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ABSTRACT

At our laboratory, we developed a new cell type for the batch isothermal
calorimetry of dissolution enthal pies to determine small amounts of easily
soluble or dightly soluble solids. An innovative mixing system aimed at
minimizing errors related to the common brittle point breakage effect has
been coupled with a pneumatic valve, thus allowing it to work as a cell
within an environment involving automatic information management done
with softwareand electronics. The calorimetric cell hasacapacity of 20 mL
and the sample valve can handle solid samples between 5.0 and 30.0 mg.
Theexperimental conditions suggested in specialized literature were main-
tained. Valuesof -AH° 0f 33.4134+0.0005, 32.1248 + 0.0012, 30.7357 £ 0.0014,
30.2754+0.0017,30.2691 + 0.0007, 29.3395+ 0. 0023, 28.7232 + 0.0032 and
26.0705+ 0.0028 Kjoul /moleat 0, 10, 10, 15, 20, 25, 30, 40, and 50°C, respec-
tively, are reported. The results of the study are then compared with exist-
ing studiesin calorimetrics, and confirm the results of the standard THAM-
HCI calorimetricsystem.  © 2008 Trade Sciencelnc. - INDIA
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1.INTRODUCTION

Caorimetricinvestigationsfor determining disso-
lution enthalpies, AH_, of purechemical compounds
(gases liquidsand solids) aremainly aimed at research-
ing solute-solvent interactions. In order to obtain data
onin?itedilution, these determinationsare sometimes
complemented by measuring dilution enthalpies. To
obtainthevauefor themoleculetransfer fromtheague-
ousphasetoin?itedilutesolutions (for liquid and solid
compounds), it isnecessary to know their vaporization
enthal py(?H, ap_). However, suchdataarerarely avail-

able, particularly for solids.

Thetemperaturederived for thedissol ution entha py
at in?nite dilution, i.e. the change in heat capacity,
Coan™ isaremarkable property, especially for aque-
oussolutions, including biochemica systems. Suchva-
ues, inconjunctionwiththen heat capacity for the cor-
responding pure compound, C,*, will yield the partial
molar heat capacity of the compound inaninfnitely
dilutesolution, Coo ,given by:

C°°p,2 =C* p+Cp(sol)cao (@]

Inresearch on the aqueous solutionsof smple, par-
tially hydrophobic compounds, thefunction Ceo, has
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been used extensively(e.g. in discussionson ‘hydro-
phobic hydration”)i*!.,

Theprecise ca orimetric determination of thedis-
solution enthal pies of solid compounds has recently
becomeof significant interest, particularly for the phar-
maceutical industry. Thisproceduresrepresentsavi-
abledternativefor characterizing solid materialswith
respect to their polymorphic content™®12 or degree of
crystallinity!*s. Such measurements may not be suffi-
ciently accuratewhen in fact very precise determina-
tionsare often needed. Many substancesof interest are
dightly solubleinwater and methodsrequiring suitable
organic solventsare thereforeimportant. In the past,
most determinations of AH sl have been madeusing
semi-adiabatic‘macro-solution calorimeters”. Typically,
such measurementsrequire about 100 mL of solvent
and 0.5g of solutein each experiment. For compounds
with high solubility, such determinationscan usualy be
made accurately, better than 0.1%6*4, provided that the
dissolution processis short, less than about 30 min.
For dow processes, adiabatic ca orimetersare recom-
mended. In caseswhererelatively small quantities of
materid areavailable, microcaorimetrictechniquesare
preferred. In many cases, such methods are suitable
both for fast and slow processes. For solid and liquid
solutes, measurementscan bedoneat themg leve; how-
ever, the accuracy is much lower than that obtained
usingthemacro-levdl.

