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Abstract This work shows the results obtained to deter-
mine the noise in the baseline of a specially designed Tian
Calvet-Type adsorption microcalorimeter. The results
show that noise levels vary from 0.5 to 10 pV, which were
evaluated varying the electrical work and the micro calo-
rimeter surrounding temperature. Relationships can be seen
between the variables employed in the observation of sta-
bility, temperature, potency levels and generated noise.
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Introduction

Calorimetry is defined as a science that involves the mea-
surement of quantities of heat generated in different pro-
cesses. The adsorption calorimetry is a sensitive and
precise technique that can measure heats of the order of
100 mJ. For this reason, it is necessary to measure this
quantity with extreme precision, avoiding errors that can
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distort the true signal. The most used sensors in adsorption
calorimetry are thermo batteries that work under Seebeck
effect and can give a signal of the electric potential as a
response to a heat flow. However, they can introduce a
certain error, which is due to small electrical signals gen-
erated by the unions or connections and imperfections in
the electrical circuit used to obtain the thermoelectrical
signal. In calorimetry, it is important to evaluate the noise
level independently of the measured magnitude it should be
compared to the measured thermal effect magnitude to
quantify the possible error introduced in the measurements.
Calorimetry has a wide field of action and nowadays it
follows broadening its application possibilities to measure
heats with good precision [1].

In this context, adsorption calorimetry is used in the
characterization of porous materials, where its application
is wide in basic sciences and industry. As an example, the
necessity of a characterized catalyst can be mentioned, as
their surface and chemical properties depend on their final
application.

Among the methods to measure heat effects it is worth
to mention: (a) the temperature change that is multiplied by
a thermal equivalent; (b) the required potency to keep the
isothermal insulation conditions with a power able to be
supplied by a temperature electronic controller or by a
change in the isothermal phase of a substance in contact
with the calorimeter; (c) the temperature differences mea-
sured by means of fix thermal conductivity, which is
determined in individual experiments of calibration [2, 3].

The calorimeter always has three components that
directly affect the data quality: (a) the calorimetric cell,
including the sensors employed to measure the thermal
effect; (b) the surrounding that can be constituted by a
thermo sized bath, a controlled temperature metallic block
or the laboratory atmosphere; (¢) a medium to initiate the
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reaction by a process that produces heat, which can be
simplex or complex. The calorimeter can be twin-type
where one of the cells acts as the reference and the other as
the measure cell. The reference cell is used to rest estrange
effects in the measurements [4-9]. The systems can be
isoperibolic, T and p constant or adiabatic, controlled sur-
roundings and the same temperature than the reaction cell.
The start of reaction can be produced by a temperature,
pressure or volume change, or by a change in the reactive
concentrations.

To measure precisely the heat, various elements can be
used. The thermometer can be very stable, but only by a
period of time that exceeds the experiment. However, other
sensors can be used, such as thermistors that are particu-
larly useful for several reasons: high thermometric sensi-
tivity; built with simple and inexpensive components; and
at last, they have a small mass then, the time constant can
be also small. The principal disadvantage is that the
thermistor heats itself. Some electronic circuits are some-
times used when thermistors are employed to measure the
temperature [1-3]. However, when a high sensitive system
is required, like in calorimetric studies for the gas—solid
interphase, a Calvet-type adsorption calorimeter is the
chosen one. In these equipments the measuring system
consists in a group of thermocouples in series that form the
thermopiles, which is the measure thermoelement [10-13].
A thermopile works very well in theory, but errors are
common in practice, which are attributed to small electrical
signals generated by the unions, connections and imper-
fections in the electrical circuit employed in the laborato-
ries to obtain the thermoelectrical signal. Within them it
can be mentioned: (a) the length, thickness, polarity of the
terminal wires in the thermo batteries; (b) the number of
connections in the system; (c) the magnitude of the thermal
gradients along the wires in the thermal elements.

