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Research developments in ti tration calorimetry over the past ten years by personnel 
at the Thermochemical  Institute have resulted in new techniques and instrumentat ion 
that  have greatly increased the usefulness of calorimetry in the study of chemical 
problems. During this time, problems associated with the components  of the calorim- 
eter (i.e., constant temperature bath, constant  rate buret, reaction vessel, tem- 
perature sensing circuit, and data analysis procedure) have been solved so that  the 
continuous t i t rat ion method now gives results comparable in accuracy to those ob- 
tained with conventional solution calorimeters. These developments have opened 
new avenues of research in the fields of biochemistry, microbiology, and environmental  
analysis. 

Equipment and data analysis 

We have developed isoperibol [1, 2] and isothermal [3] reaction vessels which 
operate with 2 ml of  solution in the reaction vessel and burets capable of  deliver- 
ing titrant at rates < 10/d/rain with a variation in the delivery rate of  <0.1%. 
The development of  micro titration calorimeters means that less material is needed 
for the same accuracy of determination, or that more concentrated solutions may 
be studied with the same amount of material with consequently larger temperature 
changes and hence increased accuracy. Details of  reaction vessels designed for 
small volume isoperibol and isothermal titration calorimeters are shown in Figures 
1 and 2. Although the design of the small vessels is simply a matter of  scaling 
down the large vessel to the required size, other difficulties are encountered. 
One difficulty in the isoperibol instrument is that the modules of  heat loss increases 
exponentially as the vessel size decreases. In addition for both isoperibol and iso- 
thermal calorimeters the relative importance of heat inputs from stirring and sol- 
vent evaporation increases as the volume of  the dewar decreases. Accurate data 
analysis involves determination of these effects as a function of volume of solution 
in the reaction vessel. The development of  small volume isothermal reaction vessels 
has led to a design where the reaction vessel temperature sensing and control is 
completely separate f rom the reaction vessel. This has resulted in the design of  
isothermal flow or batch instruments [4]. The accuracy and precision of the in- 
struments have been checked by measurement of  the heat of  ionization of water 
(1 - 3,5) determined by conventional solution calorimetry as 55.79 __+ 0.06 kJ/mole 
[6]. Results are summarized in Table 1. 
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Fig. 2. Isothermal reaction vessel 

J. Thermal Anal. 14, 1978 



EATOUGH:  PROGRESS IN TITRATION CALORIMETRY 47 

T a b l e  1 

H e a t  o f  i o n i z a t i o n  o f  H 2 0  a t  25 ~ c o r r e c t e d  to  /z ---- 0 

Calorimeter AH ~ (kJ/mol) Ionic strength range 

50 m l  i s o t h e r m a l  

3 m l  i s o t h e r m a l  

3 m l  i soper ibo l  

55 .77  _ 0 .02  

55 83 _ 0 .14  
55.88 __+ 0 .28  

0.01 - -  0 .0005  

0.01 - -  0,001 

0.01 - -  0 .003 

Thermodynamic applications 

We have previously shown that calorimetric data may be used to obtain both 
AG and AH values for reactions in solution [7-  10]. The large amount of data 
obtained by a titration instrument make possible the study of complex systems. 
The general utility of a calorimeter as an instrument for detecting reactions makes 
possible the study of a wide range of systems. Thus, for example, adsorption ca- 
pacities, equilibrium constant and enthalpy change values for the interaction of 
aromatic compounds with molecular sieves [11 ] or the study of metal ion complexa- 
tion with macrocyclic polyether ligands in a wide variety of solvents [12-14] 
may be readily determined by this technique. Titration calorimetry is particularly 
useful for the determination of reaction stoichiometry. This is illustrated by the 
results in Fig. 3. Titration of Ag + with 1,10-dithia-18-crown-6 (b) gives an 
indication of only 1 : 1 complex formation. In contrast, titration into the analog 
1,4-dithia-18-crown-6 (a) indicates both 1 : 1 and 2 : 1 crown :Ag + complexes 
are formed. Log K, AH, and AS values may all be calculated from the calorimetric 
data for these reactions. 