In some cases, the Twin Heat Conduction Prin-
ciple has been employed; nevertheless, hereasingle
cdl hasbeen used withasmpleisothermal caorimeter.
This device alows measurementsto be taken at the
uW level over long periods of time (24hrs), and the
design can beapplied to both liquidsand solids. Lig-
uidscanbeeasly found for dightly soluble hydrophobic
compounds*>1¢, Theinstrument used for these solids
andliquidsrequireseasily solublesolutes*”. Using the
method in the present report, abatch technique, both
eas |y and dightly soluble compounds can be studied.
Other equipment used to take the microcal orimetric
measurement of solid dissolution includesthedevice
described by Rogque-Malherbe and Seibol d*8% and
commercia vessalsavailablefrom Setaram(?.,

Thereisadefinite need to defineasinglereaction
that could be used as an interlaboratory comparison
standard for solution calorimetry. Theprincipa purpose
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of such acomparison standard would beto eiminate
the systematic errors sometimes associ ated with new
equipment or with changes madeto existing gpparatus.
Therequirementsfor thiskind of comparison standard
asoutlined by Sunner™ are so numerousand demand-
ing that most materia sare excluded from evenacur-
sory consderation. However, afew reactionshave been
identified that meet al or most of the requirements.

Many researchers have suggested that KCI could
be aheat solution, but the reported®? valuesdiffer by
as much as 1%, and both Sunner’® and Wadso,
Moreno and otherg??4 have concluded that the sys-
temisunsatisfactory. The heat produced by the neu-
tralization of astrong basewith strong acid has also
been recommended as apossi ble comparison standard.
Theheat neutrdization of HCIO, with NaOH, for ex-
ample, has been proposed as acomparison standard
but does not meet all of the requirements outlined by
Gunn, such as being nonreactive with the atmosphere
and having alow temperature coefficient. Onthebasis
of work by Sunner??, the heat of the neutralization of
H,SO, with excess NaOH appearsto be an excellent
way to compare ca orimetersin the samelaboratory,
sincethereproducibility between batchesof H,SO, is
not better than that reported between batches of the
solid compound knownas THAM (trighydroxymethyl)-
aminomethane or 2-amino-2-(hydroxymethyl)-1,3,-
propanediol.

All thingsconsidered, thereisclearly an advantages
toworkingwith anon-corrosivesolid. THAM hasd-
ready been used asaprimary acidimetric standard and
appearsto meet most of therequirementsfor asolution
calorimetric standard. The heat produced by thereac-
tion of THAM(s) with HCI solution combinestheen-
dothermic heat solution and the exothermic heet proto-
nation of THAM; theresulting overall reactionisexo-
thermic. The protonation reaction is presented in the
equation:

(HOCH,),CHH, H*¢>(HOCH,).CNH * @)

It should be noted that there is no changein the
solution’s ionic strength during the reaction. During the
caorimetric run, thetemperature variation of thecell,
T needsto be closely monitored giventhat heat gen-
erated by the studied processin question dependson
the ease with which el ectronic thermometers can be
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handled with aprevious caibration according to the
temperaure.

Thermigtorsarefrequently used in ca orimetry and
aremade using semiconductor ceramic materia swith
powder mixturesof metallic oxidestrested at high pres-
suresand temperatures. Inthermistors, theeectricre-
sistance sgna doesnot depend onthetemperatureand
in many cases, thereisaninverserelationship. Thus,
they arereferred to asthermistorswith negativetem-
perature coefficient, NTC. A relationship between these
two parametersisasfollow:

R, = Roog®M ©)
where T is the system temperature (°C); R, resistance of the
thermistor at temperature (T) and Reoand B are constantswhich
depend on the characteristics of the thermistort.

Inthiswork, anisothermd caorimetriccdl hasbeen
developed and then connected to atemperature trans-
ducer based on montage NTC thermistorsthat have
had broad applications asreported in existing litera-
ture; the cell was then adapted to this equipment!®!,
Thisisused for measuring the solution heats of liquids
and solidsat different temperaturesin order to deter-
minethose which present minor changesin thetem-
perature magnitude.

Thevduesfor theheat of thereaction of THAM(S)
with 0.100 M HCI at 10, 25, 30, 35 and 40°C are
reported heretogether with asummary of published
historic datafrom other |aboratories.