Among the advantages of adsorption calorimetry we
mention: in contrast to isosteric and chromatographic
methods, the enthalpy does not emerge from experiments
where the adsorption equilibrium must be guaranteed,
thermal data can be obtained even at low pressure and, if
the experiment is performed in a continuous way, the
behavior of the change of enthalpy as a function of the
amount adsorbed on the surface can be obtained [14].

Thermal noise (or Johnson)

Every kind of resistances generates by themselves and by
their terminals a voltage with random fluctuations like
thermal noise or Johnson, which is caused by the charge
carrier random movement in conductor materials. It is
always produced at temperatures above absolute zero
(=273 °C or 0 K).
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Shot noise

This kind of noise is related to the non-continuous nature of
the electrical current, formed by a discrete charges flow
that causes statistical fluctuations in the current. The shot
noise, as well as the thermal noise, is a kind of white noise.

In this work, we studied the noise signal behavior gen-
erated in an adsorption microcalorimeter built in our lab-
oratory, based in others built previously, respect to the
applied potent and the temperature, to establish if the noise
level can eventually affect the measures in the gas—solid
interface [15].

In this work results are presented on the performance of
a “twin-type” calorimeter with thermopile sensors con-
structed in our group, which is composed of a calorimetric
unit and an adsorption unit for the simultaneous measure-
ment of adsorbed quantities and heat generated during the
adsorption. The estimation of electronic noise is important,
given that the heats of adsorption in carbons are of the
order of 10 to 18 kJ/mol, which are small values, and a
baseline, which is stable at smaller values must be achieved
in order to determine with accuracy the heat generated in
the process [16].

Methodology

The measurements are realized in a microcalorimeter
designed in our laboratory, which basic scheme is shown in
Fig. 1. I consist of basically in two parts: (a) adsorption
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Fig. 1 Adsorption Microcalorimeter. 1. Precision Valves 2. Calibra-
tion volume or storage. 3. Pressure Transducers. 4. Nitrogenous Traps
5. Adsorbate. 6. Reference Cell. 7. Reaction Cell. 8. Heat Storage. 9.
3D-Type Heat Sensors. 10. Vacuum System. 11. Temperature Control
Sensor
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Fig. 2 Calorimetric Cell in the adsorption microcalorimeter

part and (b) the micro calorimeter itself. Each one of these
parts is detailed in the figure.

A part of the calorimetric cell is shown in Fig. 2. It
consists of two calorimetric cells; one of them acts as the
reference cell and the other as the measure cell. The 3D-
Type heat sensors used are zoomed in the same figure.

The equipment is isolated from the surroundings to
control the temperature by means of a plastic material with
low thermal conductivity. The calorimeter has two resis-
tances with the same magnitude, which value is about
698.32 kQ. The measurements scheme is shown in Fig. 3;
it is highlighted with an interrupted line, the external
electrical connections between the adsorption micro calo-
rimeter and the data entry system, which contribute to the
noise in the signal measurements.

To determine the noise level, different signal potencies
are applied by means of the electrical resistance with a fix
electrical work at different temperatures and under exper-
imental work conditions in the surroundings. It was also
realized some essays at a fixed temperature and varying the
electrical work level. A highly stabilized source Agilent™
E3649A Al model applies the potential and a multimeter

Fig. 3 Data capture system
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Fig. 4 Peak to Peak Noise Level at 18 °C varying the Voltage Level

Agilent™ 34401 with 6% numbers enters the data. This
multimeter is connected to a PC by a GPIB interface,
where the signals are evaluated.

Analysis and results

The results shown in Fig. 4 are obtained at a constant
temperature of 18 °C and varying the electrical work lev-
els. The applied potential varied from 0.40 to 1.5 V, which
correspond to electrical works from 0.19 to 4.10 J. Fig-
ure 4 shows that for values of electric work between 0.19
and 0.63 J the noise level of the baseline increases and
reaches the maximum value of 15 pV. These values cor-
respond to lower energies than those generated when a
solid surface is put in contact with a gas or a liquid, which
are around 15 kJ/mol [16]. For energy values higher than
1.0 J the noise level is close to 3 uV and still allows a
calorimetric determination of the heat involved in the
process without noise interference.

