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Broadband Dielectric
Spectroscopy - a New
Tool for the Investigation
of Tautomerization and
Mutarotation Phenomena
in Organic Compounds

This paper will show how to
employ broadband dielectric spec-
troscopy (BDS) to investigate the
tautomerization and mutarotation
phenomena in organic compounds.
According to the commonly accepted
definition, tautomerization is ob-
served when one isomer of organic
compound converts itself into another
form (tautomer) [1]. Tautomerization
usually involves the movement of
a hydrogen atom between different
locations on the molecule, resulting
in two or more different molecular
structures. The most commonly ob-
served examples of this phenomenon
are reversible transformations be-
tween ketone - enol forms and amide-
imidic acid forms (see Fig. 1).
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Fig.1: The most commonly ob-
served tautomeric pairs: a) keto-
enol tautomerism, b) amide-imidic-
acid transformation.

The tautomerization phe-
nomenon is of great importance es-
pecially in medicinal chemistry and
biochemistry because different iso-
mers may play various roles in living
organisms. That is why understand-
ing of this process has long been a
subject of experimental study and
theoretical considerations.

There is a number of experimen-
tal data which show that tautomerism
occurs mainly in solutions, in gas
phase, or in the amorphous mate-
rial. In the liquid state, there are

usually two or more tautomer forms
for a given material. However, the
exact ratio of the isomers depends
on several factors, including tem-
perature, solvent, and pH. Herein,
using the BDS technique we focus
only on the temperature effect on
the tautomers equilibrium observed
in two states, i.e., the supercooled
liquid and the glassy material. As
schematically shown in Fig.2, at a
given temperature, two different tau-
tomers exist in dynamic equilibrium
with each other. However, when
temperature is changed, the system’s
re-equilibration begins, i.e., the tau-
tomers concentration ratio is chang-
ing. It is interesting to note that
the chemical equilibration process at
this new temperature may take much
longer than the time required for the
thermal stabilization of the sample at
this temperature, in some cases even
a few days.

T T

° tautomerI

o tautomer I

X1:33°0 XI=75°4)
Fig.2: Two possible equilibrium
states of an organic compound
(which exists in two tautomeric
forms, I and II) at two different tem-
peratures. After equilibration at 7j
and T3, respectively, both samples
differ from each other in their tau-
tomers concentration.

The main goal of this paper is to
demonstrate how easily one can mon-
itor the chemical equilibration pro-
cess using dielectric spectroscopy. It
is well known that tautomers of a
given chemical compound often very
offen show differences in their chem-
ical and physical properties, such as
dipole moment, the molecular relax-
ation time or glass transition temper-
ature. Since all these properties can
be determined from dielectric mea-
surements, the BDS technique can be
effectively used for monitoring the

kinetics of the tautomerization phe-
nomenon. If tautomers differ from
each other in the glass transition tem-
perature Tg, the sample equilibration
at constant temperature leads to a
fluctuation of viscosity. As a conse-
quence, the ¢-relaxation time (7g),
observed in the dielectric spectrum,
will vary with time during the chem-
ical equilibration process. The same
behavior is expected in the case of
dc conductivity. On the other hand,
the changes of the average dipole mo-
ment value of the quenched sample
observed during tautomerization are
correlated with the variation of static
permittivity (&). Moreover, from
the behavior of the static permittivity
of sample and the dipole moment of
both tautomers, it should be possible
to predict the direction of tautomeri-
sation [2].

To describe the kinetics of the
tautomerization, i.e., to calculate the
activation energy and recognize the
real time scale of this process at
various temperature conditions, sev-
eral isothermal time dependent di-
electric measurements are required.
In our previous work we have shown
that with decreasing temperature, the
equilibration slows down and might
even take a couple of days to com-
plete [3]. Since the dielectric mea-
surements are completely automated,
even a tautomerization process last-
ing several days can easily be moni-
tored.