2.MATERIALSAND METHOD

2.1. Devicedesign and operation

Theinstrument isasingleisothermal micro-calo-
rimeter that usesaspecialy constructed thermistor sys-
tem which produces avoltage proportional to the heat
20w between thedissolution cell and thesurroundings.
Thecalorimeter islaid out in awater bath, wherethe
temperature is maintained at +6x10“°C. The water
bath, temperaturecontroller and dl peripherd unitswere
builtinour laboratory. The built calorimeter isshown
onfigurel. Thecdl consstsof adewar-typeglass(1)
that has been vacuum-sealed (10 mBar) and whose
volumeis25mL. Thecell possessesaflange contain-
ing achannd fit for an o-ring, thusensuring aperfect
hermetic sed withthetop lid that containstheelements
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Figure 1: Dissolution isoperibol microcalorimeter: Gen-
eral scheme
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Figure2: General structureof theenvironment with all
peripheral units

that communi cate with the peripheries. A coating has
been especialy e aborated for thismachinethat alows
thereflux of water at 25°C. The coating was manufac-
tured with carbon fiber (2), which not only provides
insulation but convertsit into arobust machine. This
unitisfitwithaglasslid and aso covered with at car-
bon fiber lid, affixed by aset of precision screws(3).

The machine has aplatinum resistanceto convey
25 ohm el ectric calibrations (4) and thetemperature
sensor system is based on the thermistor system de-
scribed below (5).

Themixture system consists of two parts: apneu-
matic valve externally controlled by acomputer and
whose solutioniskept at atemperatureof +0.0001°C
that allowsoneof themixture solventsin questionto be
injected and themixing system, whichisacounterclock-
wiseblade madeof stainlesssted (6).

2.2 Electronic system for measuring thermal ef-
fect(?)

A complete sysemwasdesigned andimplemented
by closely following thework of Oleagordiaet al 1>,
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Figure3: Operational schemeof the proposed system

|.J.Urrtabizacaya, R.Rodriguez P as described at http:/
Iwww.euitt.upm.es/taee06/papers/ S7/p64.pdf. Only
certain dementshave been adapted to our calorimetric
machine, which consstsof adataacquisition card and
aPCthat controlsthe system’s operation. This system,
represented on figure 2, encompasses hardware fea-
tures such as the data acquisition card based on a
microcontroller connected to aPC viaRS232 through
aseria port. Infigure 3theblock diagram that repre-
sentsthe operation of the systemisshown.
Thedigitalization of thethermometric Sgnal isper-
formed as per theliterature, whileleavingroomto al-
low for abasic system to perform virtua treatments,
whichisnew for thistypeof experiments. The system
could be programmed by the user in order to capture
thesigna sand apply certain mathematical equationsto
thesignd sto obtain therequired information.

2.2.1Operation of theNT C-typetemperaturetrans-
ducers

Intermsof the NTC (Negative Temperature Coef-
ficient) and PTC (Positive Temperature Coefficient)
thermistors, the NTC has been more commonly used.
A brief description of thiscoefficient will be provided.
Theeasest mathematical modd of aNTC thermistor is:

Where RT isthethermistor resistanceat aT tem-
peraturein®K, 3 isthethermistor sengtivity quotientin
°K and R isthe T temperatureresistance. Equation
(4) might be used in aprogram to calculate the tem-
peraturewhen theresistivevaueof theNTCisknown:

11
Ry =R, -eﬁ(i_ﬁ] (4)
Where R_ isthethermistor resistanceat aT temperatureinK,
B isthe affinity quotient of thethermistor inK and R jisthe T .
temperature resistance. The equation may be used in a pro-
gram to calcul ate the temperature knowing the resistive value
of theNTC:

B-To

R
+T,.In—-T
B+T, R,

T= ©)

With thisequation asareference (1), therelation
betweenthe T temperatureand theR . resistance may
beexpressed as:

