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Starting from some satisfactory preliminary studies, the possibility of identifying 
single cations in solution has been investigated, by means of ionic exchange with a 
highly acidic resin (Dowex 50W) and a subsequent study by differential thermal 
analysis of the same resin. A catalogue of DTA curves has been prepared with 19 
ionic forms of the said resin, and it has been found that the DTA curves are sufficiently 
distinguishable and reproducible to suggest an eventual analytical use in more complex 
cases of solutions containing more than one cationic species. 

To start with, given the characteristics of  the ion exchange resins, it is to be 
expected that a resin may have its physico-chemical properties fairly unchanged 
in identical conditions of temperature, moisture, mesh-size, etc. since the macro- 
molecular lattice or matrix remains unaltered anyway. However, it is also fore- 
seeable that such properties may be a function, ultimately, of  the ion or ions linked 
to the functional groups of the same. This at once suggests that, through the 
difference in the properties of  the resin, it would be possible to infer the identity 
of  the ion or ions associated to the same, since, taken as a whole, they are mate- 
rials of  a different composition. This may present an analytical interest, not only 
qualitative but also quantitative, if adequate methods are worked out. 

Among the most outstanding physico-chemical properties of  the ion exchange 
resins making possible their identification, there is their thermal stability. Several 
instrumental methods have been devised to follow t h e  variations of  such a prop- 
erty in functien of the temperature, such as thermogravimetry, differential thermal 
analysis, etc. 

Micro differential thermal analysis has been applied in this work as the main 
instruNental technique, since such a technique permits the elaboration of well 
defined D T A  curves for each case under study. 

In a previous work [1] we gave an account of  preliminary explorations done 
with a series of  typical ionic forms of the Dowex 50W X4 resin, in order to evaluate 
the degree of differentiation which can be inferred f rom DTA curves. The results 
then obtained showed that each ionic form presented some thermal characteristics 
so sufficiently different as to be distinguishable f rom the others in a reproducible 
manner, in the characteristic form or track as well as in the temperatures of  trans- 
formation. Nevertheless, anomalies were found in the reproducibility of  the lithium 
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and magnesium forms. This resulted in doing some work towards investigating 
the causes of the observed anomalies [2], several parameters being studied. 
One of the conclusions drawn from this study had to do with the convenience 
of utilizing the Dowex 50W X12 resin as virtually free from anomalies in the re- 
producibility of results obtained through its use. 

Experimental 

The resin used in the present work has been the Dowex 50W XI2 resin, of sul- 
fonated polystyrene, strongly cationic, of 100-200 mesh, with an exchange capac- 
ity of 4.9 eq/kg of dry resin in the H-form. 

The method of preparation of the ionic forms of this resin consisted in passing 
a solution of the required cation over a bed of resin in the acid form placed in a 
column fitted for the treatment of about 3 g of the same. The procedure followed 
for the control of the exchange does not present any special peculiarity. Once the 
exchange had been completed, the resin was subjected to a careful washing to 
ensure the absence of undesirable ions which could affect the results. The washings 
were controlled with proper identification reactions. 

The DTA apparatus used for the experiments has been a Differential Thermal 
Microanalyzer M -  1 (Bureau de Liaison, Paris) fitted with sample-holders of the 
platinum cup type and platinel thermocouples. The reference material chosen 
was silicon carbide of 400 mesh. An atmosphere of dry air has been used, circulat- 
ing at the rate of 1 .5 -2 .5  1/hr. The heating rate was maintained within values 
between 12 ~ and 18~ The temperature range was between room temperature 
and about  8130 ~ . 

The salts employed for the exchange were of analytical grade. At the beginning, 
some irregularities were observed in the DTA curves in those cases where the level 
of impurities was of a higher value than that ordinarily allowed. The weight of 
resin used was comprised between 2 and 3 rag. Given the order of magnitude 
of the heat involved in the degradation reactions, it has not been necessary to 
work at high sensitivity, since a number of peaks would appear which would be 
too large for identification purposes and which would not, in general, be repro- 
ducible, which would be confusing when estimating the temperatures defining 
each DTA curve. 

