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Abstract

An improved accuracy is researched in flat and silicon based nano-calorimeters related to fluid reac-

tion via drop-to-drop ‘reaction’ or via a steady state in continuous injection of two reactants inside a

working chamber. Two types of the experimental aspects of the sensitivity changes, related to 3-D

effects, are described: drop effects and volume rate effects. To increase the accuracy, well-controlled

Joule measurements are dissipated in the manufacturer resistance and in several resistances in care-

fully controlled experiments. The shape factor (SF) values reduce the manufacturer’s Joule sensitiv-

ity up to fifty per cent. A working methodology is proposed: the results are compared with the stan-

dard TRIS reaction. The results suggest that the systematic error can be reduced to �5%.

Keywords: accuracy, chemical nose, conduction calorimeters, identification, liquid mixtures,
nano-calorimeters, shape factor, systematic errors, TRIS reaction, working methodology

Introduction

The goal of the actual conduction calorimeters is oriented to progressively miniatur-

ized devices using detector elements with progressively increased sensitivity. The

volume reduction is an actual target in all devices (temperature programmed as well

as isothermal devices). The miniaturization, an interesting approach, is fuelled by the

technological needs of sensitive devices permitting an effective analysis using an ex-

tremely reduced quantity of expensive substances.

The technological and the industrial interest is associated to several research do-

mains with reduced available masses. For instance, in organic chemistry and in bio-

chemistry the first synthesis furnishes mass quantities extremely lower that need to be

well classified and evaluated. Also, the electronic nose based in an array of calorime-
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ters and via host–guest reactions [1], induces innovative applications in effluent de-

tection (as in pollution detection) or, for instance, in eventual new possibilities via

smart systems (or ‘adaptronic’ devices) used in automated capture of fruits as

peaches or strawberries. See, for a general overview in smart systems [2].

Manufactured by XENSOR, the liquid nano-calorimeter is one of the available sen-

sors on the market [3]. Mounting the element in an appropriate box the system works as a

non-differential calorimetric sensor in, for instance, isothermal condition [4]. Basically

the device, with appropriate covers and auxiliary equipment, permits two different

groups of measurements – static and dynamic. The static group (null flow rates) relates

the reaction between drops: the interest centers on the integral heat of reaction. A careful

analysis of the classical parasitic effects as vaporization rate and surface energy joint to

3-D effects related to transported and detected heat is absolutely necessary. The drop re-

action is a transient phenomenon. Induces a transitory dissipation associate to the pro-

gressive and spontaneous ‘reaction’ between the two drops.

The dynamic group of measurement (associated to flow rates in steady states)

visualizes processes with mass flows and relates two types of measurements [5–7].

The first one corresponds to continuous reaction in a liquid mixture by the input of

the two components at appropriate rates**. In steady state, the enthalpy of mixing is

proportional to the output signal. Obviously, the reliability of the measurement de-

pends on the parasitic effects related to the reaction (complete or partial) and to the

energy losses related to the mass flow. The accuracy increases if the parasitic effects

can be satisfactory corrected. The electronic or chemical nose is the last type of mea-

surement. The analyzed process relates the gas–solid interaction via a host–guest re-

action. A flat deposition of one of the reactants (the host) and a gas flow passing from

inlet to outlet and containing the other reactant (the guest) permits the gas–solid reac-

tion. The effects, related to the geometrical position of the heat source, can be esti-

mated using the Fourier equation of heat transfer via, for instance, a 2-D representa-

tion [8–9]. The gas flow induces two relevant parasitic effects. The first one, the ac-

tion of the inflow gas, entering at the inlet temperature produces changes on the tem-

perature change created by the reaction. The second one, the outflow gas produces

losses in heat and reactants. A part of the produced energy is removed by the gas and,

also, only reacts a part of the active substance (or guest) carried by the gas [10].