Biological and biochemical applications 

The application of titration calorimetry to the study of complex systems is well 
illustrated by studies on biological systems. Calorimetry has been used to study 
the details of adsorption of surfactants by proteins [15] and membranes [16], of 
proteins by membranes [17], and the interaction of metal ions or protons with 
proteins [18]. Calorimetry, and particularly isothermal calorimetry, can often 
be used to study long-term reactions such as biological growth processes. Exten- 
sive applications of this type have been published by Wads6 and co-workers at 
Lund. Work in our laboratory has included the study of the influence of cytotoxic 
agents on thermogenesis in bacteria [19] and the red blood cell [20], and the study 
of cell transformation [21 ]. 
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Fig, 3. Calorimetric titration curves for the titration of 1.4-dithia-18-crown-6 (a} and 1.113- 
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Fig. 4. Typical curves for thermometric titration of S([V) with K~Cr~O~ and DIE determination 
of sulfate with BaCI~. The buret is turned on at A artd off at C. At D the BaCI~ is injected 
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Environmental chemistry 

Personnel at the Thermochemical instituteare now involved in the use o f  calo- 
rimetry as an analytical tool to study particulate sulfur chemistry. It has been 
shown that titration calorimetry is ideally suited for the identification of  many 
components of aerosols since it has wide range applicability to the detection of  
many species, is generally free of  interferences that effect conventional spectropho- 
tometric or potentiometric methods, and has sufficient sensitivity for use in en- 
vironmental programs. Redox titration with an oxidizing agent has been shown 
to be useful for determining Fe(ll), S(IV), As(III) and other reducing agents in 
particulate samples [22, 23]. Direct injection enthalpimetry has been used to 
determine levels of  sulfate [22 ] and nitrite [24]. The titration of sulfite with dichro- 
mate, followed by the DIE determination of  sulfate is illustrated in Fig. 4. Acid- 
base titrations in either aqueous [25] or nonaqueous [26] solvents have been 
used to probe in detail the identity and amounts of both strong and weak acids 
in collected aerosols. In Fig. 5 is shown data obtained by titration of  an aqueous 
extract of  a New York City aerosol with NaOH and HC10~ using a micro titra- 
tion calorimeter equipped with a pH probe. Since the problem of  identification 
of  specific compounds present in environmentalatmospheric pollution is essential 
to the establishment of  meaningful and effective control programs, calorimetry 
should make a significant contribution to this field of science. 
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Fig. 5. Combined pH and calorimetric titration of an urban aerosol extract 
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R~SUM~ --  Les  recherches  effectu6es du ran t  les dix derni6res ann6es  pa r  le pe r sonne l  de l ' Ins t i -  
tu t  de T h e r m o c h i m i e  ont  eu pou r  r6sul ta t  la raise au  po in t  d 'appare i l s  n o u v e a u x  qui  a u g m e n t e n t ,  
cons id4 rab lemen t  l 'applicabil i t6 de la calor imdtr ie  5. F6tude des p rob l6mes  chirniques.  Ains i  
les p rob l6mes  associ6s aux  c o m p o s a n t s  d ' u n  ca lor im6tre  (c'est-/t-dire ba in  /t t empdra tu re  
cons tan te ,  buret te /~ vitesse cons tan te ,  r6cipient r6act ionnel ,  circuit  ddtecteur  de t emp6ra tu re  et 
procddds d ' ana lyse  des donndes)  on t  6t6 r6solus.  C 'es t  p o u r q u o i  la t e chn ique  du  t i t rage  en  
con t inu  d o n n e  m a i n t e n a n t  des rdsul ta ts  d ' u n e  exact i tude  c o m p a r a b l e  ~t celle ob tenue  avec les 
calor im6tres  en  so lu t ions  convent ionnels .  Ces  d6veloppernents  ont  ouver t  de nouvel les  per-  
spectives de recherche  dans  les d o m a i n e s  de la b iochimie ,  de la microbio logie  et des ana lyses  
lides h la p ro tec t ion  de l ' env i ronnemen t .  