Results and discussion 

The thermal behaviour of 19 different ionic forms of ion exchange resin have 
been studied, taking 2 to 5 samples of each form so as to place the results on a 
statistical basis. The results appear in Fig. 1, which shows the profiles of the DTA 
curves of the ionic forms examined. Moreover, the temperatures are given for 
the peak maximum of the estimated transformation together with the con- 
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fidence level of  each one of them. The actual transformation temperatures are 
taken as the first deviation of the base line. On account of  the difficulty in estimat- 
ing these temperatures, because of the large number of  overlapping peaks, the 
temperature at which the highest one appears has been taken as defining each 
peak, since it is most obviously detectable. In previous studies [3] it has been 
noticed that  the temperature of a peak maximum essentially does not change 
for different operational conditions, in regard to the actual transformation. 
In fact, considering that the aim of this work is on identification this point is not 
of  a crucial importance. 

The endothermic peak of water loss is in no case taken into account as it lacks 
diagnostical value. 

The final residue of decomposition can be an auxiliary item for identification. 
Table 1 lists the residual substances obtained in the thermal degradation of the 
different ionic forms of the resin under study. 

Table 1 

Residue 
Cation 

Colour Compound 

hydrogen 
lithium 
beryllium 
sodium 
ammonium 
magnesium 
potassium 
calcium 
manganese(II) 
iron(III) 
cobalt(II) 
nickel(II) 
copper(II) 
zinc 
strontium 
silver 
cadmium 
caesium 
barium 

white 
white 
white 

white 
white 
white 
brown 
reddish 
black 
black 
black 
white 
white 
grey 
white 
white 
white 

none 
sulfate 
oxide 
sulfate 
n o n e  

oxide 
sulfate 
sulfate 
oxide 
oxide 
oxide 
oxide 
oxide 
oxide 
sulfate 
metal 

sulfate 
sulfate 

In the DTA curves of the H-form a small endothermic peak appears just before 
the peak appearing at 427 ~ , which is not always observed in other cases, and for 
this reason it has not been included in the list of  the peaks which define each 
ionic form. The endothermic peak of the Na-form arising at 902 ~ is due to the melt- 
ing of sodium sulfate. In some of the DTA curves of  the NH4-form the two highest 
peaks appear  superimposed in such a way that  only one peak appears, together 
with an inflection point. The peak at 469 ~ in the DTA curves of  the Fe(III)-form 
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resolves to a very large number of small additional peaks for sample sizes of  
about 4 mg. In one of the DTA curves of the Cd(II)-form there appears a peak 
which overlaps the peak appearing at 606 o , which was not observed in the others. 
The last peak of the Cs-form (720 ~ is of an explosive type and it originates in 
a swelling of the residue. 

Barring a few exceptions, the temperatures of the peak maxima obtained have 
fallen within reasonably close limits. The confidence level (95% probability) 
indicates that the reproducibility of the peak maxima is good, taking into account 
the nature of materials handled. The peak that has been found to be least repro- 
ducible is the one at 701 ~ for caesium, although the deviation in terms of relative 
confidence level is only 4.3 per cent. Normally, the most reproducible peaks 
make an appearance at rather low or medium temperatures (400-500~ 

Looking at the results it can be seen that each ionic form of the Dowex 50W X12 
resin presents a profile neatly characteristic in its thermal aspect. In addition, the 
observed peak temperatures occur in general at reproducible temperatures, so 
that from this data, taken as a whole, the cations associated to the matrix of the 
resin can be quite easily identified in cases where a single ion is involved. 

In most cases the differences among the DTA curves are, in general, very marked 
whilst in other cases although they are significant enough should also be taken 
of other features. For  instance, in the case of the Na- and K-forms, the aspect 
of the DTA curves is similar, showing, as well, three peaks which appear in com- 
mon temperature zones and, although the differentiation would be possible by 
means of the first peak (437 ~ and 419 ~ , respectively) it is achieved without the least 
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Fig. 1. DTA curves  of  var ious  ionic  forms of  DOWEX 50W X12 exchange  resin 

doubt by extending the temperature range above 900 ~ when for the Na-form 
there is an additional endotherm corresponding to the melting of the sulfate. 
There are also similarities between the Ca- and the Ba-forms as well as in some 
other cases in which the elucidation is decidedly more obvious. Apart from this 
specific case there has not been any other case of narrow coincidence of profiles 
or of  peak temperatures. It is to be noted that, should difficulties in identification 
arise from similarities in the DTA curves, it may be possible to clear up those 
difficulties, working in atmospheres other than air. 