In this paper, we present studies
on the tautomerization phenomenon
of glibenclamide and the mutarota-
tion process of monosaccharides —
anhydrous D-ribose and anhydrous
D-fructose as examples.  Gliben-
clamide (GCM) is one of the pharma-
ceuticals used to treat type II of dia-
betes mellitus. The experiments done
so far show that there are two centers
in the GCM molecule at which tau-
tomerization may occur. While the
first one tautomeric center is charac-
teristic only for the GCM molecule,
the second one is the backbone of the
whole group of sulfonylurea drugs.
The proton transfer observed in GCM
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molecule is commonly known as the
amide-imidic acid tautomerism [4].
At the melting temperature, the tau-
tomerization process is very fast (the
amide form observed in the crys-
talline sample begin transformation
into the imidic-acid form). How-
ever, after quenching one can ob-
serve the sample re-equilibration con-
nected with the decreasing amount of
the less energetically stable imidic-
acid tautomers. The vitrification of
the freshly prepared glass occurs at
327K. If the sample is then equi-
librated above T, for a few days,
the isomeric ratio changes due to the
tautomerization process. This new
equilibrium with higher population of
amide forms also has a higher glass
transition temperature (338 K) [5].

In the case of monosaccharides,
the tautomerization process, usually
called mutarotation, is more compli-
cated. In general, monosugars can be
found in four different cyclic forms:
two six-membered (@ and B pyra-
noses) and two five-membered rings
(o and B furanoses). It is important
to note that mutarotation can be re-
garded as a process of transformation
from one tautomer to another with the
open ring (chain) stage. In the crys-
talline state, both anhydrous fructose
and anhydrous ribose occur only in
B-pyranose form. During the melt-
ing process, mutarotation is induced
and B-pyranoses begin transforma-
tion into the furanose forms. How-
ever, in the vitrified state, D-ribose
as well as D-fructose tautomers are

in an equilibrium which lies predom-
inantly to the pyranose side, thus di-
electric spectroscopy monitor fura-
nose to pyranose transformations [6].

To investigate the tautomerism
phenomenon of supercooled GCM
drug and the mutarotation process of
monosaccharides, we have performed
time dependent dielectric measure-
ments at a few different temperatures.
In Fig.3, the dielectric spectra of
glibenclamide (panel a) and D-ribose
(panel b) evolving in time at 365 K
and 299 K, respectively, are depicted.
As one can see, in both cases relax-
ation time is getting longer in time
(structural relaxation curve is shifting
towards lower frequencies) while an
opposite behavior is found for the dc
conductivity.
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Simultaneously, both samples ex-
hibit different static permittivity be-
havior — while in the case of gliben-
clamide, & slightly increases, a de-
creasing trend is observed for D-
ribose. One can find that the change
of relaxation time, dc conductivity
as well as static permittivity corre-
sponds to the rate of tautomerism.
Thus, to establish the rate of the tau-
tomerization process at different tem-
perature conditions, analysis of the
evolution in time of only one of the
mentioned parameters is sufficient.
Description of mutarotation kinetics
of D-ribose was performed by mon-
itoring changes of static permittivity
in time while in the case of gliben-
clamide the analysis of relaxation
times was chosen to examine the tau-
tomerization kinetics. For compari-
son of the kinetic curves (7 (f) and
&(t)) obtained at different tempera-
tures in one graph, the degree of re-
action (), rather than values of « re-
laxation times and static permittivity,
has to be used. It has been achieved
by using normalized value of 7y Vvs.
time or es vs. time:

P—Po
Pfr—Po

o= M
For every temperature, pg is the first
measured value of 7y or & ((10£3)
min after melting) while py corre-
sponds to Ty or & measured in the
final equilibrium state. The repre-
sentative kinetics curves, constructed
by plotting these parameters versus
time, are presented in the lower pan-
els of Fig.3. As one can see, the
kinetic curves obtained for gliben-

clamide and D-ribose show exponen-
tial character, i.e., the product con-
centration is raised to the first power.
The experimental data can thus be
satisfactorily described by first-order
kinetics:

o =1—A-exp(—kt) 2)

where o is the degree of reaction
(concentration equivalent); ¢ time; A
preexponential factor, and k is the rate
of reaction — one of the most impor-
tant parameter which describes kinet-
ics. With use of the rate constant, k
we can calculate the half-time of the
examined process:

In2
12

3)

Moreover, using the values of k deter-
mined at different temperature condi-
tions, we are able to calculate the ac-
tivation energy of the tautomeric con-
version. As shown in the inset pan-
els of Fig. 3, the logarithm of the rate
constant is linearly related to 1/T.
Thus, from the fit of Arrhenius equa-
tion (Eq.4) to the experimental data
the activation energy barrier of tau-
tomerization and mutarotation pro-
cesses can be easily determined.

Eq

Ink =1nA— RT 4

It is well known that the knowledge
of the kinetic parameters is one of the
keys to determine the reaction mech-
anisms in solid phases. In the case
of drugs which reveal tautomerism,
measurements of the parameters k
and 71, are needed for the determi-
nation of its accurate treatment con-
ditions. It follows from the fact that

change in temperature means differ-
ent tautomer equilibrium and con-
sequently different bioavailability of
amorphous drug. In the case of GCM,
the value of k determined experimen-
tally above the glass transition condi-
tions can be also used to estimate the
half-life time at room temperature.
At 298 K, it is equal to almost three
years. This means that one can expect
the amide and imidic acid form to co-
exist in amorphous GCM for more
than five years. Since the literature
reports that this kind of equilibrium
detected in the glassy state strongly
reduces the tendency of drug crystal-
lization, one can expect that the amor-
phous sample may be stored for five
years without any sign of crystalliza-
tion [5].

We have already presented how
tautomerization phenomenon affects
the structural relaxation, and how the
kinetics of this process can be ob-
served. However, o relaxation is not
the only one process sensitive to iso-
merization. In some cases, freshly
quenched and equilibrated samples
may differ from each other in sec-
ondary relaxations. This kind of phe-
nomenon can be observed, e.g., in the
case of monosaccharides (D-ribose
and D-fructose). Since the furanose
ring is more flexible and has more
internal degrees of freedom than the
pyranose one, the change of the y re-
laxation character is expected during
mutarotation. To study this possible
effect, we have performed two mea-
surements of this process, before and
after sample equilibration, both at the
same temperature in the glassy state.
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Fig. 4: Comparison of y processes observed in the freshly quenched and equilibrated samples of D-ribose and D-fructose. In the
inset panel, activation energies of both freshly quenched and equilibrated samples of D-fructose are presented.
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The first measurement has been
performed instantly, the second one
after two days of equilibrating the
sample at a temperature above the
glass transition temperature.

In Fig.4, one can see that the
amplitude of the dielectric loss &”
attributed to the 7y process of D-
fructose increases by about 50% dur-
ing mutarotation, whereas the relax-
ation time does not change at all. A
quite different effect is observed in
the case of D-ribose — while the di-
electric strength is almost the same,
the relaxation time is shifted about
one decade towards higher frequen-
cies. Moreover, the activation energy
has diminished from 38 to 33 kJ/mol
[2,3]. The last but not least is the ap-
plication of dielectric spectroscopy to
the analysis of tautomerization phe-
nomenon under compression. It is
well known that the BDS technique
can be easily extended to the study
at elevated pressure. Thus, the anal-
ysis of tautomerism phenomenon un-
der compression is also possible. The
exemplary pressure effect on the mu-
tarotation rate constant has been al-
ready presented in our previous work

[3].
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Broadband Photodielectric
Spectroscopy