ZUSAMMENFASSUNG - -  Die  For t schr i t t e  der F o r s c h u n g  a u f  d e m  Gebie te  der T i t ra t ionska lor i -  
rnetrie, welche in den  ve rgangenen  J ah ren  yon  Mi ta rbe i t e rn  des T h e r m o c h e m i s c h e n  Ins t i tu t s  
erreicht  worden  sind, f / ihr ten zu neuen  T echn i ken  u n d  neue r  I n s t r u m e n t a t i o n ,  die die Ein-  
satzf~ihigkeit der Kalor i rnet r ie  zur  U n t e r s u c h u n g  chemische r  P rob l eme  wesent l ich e rh6h ten .  
W ~ h r e n d  dieser Zeit  wurden  Problerne in Z u s a m m e n h a n g  mi t  den Bes tand te i l en  des Kalor i -  
meters  (d.h. K o n s t a n t t e m p e r a t u r b a d ,  Btirette mi t  k o n s t a n t e r  Geschwind igke i t ,  Reak t i ons -  
beh~lter,  T e m p e r a t u r ,  W~rmef i ih le r -S t romkre i s  u n d  D a t e n v e r a r b e i t u n g s v o r g a n g )  gel6st,  so 
dab  die kont inu ie r l i che  T i t r a t ions rne thode  je tzt  Ergebnisse  von  einer Genau igke i t  liefert, 
welche mit  der in h e r k 6 m m l i c h e n  L 6 s u n g s k a l o r i m e t e r n  e rha l t enen  vergle ichbar  ist. Diese  
Entwickl  ungsarbe i t  er6ffnet  neue  Wege  der F o r s c h u n g  a uf  den Gebie ten  der Biochemie ,  Mik ro -  
biologie und  Urnwel t schu tzana lyse  

Pe3toMe - -  HCCJqe/1OBaHH~t B O6J1aCTH KaJIOpHMeTpHqeCKOFO THTpOBaHH,~t~ 17poBe~eHHble CO- 
TpyJIHHKaMII TepMoxI4MHqeCKOFO HHCTI, ITyTa 3a n p o m e ~ m e e  /Iec~T~4JIeTrIe, npHBenH K MeTo~IaM 
~4 xexH~4Ke, ~ITO 3Haq!4TeJlbHO yBeJlt4qHJIO BO3MO)KHOQTIt MCI1OJIb3OBaHHIt KaJ1OpHMeTpHH HpH 
!43yqettl-114 XHMIlqecKI4X npo6;teM. B TeqeH/414 3TOFO BpeMeHl, I 6blYlll pelneHbl ripo6neMb~, CB~t3aH- 
Hble C KOMHOHeHTaM!/I Ka~opt4MeTpa: 6ann c nOCTOItHHO~I TeMrtepal-ypo~, 6rope~Ka c HOCTOItHo 

HOWl CKOpOCTbIO, peaKlll,IOHHblfl cocy)I,  XeMnepaTypHo-qyBCTBHTe~bHa~ Iletlb !~I MeTO// aHa~vt3a 

21aHHblX. Y ~ a r o ~ a p ~  3TOMy, MeTO~I HenpepblBHOFO TI,ITpOBaHHIt Tenepb )laex pe3yJ~bXaTbI, cpaBHH- 

Mble HO TOqHOCT]4 C TeMH, qTO ~blJIl,l noJlyqeHbl O6blqHblMH KaJIop~4MeTpaMH. ~)TO pa3BnTHe OT- 

Kpbl.rlO HOBble nyxn  rIccne~oBaHn~ B o6.rlaCTlI 6HOXnMrln, MHr~po6nonornri ri oKpy~amttteft  
cpe)Ibl. 
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