The volume reduction and the Si-deposition methods creates some auxiliary

problems related to heat flux detector. The chip design furnishes a working flat sur-

face appropriate for direct solid–gas reactions or auxiliary miniaturized chambers

and/or working micro-devices. Also, the chip is highly sensitive and produces mea-

surable signals with minor thermal power. The main problem, a common problem in

the actual devices, relates the heat flux integration. Practically, from the 4�ste-

reo-radians surrounding the sample (an integration ‘sphere’), the covered surface by

the detector is practically zero.
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** In the ‘nano-sized devices’ the available space is extremely reduced, the flows can be considered as
laminar and the reaction is realized first and foremost by diffusion.



The extremely lower detecting surface (only a line of ‘warmed’ thermocouple junc-

tions) is the origin of reproducible but inaccurate results. The flat ‘nano-calorimeter’

works with excellent resolution and reproducibility but the results are difficult to be com-

pared with Joule measurements using the manufacturer’s resistance. A cooperative re-

search program, to improve the accuracy on energy measurements and to establish practi-

cal rules for practitioners, is established between the authors. The main axis relates the di-

rect extraction of results from Joule measurements without the use of indirect standard

via a comparative reaction or other liquid mixture. In other words, realizing absolute

measurement traceable to Joule. The systematic error is ‘roughly’ expected under 10%.

This is the third paper of a cooperative work. In the paper I [11], the shape factor is intro-

duced and the experimental heat positioning effects (heating via a laser spot) on the chip

sensitivity are analyzed. In paper II [9], the effects of the heat production are modelled

considering the silicon device as a 2-D domain and using the Fourier equation of heat

transfer. From the experimental measurements a fit, via the classical Marquardt ap-

proach, furnishes the mean values of the physical parameters describing the device. The

fitted parameters permit, by simulation, an evaluation of the positioning effects for all

heater configurations in 2-D coherent with experimental measurements.

Improvements on accuracy in calorimetric devices need three levels of analysis.

The first one, at the classical level of the heat transfer, is related to Fourier equations

[12, 15]. The second one, to solve the problems associated to the mass flow and their

influence in the produced and in the detected signal. The third one is associated to the

chemical reaction level and, in fact, to the true advancement of the reaction.

In this work, two types of the experimental aspects of the sensitivity changes, re-

lated to 3-D effects, are described. On the one hand, an experimental test on drop ef-

fects is realized. On the other hand, the effects associated to the volume rate in the

mixing chamber are studied and the reaction advancement is also considered. An ex-

perimental methodological approach is established. The analysis is tested by the

TRIS reaction. The gas–solid reaction and the 3-D representation will be treated in

subsequent papers.

Experimental

The basic device is a ‘non-differential’ conduction calorimeter based on the liquid

nano-calorimeter LCM 2524 manufactured by XENSOR [3] and silicon based. The

working surface is rather thin (25 �m). In the rear, 164 thermocouples of deposited Al

and doped Si are located in a frame of squared shape. The device furnishes a working

surface close to 1 cm2 but only in the center (a square of 4�4 mm2) the sensitivity re-

mains approximately constant (i.e. see papers I and II [9, 11]). The detector direction,

determined by the hot and cold junctions, is always practically orthogonal to the heat

flows interchanged between the reacting substances and their surroundings. The anal-

ysis centers in the positional and in the rate effects using two experimental devices.

The first one centered on mixing enthalpy in a ‘drop to drop’ reaction. The second

one, an open device, also centered on mixing enthalpy by a continuous flow of reac-

tants in a mixing chamber.
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The noise in the free base line after averaging (N), without the parasitic causal

effects introduced by bad shielding of pumps and other external devices, is close to

20 �V for a free chip (direct link to digitizing system without preamplifier) and, obvi-

ously, sampling and averaging dependent: a mean of repeated measurements reduces

the noise. The sensitivity (S) using the heater furnished by the manufacturer is close

to 2.58 V W–1 [11]. The main time constant (�) is device and contents dependent. In

the free surface is close to 0.04 s, and, with working chambers, approaches 10 to 20 s