Although in specialized bibliography there are some
studies about the noise level in calorimeters and/or in
calorimetric measurements and different magnitude orders
have been reported in different kind of calorimeters
[17-22], this work focuses in the importance of determin-
ing in a precise way the signals that are not associated to
what is under measure, like noises, which are due to the
connections between the different parts of the equipment.

Figure 5 shows a calibration potentiogram for the con-
structed calorimeter with a zoom in the baseline signal
part; it is clear that the noise level is insignificant respect to
the signal with a noise value in this case of 0.5 uV for a
dissipated electrical work of 0.42 J.

In this work it was studied if the time constant (7) of the
equipment could be affected by the noise level magnitude.
It was established that it is not true obtaining repetitive
values about 120 s, quite similar to commercial equipment
like SETARAM™.

Figure 6 shows the behavior of the calorimetric system
when is varied the temperature at a fix level of electrical
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Fig. 6 Peak to Peak Noise Level applying a 0.42 J Work

work (0.42 J). This essay is realized taking into account
that the equipment was designed to work in a temperature
range from —196 °C to 600 °C. The figure shows that near
room temperature the signal noise level is about 0.5 pV,
which permits without any doubt to carry out experiments
with magnitudes about 5 mV with a good precision. At low
temperatures the noise level increases up to about 20 pV. It
must be taken into account that when the temperature
decreases in the calorimeter a thermal gradient is generated
between the heat sensor terminals inside the calorimeter
and the ones connected to its external part causing a higher
noise level in the signal. Certainly, it is observed here the
thermal noise or Johnson that is present at temperatures
higher than —273 °C, where the connections can be con-
sidered resistances that generate by means of their termi-
nals a voltage with random fluctuations. This generates a
random movement in the charge carrier in conducting
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Fig. 7 Noise Signal in the
Calorimeter during 36 h

is zoomed to a better visualization of the noise signal. It is
important to recall that the electrical connections generate
noises that can also be associated to the shot-type noise.

Conclusions

The noise level in an adsorption micro calorimeter con-
structed in our lab was determined by varying the applied
electrical work and the surrounding temperature. Noise was
measured below 0.5 uV as the inferior limit and about
10 pV as the superior limit. The noise level is related to the
surrounding temperature; at near room temperatures the
noise level signals are lower than the signals obtained at
under zero temperatures when the applied electrical work
keeps constant. When the temperature keeps constant the
noise signal is low for low levels of potency and increases
when the potency increases, not reaching high values in
comparison with the kind of measures that this equipment
realize.

0,00000E+00
-2,00000E-03
-4,00000E-03
-6,00000E-03
-8,00000E-03
-1,00000E-02

E (Volts)

@ Springer

time (s)



Variation of the noise levels in the baseline of an adsorption microcalorimeter

709

Acknowledgements

The authors are grateful to the agreement

between Universidad de los Andes (Colombia) with Universidad
Nacional de Colombia and Universidad Nacional de San Luis
(Argentina), under which was carried out this work. Additionally
Prof. Moreno wants to especially thanks to Universidad de los Andes
for the assignation of a STAI (in Spanish: Semestre de Trabajo
Académico Individual), which was partially used to do this research.

References

10.

11.

. Hansen LD, Hart RM. The art of calorimetry. Thermochim Acta.

2004;417(2):257-73.

. Hansen LD. Toward a standard nomenclature for calorimetry.

Thermochim Acta. 2001;371(1):19-22.

. Hoge HJ. Comparison of circuits for linearizing the temperature

indications of thermistors. Rev Sci Instrum. 1979;50(3):316-20.