There are a large number of materials
known which demonstrate a variation
of the complex permittivity €* by
light excitation or ionizing radiation.
Variations can be both reversible and
irreversible. Irreversible modifica-
tions, e.g., are observed during pho-
topolymerization, photocrosslinking
and other photochemical reactions.
In the case of reversible effects, the
variation of the imaginary part of the
permittivity, Ag”, is usually called
photoconductivity, while the varia-
tion in its real part, Ag’, is called
the photodielectric effect. Quite a
lot of materials show the photodi-
electric effect, e.g., organic and in-
organic compounds, crystalline and
amorphous matters, materials based
on short molecular chains and long
oligomeric or polymeric molecules.
In the above listed group of materials,
the semiconductors possess maximal
"sensitivity" to light influence. Ap-
plication of ionizing radiation allows
for the investigation of a medium
with high ionization potential in-
cluding heterogeneous, opaque and
scattering media. In this case, the
variation in A€’ is called the radiative
photodielectric effect.

Despite the fact that the photodi-
electric effect was discovered almost
half a century ago, its nature is still
poorly understood. Important in-
formation about the photodielectric
effect and, therefore, the proper-
ties of the investigated matter can
be obtained by broadband dielectric
spectroscopy (BDS). In this com-
munication, we present broadband
photodielectric spectroscopy (BPDS)
on polycrystalline thin CdS films
as a showcase for the study of the
generation and loss processes of pho-
togenerated carriers.

Experimental details

CdS thin films (5um...10um)
were obtained by spraying an aque-
ous solution of chloride thiourea co-
ordination compounds (TCC) of cad-
mium on a substrate heated to 500 °C
[1]. TCC decomposition with for-
mation of a sulfide film occurred.
A broadband dielectric spectrometer
BDS - Concept Eight by Novocon-
trol was upgraded with an illumi-
nation system with calibrated light.
The samples were illuminated with
monochromatic light using a xenon
lamp DKSSh-1000 with a monochro-
mator. The samples were illumi-
nated in a range of wavelengths A =
350...2500 nm. During the measure-
ments the monochromator apertures
were checked so that light intensities
with various wavelengths would not
differ by more than by a factor of two.
The average intensity Iy was about
10" photons cm~2s~!. Finally, the
results of the measurements were nor-
malized with respect to the light in-
tensity.

Electrode
Mounting
Screw

Sample
P ~

Fig.1:  Photodielectric measure-
ments with sample cell BDS 1200.

Measurements were carried out
in a planar type cell with vacuum
evaporated aluminum electrodes. The
typical electrode gap was 0.2 mm.
Temperature control for the samples
with evaporated electrodes was pro-
vided using a specially made cryostat
equipped with an illumination win-
dow. Fig. 1 shows as an example the
use of the sample cell BDS 1200.
Measurements were carried out in the
frequency range 1073 ... 10° Hz, and
the temperature range from -100 °C
to +100°C.

The observed €*(w) spectra
(where @ = 2xf is the frequency
of the electric field) were fitted by the
sum of two Havriliak-Negami (H-N)
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the distribution of dielectric relax-
ation times, G(7).

Results

In Fig.2 (curve 1) the depen-
dence of the loss tangent on electric
field frequency, tgd(f), is shown for
measurements performed in the dark.
One can see that the dependence
tgd(f) monotonically decreases to-
ward high frequencies in the pre-
sented frequency range. Only a weak
maximum (not shown in Fig. 2) is
observed at a frequency of ca. 2 Hz,
which corresponds to the relaxation
time of approx 6.3-1072s. During
constant illumination, we find a max-
imum in the tgd(f) spectra; its po-
sition depends on the wavelength of
light (Fig.2, curves 2 and 3).

tgd

09 2
08

03

10' 102 10° 10¢ 10°

f, Hz
Fig.2: Dependence of the loss tan-
gent on electric field frequency. 1:
dark; 2: A = 840nm; 3: A =
600nm; 6 = 20°C.