[16]. In drop and in flow-through measurements the signal is pre-amplified. Drop

measurements uses a bandwidth of 5 Hz (output sampling period: 0.1 s). In the case

of the flow-through device the bandwidth is reduced to 1 Hz (output sampling period:

0.5 s) and the noise does not overcome 0.5 �V (external temperature fluctuations sup-

pressed). From these values the resolution in impulsive signals (established by N�/S)

is roughly situated over 0.3 �J for free chips and 100 �J for the drop or the continuous

mixture devices. In steady state, the minor power resolution (established by N/S and

device type dependent) is situated between 0.2 to 10 �W.

The drops situation

Figure 1 shows an outline of the device with a Pt-resistance (near 11 ohm) situated in-
side the drop. The thermal contact between the drop and the silicon surface is im-
proved and the wetting process is stabilized via an auxiliary disk (net of cellulose fi-
ber, diameter: 4 mm, thickness: 0.2 mm). The measurements are realized using drops
of glycerol (volume 6 and 9 �L), water (9 �L) and undecane (9 �L). The vaporization
effect induces perturbations in the measurements. Their effect is determined via the
time dependence of the mass. At time close to 30 min, the mass change does not over-
come 1% in the used 9 �L water drop. Using a glycerol drop the mass change is not
relevant. Eventually a minor increase can be observed related to the water vapor cap-
ture. The time scale of the complete Joule measurement is close to 20 min, related to
three different steps. The first one, the base line stabilization after mounting (15 min).
The second one, a stable output signal associate to a Heaviside Joule signal (2 min)
and the third one is the time necessary to recover the base line (2 min). The practical
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Fig. 1 Left: General outline of the drop calorimeter [4]. Right: photograph of a drop;
A – situated in the working surface; B – a ‘free’ Pt-resistance is situated inside
the drop to analyze the positioning effects in comparison with the standard
heater furnished by the manufacturer



Joule analysis uses sampling of 0.1 s and several heat pulses (i.e. a series of fifteen
on-off signals) to increase the resolution by averaging. After averaging, the available
resolution is close to 0.5 �V and equivalent to 0.2 �W.

The continuous injection device

The study of mixtures via continuous injection is realized in the configurations outlined
in Fig. 2. A ‘classical chamber’ is outlined in Fig. 2 top. In this study centered on a clearer
analysis in the effects of heat transfer and mass flow on the detected signal, two new
chambers with different flow path and inserted auxiliary heaters (platinum resistor as in
Fig. 3 left) are built. The chamber 1 (Fig. 3 right-top) is a cylindrical hole situated in a
plastic element (squared shape) with tubes on the top. In chamber 2, machined to cylin-
drical shape the upper part, a relevant reduction of the thickness in lateral walls is realized
(Fig. 3 right-bottom). The shape of the chamber relates a hybrid structure with cylindrical
top and squared bottom.

Using sampling of 0.5 s, the basic electrical noise in the flow-through configura-
tion is close to 0.5 �V. The noise increases by several causal actions: step motor ef-
fects on the injection rate. Also, parasitic couplings between input and output associ-
ated to lower coupling impedance can be observed and, eventually, suppressed. Some
base line drift actions related to surrounding temperature fluctuation (in particular in
the input fluids) can be considered as low frequency noise.

In order to use comparatively chambers 1 and 2 for static (constant mass of liquid
without flows) and also for liquid mixtures or chemical reactions, the inlet tube was re-
placed by a T-shaped one (Fig. 4). The volume of the common path of the reactants, in
the inlet tube, is close to 1.4 �L near 7% of the available volume in the chamber (20 �L).
The T-shaped inlet facilitates the handling and, from the experimental observations, the
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Fig. 2 Top: Schematic outline of the liquid mixtures device [5] with the actual calorim-
eter (a) and reaction chamber (b). Bottom: enlarged heater position in drops
(left) and in chamber (right). Axis of coil heater: xR – x'R; resistance wire:
W – W'



mixing conditions are improved. The parasitic effects associated to the initial mixing ef-
fects inside the T-shaped device and outside the chamber are discussed below.