%=AO+A1.In(RT)+A2.In( (RT)A,+ ©

......... Ay.In(in(R; )AL
Where T isthe temperature in Kelvin, (A, A, A, ....... A))
with the quotients of the polynomial. It is generally accepted

that athird degree polynomial provides an accurate tempera-
ture measurement when theterm (In(R,))? isnot considered. In

this case, the equation is reduced to:
%=A+B.In(R)+C.(In(R))3 @

The equation (4) isknown asthe Steinhart-Hart
equation and is used by most of the NTC thermistor
manufacturers. TheA, B and C quotientsare known as
the Steinhart-Hart quotients, with t asthe K tempera-
ture. From the equation (4) the anal ytic function that
determinesthe R resistanceof theNTC for aspecified

temperature may beobtained:
Rt =exp
XY x| XY
2 | 4 27 2 | 4 27 €S)

wherex =A-1/TandV=B
C

(@]
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Severa customized electronic circuits have been
implemented to replicatetheinterface between thether-
mistor system that we have implemented in our work
(aninterfacewhich consistsof aWheatstone bridgein
which two of the arm resi stances have been replaced
by two thermistors), and to effect theanalysisand re-
producetheacquisition system.

Thebasiccircuit usedisthe sameasreportedinthe
literature as departurecircuits®); inthiscase, theNTC
potentid is.

Vi=g EIT?T Voo ©)

Oncenormalized, it appearsasfollows:
Vi Ry
Ve R+R;

Signdsaretaken from the Wheatstonebridgecir-
cuit and the signalsare then captured by meansof the
system devel opment inour [aboratory. Such experimen-
tal data, apart from being processed and graphically
represented, are stored in adatafile for their subse-
quent process nginthesamemathematica environment
or another environment.

The censor system hasbeen optimizedtolinearize
it by accurately choosing the R value. For example,
from the experimental point of view, the method that
best linearizesV /VV . condstsof:

Deter mining the temper atur e range of the calo-
rimeter

(10)

Determining theNTC resistance value at the ex-
tremes, (R,,.R,,) andthecentra pointR, , of thetem-
perature range. These date might be obtained through
experimentsor takenfromthemanufacturers’ technical
datasheets. Thesevaluesaredesigned by: RT,: NTC
resistanceto thelowest temperature (T,) of the opera-
tiverange, RT,: NTC resistanceto thehighest tempera:
ture(T,) of theoperativerange, RTM: NTC resistance
to the mean temperature TM of the operativerange,
(T,,=(T,+T,)/2). With these considerations, the Rx
vauetha optimizesthe V_/V . linearityis
_RnuRm Rp-2RyR,

Rri+Rr;=2Rqy
Thisequation has been applied to thetemperature
ranges from 10°C to 50°C (T, =10°C, T,=50°C,
T,,=30°C). Fromthe data sheet, we can conclude that

Rx

(1)
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RT,=19.903Q, RT,=3.601Q, R ,,=8.056Q.
2.2.2Acquisition card

Theacquigtion card isbas caly comprised of three
blocks: themicrocontroller, theandogica-digital con-
verter and the LCD. Among the options avail able of
microcontrollers compatiblewiththe MCS51 family,
the AT89S8252 was preferred over the TBOC51AC2
that incorporatesthe ADC. Thecriterion wasbased on
potentiating thedidactic slopewhen makingtheinter-
face between the unC and the ADC0808. The uC
AT89S8252 isISPand the schemeimplemented for its
programming with the PonyProg2000 programisshown
onfigure4 (www.lancos.com/prog.html). The uC co-
ordinatestheana ogical digital conversion, datavisua-
izationinthe LCD and thecommunication viaRS232
with the PC. TheADC isconnected tothesignal con-
ditioner outlet whichisbeing used at that moment (de-
pendant on the temperature transducer type). It has8
analogical entranceswith arange of tensionfrom0-5
volts. Externaly, it usesan oscill ator at afrequency of
640 KHz. When the conversion of each channd iscom-
plete, theADC activatesthe EOC signd which, inturn,
provokesan external interruption (INTO) inthe uC, so
that thereadingisdonein theassociated | SR through
the P, port of the chosen channel

ADCusesP1.2, P1.1 and P1.0linesto choosethe
analogical channel, whose address is stored in the
codifier by meansof theALE signal (P1.3 of the uC).
The START sgnal isactivated (P1.4 of theuC) sothe
anaogica/digital conversionmay start. Onfigure5, a
constructive detail isattached, together with the de-
scription of theinterconnection of DAC and uC pins.