As shown in in Fig. 3 for A =
400nm, the maximum values of
tgd(f), within experimental error, do
not depend on the light intensity.
Dependences €”(f) and €'(f) under
lighting in the wavelength range from
350nm to 840nm show a complex
form. As an example, the separa-
tion of the experimental £ (f) (curve
1, taken at A = 430 nm) into the DC
conductivity (curve 2) and dipole re-
laxation parts (curve 3) is shown in
Fig. 4, with two characteristic relax-
ation times (inset, curve 3’ and 3”).

50 100

light intensity, %
Fig.3: tgd(f) maximum values as
a function of light intensity. A =
400 nm; 6 = 20°C.

(1/r,)*10%, 8™

20 25 3.0 35
E, eV
Fig.6: Inverse relaxation time as

a function of photon energy. 6 =
20°C.

A decrease in the photon energy
makes one of the £”(f) maxima van-
ish. As a consequence, the €”(f)
spectra in the wavelength range from
880 nm to 2500 nm were fitted by
only one H-N function.

/
€

20

10° 10*
f, Hz

f, Hz

Fig. 4: Separation of the experimen-
tal dependence €”(f). A =430 nm;

The inverse relaxation time 7, !
as a function of photon energy for
20°C is represented in Fig. 6. The
dependence of 7, !on the light inten-
sity, determined at A = 400 nm turns
out to be linear, cf. Fig. 7.

0 =20°C.

Relaxation time distributions,
G(7), are shown for different photon
energies E in Fig. 5. With photon
energy decreasing from 3.5eV to
1.5 eV, the maximum is shifted to-
wards higher relaxation times. At
E < 1.5eV, one maximum of G(7)
disappears and the other shifts to the
dark value, which corresponds to the
behavior of the peak in the €”(f)
spectra discussed above.

G(r)
1 . 4,‘5
2 ) [
I
08 i FAUN I\
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Fig.5: Dependence of the relax-
ation time spectrum on the photon
energy. 1: A =370nm; 2: A =
520nm; 3: A =620nm; 4: A =
960 nm; 5: dark; 6 = 20°C.

(1/7,)*10%, s

0.8 .

20 40 60 80 100

light intensity, %
Fig.7: Inverse relaxation time as
a function of light intensity. A =
400nm.

When the temperature drops from
20°C to -50 °C, there are pronounced
changes in the distribution of relax-
ation times.

(1r)*10%, 8™
2

2,0 25 3.0 35
E, eV
Fig.8: Inverse relaxation time as

a function of photon energy. 6 =
—50°C.

The inverse relaxation time 7, 1,

plotted as a function of photon energy
(Fig.8.) demonstrate a wide maxi-
mum along the stable main curve
arising in the energy range E =
2.5...3eV. When the temperature
is dropped further to 6 = —100°C,
the maximum changes to a narrow
peak with Epax = 2.5eV (Fig.9).
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Fig.9: Inverse relaxation time as
a function of photon energy. 0 =

—100°C.

Discussion

The interpretation of the the pre-
sented experimental data is difficult
in the limited scope of this short com-
munication. However it is impor-
tant to note that dielectric parameters
of the samples change by impact of
light with energy hv > kpT (kp be-
ing Boltzmann’s constant). Itis there-
fore natural to infer that this change is
associated with charge carrier gener-
ation. This assumption is further cor-
roborated by the observed linear de-
pendence of 7, 21 on the light intensity
(Fig. 7). In view of the observed in-
dependence of tgd on light intensity,
it is also possible to assume that one
and the same particle is responsible
for changes in both the conductivity
and dielectric permittivity of the sam-
ples. In our case it is the electrons.
Such an assumption does not contra-
dict the obtained data of photocon-
ductivity of CdS. As demonstrated
in Fig. 10, the spectral distribution
curve for CdS (1) from [2] coincides
with the experimental photocurrent
data (2 and 3). Curve 2 shows the
DC conductivity, curve 3 the exper-
imental current values at a frequency
of 10 Hz, respectively. At the same
time, the appearance of two peaks in
the relaxation time distribution, one
of which disappears with decreasing
photon energy below 1.5 eV, indicates
their different nature. The bandgap
Eg of CdS is about 2.4 eV. Therefore
the left edge of the narrow peak on
7, 1(f) with 8 = —100°C (Fig. 9)
belongs to the energy region close
to the bottom edge of CdS bandgap.
This gives rise to the assumption that
formation of the narrow peaks (Fig. 8,
Fig. 9) may be associated with cre-
ation and thermal dissociation of ex-
citons. We may, e.g., envisage an ex-
citon corresponding to an interstitial