. Bowers LD, Carr PW. Noise measurement and the temperature

resolution of negative temperature coefficient thermistors. Ther-
mochim Acta. 1974;10(2):129-42.

. Bowers LD, Carr PW. The sensitivity, linearity and temperature

resolution of non-equal arm thermistor wheatstone bridges near
balance. Thermochim Acta. 1975;11(3):225-33.

. Berger RL, Friauf WS, Cascio HE. A low-noise thermistor bridge

for use in calorimetry. Clin Chem. 1974;20(8):1009-12.

. Skinner HA, Sturtevant JM, Sunner S. Experimental thermo-

chemistry. New York: Interscience Publishers; 1962.

. Christensen JJ, Izatt RM, Hansen LD. New precision thermo-

metric titration calorimeter. Rev Sci Instrum. 1965;36(6):779-83.

. Hansen LD, Jensen TE, Mayne S, Eatough DJ, Izatt RM,

Christensen JJ. Heat-loss corrections for small isoperibol-calo-
rimeter reaction vessels. J] Chem Thermodyn. 1975;7(10):919-26.
Giraldo L, Moreno JC, Huertas JI. Heat conduction micro-calo-
rimeter with metallic reaction cell and improved heat flux sensing
system. Instrum Sci Technol. 2002;30(2):177-86.

Giraldo L, Moreno JC. Design, calibration, and test of a new
dissolution isoperibol microcalorimeter. Instrum Sci Technol.
2007;35(4):453-63.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

Martinez P, Giraldo L, Vargas E, Moreno JC. Isoperibolic calo-
rimetric cell with electronic integrator circuit for temperature
measurement. Instrum Sci Technol. 2005;33(1):61-71.

Giraldo L, Moreno JC, Huertemendia M. Adsorption microcal-
orimeter and its software: design for the establishment of
parameters corresponding to different models of adsorption iso-
therms. Instrum Sci Technol. 2005;33(6):645-59.

Rouquerol F, Rouquerol J, Sing KSW. Adsorption by powders
and porous solids. Principles, methodology and applications. San
Diego: Academic Press; 1999.

Garcia-Cuello V, Moreno-Pirajan JC, Giraldo-Gutierréz L, Sapag
K, Zgrablich G. Design, calibration and test of a new Tian-Calvet
heat flow microcalorimeter for measurement of differential heats
of adsorption. Instrum Sci Technol. 2008;36(5):455-64.
Fernandez-Colinas J, Denoyel R, Grillet Y, Rouquerol F, Rou-
querol J. Significance of nitrogen and argon adsorption data for
following the pore structure modifications of a charcoal during
activation. Langmuir. 1989;5(5):1205-10.

. Flammersheim HJ, Eckardt N. A simple and effective method for

smoothing DSC curves. J Therm Anal Calorim. 1991;37(2):
333-9.

Rodriguez de Rivera M, Tachoire H, Torra V. Calorimetric
equipment with time-evolution parameters. In: Measurements
and modelling in flow and mass-varying calorimetry. J Therm
Anal Calorim. 1994;41(6):1385-92.

Degroote E, Garcia Ybarra PL. Flame propagation over liquid
alcohols. Part III. Pulsating regime. J Therm Anal Calorim. 2005;
80(3):555-8.

Keller JU, Robens E. A note on sorption measuring instruments. J
Therm Anal Calorim. 2003;71(1):37-45.

Wadso I, Wadso L. A second generation twin double microcal-
orimeter. Measurements of sorption isotherms, heats of sorption
and sorption kinetics. J Therm Anal Calorim. 1997;49(2):
1045-52.

Vargas EF, Moreno JC, Forero J, Parra DF. A versatile and high-
precision solution—reaction isoperibol calorimeter. J Therm Anal
Calorim. 2008;91(2):659-62.

@ Springer



	Variation of the noise levels in the baseline of an adsorption microcalorimeter
	Abstract
	Introduction
	Thermal noise (or Johnson)
	Shot noise

	Methodology
	Analysis and results
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