Results

Three types of experimental results are presented. In the first part, the sensitivity

changes on the drop device are evaluated. The second part concerns the z-dependence

of the sensitivity in different geometry of the flow-through chamber and of the unde-

tected heat via direct heat losses to surrounding by the mass flow. The third part

shows some experimental measurements of actual mixtures and the associated ther-

modynamic formalisms.

In the actual analysis, several Joule effects in different liquids and resistance po-

sition are studied. Usually the chip heater (CH furnished by the manufacturer) and

three heaters (a coil in platinum wire). The drop device uses drop heater (DH) in low,
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Fig. 3 Left: Liquid flow-through reaction chamber with auxiliary heater at two ‘ex-
treme’ positions. Right: chamber 1 and 2 (lengths in mm). Top: chamber 1, ide-
alized paths of the heat losses in the cover; some heat losses are addressed to the
chip surface in their low sensitivity part [11]. Bottom: chamber 2, outline of the
improved device with reduced lateral wall. A–B: low flows inside the reaction
volume. A’–B: increased flows improving the mixture via an inflow close to the
silicon surface

Fig. 4 Reaction chamber with T-shaped mixing tube. A and B: inlets for input fluids.
C: working chamber



central and upper (or high) position. The chamber system is also mounted in three

z-positions in three ‘identical’ devices. For instance, Fig. 5 left shows the sensitivity

dependence on drops and Fig. 5 right shows the z-effects for the mixing chamber. In

Fig. 5 right, full dots correspond to the preliminary z-sensitivity effects presented in

paper I of this series [11]. The platinum coil resistor has a cylindrical shape (length

close to 3 mm and diameter near 0.4 mm). The cylinder mainly produces heat in only

one privileged axis (1-D). Using a 2-D simulation the estimated differences between

a warmed rectangle with 3×0.6 mm2 (resistance coil projected to the silicon surface)

and the manufacturer’s resistance (a squared frame near the warm junctions with

6.8 mm2) does not overcome 1% [9]. Analyzing Fig. 5 it is evident that sensitivity

changes in the chip heater are relatively lower in comparison with the z-effects: the

chip heater masks the relevant changes related to substance and dissipation position

inducing misunderstanding and, eventually, relevant systematic errors.

Drop results and shape factor values

The results of the drop experiments are summarized in Table 1. Repeated measurements

with new positioned drops of the same volume of liquid demonstrate a mean

reproducibility close to 1%. A remarkable decrease in sensitivity regarding the drop

heater results if the volume of the drop is increasing from 6 to 9 �L, whereas the volume

change does not influence the sensitivity associated with the chip heater. The change in

sensitivity depending on the position of the heater within the drop is shown in Fig. 5 left

for water, glycerol and undecane, respectively. As expected, sensitivity depends on the

liquid and their value decreases with the distance of the heater to the chip membrane. But

it is noteworthy that the sensitivity associated with the water drop is remarkably lower

than that of glycerol in the chip heater as well as in the drop heater.
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Fig. 5 Left: the z-position effects on sensitivity (S) in drops of 9 �L glycerol, water and
undecane, respectively, measured using an auxiliary heater inside the drop
(DH – drop heater). The zero position relates the manufacturer’s resistance
(CH – chip heater). Right: the z-position effects on sensitivity (S) in a
flow-through chamber for ethanol and water. The zero position relates the manu-
facturer’s resistance (chip heater). The chamber 1 data are associated to liquid
injection on top [11]. In chamber 2 the injection is close to the silicon surface.
See, in Fig. 3 the appropriate shapes. Chamber 2 (c.c.) means cut corners



The lower value of the chip heater sensitivity in the case of water seems pro-

duced by evaporation effects. In fact, we have measured a mean mass loss of

150 �g h–1 with minor supplementary effects related to room temperature oscillations

probably inducing changes in the laboratory water vapor pressure. Particular evapo-

ration effects associated to Joule dissipation remain under the detection level and fur-

ther study seems convenient. In comparison with water, glycerol and undecane have

very low vapor pressures but strongly different viscosity. The differences in the drop

heater sensitivities at equal positions are additionally influenced by heat conduction

to XENSOR chip taken into account by the shape factor.