In those cases in which sample quantities have been used well under 1 rag, the 
results obtained have been irregular, which shows that the significance cf the 
sample in this type of materials is an important factor to be taken into account, 
since they, as macromolecular compounds, do not have a definitely homogeneous 
composition. On that account, it is also important to normalize to the utmost 
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t h e  p r o c e d u r e  fo r  t he  p r e p a r a t i o n  o f  t he  sample ,  exchange ,  etc. ,  so as n o t  to  in t ro -  

duce  n e w  fac to r s  o f  u n c e r t a i n  e s t ima t ion .  

W o r k  is c o n t i n u i n g  in t he  field o f  a n i o n - e x c h a n g e  resins a n d  it  c an  be  fo re seen  

t h a t  t h e  gene ra l  c o n s i d e r a t i o n s  wh ich  a p p l y  in t he  case  o f  t he  c a t i o n - e x c h a n g e  

resins do  app ly ,  as  well ,  to  t hem.  S tudies  are  a lso  be ing  m a d e  on  m u l t i p l e  i o n  

fo rms .  
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RI~SUM~ - -  Apr6s quelques essais pr61iminaires ayant donn6 satisfaction, on a recherch6 la 
possibilit6 d'identifier des cations pr6sents seuls en solution par 6change ionique sur une 
r6sine fortement acide (Dowex 50W et 6tude ult6rieure de cette m6me r6sine par ATD. On a 
pr6par6 un catalogue des courbes d 'ATD de 19 formes ioniques de ladi te  r6sine. Les courbes 
se distingucnt suffisamment les unes des autres et sont assez reproductibles pour sugg6rer leur 
emploi 6ventuel au cas plus complexe de solutions contenant plusieurs esp~ces cationiques. 

ZUSAMMENFASSUNG - -  Ausgehend von befriedigenden Vorversuchen hat man die MSglichkeit 
der Identifizierung yon einzelnen Kationen in L6sung mit Hilfe Ionenaustausches am hoch- 
sauren Austauscherharz (Dowex 50W) und darauffolgender differentialthermoanalytischer 
Prtifung des Harzes untersucht. Es wurde ein Katalog der DTA Kurven yon 19 ionischen 
Fo rmer  des erwfihnten Harzes aufgestellt. Die DTA Kurven sind geniigend unterschiedlich und 
reproduzierbar, um eine analytische Anwendung yon komplizierteren Ffillen mit mehr als 
einern Kation in der L6sung vorzunehrnen. 

Pe3~oMe - -  H a  OCHOBaHH~ rtpe/IBap~ITe~bHOrO a3yKeI-I~ta r tccae~IoBaHa BO3MO~KHOCTI:, ~I/IeHTII- 

~bnKattna c noMoIl~laIO ,/~TA-aaasI~3a ItOI-IHOO~MeHHo~ CMOJIt,I CI/IYIbHOKttCJIOFO xapaKTepa 
(Dowex 50W). CH~T~,I ~TA-KpI~BbIe Bi,~meyxa3aaao~ CMOat, I C 19 pa3I-n,iMI~ ~oi~aMrt i~ 
o6i~apy~KeHa y~ioBrteTBopaTezmrIa~t pa3na~i~MOCTr~ rI Bocnpoa3BOjIrIMOCTr-. HpeJI~araeTc~ ana- 
StHTa~ecKoe npriMeaeaae MeTo~tKH ~na 6o~ee caogm, ix c~y'meB, KorJIa B pacTBOpe co~Iep~xaTC~I 
6ostee '~eM o~rm TCaTHOI~. 
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