The system hastwo user interfaces, oneon thecor-
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Figure5: Interconnection ADC- uC figure9

responding PC screen corresponding to thevirtua in-
strument and the other in LCD field located onthe ac-
quisition card. The chosen LCD measures 16x2, and
the4-bit hardware configurationisused tovisuaizethe
information. TheP2.3, P2.2, P2.1 and P2.0 linesare
used for thedataand P2.4y P2.5 areused for the RS
(record selection) control sgnasand E (habilitation).
To perform the essayswith the NTC thermistors,
the cal orimeter was used and thethermal effectshave
been disspated throughitse ectric resstance. Tempera
ture control was performed from the PC through the
front pand/user interfaceof thevirtud instrument.

2.2.3Design of thevirtual instrument

Thevirtud instrument, implementedin LabVIEW
7.0 withinaMATHLA B programming environment,
allowsall the system operationsto be controlled from
thefront pand, including both sampleinjection and soft-
ware. Basically, theinstrument consists of arecorder
whaosefunctionsindudeacquidition, monitoring, thedata
fileon thehard disk, and the subsequent analysisand
processing of thedatastored onthedisk. Thisfunction
isachieved with two modules. the acquisition and the
andyssmodules.

For both the acquisition and analysismodule, we
havefollowed the modul e proposed by Oleagordia, et
a.[,1.J., Urrtabizacaya, R., Rodriguez, as described
on http://www.euitt.upm.es'taee06/papers/S7/p64.pdf

2.3 Materials

Reagent grade hydrochloric acid (Merck) and the
water used in the dissol ution measurementswere pro-
duced through Milli-Qfltration. The sysemwasused
to prepare astock solution of 0.10047 M HCI. This
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solution was standardized with THAM (Merck, Ana-

lytic Reagent, 99.999%) and then checked with stan-

dard sodium hydroxide solutions; g in each case, apH
meter was used to detect end points.

To comparetheresults of thiswork, the samples
were prepared asdescribed in theliterature and espe-
cially taking into account the suggestions of the Stan-
dards Committee of the U.S. Ca orimetry conference,
as reported Christensen[? for the purpose of deter-
mining the heat sol utiontheheet of reactionof THAM(9)
with HCl using specific experimenta conditionsindud-
Ing
¢ Thereactiontemperature should be stored a 25°C.
e Theconcentrationof THAM shouldbe5 g/l
e The concentration of the HCI solution should be

0.100 mal/L.

e TheTHAM sample should be stored with no fur-
ther crushing or grinding in an atmosphere of 50%
relative humidity, weighed inair, andbsedledina
glassampoulewith atmaospheric pressure.

¢ A blank determination should bemade.

These conditionswerefollowed inthisstudy. The
valuesfor the heat of thereaction of THAM(S) with
0.100 M HCI was measured at 0, 10,15, 20, 25, 30,
35, 40 and 50°C.

The THAM used to measurethe heat reactionwas
prepared following the previous procedure; thissample
was spread across a thin layer on awatchglass and
stored at 25°C in adesiccator over asatured magne-
sium nitrate sol ution which provides an atmosphere of
about 50% rel ative humidity.

2.4 Method

THAM samples (approximately 0.1025 g) were
weighed in air and sealed with asmall membrane of
paraffin at atmospheric pressure and coupled to the
vavessystem dud-pneumatic (for thedosing of liquids
or solids) of the high-precision designinthiswork. For
comparison, someampouleswere carefully sealed in
thesame shapeto smulatetheopening of thevaveand
thesystem of themixture. Each samplewasmixedina
solution of 20ml of HCl leaving afind solution concen-
tration in THAM of 5 g/l and the mixture was con-
trolled from the exterior using the computer of thede-
veloped system.