Table 1 Sensitivities vs. drop volume and used liquid for Joule heating using chip heater (SCH)
and drop heater (SDH) related to the net-disk effect. Reproducibility analysis: R: complex
repeated measurement

No. Drop type SCH/V W–1 SDH/V W–1

1 Water, 9 �L, with net-disc 2.286 2.000

2R � 2.272 1.987

3R � 2.217 1.990

4 Water, 9 �L, heater in lower position – 2.070

5 Water, 9 �L, heater in upper position – 1.743

6 Gylcerol, 6 �L, without net-disc 2.409 2.259

7R � 2.405 2.270

8R � – 2.255

9 Glycerol, 6 �L, with net-disc – 2.277

10R � – 2.271

11 Gylcerol, 9 �L, with net-disc 2.406 2.172

12 Gylcerol, 9 �L, heater in lower position – 2.238

13 Glycerol, 9 �L, heater in upper position – 2.053

14 Undecane 2.420 2.027

For water and glycerol, shape factors can be estimated from Fig. 5 left. Assuming an

homogeneous dissipation in the complete volume of the drop, the SF value are close to

0.889 and 0.896. In drops, the sensitivity changes are liquid dependent with a relevant

z-dependence. The behaviour is similar when a chamber is used.

An example: the TRIS protonization reaction

Using deposed drops of 3 �L of 50 mmol L–1 HCl in the device surface stabilized by

the cellulose disc and adding 4.4 �L of 0.1 mol L–1 a TRIS reaction*** is produced.

The output calorimetric response (or curve) needs to be corrected from relatively re-
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*** The TRIS reaction is represented by: C(CH2OH)3NH2+H+
�C(CH2OH)3NH3

+



duced dilution effects (in Fig. 6 the TRIS dilution effect). Using a chip sensitivity of

2.33 V W–1, the obtained molar enthalpy is 44.0 kJ mol–1 with a resolution of

1 kJ mol–1 [17]. This is 7% below the published value of 47.4 kJ mol–1 [18]. Applying

SF of 0.908 established by a mean value of sensitivity for water drop close to 9 �L, a

corrected value of 48.5 kJ mol–1 is obtained (systematic error range �2.5%).

Chamber results: liquid effects and the SF values

The preliminary analysis [11, 16] established that the sensitivity values, evaluated by

the chip heater and the auxiliary heaters in different positions, are dependent on the

size of the chamber and on the thermal properties of the samples. In the chambers

used (Fig. 3) the size of the chamber does not induce relevant influence on chip sensi-

tivity, i.e. minor effects appears with changes in the lateral thickness of the chamber

and in the suppression of the chamber corners (Fig. 5 right). Also, the effects related

to the auxiliary heaters are reduced. From the experimental observation it seems pos-

sible to consider that ‘not relevant’ heat (or, in equivalent situation ‘similar but not

detectable’) is transferred to the silicon surface in their low sensitivity part (heat

losses schematised in Fig. 3 right top). Analyzing the sensitivity results regarding

chip heater and the auxiliary heaters in different z-position the different thermal prop-

erties of the used liquid are highly relevant.

Several series of measurements were performed to analyze the reproducibility of

the chambers and heaters (i.e. manufacturing, preparation and mounting). The ob-

served deviations were less than 2 per cent. Further, the influence of vertical con-

vection was tested by measuring the sensitivities in a 180° turned position of the de-

vice. In general, the chip heater sensitivities are 3 per cent lower in the turned posi-

tion. On the contrary, the sensitivities regarding the auxiliary heaters are practically

equal. For example, using ethanol the values are 1.717 and 1.720 V W–1 (normal and

reversed position) for the heater situated inside the chamber in the lower position.