atom of sulfur (A = 488.5nm) or an
exciton corresponding to an intersti-
tial atom of cadmium and lattice va-
cancy of sulfur (A = 487 nm).

It is an important result that elec-
trons and holes are formed by light
with energy E > E,, either due to
the thermal dissociation of the exci-
ton or as a result of the interband
transition. The life times of the free
formed charges, which are character-
ized by the kinetic rules [3] are quite
small. However, trapping (by, e.g.
crystalline grains, dislocations, de-
fects) prolongates the charge carrier
lifetimes significantly. In this case,
the lifetimes should be determined by
the depth of the traps. Relaxation
times for dark measurements are de-
scribed by the Arrhenius equation

E,
11
Tl =1, exp{—kB—“T} )

where E,, kg, and Ty I are the ther-
mal trap depth, Boltzmann’s con-
stant, and the pre-exponential factor,
respectively. It is natural to assume a
similar equation for processes under
light excitation.

v = Bsl, 3)

with B, s, and I representing the
quantum Yyield, the absorption cross
section, and the light intensity, re-
spectively.

photocurrent, a.u.

h1

15 2.0 25 3.0 35
E, eV

Fig.10:  The photoconductivity
spectrum of CdS. 1 - reference [2],
2 - DC photoconductivity, 3 - ex-
perimental spectrum dependence in
fo = 10Hz.

The spectral dependence of the
relaxation time is determined by the
product fBs (the cross section of the
ionization). It is clear that the data in
Fig. 10 correlates well with Figs. 7, 8
and 9. The electron escape time un-
der illumination with intensity 101
photons cm~2 s~ ! and trap cross sec-
tion s = 10717 ...10" "8 cm? is about
1072...107s. This is well in line

with the times observed in our ex-
periment. The impurity centers in
the semiconductor bandgap must be
involved in charge formation with
energy £ < Eg [4]. In this case,
electron-hole pairs are not created
and only one kind of the carrier is
responsible for DC conductivity. In
conclusion we should like to empha-
size that the presented example for
the application of Broadband Pho-
todielectric Spectroscopy to study-
ing the photodielectric effect in CdS
is only a limited illustration of the
large number of opportunities that
this method offers for the research of
photosensitive systems. This method
introduces two additional indepen-
dent variables to the study of these
systems: the incident light quantum
energy and intensity. Moreover, the
method may also well be expanded to
the investigation of objects in the sub-
nanometer range.
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New Developments of
Novocontrol Technologies

Novocontrol Technologies has re-
cently introduced new versions of
its temperature control systems for
high temperatures, viz., Novotherm-
HT, with maximum temperatures of
1200°C, 1400°C, and 1600°C, re-
spectively.
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These systems are intended for
electrical characterisations of high-
temperature materials (e.g., oxide ce-
ramics, fuel-cell and sensor compo-
nents etc.) and consist of a furnace,
a temperature controller and a dedi-
cated high-temperature cell made of
alumina and platinum parts, mounted
into a 19" lab tray. Besides front
panel operation, they are prepared
for remote control from a computer
and for combined operation with an
impedance analyzer. A highly rec-
ommended solution includes a Novo-
control Alpha-A frequency response
analyzer mainframe with DC bias op-
tion and ZG4 test interface, or an
Alpha-A with one of our POT/GAL
test interfaces. Further addition of
a WinDETA software with tempera-
ture control option yields a fully au-
tomatic set-up for electrical measure-
ments of materials as a function of
frequency and temperature (and oth-
ers like AC or DC voltages or cur-
rents), with particular emphasis to
high temperatures up to 1600 °C.