Theinitia temperatureswere0,0000+ 0,0005°C;

Au Tudian Yournal



ACAIlJ, 7(10) December 2008

J.C.Moreno-Pirajan and L.Giraldo-Gutiérrez

749

TABLE 1: Heat of reaction of THAM (s) with 0.100M HClI at
varioustemper ature

-AH
Temperature -AH (Kcal/mole) others (K cal/mole)
authors .
this study
0 8.1128 7.9860
10 7.644% 7.6780
15 7.524% 7.3460
20 7.306° 7.2360
7.104%,7.1098,7.104°, 7.111%°,
25 7,112%, 7,1070%, 7.109'2, 7.2345
7.123% 7.105% 7.114%
30 6.9049 7.0123
40 6.5552* 6.8650
50 6.055° 6.2310
8,000
E,000 ;L B
© 7000 SR ey " ;
g £.000 - &
ﬁ 5,000
N 4000
; 2,000 -
< 2o
1000 { O Others authors & This study
0,000 T T T T T 1
o 10 | 20 40 1] &0

Temperature(°C)
Figure6: Plot of heat reaction of THAM (s) in 0.IMHCI
solutionsver sustemperature

10,0000+ 0,0005°C; 15,0000+ 0,0005°C ; 20,0000
+ 0,0005°C ; 25,0000 + 0,0005°C , 30,0000 +
0,0005°C, 35,0000+ 0.0005°C ;40,0000 0.0005°C
and 50,0000+ 0.0005°C, for the runs O, 10, 15, 20,
25, 30, 35, 40 and 50 respectively. The ba ance of the
procedurefollowed wasthe same asthat previously
described. Blank determinations showed that the heat
effect was < 0.01%. This effect was assumed to be
negligiblein comparisontothetota heet that evolvedin
thereaction.

3. RESULTSAND DISCUSSION

Experimentd dataand thevauesobtainedinthis
study for thereaction of THAM(s) with HCI solution
aregivenon TABLE 1 for greater clarity. The value
determined inthisstudy for the heat of reaction a 25°C
of THAM(s) with HCL solution concurswith previ-
oudy reported valuesat thistemperatureand under Smi-
lar experimentd conditionswithinarangeof to+0.01%.

Thevalues obtained in this study for the heat of

—— Fyll Peper

reaction at 0, 10, 15, 20, 25, 30, 40 and 50°C of
THAM(s) withthe HCI solution together with other
reported valuesincluding those at the samevauesre-
ported for other published studies.

Theuncertainty interval for each of thevauesre-
ported in thisstudy isgiven astwicethe standard de-
viation of themean:

21/2("2/),1( h-1)

FHgure6isaplotting of temperatureversusAH vaue
for thereaction of THAM(s) with HCl obtained inthis
study and compared with others published studies.

Theseworks show that the system used does not
contributein asignificant way to the measurements of
theneutralization calorimetry, thusevidencing theim-
portance of using amixed systemin solution calorim-
etry. Thisisan advanceintermsof thedesignsdescribed
inexisting literature: here, the use of electronicscon-
nected to the system cal orimeter reduces experimental
errors. Therdative humidity of 47% (controlledinthese
works) inthepneumatic va vesto atemperatureof 25°C
containsabout 10 g/ml of water vapor, asmdl portion
of which may condense at 10°C on theinside of the
vaveduring the opening, that containof THAM. Some
of theTHAM isthusdissolved, but really with these
new systeme ectronics, theamountisminimd, thusrep-
resenting an improvement on the systems previousy
described in existing literature. Neverthel ess, asmen-
tioned before, experimenta errorsareminimal.

For thisvery reason, quantity in thiswork isnot
calculated beforethe dissolution of thereagent since
thisisnot necessary. It isclear that with high system
mixing precision, errors such asthe breakage of glass
ampoules are avoided and therefore, thereisno need
to makeup for the variations owed to such experimen-
ta errors. Thismakesexperiments moreprecise, spe-
cificaly theca orimetric experimentation.
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