From the measurements it can be considered the existence of some convection to the

surroundings in heat dissipated in the silicon device (close to the rear surface) and un-

detectable effects in the internal dissipation (heater inside the chamber).
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Fig. 6 Signal from a TRIS protonization experiment (a: corrected signal regarding mix-
ing and dilution effects; b: signal due to TRIS dilution



Chamber results: flow rate effects

In the case of chamber 2 (Fig. 3) the flow rate dependence of the sensitivities for all

heater positions was studied. Figure 7 indicates that the decrease of the sensitivity

due to the mass flow is progressively higher with increasing z-axis distance of the

heater position to the membrane. At relevant z-position the heat is practically unde-

tected: the mass flow transports the heat directly to the outlet. The value at flow rate

of 20 �L min–1 decreases the sensitivity from 2 to 10% if the chip heater or the heater

at top positions are used. As the detected signal is the temperature, the signal decrease

also depends on the heat capacity of the sample. As a matter of fact, the measure-

ments establish a decrease of the sensitivity with the increase of volume rate and, at

zero rate, remains the heater positioning effect. In homogeneous dissipation and in

steady state the parasitic effects related to flow rates and to each different liquid need

to be corrected.

A practical approach to SF, volume rate and partial reaction effects

From the measurements associated to a chemical reaction or a mixing enthalpy, five

steps need to be considered. The first one relates the particular values of sensitivity

for each liquid type. The second one, the expected shape and position of the dissipa-

tion in the studied phenomena furnishing the appropriate shape factor SF. The third

one, the rate effects. The fourth one is a common problem in miniaturized devices:

the components travelling inside the chamber without reaction. A suitable protocol

need to be built if experimental results are converted to a ‘full reaction’ for appropri-

ate evaluation of thermodynamic parameters. The last one, a thermodynamic formal-

ism adapted to each studied process.

Suggested methodology

a) From the experimental analysis, Joule sensitivity dependence needs to be deter-

mined according to the liquids used, i.e. with the final mixtures or products.

b) SF needs to be evaluated according to the expected position of the dissipation, i.e.

for a hypothetical homogeneous dissipation the SF is SCH/Sm (SCH is the chip sensitiv-
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Fig. 7 Positional and rate effects on sensitivity. Left: flow rate effects with water.
Right: flow rate effects with ethanol (a – chip heater, 1…3 – auxiliary heaters at
positions 0.25, 0.75 and 1.25 mm, respectively, in z-axis)



ity, Sm the mean z-axis sensitivity). If the dissipation can be associated to particular

positions inside the chamber SF needs to be modified accordingly.

c) The results of measurements need to be extrapolated to zero rate. In this situation

SF approach can be applied.

A case of study: the TRIS reaction

As a preliminary test the TRIS reaction [18] is studied working in chamber 2 using

the T-shaped inlet mixing chamber (Fig. 4).

The steady state signal vs. the flow rate of the TRIS protonization reaction is de-

picted in Fig. 8 left and the signal divided by the flow rate vs. flow rate in Fig. 8 right.

From Fig. 8 right it is evident that the extrapolated value (at zero rate) is zero. In other

words, at ‘zero rate’ the reaction is ‘realized’ in the external T-shaped device. At

lower rates (under 10 �L min–1) the part of the injected components which reacts in

the 7 mm long common tube increases progressively. The heat loss through the tube

increases with decreasing flow rate and therefore the extrapolation to zero flow rate

of the derived curve (signal divided by flow rate) furnishes a zero signal.

To establish a protocol for appropriate extrapolation a parallel analysis is realized.

Using a colored reaction (i.e. the Fe3++SCN–) producing an intense red colored complex

a progressive decrease of the reaction advancement inside the T-shape (in the 7 mm inlet)

is obtained increasing the volume rate. A ‘zero’ advancement (no reaction inside the in-

let) can be considered for volume rates close or higher to 10 �L min–1. With increased

volume rate the reaction is realized out of the device, eventually, in the outflow liquid.

