 
the chemical similarity of Mo and W by combined 
volatilization. 

M0O3 is also often used as aerosol material to 
transport nuclides from a target Chamber to an experi-
mental arrangement. That is why we have to proof 
whether the Chromatographie transport of W is influ-
enced by |ig-amounts of this aerosol material. 

Fig. 7 shows thermochromatograms obtained at 
different water vapor pressures and carrier amounts of 
3 6 - 5 6 Hg M0O3. Deposition zones observed with car-
rier-free W are also shown for a better comparison: 

• Mo and W are deposited at different tempera-
tures. 

• W is deposited at higher temperatures in com-
parison to experiments without adding a homologous 
carrier. 
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Fig. 7. Thermochromatograms of in trace amounts by ad-
ding a homologous carrier (MoOj) at different water vapor 
pressures; solid: with homologuous carrier, dashed: carrier-
free W. The arrows mark the maximum of the Mo deposition. 

£;o(Ar) = 500 ml/min, «̂ „(Oa) = 250 ml/min. 

From the first Observation one can conclude that 
amounts < 5 6 ng M0O3 do not influenae the transport 
of W by formation of heteropolynuclear complexes. 

The covering of the quartz surface with M0O3 mol-
ecules could be a reason for the higher deposition tem-
peratures if the interaction between WO3 and M0O3 is 
stronger than that between WO3 and the quartz-glass 
surface. 

4 .3 O n - l i n e i s o t h e r m a l gas c h r o m a t o g r a p h y 

Sg experiments were modelled by isothermal on-Une 
gas chromatography experiments with short-Uved W 
isotopes. Furthermore, these experiments had the aim 
to verify the results of the thermochromatography 
experiments. 

Maximum yields of 53% for ' ^W (f,^ = 18.8 s) 
and 63% for = 51 s) were measured at 
1350 K relative to the activity of the gas-jet. 

Fig. 8 shows relative yields (maximum value = 
100%) of '««W and as a function of the isothermal 
temperature together with yield curves caiculated by 
Monte Carlo Simulation for chromatography corre-
sponding to reaction (3). The best fit of the experi-
mental data was obtained with enthalpy values of 
^^^Sss ads = — 54 and —56 kJ/mol, respectively. These 

2 
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Fig. 8. Relative yields (maximum value = 100%) of ' " W and 
as a function of the isothermal temperature together with 

yield curves caiculated by Monte Carlo Simulation. The dashed 
lines were obtained assuming a simple reversible adsorption re-
action of W02(0H)2 with JHZ^ = - 2 1 0 kJ/mol to - 2 3 0 kJ/ 

mol in steps of 10 kJ/mol. 

values correspond quite well with the value of 
-^^Sssads = — 62±13 kJ/mol derived from thermo-
chromatography experiments. The retention time spent 
by the W species during their travel from the column 
entrance to the AI foil was determined to be about 
20 s. From the nuclide yield ratio at 1350 K a retention 
time of 8 s was caiculated [36] which seems to be a 
more reliable value since a few unproven assumptions 
were used to simulate the Chromatographie process. 

The dashed lines also shown in Fig. 8 were ob-
tained for assuming simple reversible adsorption 
of W02(0H)2 as the basic process of chromatography 
(reaction (2)) with hypothetical enthalpy values of 
AHtäs between - 2 1 0 kJ/mol and - 2 3 0 kJ/mol. As 
easily can be seen, none of these curves can reproduce 
the experimental data. This is taken as a further evi-
dence that the gas chromatography of W02(OH)2 in 
quartz-glass columns is not govemed by reaction (2), 
but by reaction (3) and has to be considered as reaction 
gas chromatography [35]. 

The alpha spectrometric measurements were car-
ried out in 2 tt geometry with a resolution of 30 keV 
(FWHM). Nuchdes like ^'^Ho and "'Dy, produced in 
transfer reactions of the target nuclide were retained 
nearly quantitatively in the column. Decontamination 
factors between 10^ and 10^ were achieved. 

The results are very promising with regard to fu-
ture studies of Sg. However, as a prerequisite for the 
unequivocal detection of Sg alpha spectroscopy in 4 tt 
geometry needs to be established. 
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