The Novotherm-HT now includes
an original temperature controller
manufactured by Novocontrol Tech-
nologies, offering quick and highly
stable control up to the highest tem-
peratures.

New Novotherm-HT controller: front
panel.

The controller works in cascad-
ing mode and comes with a GPIB
interface; it receives input from two
Pt/PtRh thermocouples (one to mon-
itor the furnace, the other to read
the sample temperature). In contrast

to less elaborate solutions, the con-
troller regulates the sample tempera-
ture, not just the furnace temperature,
allowing the user to set and get the
temperature at the sample that is re-
ally desired. The new controller uses
a highly successful method to sup-
press thermocouple reading instabil-
ities at very high temperatures. Up
to 1300 °C, measurements can be per-
formed using an additional grounded
metal shield which reduces electri-
cal noise in the impedance measure-
ments (particularly useful for high-
impedance samples). As the use of
the extra shield changes the temper-
ature control loop characteristics, the
Novotherm-HT controller offers two
control modes for operation with or
without additional shield.

The controller comes with five
automatically selected sets of PID pa-
rameters which allow perfect adapta-
tion of the control characteristics to
the given temperature. The resulting
performance over the entire tempera-
ture range is exemplified in the figure
below (left panel).

Novocool Cryosystem

Another improvement concerns
the Novocool Cryosystem which
covers temperatures between -100 °C
and +250 °C and is fully compati-
ble with the Novocontrol sample cells
BDS 1200 and ZGS (Alpha-A ac-
tive sample cell). Major improve-
ments are the active adaptation of
the nitrogen pressure and thus reg-
ulation of the coolant flow, leading
to a decreased nitrogen consumption
with improved temperature stability.
An example showing the tempera-
ture control performance of the new
Novocool Cryosystem is given in the
figure below (right panel).
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WinCHEM 2.0

Novocontrol recently released
WinCHEM 2.0, a new version of our
electrochemical software to support
the Alpha-A Potentiostat/Galvanostat
(POT/GAL) test interfaces for cur-
rent/voltage measurements in the
time domain. WinCHEM 2.0 now
provides an extended input scheme,
allowing the user to enter additional
arbritary waveforms (of voltage or
current). These are easily provided
as plain text files. As a consequence,
the Alpha-A POT/GAL test interface,
when operated with WinCHEM 2.0,
can be used as a sophisticated func-
tion generator for arbitrary wave-
forms.

Windows 7 Compatibility

All our software packages, i.e.,
WinDETA/WinIMP, WinCHEM,
WinTSC, and WinFIT now fully
support the most recent versions of
Microsoft Windows, i.e., Windows
2000, XP, Vista, and Windows 7.
This was achieved with the help of
completely new setup routines for all
packages and a complete re-write of
the drivers for our GPIB interface,
BDS 1500.

Training Course

Novocontrol Technologies an-
nounces its third Training Course
on Broadband Dielectric and
Impedance Spectroscopy to take
place September 26-28, 2011, at the
University of Marburg, Germany un-
der the guidance of Profs. F. Kremer
and B. Roling. Registration dead-
line is September 2, 2011. For fur-
ther details, see our web pages, under
"Training Courses & Seminars".

D. Wilmer
Novocontrol Technologies
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Novotherm-HT 1200 (left) and Novocool Cryosystem (right) temperature control performance. Lines symbolize setpoint (staircase)

and process values, respectively.
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OVERVIEW

BROADBAND DIELECTRIC AND IMPEDANCE SPECTROSCOPY
covering 16 frequency decades by Novocontrol Technologies
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