Extrapolating the last part of the results (only the higher volume rates are used) to zero

volume rate their value can be related with a reaction only realized inside the chamber. A

simple linear extrapolation using values from 15 �L min–1 yields an extrapolated value of

26 �V min–1 and the suggested SF is the mean value for water (0.79) associated to a ho-

mogeneous dissipation inside the chamber. The estimated value for the TRIS reaction

enthalpy is 45.8 kJ mol–1. This is a reasonable attempt (3.5 per cent from the value

(47.4 kJ mol–1) deduced from reference [18]) because an exact description of the flow

rate effects is not yet available now but the value deduced directly form the chip heater is

36.2 kJ mol–1 with a difference of 26%.
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Fig. 8 Left: Signal for the protonization of TRIS (0.1 mol L–1 TRIS, 0.02 mol L–1 HCl)
vs. flow rate. Right: Relative signal (signal/flow rate) vs. flow rate



The thermodynamic formalism

In a binary liquid mixture from pure components 1 and 2, quantities n1 and n2 and the mo-

lar enthalpy values H1

* and H 2

* in pure substances and H1 and H2 in the mixture, the

enthalpy change �HM for one mole of mixture related to the mixture can be written as:

( ) ( ) ( )* *n n H n H n H n H n H1 2 1 1 2 2 1 1 2 2� 	 � 
 �� M

Using the excess enthalpies defined by

h H Hi i i

*
	 


and using the molar fractions:

�H
n h n h

n n
x h x hM 	

�

�
	 �1 1 2 2

1 2

1 1 2 2

In a drop, after all corrections, the Joule measurement divided by the drops mo-

lar quantity (n1+n2) relates the molar mixing enthalpy �HM. In continuous flow mea-

surements and in steady state conditions, the molar rate is defined by

d

d

d

d

d

d

n

t

n n
	 �1 2

t t

After the corrections, the measured power W (endothermic: �0) directly relates

the enthalpy change by:

W n t H( / )d d M	�

Conclusions

The chip heater produces practically constant values independent of the samples

and/or working chambers. The manufacturers heater furnishes reproducible results

but, also, a roughly information on energetic measurements. Appropriate corrections

are necessary if accurate results are obtained.

The device sensitivity changes with the position in the available surface and,

also, the heat losses to surroundings induces remarkable changes with the z-position.

If the heat production is considered homogeneous inside the reaction chamber, mea-

surement using Joule effects in several resistance permit and evaluation of the shape

factor (SF) modifying the manufacturers sensitivity.

Under the hypothesis of a homogeneous heat dissipation the shape factor (SF) for

each liquid (or mixture) can be approached by the ratio between the sensitivity in the

middle of the chamber (z-position) vs. the sensitivity obtained from the chip resistance.

As a general approach for continuous flow mixtures, the relative steady state sig-

nal or signal divided by volume rate as �V min–1 need to be extrapolated to zero vol-

ume rate from high volume rates. The extrapolation avoids the parasitic effects at low

volume rates related to initial mixture effects in the inlet tubing. The extrapolated
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value can be converted in W min �L–1 (J �L–1) using the appropriate chip Joule sensi-

tivity (divided by the SF).

The approaching method seems a reasonable approach to the thermodynamic

values: the obtained values of enthalpies remains inside a bar of �5%. Can be consid-

ered a roughly approach but traceable to Joule references. The results based on the

chip heater differs from the thermodynamic values in a 10 to 20%.

The work is carried out in the frame of a cooperative program centered on the accuracy of conduc-

tion calorimeters and derived devices. The integrated actions HA 1999-0087 (MCT-Spain) and

314-Al-e-dr (DAAD, Germany) between Freiberg and Barcelona group are acknowledged. The

ACES 1999-00040 (Gen. of Catalonia) related to ‘nanocalorimeters’ is gratefully acknowledged.
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